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OLED DISPLAY DEVICE AND
MANUFACTURING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority from Japa-
nese patent application JP2017-193743 filed on Oct. 3, 2017
and Japanese patent application JP2018-100704 filed on
May 25, 2018, the contents of which are hereby incorporated
by reference into this application.

BACKGROUND

[0002] The present disclosure is related to an OLED
(organic light-emitting diode) display device and manufac-
turing method thereof.

[0003] The OLED element is a light-emitting element
driven by an electric current, which does not requires a back
light, and because of the benefits such as low power con-
sumption, wider viewing angle, and high contrast ratio, the
OLED element is drawing attention in the development of
flat display panels. A typical OLED display device includes
a plurality of subpixels arranged in an matrix. Each of the
subpixels has an organic light-emitting layer that emits light
of blue, red, or green, and a cathode and an anode that
sandwich the organic light-emitting layer. For example,
US2013/0248867A and JP2016-103395A describe configu-
ration example of an OLED display device.

SUMMARY

[0004] An OLED display device according to an aspect of
the present disclosure includes: a plurality of subpixels
arranged on a surface of a substrate; and a pixel defining
layer surrounding a light-emitting region of each of the
plurality of subpixels. Each of the plurality of subpixels
includes: an upper electrode; a lower electrode; an organic
light-emitting layer sandwiched between the upper electrode
and the lower electrode; and a lower carrier supply layer
sandwiched between the lower electrode and the organic
light-emitting layer. The lower carrier supply layer is con-
figured to: make contact with the lower electrode and the
organic light-emitting layer, respectively; supply carriers
from the lower electrode to the organic light-emitting layer;
cover the lower electrode entirely in an opening of the pixel
defining layer; and have an edge at a top surface of the pixel
defining layer surrounding the lower electrode. The organic
light-emitting layer covers an entire surface of the lower
carrier supply layer including the edge of the lower carrier
supply layer.

[0005] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are not restrictive of this
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a schematic diagram illustrating a con-
figuration example of an OLED display device of this
embodiment.

[0007] FIG. 2A is a plan view of a part of the display
region.
[0008] FIG. 2B is a cross-sectional view taken along the

line IIB-1IB in FIG. 2A.
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[0009] FIG. 2C illustrates the positional relationship
between the subpixels, the hole supply layers, and the
organic light-emitting layers.

[0010] FIG. 2D is an enlarged view of the portion enclosed
by the broken line D in FIG. 2B.

[0011] FIG. 3A illustrates one example of a metal mask
corresponding to the pattern of the red subpixels R.

[0012] FIG. 3B is a cross-sectional view taken along the
line NIB-11IB in FIG. 3A.

[0013] FIG. 3C is a cross-sectional view taken along the
line MIC-TIIC in FIG. 3A.

[0014] FIG. 4A schematically illustrates a state in which
organic materials of respective colors are vapor-deposited
on the pixel defining layer.

[0015] FIG. 4B is a cross-sectional view taken along the
line IVB-IVB in FIG. 4A,

[0016] FIG. 4C is a cross-sectional view taken along the
line IVC-IVC in FIG. 4A.

[0017] FIG. 5is a flowchart of manufacturing process after
the pixel defining layer is formed.

[0018] FIG. 6 schematically illustrates the relationship
between the metal mask for the hole supply layer of the
subpixels of the same color and the metal mask for the
organic light-emitting laver.

[0019] FIG. 7 schematically illustrates a cross-sectional
structure of the TFT substrate manufactured using, for the
subpixels of the respective colors, the metal mask for the
hole supply layer and the metal mask for the organic
light-emitting layer.

[0020] FIG. 8A is a plan view of a part of the display
region.
[0021] FIG. 8B schematically illustrates the relationship

between the hole supply layer of the blue subpixel and the
blue organic light-emitting layer.

[0022] FIG. 8C is a cross-sectional view taken along the
line VIIIC-VIIC in FIG. 8A.

[0023] FIG. 9 is a flowchart of the manufacturing method
of this embodiment.

[0024] FIG. 10 schematically illustrates the configuration
example of the metal mask used for forming the hole supply
layer.

[0025] FIG. 11 is a flowchart of the manufacturing method
for forming the respective hole supply layers using the metal
mask illustrated in FIG. 10.

[0026] FIG. 12 is a schematic diagram of the cross-
sectional structure of the TFT substrate.

[0027] FIG. 13 is a schematic diagram of the cross-
sectional structure of the TFT substrate.

[0028] FIG. 14 is a schematic diagram of the cross-
sectional structure of the TFT substrate.

[0029] FIG. 15 is a schematic diagram of the cross-
sectional structure of the TFT substrate.

[0030] FIG. 16 is a schematic diagram of the cross-
sectional structure of the TFT substrate.

[0031] FIG. 17 is a plan view of a part of the display
region.
[0032] FIG. 18 is the first cross-sectional view taken along

the XVIII-XVIII line in FIG. 17.
[0033] FIG. 19 is the second cross-sectional view taken
along the XVIII-XVIII line in FIG. 17.

[0034] FIGS. 20 and 21 are diagrams for explaining the
metal masks used to form the layer structure described with
reference to the cross-sectional view of FIG. 18.
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[0035] FIG. 22 is a flowchart of manufacturing process
after the pixel defining layer is formed in Embodiment 4.

DETAILED DESCRIPTION OF THE
EMBODIMENT

[0036] Below, the configuration and manufacturing
method of OLED (organic light-emitting diode) will be
disclosed. The inventors of the OLED display device
described in the embodiments below have conducted a study
where only blue subpixels are driven in an OLED display
panel, and discovered that red and green subpixels, which
are not supposed to emit light in this case, sometimes emit
weak light. This unintended light-emission of the subpixels
would cause degradation of color purity of the displayed
image, or abnormal display in lower gradation, in particular.
Thus, it is desirable to prevent the unintended light-emission
of the subpixels.

[0037] The study conducted by the inventors revealed that
when a carrier supply layer having carrier mobility is formed
over the entire display region between the electrode and
organic light-emitting layer in subpixels of the OLED dis-
play panel, the unintended light-emission of subpixels occur.
The carrier supply layer is a hole supply layer including a
hole injection layer and/or hole transport layer, for example.

[0038] When different voltages are applied to respective
adjacent subpixels, carrier leak occurs between the adjacent
subpixels via the carrier supply layer. For example, when
only blue subpixels are driven, a small fraction of the
electric current applied to the blue subpixels flows to the red
and green adjacent subpixels that are not intended to emit
light through the carrier supply layer. This path for the small
current is also referred to as a leak path.

[0039] This small current drives the adjacent subpixels of
red and green to emit weak light (crosstalk). This phenom-
enon is more noticeable when the distance between adjacent
subpixels is smaller, and is particularly noticeable in the case
of low gradation display. Therefore, in the embodiments
described below, the structure of the OLED display device
that reduces or eliminates the leak path in order to suppress
this carrier leak will be explained.

[0040] In the OLED display device described below, the
lower carrier supply layer supplying the carrier from the
lower electrode to the organic light-emitting layer covers the
entire surface of the lower electrode in the opening of the
pixel defining layer, and an edge of the lower carrier supply
layer comes on the top surface of the pixel defining layer
surrounding the lower electrode. The organic light-emitting
layer covers an entire surface of the lower carrier supply
layer including the edge of the lower carrier supply layer.
This way, the leak path in the lower carrier supply layer
between adjacent subpixels is reduced or eliminated, and the
carrier leak between adjacent subpixels of different colors is
prevented.

[0041] Below, embodiments of the present disclosure will
be explained in detail with reference to the appended figures.
Embodiments of the present disclosure are mere examples to
implement the present disclosure, and shall not be inter-
preted to limit the technical scope of the present disclosure.
In the respective figures, the same configurations are given
the same reference characters. For ease of explanation, the
dimensions and shapes of the illustrated parts and configu-
rations are not necessarily true.
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Embodiment 1

[Device Configuration]

[0042] FIG. 1 is a schematic diagram illustrating a con-
figuration example of an OLED display device 10 of this
embodiment. The OLED display device 10 includes a TFT
(Thin Film Transistor) substrate 100 on which OLED ele-
ments are formed, a sealing substrate 200 for sealing the
OLED elements, and a bonding part 300 that bonds the TFT
substrate 100 and the sealing substrate 200 (glass frit seal
part). Nitrogen is sealed between the TFT substrate 100 and
sealing substrate 200, for example, and sealed by the bond-
ing part 300.

[0043] A scan driver 131, an emission driver 132, a
protection circuit 133, and a driver IC 134 are disposed
around a cathode electrode forming area 114 outside a
display region 125 of the TFT substrate 100. Those com-
ponents are connected to external devices via FPC (flexible
printed circuit) 135.

[0044] The scan driver 131 drives scan lines of the TFT
substrate 100. The emission driver 132 drives emission
control lines to control the light-emitting periods of the
respective subpixels. The driver IC 134 is mounted using an
anisotropic conductive film (ACF), for example.

[0045] The driver IC 134 provides the scan driver 131 and
emission driver 132 with power source voltage and timing
signal (control signal), and provides data lines with data
voltage corresponding image data. That is, the driver IC 134
has the display control function.

[0046] The sealing substrate 200 is a transparent insulating
substrate, which is a glass substrate, for example. A A/4-
order retardation plate and a polarizing plate are disposed on
the light-emitting surface (front surface) of the sealing
substrate 200 to suppress reflection of light incident from the
outside.

[0047] FIG. 2A is a plan view of a part of the display
region 125. FIG. 2A illustrates a plurality of subpixels
arranged in a matrix. At least three subpixels are configured
to emit first to third colors respectively. An example of the
first color is blue, an example of the second color is red, and
an example of the third color is green. FIG. 2A illustrates red
subpixels (light-emitting region) 251R, blue subpixels
(light-emitting region) 251B, and green subpixels (light-
emitting region) 251G. Among the subpixels in FIG. 2A, one
red subpixel, one blue subpixel, and one green subpixel are
denoted with the reference characters, respectively. Each of
the subpixels emits red, blue, or green. Red, blue, and green
subpixels constitute one pixel (main pixel).

[0048] In the example of FIG. 24, the red subpixel 251R,
the blue subpixel 251B, and the green subpixel 251G are
arranged cyclically in the row direction (right and left
direction in FIG. 2A). In the example of FIG. 2A, the
subpixels (light-emitting regions) of different colors are
configured such that the red subpixel 251R, the blue sub-
pixel 251B, and the green subpixel 251G are arranged in this
order from the left to the right. In the column direction (top
and bottom direction in FIG. 2A), the subpixels of the same
color are lined up. The order of the subpixels is not limited
to red, blue, and green, and the subpixels may be arranged
in the order of red, green, and blue, for example.

[0049] Each subpixel (light-emitting region) is surrounded
by an insulating pixel defining layer 253. The pixel defining
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layer 253 defines each subpixel (light-emitting region). The
subpixel (light-emitting region) is formed in each opening of
the pixel defining layer 253.

[0050] Each subpixel (light-emitting region) is covered by
the organic light-emitting layer of the same color. More
specifically, the red subpixel 251R, the blue subpixel 251B,
and the green subpixel 251G are completely covered with
the red organic light emitting layer 269R, the blue organic
light emitting layer 269B, and the green organic light
emitting layer 269G, respectively. Among the organic light-
emitting layers in FIG. 2A, one red organic light-emitting
layer, one blue organic light-emitting layer, and one green
organic light-emitting layer are denoted with the reference
characters.

[0051] FIG. 2B is a cross-sectional view taken along the
line 1IB-IIB in FIG. 2A. The OLED display device 10
includes the TFT substrate 100 and the sealing substrate
(transparent substrate) 200 facing the TFT substrate 100.
FIG. 2B is a schematic diagram of the cross-sectional
structure of the TFT substrate 100.

[0052] The OLED display device 10 includes a TFT
circuit layer 263 and a plurality of lower electrodes (anode
electrodes 265B, 265G, for example) disposed above an
insulating substrate 261, and the plurality of lower elec-
trodes are separated from each other. Those separated lower
electrodes are part of a lower electrode layer. The OLED
display device 10 further includes an upper electrode (layer)
(a cathode electrode (layer) 273, for example), and a plu-
rality of organic light-emitting layers 269B and 269G. Each
layer may be constituted of one continuous portion or a
plurality of separated portions formed simultaneously. In the
descriptions below, part of a layer may be referred to as the
layer.

[0053] The insulating substrate 261 is formed of glass or
resin, for example, and is an inflexible or flexible substrate.
The side closer to the insulating substrate 261 is the lower
side, and the side further from the insulating substrate 261
is the upper side. A cap layer, which is not shown in the
figure, may also be formed on the cathode electrode (upper
electrode) 273.

[0054] The anode electrodes 265B and 265G are the anode
electrodes of the blue subpixel 251B and the green subpixel
251G, respectively. The cathode electrode 273 is a transpar-
ent electrode that transmits part or all of the visible light
from the organic light-emitting layers toward the sealing
structure part, and is commonly used by all subpixels.

[0055] Each light-emitting layer is arranged between the
cathode electrode and one anode electrode. The plurality of
anode electrodes are disposed on the surface of the TFT
circuit layer 263 (for example, on the planarization film),
and one organic light emitting layer is disposed on one
anode electrode.

[0056] The TFT circuit layer 263 includes a plurality of
subpixel circuits (will simply be referred to as pixel circuits
below) each including a plurality of TFTs. Each of the pixel
circuits is formed between the insulating substrate 261 and
the anode electrode, and controls an electric current supplied
to each anode electrode. The anode electrode is connected to
the pixel circuit by a contact portion formed in a contact hole
of the planarization film.

[0057] The pixel circuit may have any appropriate con-
figuration. An example of the pixel circuit includes, for
example, a switch TFT for selecting a subpixel, a driving
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TFT for an OLED element, a switch TFT for controlling
supply and stop of a driving current to the OLED element,
and a holding capacitance.

[0058] In FIG. 2B, the light-emitting layer 269B is
arranged between the cathode electrode 273 and the anode
electrode 265B. The light-emitting layer 269G is arranged
between the cathode electrode 273 and the anode electrode
265G. In the example of FIG. 2B, the organic light-emitting
layers are formed for respective different colors.

[0059] The hole supply layer is arranged between the
anode electrode and the organic light-emitting layer. The
hole supply layer is in contact with the anode electrode and
the organic light-emitting layer, respectively, and forms the
interfaces. The hole supply layer is constituted of a hole
injection layer and a hole transport layer, or one layer that
has the functions of those layers. The hole supply layer is
also referred to as a lower carrier supply layer. In FIG. 2B,
the hole supply layer of a subpixel is separated from the hole
supply layers of the adjacent subpixels of different colors.
[0060] For example, the hole supply layer 267B is
arranged between the anode electrode 265B and the organic
light-emitting layer 269B, and the hole supply layer 267G is
arranged between the anode electrode 265G and the organic
light-emitting layer 269G. The hole supply layers 267B and
267G are separated from each other.

[0061] The electron supply layer is arranged between the
cathode electrode and the organic light-emitting layer. The
electron supply layer is in contact with the cathode electrode
and the organic light-emitting layer, respectively, and form
the interfaces. In FIG. 2B, the electron supply layer 271 of
each subpixel is part of one layer commonly used for the
respective subpixels. The electron supply layer 271 is dis-
posed between the cathode electrode 273 and the organic
light-emitting layer 269B, and between the cathode elec-
trode 273 and the organic light emitting layer 269G. The
electron supply layer 271 is constituted of an electron
injection layer and an electron transport layer, or one layer
that has the functions of those layers. The electron supply
layer 271 is also referred to as an upper carrier supply layer.
[0062] One OLED element includes an anode electrode,
which is a lower electrode, a hole supply layer, an organic
light-emitting layer, an electron supply layer, and a cathode
electrode, which is an upper electrode, in the opening of the
pixel defining layer 253.

[0063] The pixel defining layer is formed between the
anode electrode and the hole supply layer. In FIG. 2B, the
pixel defining layer 253 is formed between the anode
electrodes 265B and 265G and the hole supply layers 267B
and 267G. The pixel defining layer 253 includes the side
faces inside of the respective openings where the subpixels
are formed and the top surfaces between respective open-
ings. In the example of FIG. 2B, the top surface is flat.
[0064] As illustrated in FIG. 2B, the hole supply layer
2678 is formed on the anode electrode 265B and the pixel
defining layer 253 so as to make contact therewith. Simi-
larly, the hole supply layer 267G is formed on the anode
electrode 265G and the pixel defining layer 253 so as to
make contact therewith.

[0065] FIG. 2C illustrates the positional relationship
between the subpixels (openings of the pixel defining layer),
the hole supply layers, and the organic light-emitting layers.
As illustrated in FIGS. 2B and 2C, the hole supply layer
2678 is formed so as to cover part of the top surface of the
pixel defining layer 253 that surrounds the hole supply layer
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267B. That is, the hole supply layer 2678 is formed only on
a part of the top surface, and an edge of the hole supply layer
2678 is located on the top surface of the pixel defining layer
253.

[0066] Similarly, the hole supply layer 267G is formed so
as to cover part of the top surface of the pixel defining layer
253 that surrounds the hole supply layer 267B. That is, the
hole supply layer 267G is formed only on a part of the top
surface, and an edge of the hole supply layer 267G is located
on the top surface of the pixel defining layer 253.

[0067] The hole supply layer 267B and the hole supply
layer 267G are separated from each other in the in-plane
direction (direction in the main surface of the insulating
substrate 261), and a gap exists between the two. Specifi-
cally, on the pixel defining layer 253, the edge of the hole
supply layer 267B is separated from the edge of the hole
supply layer 267G, and a gap G exists between the two. In
this example, the hole supply layer of each subpixel is
separated from the hole supply layer of the adjacent sub-
pixels of different colors. In this example, the hole supply
layers of the respective adjacent subpixels are all separated
from each other, but if the color is the same, the hole supply
layers of adjacent subpixels do not have to have a gap
therebetween.

[0068] The hole supply layer of each subpixel has an
appropriate thickness due to the micro-cavity structure. In
FIG. 2B, the hole supply layer 267G for the green subpixel
is thicker than the hole supply layer 267B for the blue
subpixel.

[0069] The organic light-emitting layer 269B is formed
immediately above the hole supply layer 267B or on the hole
supply layer 2678 so as to make contact with the hole supply
layer 267B and form an interface. Similarly, the organic
light-emitting layer 269G is formed immediately above the
hole supply layer 267G or on the hole supply layer 267G so
as to make contact with the hole supply layer 267G and form
an interface. The organic light-emitting layer 269B covers
the entire surface including the entire outer peripheral edge
of the hole supply layer 267B. Similarly, the organic light-
emitting layer 269G covers the entire surface including the
entire outer peripheral edge of the hole supply layer 267G.
[0070] FIG. 2D is an enlarged view of the portion enclosed
by the broken line D in FIG. 2B. The position of the broken
line D in a plan view is denoted with the reference character
D of FIG. 2C. FIG. 2D illustrates the edge portions of the
hole supply layer 267B and the organic light-emitting layer
269B. FIG. 2D illustrates the pixel defining layer 253, the
hole supply layer 267B on the pixel defining layer 253, and
the organic light-emitting layer 269B on the hole supply
layer 267B. The organic light-emitting layer 269B com-
pletely covers the hole supply layer 267B, and the hole
supply layer 267B is not exposed from the organic light-
emitting layer 269B at all. The outer edge of the organic
light-emitting layer 269B is located on the top surface of the
pixel defining layer 253, and covers the outer edge of the
hole supply layer 267B.

[0071] As illustrated in FIGS. 2B and 2C, it is preferable
that the organic light-emitting layer 269G completely cover
the hole supply layer 267G, and the hole supply layer 267G
be not exposed from the organic light-emitting layer 269G
at all. The outer edge of the organic light-emitting layer
269G is located on the top surface of the pixel defining layer
253, and covers the outer edge of the hole supply layer
267G.
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[0072] In FIGS. 2B and 2C, the edge of the organic
light-emitting layer is located between the edge of the hole
supply layer covered by the organic light-emitting layer and
the edge of the hole supply layer of an adjacent subpixel of
a different color. For example, the edge of the blue organic
light-emitting layer 269B is located between the edge of the
hole supply layer 267B of the blue subpixel and the hole
supply layer 267G of the green subpixel. Similarly, the edge
of the green organic light-emitting layer 269G is located
between the edge of the hole supply layer 267G of the green
subpixel and the hole supply layer 267B of the blue sub-
pixel.

[0073] The substantial leak path for the carrier leak
between the subpixels of different colors is formed in the
hole supply layer. Because the hole supply layers of the
subpixels of different colors are separated from each other,
the carrier leak between the subpixels of different colors can
be reduced. The hole supply layers of the subpixels of
different colors are separated from each other, and the
electron supply layer is formed at the gap therebetween. The
organic light-emitting layer covers the entire surface of the
hole supply layer including the edge of the hole supply layer
between the subpixels of different colors.

[0074] Thus, the hole supply layers of the subpixels of
different colors do not make direct contact with the electron
supply layer. Even if the carrier mobility of the hole supply
layer is about the same as that of the organic light-emitting
layer, although holes move easily from the hole supply layer
to the organic light-emitting layer, holes do not move from
the organic light-emitting layer to the hole supply layer
because of a large energy barrier against the holes. That is,
it is possible to suppress the formation of a leak path from
the hole supply layer of the first color subpixel to the hole
supply layer of the second color subpixel via the organic
light-emitting layer of the first color subpixel, the electron
supply layer, and the organic light-emitting layer of the
second color subpixel. Thus, it is possible to suppress the
carrier leak between the subpixels of different colors more
effectively.

[0075] Asillustrated in FIG. 2A, the organic light-emitting
layer of each subpixel is separated from the organic light-
emitting layer of an adjacent subpixel. For example, in FIG.
2B, the edge of the blue organic light-emitting layer 269B is
separated from the edge of the green organic light-emitting
layer 269G in the in-plane direction, and a gap exists
therebetween.

[0076] The electron supply layer 271 is formed on the
organic light-emitting layers 269B and 269G so as to make
contact with the organic light-emitting layers 269B and
269G. The electron supply layer 271 is a layer commonly
used for all of the subpixels. In the example of FIG. 2B, the
electron supply layer 271 does not have a break on the pixel
defining layer 253, and is continuously formed over the two
subpixels 251G and 251B. The electron supply layer 271
may be formed for each color of the subpixels.

[0077] On the electron supply layer 271, the cathode
electrode 273 is formed so as to be in contact with the
electron supply layer 271. The cathode electrode 273 is a
layer commonly used for all of the subpixels. In the example
of FIG. 2B, the cathode electrode 273 does not have a break
on the pixel defining layer 253, and is continuously formed
over the two subpixels 251G and 251B.

[0078] FIGS. 2B, 2C, and 2D illustrate the structure
between and in the vicinity of the blue subpixel 251B and
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the green subpixel 251G. The descriptions above with
reference to FIGS. 2B, 2C, and 2D are applied to the
relationship between the hole supply layer 267R and the
organic light-emitting layer 269R of the red subpixel and
between the red subpixel 251R and the subpixels 251B and
251G of the other colors.

[0079] Before explaining one example of the manufactur-
ing method of the OLED display device 10 in this embodi-
ment, the vapor deposition of the organic materials such as
the hole supply layer using a metal mask in this embodiment
will be explained briefly with reference to FIGS. 3A to 3C
and FIGS. 4A to 4C. The description below is also applied
to a light-emitting material, for example, as long as it is an
organic material.

[0080] FIG. 3A illustrates one example of a metal mask
400R corresponding to the pattern of the red subpixels R.
The metal mask 400R has openings 401R arranged so as to
correspond to the pattern of the red subpixels R. The X
direction is the left and right direction of the page, and the
Y direction is the top and bottom direction of the page.
[0081] FIG. 3B is a cross-sectional view taken along the
line IIB-I1IB in FIG. 3A. FIG. 3C is a cross-sectional view
taken along the line IIIC-IIIC in FIG. 3A. The substrate
101A of FIG. 3B schematically illustrates the substrate 261
on which the pixel defining layer 253 has been formed. The
metal mask 400R is arranged (aligned) so that the organic
material for the red subpixels R is vapor-deposited on
prescribed locations on the substrate 101A.

[0082] A vapor deposition source 500 illustrated in FIGS.
3B and 3C contains the organic material to be deposited. The
vapor deposition source 500 contains therein the organic
material for the red subpixels R, for example. The organic
material contained in the vapor deposition source 500 is
heated, and the heated organic material is vaporized. The
vaporized organic material is ejected to the outside from an
ejection port of a nozzle (not shown in the figure). The
ejected organic material passes through the openings 401R
of the metal mask 400R, and is deposited at prescribed
locations of the substrate 101A, thereby forming a film.
[0083] The shape of the vapor deposition source 500 is a
rectangular shape, for example. As illustrated in FIG. 3B, the
longitudinal direction of the vapor deposition source 500
coincides with the X direction in FIG. 3A. As illustrated in
FIG. 3C, the shorter-side direction of the vapor deposition
source 500 coincides with the Y direction in FIG. 3A. The
vapor deposition source 500 moves along the Y direction of
FIG. 3A. This movement is indicated in FIG. 3C by the
arrows in the right and left direction on the page.

[0084] As illustrated in FIG. 3B, the vapor deposition
source 500 ejects the organic material in one way along the
X direction of FIG. 3A. This ejection state is indicated by the
broken arrows of FIG. 3B. As illustrated in FIG. 3C, the
vapor deposition source 500 gjects the organic material in
several different ways along the Y direction. This ejection
state 1s indicated by the broken arrows of FIG. 3C.

[0085] When the film formation using the organic material
is completed, the tapered shape of the organic material in the
X direction and the tapered shape of the organic material in
the Y direction differ from each other due to the movement
direction and the ejection state of the vapor deposition
source 500.

[0086] FIG. 4A schematically illustrates a state in which
organic materials of respective colors are vapor-deposited
on the pixel defining layer 253. The organic layers 402R,
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402Ra of the red pixel respectively illustrate the hole supply
layer and the organic light-emitting layer of the red pixel of
FIG. 2. The organic layer 402B of the blue pixel schemati-
cally illustrates the hole supply layer and the organic light-
emitting layer of the blue pixel. The organic layer 402G of
the green pixel schematically illustrates the hole supply
layer and the organic light-emitting layer of the green pixel.
The organic layer 402B for the blue pixel and the organic
layer 402G for the green pixel are each deposited using a
metal mask having an opening pattern differing from the
opening pattern of the metal mask 400R for the red subpixel
described with reference to FIG. 3A.

[0087] FIG. 4B is a cross-sectional view taken along the
line IVB-IVB in FIG. 4A, and illustrates tapered shapes of
the organic layers 402R and 402B in the X direction, which
is the direction along which the vapor deposition source 500
does not move. FIG. 4C is a cross-sectional view taken along
the line IVC-IVC in FIG. 4A, and illustrates tapered shapes
of the organic layers 402R and 402Ra in the Y direction,
which is the direction along which the vapor deposition
source 500 does move.

[0088] As illustrated in FIGS. 4B and 4C, the taper in the
X direction is steeper than the taper in the Y direction. More
specifically, the angle of the inclined surface 402Rx of the
organic layer 402R in FIG. 4B (the angle with respect to the
plane portion of the pixel defining layer 253) is larger than
the angle of the inclined surface 402Ry (see FIG. 4C) of the
same organic layer 402R.

[0089] For other pixels such as the organic layer 402B of
the blue pixel or the organic layer 402Ra of the red pixel, the
taper in the X direction is steeper than the taper in the Y
direction. This is because the vapor deposition source 500
moves in the Y direction, and the organic material is ejected
toward different ways along the Y direction, which makes
the amount of the organic material deposited in the X
direction per unit time larger than the amount of the organic
material deposited in the Y direction. As described above, in
the X direction along which the subpixels of different colors
are arranged, the taper of the organic layer is steeper, which
makes it possible to prevent the subpixels of different colors
from making contact with each other.

[0090] FIGS. 3A to 4C illustrate an example in which the
vapor deposition source moves in one direction (for
example, Y direction), but it is also possible to form a film
by depositing an organic material on the substrate 101A
while rotating either the vapor deposition source or the
substrate 101A, which is called the rotary film forming
method. In the rotary film forming method, the taper shape
of the subpixels differs depending on the position of the
subpixels in the display panel.

[0091] As described above, even in the same pixel, the
taper shape of the organic layer differs in the respective
directions. This phenomenon occurs only when the organic
material is deposited using a metal mask, and does not occur
if a film of organic material is formed by spattering or CVD
(chemical vapor deposition).

[Manufacturing Method]

[0092] An example of the manufacturing method of the
OLED display device 10 will be explained. In the descrip-
tions below, the elements formed in the same process (at the
same time) are the elements on the same layer The manu-
facturing process of the OLED display device 10 starts from
forming the TFT circuit layer 263 on the insulating substrate
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261. The TFT circuit layer 263 can be formed by a known
technique, which is not described in detail. Next, an anode
electrode is formed on the TFT circuit layer 263. For
example, the anode electrode is formed by spattering on a
planarization film having a contact hole formed therein.
[0093] The anode electrode is constituted of upper ITO/Ag
alloy/lower ITO. Instead of the upper ITO, a transparent film
of ITO, 120, ZnO, or In,0; or a reflective film made of Ag,
Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr or a compound of those
metals may be used. Also, instead of the lower ITO, the
transparent film described above may be used. The layer
structure of the anode electrode may be any structure, and Al
may be a single layer, for example. The anode electrode is
connected to the pixel circuit in the TFT circuit layer 263 via
the contact portion.

[0094] Next, the pixel defining layer 253 is formed by
depositing a photosensitive organic resin film by spin coat-
ing or the like, and patterning the organic resin film. Open-
ings are formed in the pixel defining layer 253 by the
patterning, and an anode electrode of each subpixel is
exposed through each opening. The respective subpixels
(light-emitting regions) are separated by the pixel defining
layer 253.

[0095] The manufacturing process after the pixel defining
layer 253 1s formed will be explained with reference to the
flowchart of FIG. 5. The hole supply layer of red subpixels
1s formed on the insulating substrate 261 on which the pixel
defining layer 253 is formed (S101). Specifically, by the
vapor deposition using a metal mask having a pattern
corresponding to the pattern of the red subpixels, the mate-
rial for the hole supply layer is deposited on the substrate
261 on which the pixel defining layer 253 is formed, thereby
forming the hole supply layer of the red subpixels. When the
hole supply layer is constituted of a plurality of layers
including the hole injection layer and hole transport layer,
the film formation is repeatedly performed for the plurality
of layers. The thickness of the hole supply layer can be
controlled for the micro-cavity structure.

[0096] The hole supply layer of green subpixels is formed
on the insulating substrate 261 on which the pixel defining
layer 253 is formed (S102). Specifically, by the vapor
deposition using a metal mask having a pattern correspond-
ing to the pattern of the green subpixels, the material for the
hole supply layer is deposited on the substrate 261 on which
the pixel defining layer 253 is formed, thereby forming the
hole supply layer of the green subpixels. When the hole
supply layer includes a plurality of layers, the film formation
is repeatedly performed for the plurality of layers. The
thickness of the hole supply layer can be controlled for the
micro-cavity structure.

[0097] Next, the hole supply layer of blue subpixels is
formed on the insulating substrate 261 on which the pixel
defining layer 253 is formed (S103). Specifically, by the
vapor deposition using a metal mask having a pattern
corresponding to the pattern of the blue subpixels, the
material for the hole supply layer is deposited on the
substrate 261 on which the pixel defining layer 253 is
formed, thereby forming the hole supply layer of the blue
subpixels. When the hole supply layer includes a plurality of
layers, the film formation is repeatedly performed for the
plurality of layers. The thickness of the hole supply layer can
be controlled for the micro-cavity structure.

[0098] As illustrated in FIGS. 2B and 2C, in the manu-
facturing step of this embodiment, the hole supply layer for
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the subpixel of each color is formed so as to have a greater
area then the opening formed in the pixel defining layer 253
(also referred to as a deposition margin). This area is
provided, taking into consideration the pattern accuracy of a
metal mask, the deformation of a metal mask due to heat
generated by the film forming process, the alignment accu-
racy between the metal mask and the substrate, and the
incident angle of the deposition molecules. Steps S104,
S105, and S106 may be performed in any order.

[0099] Next, the organic light-emitting layer is formed by
depositing the organic light-emitting material on the hole
supply layer. The organic light-emitting material is depos-
ited for each color of red, green, and blue, thereby forming
the organic light-emitting layer on the hole supply layer. The
organic light-emitting layer is formed using a metal mask.

[0100] First, the organic light-emitting layer for the red
subpixels is formed (S104). Specifically, by the vapor depo-
sition using a metal mask having a pattern corresponding to
the pattern of the red subpixels, the material for the red
organic light-emitting layer is deposited on the hole supply
layer of the red subpixels, thereby forming the red organic
light-emitting layer.

[0101] Next, the organic light-emitting layer for the green
subpixels is formed (S105). Specifically, by the vapor depo-
sition using a metal mask having a pattern corresponding to
the pattern of the green subpixels, the material for the green
organic light-emitting layer is deposited on the hole supply
layer of the green subpixels, thereby forming the green
organic light-emitting layer.

[0102] Next, the organic light-emitting layer for the blue
subpixels is formed (S106). Specifically, by the vapor depo-
sition using a metal mask having a pattern corresponding to
the pattern of the blue subpixels, the material for the blue
organic light-emitting layer is deposited on the hole supply
layer of the blue subpixels, thereby forming the blue organic
light-emitting layer.

[0103] In a manner similar to the hole supply layer, in the
film forming process of the organic light-emitting layer of
the subpixels of each color, the organic light-emitting layer
is deposited in an area greater than the opening formed in the
pixel defining layer 253. Furthermore, the organic light-
emitting layer of each subpixel is formed so as to cover the
hole transport layer of the subpixel completely. Steps S104,
S105, and S106 may be performed in any order.

[0104] Next, the material for the electron supply layer 271
is deposited on the organic light-emitting layer, thereby
forming the electron supply layer 271 commonly used by all
subpixels (S107). The electron supply layer 271 is formed so
as to cover the entire display region 125. The electron supply
layer 271 is formed for all of the subpixels at the same time.

[0105] Next, a metal material for the cathode electrode
273 1s deposited on the electron supply layer 271 (S108).
The cathode electrode 273 is formed so as to cover the entire
display region 125. The cathode electrode 273 is formed for
all of the subpixels at the same time. The cathode electrode
273 is formed by depositing L1, Ca, LiF/Ca, LiF/Al, Al, Mg
or an alloy thereof, for example. After forming the cathode
electrode 273, a cap layer may be formed by depositing an
insulating layer having a higher refractive rate than glass in
order to improve the light extraction efficiency.

[0106] Next, a glass flit is built up along the edges of the
TFT substrate 100, the sealing substrate 200 is placed
thereon, and the glass flit part is heated by laser light,



US 2019/0103573 Al

thereby melting the glass flit and completely bonding the
TFT substrate 100 and the sealing substrate 200.

[0107] As described above, in this embodiment, the
organic light-emitting layer of the subpixels of each color is
formed so as to completely cover the hole supply layer of the
subpixels. The hole supply layer and the organic light-
emitting layer can be formed by vapor deposition using
different metal masks. FIG. 6 schematically illustrates the
relationship between the metal mask 43 for the hole supply
layer of the subpixels of the same color and the metal mask
45 for the organic light-emitting layer.

[0108] The metal mask 43 for the hole supply layer has
openings 432 arranged so as to match the pattern of the
corresponding subpixels. The metal mask 45 for the organic
light-emitting layer has openings 452 arranged so as to
match the pattern of the corresponding subpixels. In FIG. 6,
only one of a plurality of openings for the hole supply layer
is denoted with the reference character 432, and only one of
a plurality of openings for the organic light-emitting layer is
denoted with the reference character 452.

[0109] As illustrated in FIG. 6, the opening 452 for the
organic light-emitting layer is larger than the opening 432
for the hole supply layer. The opening 432 for the hole
supply layer has a shape and size that can fit within the
opening 452 for the organic light-emitting layer. With this
relationship, it is possible to ensure that the hole supply layer
is completely covered by the organic light-emitting layer.
The metal mask 43 for the hole supply layer and the metal
mask 45 for the organic light-emitting layer having the
relationship described above are prepared for the red sub-
pixels, the blue subpixels, and the green subpixels, respec-
tively.

[0110] FIG. 7 schematically illustrates a cross-sectional
structure of the TFT substrate 100 manufactured using, for
the subpixels of the respective colors, the metal mask for the
hole supply layer and the metal mask for the organic
light-emitting layer having the relationship described above.
As compared to the configuration example of FIG. 2B, a
portion of the organic light-emitting layer 269B of the blue
subpixel outside of the hole supply layer 267B of the blue
subpixel is greater (the margin is greater), and a portion of
the organic light-emitting layer 269G of the green subpixel
outside of the hole supply layer 267G of the green subpixel
is greater (the margin is greater).

Embodiment 2

[0111] Below, the configuration of the display region and
the manufacturing method of Embodiment 2 will be
explained. The differences from Embodiment 1 will be
mainly discussed.

[Configuration of Display Region]

[0112] FIG. 8A is a plan view of a part of the display
region 125. FIG. 8A illustrates a plurality of subpixels
arranged in a matrix. FIG. 8A illustrates red subpixels
(light-emitting region) 251R, blue subpixels (light-emitting
region) 251B, and green subpixels (light-emitting region)
251G. Among the respective subpixels in FIG. 8A, one red
subpixel, one blue subpixel, and one green subpixel are
denoted with the reference characters.

[0113] The arrangement of the subpixels illustrated in
FIG. 8A is the same as the arrangement illustrated in FIG.
2A in Embodiment 1. In this configuration example, the
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distance between the respective subpixels is smaller due to
high definition. The organic light-emitting layers of the
subpixels of the same color are formed continuously. Spe-
cifically, among the red organic light-emitting layers 269R,
the blue organic light-emitting layers 269B, and the green
organic light-emitting layers 269G, the organic light-emit-
ting layers of the same color are formed continuously over
the respective subpixels and have no gap therebetween,
respectively.

[0114] The same applies to the hole supply layers although
not illustrated in FIG. 8A. That is, among the hole supply
layers of the red subpixels, the hole supply layers of the blue
subpixels, and the hole supply layers of the green subpixels,
the hole supply layers of the same color are formed con-
tinuously over the respective subpixels and have no gap
therebetween, respectively.

[0115] Adjacent organic light-emitting layers of different
colors overlap with each other on the top surface of the pixel
defining layer 253. In the example of FIG. 8A, an edge of the
red organic light-emitting layer 269R is positioned above an
edge of the blue organic light-emitting layer 269B, and the
other edge of the red organic light-emitting layer 269R is
positioned above an edge of the green organic light-emitting
layer 269G. The other edge of the green organic light-
emitting layer 269G is positioned above an edge of the blue
organic light-emitting layer 269B.

[0116] FIG. 8B schematically illustrates the relationship
between the hole supply layer 267B of the blue subpixel and
the blue organic light-emitting layer 269B. In this example,
the respective hole supply layers 267B are continuously
formed in the array direction of the blue subpixels 251B. The
hole supply layer 267B has one edge between the blue
subpixel 251B and the green subpixel 251G, and the other
edge between the blue subpixel 251B and the red subpixel
251R. The organic light-emitting layer 269B is deposited on
the hole supply layer 267B so as to completely cover the
hole supply layer 267B including the edge of the hole supply
layer 267B.

[0117] FIG. 8C is a cross-sectional view taken along the
line VIIIC-VIIIC in FIG. 8A. FIG. 8C schematically illus-
trates the layering relationship of the two hole supply layers
267B and 267G and the two organic light-emitting layers
269B and 269G between the blue subpixel 251B and the
green subpixel 251G.

[0118] In a manner similar to Embodiment 1, the hole
supply layer 267B of the blue subpixel is formed so as to
cover part of the top surface of the pixel defining layer 253
that surrounds the hole supply layer 267B. That is, the hole
supply layer 267B is formed only on a part of the top
surface, and the edge of the hole supply layer 267B is
located on the top surface of the pixel defining layer 253.
The organic light-emitting layer 269B is formed immedi-
ately above the hole supply layer 267B or on the hole supply
layer 267B so as to make contact with the hole supply layer
267B and form an interface therewith. The blue organic
light-emitting layer 269B covers the entire surface including
the edge (entire edge) of the hole supply layer 267B.
[0119] The hole supply layer 267G of the green subpixel
is formed so as to cover part of the top surface of the pixel
defining layer 253 that surrounds the hole supply layer
267G. That is, the hole supply layer 267G is formed only on
a part of the top surface, and the edge of the hole supply
layer 267G is located on the top surface of the pixel defining
layer 253.
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[0120] Further, part of the hole supply layer 267G of the
green subpixel overlaps part of the hole supply layer 267B
and the organic light-emitting layer 269B of the blue sub-
pixel on the top surface of the pixel defining layer 253.
Specifically, the edge portion of the hole supply layer 267G
of the green subpixel is directly above the edge portion of
the blue organic light-emitting layer 269B. The edge portion
of the hole supply layer 267G of the green subpixel forms a
multi-layer structure together with the edge portion of the
hole supply layer 2678 of the blue subpixel and the blue
organic light-emitting layer 269B.

[0121] The edge of the hole supply layer 267G of the
green subpixel is located between the respective edges of the
hole supply layer 267B and blue organic light-emitting layer
2698 of the blue subpixel, and the blue subpixel 251B. The
respective edges of the hole supply layer 267B and blue
organic light-emitting layer 269B of the blue subpixel are
located between the edge of the hole supply layer 267G of
the green subpixel and the green subpixel 251G.

[0122] The edge portion of the blue organic light-emitting
layer 269B is located between the edge portion of the hole
supply layer 267B of the blue subpixel and the edge portion
of the hole supply layer 267G of the green subpixel. The
edge portion of the blue organic light-emitting layer 269B
completely covers the edge of the hole supply layer 267B of
the blue subpixel, and therefore, the hole supply layer 267G
of the green subpixel is separated from the hole supply layer
2678 of the blue subpixel.

[0123] As described above, in the configuration in which
the hole supply layers of adjacent subpixels partially overlap
with each other to achieve higher definition, the organic
light-emitting layer is sandwiched between the hole supply
layers of adjacent subpixels. The organic light-emitting
layer, which is sandwiched between the hole supply layers,
covers the lower hole supply layer completely including the
edge thereof so that the upper hole supply layer is separated
from the lower hole supply layer. By the organic light-
emitting layer, which has a smaller carrier mobility and is
sandwiched by the hole supply layers of different colors, a
leak path between the hole supply layers is blocked.

[0124] As described in FIG. 2, when the carrier mobility
of the hole supply layer and the organic light-emitting layer
is about the same, holes move easily from the hole supply
layer to the organic light-emitting layer, but holes do not
move from the organic light-emitting layer to the hole
supply layer because of a large energy barrier against the
holes. Thus, a leak path between the stacked hole supply
layers is blocked. This makes it possible to stop the leak
current between the respective hole supply layers.

[0125] The green organic light-emitting layer 269G is
formed immediately above the hole supply layer 267G or on
the hole supply layer 267G so as to make contact with the
hole supply layer 267G and form an interface. The green
organic light-emitting layer 269G covers the entire surface
including the edge (entire edge) of the hole supply layer
267G.

[0126] In this example, the respective hole supply layers
267G are continuously formed in the array direction of the
green subpixels 251G. The hole supply layer 267B has one
edge between the blue subpixel 251B and the green subpixel
251G, and the other edge between the blue subpixel 251B
and the red subpixel 251R. The organic light-emitting layer
2698 is deposited on the hole supply layer 267B so as to
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completely cover the hole supply layer 267B including the
edge of the hole supply layer 267B.

[0127] The descriptions made with reference to FIGS. 8B
and 8C are applied to the relationship between the hole
supply layer 267R and the organic light-emitting layer 269R
of the red subpixel and the relationship between the red
subpixel 251R and the subpixels 251B and 251G of other
colors. In the example, the hole supply layer 267R of the red
subpixel is a layer above the green and blue organic light-
emitting layers 269G and 269B.

[Manufacturing Method]

[0128] Below, the method for manufacturing the OLED
display device 1 of this embodiment having the configura-
tion described above will be explained. FIG. 9 is a flowchart
of the manufacturing method of this embodiment. The hole
supply layer of blue subpixels is formed on the insulating
substrate 261 on which the pixel defining layer 253 is
formed (S131). Specifically, by the vapor deposition using a
metal mask having a pattern corresponding to the pattern of
the blue subpixels, the material for the hole supply layer is
deposited on the substrate on which the pixel defining layer
253 is formed, thereby forming the hole supply layer of the
blue subpixels.

[0129] Next, the blue organic light-emitting layer is
formed (S132). Specifically, by the vapor deposition using a
metal mask having a pattern corresponding to the pattern of
the blue subpixels, the material for the blue organic light-
emitting layer is deposited on the hole supply layer of the
blue subpixels, thereby forming the blue organic light-
emitting layer. As described above, the blue organic light-
emitting layer is formed on the hole supply layer of the blue
subpixel so as to cover the hole supply layer of the blue
subpixel completely including the edge thereof.

[0130] The metal mask for the hole supply layer of the
blue subpixels may be the same as or different from the
metal mask for the blue organic light-emitting layer. When
a common metal mask is used, by controlling the incident
angle of the material with respect to the metal mask, the
respective film forming region of the hole supply layer and
the organic light-emitting layer can be controlled.

[0131] Next, the hole supply layer of green subpixels is
formed on the insulating substrate 261 on which the blue
organic light-emitting layer is formed (S133). Specifically,
by the vapor deposition using a metal mask having a pattern
corresponding to the pattern of the green subpixels, the
material for the hole supply layer is deposited on the pixel
defining layer 253, thereby forming the hole supply layer of
the green subpixels.

[0132] Next, the green organic light-emitting layer is
formed (S134). Specifically, by the vapor deposition using a
metal mask having a pattern corresponding to the pattern of
the green subpixels, the material for the green organic
light-emitting layer is deposited on the hole supply layer of
the green subpixels, thereby forming the green organic
light-emitting layer. As described above, the green organic
light-emitting layer is formed on the hole supply layer of the
green subpixels so as to cover the hole supply layer of the
green subpixel completely including the edge thereof. The
metal mask for the hole supply layer of the green subpixels
may be the same as or different from the metal mask for the
green organic light-emitting layer.

[0133] Next, the hole supply layer of red subpixels is
formed on the insulating substrate 261 on which the green
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organic light-emitting layers are formed (S135). Specifi-
cally, by the vapor deposition using a metal mask having a
pattern corresponding to the pattern of the red subpixels, the
material for the hole supply layer is deposited on the pixel
defining layer 253, thereby forming the hole supply layer of
the red subpixels.

[0134] Next, the red organic light-emitting layer is formed
(S136). Specifically, by the vapor deposition using a metal
mask having a pattern corresponding to the pattern of the red
subpixels, the material for the red organic light-emitting
layer is deposited on the hole supply layer of the red
subpixels, thereby forming the red organic light-emitting
layer. As described above, the red organic light-emitting
layer is formed on the hole supply layer of the red subpixels
so as to cover the hole supply layer of the red subpixels
completely including the edge thereof. The metal mask for
the hole supply layer of the red subpixels may be the same
as or different from the metal mask for the red organic
light-emitting layer.

[0135] As described above, a pair of hole supply layer and
organic light-emitting layer is formed for subpixels of each
color is formed in an appropriate order. Those pairs for the
subpixels of different colors may be formed in any particular
order. As described above, in the manufacturing method of
this embodiment, after the hole supply layer for subpixels of
one color is formed, the organic light-emitting layer for
subpixels of the same color is formed, instead of forming the
hole supply layer for another color. This makes it possible to
form the organic light-emitting layer having a smaller carrier
mobility than that of the hole supply layer between hole
supply layers in the configuration where the edge portions of
the hole supply layers of the subpixels of different colors
overlap with each other. As a result, the leak current between
the hole supply layers can be prevented more effectively.
[0136] Next, the material for the electron supply layer 271
is deposited, thereby forming the electron supply layer 271
commonly used by all subpixels (S137). The electron supply
layer 271 is formed so as to cover the entire display region
125. Next, a metal material for the cathode electrode 273 is
deposited on the electron supply layer 271 (S138). The
formation of the electron supply layer 271 and the cathode
electrode 273 is the same as that of Embodiment 1. The
manufacturing method of this embodiment may be used to
manufacture the OLED display device 1 having the con-
figuration explained in Embodiment 1.

Embodiment 3

[0137] Below, the manufacturing method of Embodiment
3 will be explained. The differences from the other embodi-
ments will be mainly discussed. In this embodiment, the
hole supply layers for the subpixels of all colors are formed
at the same time. FIG. 10 schematically illustrates the
configuration example of the metal mask 41 used for form-
ing the hole supply layer. The metal mask 41 has openings
412R for the hole supply layer of red subpixels, openings
412B for the hole supply layer of blue subpixels, and
openings 412G for the hole supply layer of green subpixels.
In FIG. 10, only one opening of each color is given a
reference character. The opening patterns coincide with the
patterns of subpixels.

[0138] FIG. 11 is a flowchart of the manufacturing method
for forming the respective hole supply layers using the metal
mask 41 illustrated in FIG. 10. The hole supply layers for all
subpixels are formed on the insulating substrate 261 on
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which the pixel defining layer 253 is formed (S151). Spe-
cifically, by the vapor deposition using the metal mask 41
having an opening pattern for all subpixels as in FIG. 10, the
material for the hole supply layers is deposited on the
substrate 261 on which the pixel defining layer 253 is
formed, thereby forming the hole supply layers of all sub-
pixels. By using the common metal mask 41, the hole supply
layers can be formed efficiently.

[0139] Next, on the hole supply layers, the organic light-
emitting layer of blue subpixels, the organic light-emitting
layer of green subpixels, and organic light-emitting layer of
red subpixels are formed in this order by vapor deposition
using different metal masks (S152, S153, and S154). Similar
to other embodiments, the organic light-emitting layer for
subpixels of each color is formed so as to cover the corre-
sponding hole supply layer completely. The organic light-
emitting layers of three colors may be formed in any order.
[0140] Next, the material for the electron supply layer is
deposited, thereby forming the electron supply layer com-
monly used by all subpixels (S155). The electron supply
layer is formed so as to cover the entire display region 125.
Next, the electron supply layer for red subpixels only is
formed by the vapor deposition using a metal mask (5156).
Next, the electron supply layer for green subpixels only is
formed by the vapor deposition using a metal mask (S157).
[0141] By adding the electron supply layers for the red
subpixels and green subpixels selectively, the thickness of
the electron supply layer for subpixels of each color can be
controlled. The electron supply layer for the red subpixels
may be formed before or after the electron supply layer for
the green subpixels. It is also possible to form the electron
supply layer for the red subpixels (only) after forming the
electron supply layer for all subpixels, and then forming the
electron supply layer for the red subpixels and green sub-
pixels (not for the blue subpixels).

If the micro-cavity structure is not necessary, only one
electron supply layer commonly used for all subpixels may
be formed.

[0142] Next, a metal material for the cathode electrode is
deposited on the electron supply layer (S158). The formation
of the cathode electrode is the same as that of Embodiment
L.

[0143] The various cross-sectional structures of the OLED
device will be explained with reference to FIGS. 12 to 16.
Below the anode electrode of a subpixel, a pixel circuit for
driving the OLED device of this subpixel is formed, but this
pixel circuit is not shown in the figures.

[0144] FIG. 12 is a schematic diagram of the cross-
sectional structure of the TFT substrate 100. The hole
injection layer 266R and the hole transport layer 268R are
formed on the anode electrode 265R of the red subpixel. The
hole injection layer 266G and the hole transport layer 268G
are formed on the anode electrode 265G of the green
subpixel. The hole injection layer 266B and the hole trans-
port layer 268B are formed on the anode electrode 265B of
the blue subpixel.

[0145] As indicated by the broken line circle Fa, the
organic light-emitting layer 269R of the red subpixel covers
the hole injection layer 269R and the hole transport layer
268R. The organic light-emitting layer 269G of the green
subpixel covers the hole injection layer 269G and the hole
transport layer 268G. The organic light-emitting layer 269B
of the blue subpixel covers the hole injection layer 2698 and
the hole transport layer 268B. This makes it possible to
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prevent a carrier leak even if the hole injection layer/hole
transport layer of one color overlaps with the hole injection
layer/hole transport layer of another color due to an align-
ment error of the metal mask or the like. That is, if the
distance between two subpixels is made smaller in order to
realize higher definition, the hole supply layers of adjacent
subpixels overlap with each other in some cases. However,
in this case as well, as described in FIG. 8C, by having the
organic light-emitting layer with a smaller carrier mobility
sandwiched between the hole supply layers of different
colors, the leak path can be blocked.

[0146] FIG. 13 is a schematic diagram of the cross-
sectional structure of the TFT substrate 100. The electron
supply layer is formed for each subpixel. Each red subpixel,
each green subpixel, and each blue subpixel includes the
electron supply layer 271R, the electron supply layer 271G,
and the electron supply layer 271B, and those layers are
separated from each other.

[0147] As indicated by the broken line circle Fb, the
cathode electrode 273 is in contact with the pixel defining
layer 253. The cathode electrode 273 is formed between the
hole transport layer 268R and the hole transport layer 268G.
With this structure, a leak current from the hole transport
layer 268R, for example, is extracted by the cathode elec-
trode 273, and does not flow toward the hole transport layer
268G of the green subpixel adjacent to the red subpixel. That
is, the leak current does not flow between the adjacent
subpixels. As long as the hole injection layer/hole transport
layer of the adjacent pixels do not overlap at all (are
completely separated), any layer structure on the pixel
defining layer 253 may be employed.

[0148] FIG. 14 is a schematic diagram of the cross-
sectional structure of the TFT substrate 100. The electron
supply layer 271 is commonly used for all of the subpixels.
As indicated by the broken line circuit Fc, the electron
supply layer 271 is in contact with the pixel defining layer
253. The electron supply layer 271 is formed between the
hole transport layer 268R and the hole transport layer 268G.
With this structure, it is possible to block a current in the
hole transport layer 268R, for example, from flowing into
the hole transport layer 268G of the green subpixel, which
is adjacent to the red subpixel.

[0149] That is, it is possible to prevent the leak current
from flowing between the adjacent subpixels via the electron
supply layer 271. This is made possible by a large resistance
(energy barrier) of the electron supply layer 271. As long as
the hole injection layer/hole transport layer of the adjacent
pixels do not overlap at all (are completely separated), any
layer structure on the pixel defining layer 253 may be
employed.

[0150] FIG. 15 is a schematic diagram of the cross-
sectional structure of the TFT substrate 100. In the red
subpixel, the hole transport layer having two layers of a
lower hole transport layer 681R and an upper hole transport
layer 682R is formed between the organic light-emitting
layer 269R and the hole injection layer 266R. In the green
subpixel, the hole transport layer having two layers of a
lower hole transport layer 681G and an upper hole transport
layer 682G is formed between the organic light-emitting
layer 269G and the hole injection layer 266G. In the blue
subpixel, the hole transport layer 681B having only one
layer is formed between the organic light-emitting layer
2698 and the hole injection layer 266B. The cathode elec-
trode and the electron supply layer 273a are in contact with
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the organic light-emitting layers 269R, 269G, and 269B. As
described above, the electron supply layer may include an
electron injection layer and an electron transport layer, or the
electron supply layer may be constituted of one layer or
three or more layers having the functions of those layers.
[0151] The hole injection layers (266R, 266G, 266B) of
the respective colors, the respective lower hole transport
layers (681R, 681(G), and the blue hole transport layer 681B
are formed using the same metal mask so as to be separated
from each other. The organic light-emitting layer 269R and
the hole transport layer 682R of the red subpixel are formed
using the same metal mask. The organic light-emitting layer
269G and the hole transport layer 682G of the green
subpixel are formed using the same metal mask. The organic
light-emitting layer 269B of the blue subpixel is formed
independently without sharing a metal mask with other
layers.

[0152] As described above, the lower hole transport layers
(681R, 681G) of the red and green subpixels and the hole
transport layer 681B of the blue subpixel are formed using
the common metal mask, and the red and green subpixels
also have the upper hole transport layers (682R, 682G). This
makes it possible to adjust the thickness of the hole transport
layer of each color, thereby realizing the micro-cavity struc-
ture. The cathode electrode and the electron supply layer
273a are formed so as not to be separated (common layer),
using the same metal mask.

[0153] Below, an alignment error between the substrate
and metal mask, or in other words, a positioning error that
occurs when the substrate and the metal mask are stacked
will be explained. In positioning the metal mask against the
substrate, it is impossible to completely eliminate alignment
error. Thus, in the alignment design, a prescribed allowance
for the alignment error is set. Examples thereof include a
strict allowance condition (such as +/-2 um or smaller), or
a lenient allowance condition (such as +/-5 pm or smaller).
[0154] The organic light-emitting layer 269R and the hole
transport layer 682R of the red subpixel are formed using a
metal mask that is positioned so as to satisfy the strict
allowance condition. The organic light-emitting layer 269G
and the hole transport layer 682G of the green subpixel are
formed using a metal mask aligned in a position that satisfies
the lenience allowance condition but not the strict allowance
condition, due to the alignment error that occurred at the
blue subpixel side (the right side in FIG. 15). The organic
light-emitting layer 269R of the red subpixel is formed using
a metal mask aligned in a position that satisfies the lenient
allowance condition but not the strict allowance condition,
due to the alignment error that occurred at the green subpixel
side (the right side in FIG. 15).

[0155] The hole supply layer and the organic light-emit-
ting layer are deposited such that the separation part of the
hole supply layer and the organic light-emitting layer comes
within the region RNG1 between an edge of the anode
electrode of the first subpixel (red subpixel, for example)
and an edge of the anode electrode of the second subpixel
(green subpixel, for example) adjacent to the first subpixel.
[0156] FIG. 16 is a schematic diagram of the cross-
sectional structure of the TFT substrate 100. The cathode
electrode and the electron supply layer 273a are in contact
with the organic light-emitting layers 269R, 269G, and
269B. The organic light-emitting layer 269R, the hole trans-
port layer 268R, and the hole injection layer 266R of the red
subpixel are formed using the same metal mask. The organic
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light-emitting layer 269G, the hole transport layer 268G, and
the hole injection layer 266G of the green subpixel are
formed using the same metal mask.

[0157] The organic light-emitting layer 269B, the hole
transport layer 268B, and the hole injection layer 266B of
the blue subpixel are formed using the same metal mask. The
cathode electrode and the electron supply layer 273a are
formed so as not to be separated (common layer), using the
same metal mask.

[0158] The organic light-emitting layer 269R, the hole
transport layer 268R, and the hole injection layer 266R of
the red subpixel are formed using a metal mask aligned in a
position that satisfies the lenience allowance condition but
not the strict allowance condition, due to the alignment error
that occurred at the green subpixel side (the right side in
FIG. 16).

[0159] The organic light-emitting layer 269G, the hole
transport layer 268G, and the hole injection layer 266G of
the green subpixel are formed using a metal mask that is
positioned so as to satisfy the strict allowance condition. The
organic light-emitting layer 269B, the hole transport layer
268B, and the hole injection layer 266B of the blue subpixel
are formed using a metal mask aligned in a position that
satisfies the lenience allowance condition but not the strict
allowance condition, due to the alignment error that
occurred at the green subpixel side (the left side in FIG. 16).
[0160] When the metal mask is misaligned as described
above, with the conventional configuration, it was not pos-
sible to produce quality products if the strict allowance
condition was not satisfied, but with the configuration of this
application, as long as the lenience allowance condition is
satisfied, the organic light-emitting layers of the respective
colors can be separated from each other, which allows for
quality products to be made and improves the yield of the
manufacturing process.

Embodiment 4

[0161] First, the overview of Embodiment 4 will be
explained. In order to achieve higher definition, the distance
between the respective subpixels is made shorter. As illus-
trated in FIG. 8C, when this distance is smaller, the organic
light-emitting layer of a subpixel can overlap with the hole
supply layer of an adjacent subpixel due to several reasons
such as misalignment of the metal mask. In Embodiment 4,
the multi-layer structure that can prevent the degradation of
image quality due to crosstalk between the subpixels even if
the layers overlap unintendedly will be explained.

[0162] In order to drive the OLED element to emit light,
it is necessary to energize the OLED element with a voltage
that equal to or greater than the light-emitting threshold
voltage. The light-emitting threshold voltage means the
minimum voltage that can drive the OLED element to emit
light. For example, in order for the blue subpixel 251B to
emit light, it is necessary to cause a current to flow from the
anode electrode 265B to the cathode electrode 273 (see FIG.
8) at a level equal to or greater than the light-emitting
threshold voltage of the blue subpixel 251B. The light-
emitting threshold voltages (will be referred to as the
threshold voltage below) differ among the subpixels of
different colors. For example, the threshold voltage of the
blue OLED element is higher than the threshold value of the
green OLED element. The threshold voltage of the green
OLED element is higher than the threshold value of the red
OLED element.
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[0163] In Embodiment 4, taking advantage of the fact that
the light-emitting threshold voltages of the subpixels differ
among respective colors, the layer structure of the organic
light-emitting layer and the like of each color is configured
so that crosstalk between the subpixels is prevented. Below,
the configuration of the display region and the manufactur-
ing method of Embodiment 4 will be explained. The differ-
ences from Embodiment 1 will be mainly discussed.
[0164] FIG. 17 is a plan view of a part of the display
region 125. FIG. 17 illustrates a plurality of subpixels
arranged in a matrix. FIG. 17 illustrates red subpixels
(light-emitting region) 251R, blue subpixels (light-emitting
region) 251B, and green subpixels (light-emitting region)
251G. Among the subpixels in FIG. 17, one red subpixel,
one blue subpixel, and one green subpixel are denoted with
the respective reference characters.

[0165] In the layout of the subpixels of FIG. 17, the
plurality of subpixels are arranged in a matrix. Unlike the
layout illustrated in FIG. 2A of Embodiment 1, subpixels of
the same color are not lined up in the column direction (top
and bottom direction in FIG. 17). That is, the red subpixel
251R is adjacent to the blue subpixels 251B in each of the
column and row directions, and the green subpixel 251G is
adjacent to the blue subpixels 251B in each of the column
and row directions. The row direction is X direction, and the
column direction is Y direction.

[0166] In other words, in the pixel layout of FIG. 17, the
blue subpixels 251B, which have the highest threshold
voltage among the threshold voltages of the red subpixel
251R, the blue subpixel 251B, and the green subpixel 251G,
are arranged so as to surround the red subpixel 251R and the
green subpixel 251G, respectively. One main pixel is con-
stituted of two blue subpixels adjacent in the diagonal
direction, one red subpixel and one green subpixel adjacent
to each other in the diagonal direction. In FIG. 17, one main
pixel 600 is indicated with the one-dot chain line.

[0167] FIG. 18 is the first cross-sectional view taken along
the XVIII-XVIII line in FIG. 17. Embodiment 4 schemati-
cally describes a layer structure in which the red organic
light-emitting layer 269R and the green organic light-emit-
ting layer 269G are stacked on a layer above (upper layer of)
the blue organic light-emitting layer 269B. In other words,
the blue organic light-emitting layer 269B is formed in a
layer below (lower layer of) the red organic light-emitting
layer 269R and the green organic light-emitting layer 269G.
The upper side is denoted with the arrow UP, and the lower
side is denoted with the arrow DW.

[0168] Forexample, as indicated by the one-dot chain line
circle denoted with the reference character RB1, above the
top surface 2534l of the first pixel defining portion 253a
disposed between the blue subpixel 251B and the red
subpixel 251R adjacent to the blue subpixel 251B, the edge
portion of the blue organic light-emitting layer 269B of the
blue subpixel 251B is in contact with the hole supply layer
(for example, the hole injection layer 266R and the hole
transport layer 268R of the red subpixel) of the red subpixel
251R.

[0169] Furthermore, as indicated by the one-dot chain line
circle line denoted with the reference character BG1, above
the top surface 25351 of the second pixel defining portion
253b disposed between the blue subpixel 251B and the
green subpixel 251G adjacent to the blue subpixel 251B, the
edge portion of the blue organic light-emitting layer 269B of
the blue subpixel 251B is in contact with the hole supply
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layer (for example, the hole injection layer 266G and the
hole transport layer 268G of the green subpixel) of the green
subpixel 251G.

[0170] When the red subpixel 251R is driven but the blue
subpixel 251B (or the green subpixel 251G) is not driven,
the pixel circuit (not shown in the figure) of the red subpixel
251R causes a current to flow from the anode electrode 265R
and the cathode electrode 273a having a voltage that is
between the threshold voltage of the red subpixel 251R and
the threshold voltage of the blue subpixel 251B (will be
referred to as a driving current of the red subpixel, below).
With this current, the red organic light-emitting layer 269R
is driven to emit light.

[0171] As indicated with the reference character RB1, the
left edge of the blue organic light-emitting layer 269B is in
contact with the hole injection layer 266R and the hole
transport layer 268R. Therefore, even if the contact area is
very small, the driving current of the red subpixel 251R can
flow into the blue organic light-emitting layer 269B when
the red subpixel 251R emits light. However, because the
voltage of the driving current of the red subpixel 251R is
smaller than the threshold voltage of the blue subpixel 251B,
the blue subpixel 251B does not emit light.

[0172] This makes it possible to prevent the blue subpixel
251B from emitting light at unintended timings when the red
subpixel 251R emits light. When the blue subpixel 251B is
driven, and the red subpixel 251R is not to be driven,
because of a large energy barrier against holes as described
in FIG. 2, the holes do not move from the organic light-
emitting layer to the hole supply layer almost at all. Thus,
the driving current of the blue subpixel 251B does not flow
into the hole injection layer 266R.

[0173] In order to form the layer structure illustrated in
FIG. 18, a hole transport layer and an organic light-emitting
layer are deposited using a metal mask for each color. That
is, using one metal mask, the hole injection layer, the hole
transport layer, and the organic light-emitting layer of the
same color are deposited. See FIG. 3A for the metal mask for
the red subpixels.

[0174] However, depending on the manufacturing pro-
cess, the hole injection layer and the hole transport layer
may be deposited in the first chamber and the organic
light-emitting layer may be deposited in the second chamber
differing from the first chamber. Furthermore, it is preferable
to reliably cover the edge of the hole supply layer including
the hole injection layer and/or the hole transport layer with
the organic light-emitting layer. For those reasons, the hole
supply layer and the organic light-emitting layer of the same
color are deposited using two different metal masks.
[0175] FIG. 19 is the second cross-sectional view taken
along the XVIII-XVIII line in FIG. 17. FIG. 19 explains the
structure to cover the edge of the hole supply layer with the
organic light-emitting layer without fail. FIG. 19 schemati-
cally illustrates the layer structure in which the red organic
light-emitting layer 269R and the green organic light-emit-
ting layer 269G are stacked on a layer above (upper layer of)
the blue organic light-emitting layer 269B in a manner
similar to the cross-sectional view of FIG. 18. As illustrated
in FIG. 19, the edge portion of the organic light-emitting
layer that covers the edge of the hole transport layer com-
pletely is made thicker. For example, as indicated with the
reference character RB2, the edge portion 269R1 of the red
organic light-emitting layer 269R that covers the right edge
of the hole transport layer 268R completely is made thicker.
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As described above, by increasing the thickness of the edge
portion of the organic light-emitting layer, the leak path can
reliably be blocked.

[0176] FIGS. 20 and 21 are diagrams for explaining the
metal masks used to form the layer structure described with
reference to the cross-sectional view of FIG. 18. The metal
mask 47 of FIG. 20 is used to form the hole supply layer of
blue color, for example. The metal mask 47 has openings
461B for the hole supply layer of blue subpixels. The length
of the openings 461B is L1, and the width thereof is W1.
[0177] Next, the metal mask 49 of FIG. 21 is used to form
the organic light-emitting layer of blue color, for example.
The metal mask 49 has openings 463B for the organic
light-emitting layer of blue subpixels. The length of the
openings 463B is .2, which is greater than L1. The width of
the openings 463B is W2, which is greater than W1.
[0178] In this manner, by making the length and width of
the openings of the metal mask for the hole supply layer
larger than the length and width of the openings of the metal
mask for the organic light-emitting layer, the edge portion of
the organic light-emitting layer covering the entire edge of
the hole transport layer can be made thicker.

[0179] As explained with FIGS. 18 and 19, in the layer
structure of Embodiment 4, the red organic light-emitting
layer 269R and the green organic light-emitting layer 269G
are stacked on a layer above (upper layer of) the blue organic
light-emitting layer 269B. In order to realize this layer
structure, first, the hole supply layer and the organic light-
emitting layer of the blue subpixels are formed, and there-
after, the hole supply layer and the organic light-emitting
layer of the red subpixels are formed.

[0180] Below, the manufacturing process after the pixel
defining layer 253 is formed in Embodiment 4 will be
explained with reference to the flowchart of FIG. 22. First,
the hole supply layer of blue subpixels is formed on the
insulating substrate 261 on which the pixel defining layer
253 is formed (S161). Specifically, by the vapor deposition
using a metal mask 47 corresponding to the pattern of the
blue subpixels illustrated in FIG. 20, the material for the hole
supply layer is deposited on the substrate 261 on which the
pixel defining layer 253 is formed, thereby forming the hole
supply layer of the blue subpixels. When the hole supply
layer is constituted of a plurality of layers including the hole
injection layer and hole transport layer, the film formation is
repeatedly performed for the plurality of layers. The thick-
ness of the hole supply layer can be controlled for the
micro-cavity structure.

[0181] Next, the organic light-emitting layer for the blue
subpixels is formed (S162). Specifically, by the vapor depo-
sition using a metal mask 49 having a pattern corresponding
to the pattern of the blue subpixels as in FIG. 21, the material
for the blue organic light-emitting layer is deposited on the
hole supply layer of the blue subpixels, thereby forming the
blue organic light-emitting layer.

[0182] Next, the hole supply layer of green subpixels is
formed on the insulating substrate 261 on which the pixel
defining layer 253 is formed (S163), the organic light-
emitting layer of the green subpixels is formed (S164), the
hole supply layer of the red subpixels is formed (S165), the
organic light-emitting layer of the red subpixels is formed
(5166), the electron supply layer 271 commonly used for all
subpixels is formed (S167), and on the electron supply layer
271, a metal layer for the cathode electrode 273 is deposited
(5168).
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[0183] Details of Steps S163 to S168 were described in
S102, S105, S103, S106, S107, and S108 in FIG. 5, respec-
tively, and therefore, detailed description of those steps will
not be repeated. The hole supply layer and the organic
light-emitting layer of the green subpixels (8163, S164) can
be formed before or after the formation of the hole supply
layer and the organic light emitting layer of the red subpixels
(8165, S166) (no particular order).
[0184] As described above, in Embodiment 4, the organic
layers of the respective colors are stacked taking into
consideration the light emission threshold voltage of each
color, and therefore, even if the light-emitting layers of
different colors overlap, the degradation of image quality
due to crosstalk between the subpixels can be prevented
more effectively.
[0185] The display region 125 described in each of the
embodiments above has the top emission type pixel struc-
ture. In the pixel structure of the top-emission type, the
cathode electrode 273 commonly used for a plurality of
pixels is disposed at the light emission side (upper side on
the diagram). The cathode electrode 273 has a shape that can
completely cover the entire surface of the display region
125. The features of the present disclosure can be applied to
the OLED display device having the bottom emission type
pixel structure. The bottom emission type pixel structure has
a transparent anode electrode and a reflective cathode elec-
trode, and emits light to the outside through the TFT
substrate 100.
[0186] The pixel array of the display region 125 described
in each of the embodiments above is the stripe arrangement
in which subpixel rows of three colors are cyclically
arranged. The features of the present disclosure can be
applied to a pixel arrangement constituted of pixel rows
including subpixels of different colors, and can be applied to
various pixel arrangements such as mosaic arrangement and
pentile arrangement.
[0187] As set forth above, embodiments of the present
disclosure have been described; however, the present dis-
closure is not limited to the foregoing embodiments. Those
skilled in the art can easily modify, add, or convert each
element in the foregoing embodiment within the scope of the
present disclosure. A part of the configuration of one
embodiment may be replaced with a configuration of
another embodiment or a configuration of an embodiment
may be incorporated into a configuration of another embodi-
ment.
What is claimed is:
1. An OLED display device, comprising:
a plurality of subpixels arranged on a surface of a sub-
strate; and
a pixel defining layer surrounding a light-emitting region
of each of the plurality of subpixels,
wherein each of the plurality of subpixels includes:
an upper electrode;
a lower electrode;
an organic light-emitting layer sandwiched between the
upper electrode and the lower electrode; and
a lower carrier supply layer sandwiched between the
lower electrode and the organic light-emitting layer,
wherein the lower carrier supply layer is configured to:
make contact with the lower electrode and the organic
light-emitting layer, respectively;
supply carriers from the lower electrode to the organic
light-emitting layer;
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cover the lower electrode entirely in an opening of the

pixel defining layer; and

have an edge at a top surface of the pixel defining layer

surrounding the lower electrode, and

wherein the organic light-emitting layer covers an entire

surface of the lower carrier supply layer including the
edge of the lower carrier supply layer.

2. The OLED display device according to claim 1,
wherein a first edge portion of the lower carrier supply layer
including said edge overlaps a second edge portion of a
lower carrier supply layer of an adjacent subpixel of a
different color on the top surface of the pixel defining layer,
and

wherein a part of the organic light-emitting layer is

sandwiched between the first edge portion and the
second edge portion so that the first edge portion does
not make contact with the second edge portion.

3. The OLED display device according to claim 1,
wherein said edge of the lower carrier supply layer is
separated from a lower carrier supply layer of an adjacent
subpixel of a different color in an in-plane direction of the
substrate, and

wherein an edge portion of the organic light-emitting

layer is located between said edge of the lower carrier
supply layer and the lower carrier supply layer of the
adjacent subpixel of a different color.

4. The OLED display device according to claim 1,
wherein at least three subpixels are configured to emit a first
color, a second color and a third color respectively,

wherein an organic light-emitting layer of the subpixel of

the first color covers an entire surface of a lower carrier
supply layer of the subpixel of the first color including
said edge,

wherein an edge portion of the organic light-emitting

layer of the subpixel of the first color makes contact
with a lower carrier supply layer of the subpixel of the
second color above a top surface of a first pixel defining
part disposed between the subpixel of the first color and
the subpixel of the second color that is adjacent to the
subpixel of the first color, and

wherein a light-emitting threshold voltage of the subpixel

of the first color is higher than a light-emitting thresh-
old voltage of the subpixel of the second color.

5. The OLED display device according to claim 4,
wherein an edge portion of the organic light-emitting layer
of the subpixel of the first color makes contact with a lower
carrier supply layer of the subpixel of the third color above
a top surface of a second pixel defining part disposed
between the subpixel of the first color and the subpixel of the
third color that is adjacent to the subpixel of the first color,
and

wherein a light-emitting threshold voltage of the subpixel

of the first color is higher than a light-emitting thresh-
old voltage of the subpixel of the third color.

6. The OLED display device according to claim 5,
wherein the plurality of subpixels are arranged in a matrix,

wherein the subpixels of the second color are adjacent to

the subpixel of the first color in both row and column
directions, and

wherein the subpixels of the third color are adjacent to the

subpixel of the first color in both row and column
directions.

7. The OLED display device according to claim 3, further
comprising an upper carrier supply layer commonly used for
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the plurality of subpixels, the upper carrier supply layer
being sandwiched between respective organic light-emitting
layers of the plurality of subpixels and respective upper
electrodes of the plurality of subpixels so as to make contact
with the organic light-emitting layers and the upper elec-
trodes,

wherein the respective upper electrodes of the plurality of
subpixels are part of one common upper electrode
layer, and

wherein the edge portion of each organic light-emitting
layer of the plurality of subpixels is located between
said edge of the lower carrier supply layer and the
upper carrier supply layer on the top surface of the pixel
defining layer.

8. The OLED display device according to claim 1, further
comprising an upper carrier supply layer commonly used for
the plurality of subpixels, the upper carrier supply layer
being sandwiched between respective organic light-emitting
layers of the plurality of subpixels and respective upper
electrodes of the plurality of subpixels so as to make contact
with the organic light-emitting layers and the upper elec-
trodes,

wherein the respective upper electrodes of the plurality of
subpixels are each a cathode electrode, and part of one
common cathode electrode layer,

wherein the upper carrier supply layer is an electron
supply layer,

wherein the lower electrode is an anode electrode, and

wherein the lower carrier supply layer is a hole supply
layer.

9. A manufacturing method of an OLED display device,

comptrising:

a first step of forming lower electrodes of subpixels on a
substrate;

a second step of forming, on the substrate having the
lower electrodes formed thereon, a pixel defining layer
having openings from which the respective lower elec-
trodes are exposed;

a third step of forming a first lower carrier supply layer
over a first lower electrode of a first color subpixel and
the pixel defining layer, the first lower carrier supply
layer making contact with the first lower electrode and
covering the first lower electrode completely in the
opening, the first lower carrier supply layer having an
edge located on a top surface of the pixel defining layer
that surrounds the first lower electrode;

a fourth step of forming a second lower carrier supply
layer over a second lower electrode of a second color
subpixel and the pixel defining layer, the second lower
carrier supply layer making contact with the second
lower electrode and covering the second lower elec-
trode completely in the opening, the second lower
carrier supply layer having an edge located on a top
surface of the pixel defining layer that surrounds the
second lower electrode;

a fifth step of forming a third lower carrier supply layer
over a third lower electrode of a third color subpixel
and the pixel defining layer, the third lower carrier
supply layer making contact with the third lower elec-
trode and covering the third lower electrode completely
in the opening, the third lower carrier supply layer
having an edge located on a top surface of the pixel
defining layer that surrounds the third lower electrode;
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a sixth step of forming a first organic light-emitting layer
for the first color subpixel, the first organic light-
emitting layer making contact with the first lower
carrier supply layer and covering the first lower carrier
supply layer completely including the edge of the first
lower carrier supply layer;

a seventh step of forming a second organic light-emitting
layer for the second color subpixel, the second organic
light-emitting layer making contact with the second
lower carrier supply layer and covering the second
lower carrier supply layer completely including the
edge of the second lower carrier supply layer; and

an eighth step of forming a third organic light-emitting
layer for the third color subpixel, the third organic
light-emitting layer making contact with the third lower
carrier supply layer and covering the third lower carrier
supply layer completely including the edge of the third
lower carrier supply layer.

10. The manufacturing method according to claim 9,

wherein the sixth step is performed after the third step,

wherein the fourth step is performed after the sixth step,
wherein the seventh step is performed after the fourth
step,

wherein the fifth step is performed after the seventh step,
and

wherein the eighth step is performed after the fifth step.

11. The manufacturing method according to claim 9,

wherein the sixth step, the seventh step, and the eighth
step are performed after the third step, the fourth step,
and the fifth step.

12. The manufacturing method according to claim 9,

wherein the third step, the fourth step, and the fifth step
are simultaneously performed by vapor deposition
using one metal mask.

13. The manufacturing method according to claim 9,

wherein the third step is performed by vapor deposition
using a first metal mask,

wherein the sixth step is performed by vapor deposition
using a second metal mask having a larger opening than
the first metal mask,

wherein the fourth step is performed by vapor deposition
using a third metal mask,

wherein the seventh step is performed by vapor deposition
using a fourth metal mask having a larger opening than
the third metal mask,

wherein the fifth step is performed by vapor deposition
using a fifth metal mask, and

wherein the eighth step is performed by vapor deposition
using a sixth metal mask having a larger opening than
the fifth metal mask.

14. The manufacturing method according to claim 9,

wherein at least three subpixels are configured to emit a
first color, a second color and a third color respectively,

wherein an organic light-emitting layer of the subpixel of
the first color covers an entire surface of a lower carrier
supply layer of the subpixel of the first color including
said edge,

wherein an edge portion of the organic light-emitting
layer of the subpixel of the first color makes contact
with a lower carrier supply layer of the subpixel of the
second color above a top surface of a first pixel defining
part disposed between the subpixel of the first color and
the subpixel of the second color that is adjacent to the
subpixel of the first color, and
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wherein a light-emitting threshold voltage of the subpixel
of the first color is higher than a light-emitting thresh-
old voltage of the subpixel of the second color.
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