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OLED DISPLAY DEVICE AND
MANUFACTURING METHOD THEREOF,
AND DISPLAY APPARATUS

TECHNICAL FIELD

[0001] At least one embodiment of the present disclosure
relates to an OLED display device and a manufacturing
method thereof, and a display apparatus.

BACKGROUND

[0002] Compared with LCD (liquid crystal display),
organic light-emitting diode (OLED) is advantageous in
being self-luminous, quick response, wide viewing angle,
high brightness, vivid color, being light and thin, and so on,
and is deemed as the next generation display technology.

[0003] Film formation of the OLED material mainly
includes evaporation process and solution process. The
evaporation process is mature in small size application, and
currently this technology has been used in mass production.
The solution process for film formation of the OLED material
includes inkjet printing, spray coating, spin coating, screen
printing, and so on. Among these film formation methods, the
inkjet printing technology is expected to be the main method
for achieving mass production of the large size OLED due to
its higher material utilization and its ability of achieving large
size.

[0004] Inthe inkjet printing process, it is necessary to form
pixel defining layers (PDL) on electrodes of a substrate in
advance, to define ink droplets of the organic light-emitting
material to precisely flow into a designated R/G/B sub pixel
areas.

[0005] The cross section shape of the PDL structure may
have two kinds, including regular trapezoid shape (as shown
in FIG. 1) and inverted trapezoid shape (as shown in FIG. 2).
The regular trapezoid shaped structure illustrated in FIG. 1 is
widely used, with an array of first electrodes 120 on a pla-
narization layer 110 and the PDLs 130 are arranged between
the first electrodes 120. FIG. 2 shows another structure in
which an array of the first electrodes 220 is arranged on a
planarization layer 210, the PDLs 230 are arranged between
the first electrodes 220, and each of the PDLs 230 has the
inverted trapezoid structure.

SUMMARY

[0006] At least one embodiment of the present disclosure
provides an OLED display device and a manufacturing
method thereof, and a display apparatus, so that the manufac-
tured OLED display device has a minimized coffee ring effect
on organic light-emitting layers, avoids the layer-broken phe-
nomenon occurring to a second electrode, thus improves the
display effect and saves the material for the second electrode.

[0007] At least one embodiment of the present disclosure
provides a method for manufacturing an OLED display
device, and the method includes: forming an array including
first electrodes on a base substrate with an area to which the
first electrodes correspond being a display area; forming pixel
defining layers respectively between the first electrodes so
that a width of a cross section of each pixel defining layer is
relatively larger at a middle portion and gradually reduced
towards an upper portion and a lower portion; forming
organic light-emitting layers respectively on the first elec-
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trodes between the pixel defining layers; and forming a sec-
ond electrode which is at least provided on the organic light-
emitting layers.

[0008] At least one embodiment of the present disclosure
further provides an OLED display device, the OLED display
device includes an array of first electrodes, pixel defining
layers, organic light-emitting layers and a second electrode,
the pixel defining layers are respectively arranged between
the first electrodes, and the organic light-emitting layers and
the second electrode are successively arranged on the array of
the first electrodes. A width of a cross section of each pixel
defining layer is relatively larger at a middle portion and
gradually reduced towards an upper portion and a lower por-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Inorderto clearly illustrate the technical solution of
the embodiments of the disclosure, the drawings of the
embodiments will be briefly described in the following; it is
obvious that the described drawings are only related to some
embodiments of the disclosure and thus are not limitative of
the disclosure.

[0010] FIG. 11isaschematic view for illustrating a structure
of an OLED display device;

[0011] FIG.2isa schematic view for illustrating a structure
of another OLED display device;

[0012] FIG. 3 is a flow chart showing a method for manu-
facturing an OLED display device according to an embodi-
ment of the present disclosure;

[0013] FIG. 4a is a schematic view for illustrating a struc-
ture of forming an array of first electrodes on a planarization
layer in a method for manufacturing an OLED display device
according to an embodiment of the present disclosure;
[0014] FIG. 45 is a schematic view for illustrating a struc-
ture obtained after a layer of photoresist is formed on the basis
of FIG. 4a;

[0015] FIG. 4¢ is a schematic view for illustrating a struc-
ture obtained after the photoresist is subjected to first expo-
sure by using a certain exposure manner on the basis of FIG.
4b;

[0016] FIG. 44 is a schematic view for illustrating a struc-
ture of cross sections of pixel defining layers which each have
a cross section in hexagonal shape and are formed after sec-
ond exposure is performed to the photoresist on the basis of
FIG. 4¢;

[0017] FIG. 4e is a schematic view for illustrating a struc-
ture obtained after the photoresist is subjected to first expo-
sure by another exposure manner on the basis of FIG. 45,
[0018] FIG. 4fis a schematic view for illustrating a struc-
ture of cross sections of pixel defining layers which each have
a cross section in hexagonal shape and are formed after sec-
ond exposure is performed to the photoresist on the basis of
FIG. de;

[0019] FIG. 4g is a schematic view for illustrating a struc-
ture obtained after an organic light-emitting material is
formed on the first electrodes between the pixel defining
layers on the basis of FIG. 4e;

[0020] FIG. 4/ is a schematic view for illustrating a struc-
ture of an OLED display device formed in a method for
manufacturing an OLED display device according to an
embodiment of the present disclosure;

[0021] FIG. 5isaschematic view for illustrating a structure
of cross sections of pixel defining layers which each are in
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another cross sectional shape and are formed in a method
according to an embodiment of the present disclosure; and
[0022] FIG. 6isa schematic view for illustrating a structure
of cross sections of pixel defining layers which each have still
another cross sectional shape (oval) and are formed in method
according to an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0023] In order to make objects, technical details and
advantages of the embodiments of the disclosure apparent,
the technical solutions of the embodiments will be described
in a clearly and fully understandable way in connection with
the drawings related to the embodiments of the disclosure.
Apparently, the described embodiments are just a part but not
all of the embodiments of the disclosure. Based on the
described embodiments herein, those skilled in the art can
obtain other embodiment(s), without any inventive work,
which should be within the scope of the disclosure.

[0024] The inventor of the present application noted that in
the case as shown in FIG. 1, at the position where the ink
droplets of the organic light-emitting material 140 contact
with the PDL 130 having a regular trapezoid shape, due to the
surface energy difference therebetween and due to the self-
drying behavior of the organic light-emitting material 140, it
is easy to form an uneven film having a high edge portion and
athin central portion after drying, as shown by dashed box in
FIG. 1, that is, the coffee ring effect. If it is intended to avoid
the coffee ring effect, it is necessary not only to use a PDL
material having good performance and to finely adjust solvent
constitution for the ink, but also to precisely control the film
forming conditions such as temperature, pressure, atmo-
sphere, and so on at which the ink droplets are dried, and this
increases the cost of the display device and the difficulty for
researching and developing the same. In the case as shown in
FIG. 2, the PDL 230 is of an inverted trapezoid shape, since
the angle formed between the PDL 230 with the inverted
trapezoid shape and the electrode is smaller than 90 degree,
capillary structures may exist, the ink droplets of the organic
light-emitting material 240 are evenly spread under the effect
of the edge capillary structures, and this reduces the difficulty
for developing the form filming process greatly. But on the
other hand, when the cathodes 250 are deposited, with the
inverted trapezoid structures, it is easily to cause the cathodes
to be layer-broken, thus to result in circuit break defects in
cathode pixels, especially when the thickness of the cathode
250 is insufficient to flatten concave portions between the
PDLs 230. In order to prevent the layer-break phenomenon of
the cathodes, generally, it is necessary to evaporate the cath-
odes 250 with tens of times the thickness to flatten the con-
cave portions, and this significantly increases the time and
cost for manufacturing the device, and also reduces the trans-
parency of the device.

[0025] At least one embodiment of the present disclosure
provides a method for manufacturing an OLED display
device, as shown in FIG. 3, the method includes the following
steps.

[0026] Step S310: forming an array including first elec-
trodes on a base substrate, so that an area to which the first
electrodes correspond is a display area.

[0027] Step S320: forming pixel defining layers respec-
tively between the first electrodes so that a width of a cross
section of each pixel defining layer is relatively larger at a
middle portion and gradually reduced towards an upper por-
tion and towards a lower portion.
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[0028] Step S330: forming organic light-emitting layers
respectively on the first electrodes between the pixel defining
layers.

[0029] Step S340: forming a second electrode which is at
least provided on the organic light-emitting layers.

[0030] In one embodiment, for example, the step S310 is
shown in FIG. 4a, a pattern including the array of the first
electrodes 420 is formed on the base substrate. For the OLED
display device, generally, the base substrate is formed with an
array of thin film transistor (TFT) structures and a planariza-
tion layer on the array of TFT structures, and the array of the
first electrodes is formed on the planarization layer and is
connected with the TFTs through via holes. As shown in FIG.
4a, the pattern of the planarization layer 410 and the array of
the first electrodes 420 on the planarization layer 410 is
shown. The first electrodes 420 generally are anode, and are
connected to drain electrodes of the driving TFTs in the TFT
structures. The area that the first electrodes 420 correspond to
is a display area, and after an organic light-emitting material
and a second electrode (generally cathode) are formed in the
following processes, the area emits light to display.

[0031] The first electrodes formed on the planarization
layer 410 (generally resin material) may be formed by a
patterning process, that is, a photoresist is formed on the
surface of the first electrode 420 thin film and is exposed and
developed by using a mask plate, then the exposed first elec-
trode thin film is etched and finally the array of the first
electrodes is formed. The OLED device has two kinds of
emitting mode, that is, bottom emission and top emission, the
bottom-emission structure of the device can be formed by
providing a transparent anode and a reflective cathode struc-
ture, and to the contrary, the top-emission structure can be
formed by providing a transparent cathode and a reflective
anode structure. Therefore, according to different structures
of the devices, the material for the anode is differently
selected, generally, the transparent or translucent material
having high work function, such as 1TO, Ag, NiO, Al,
graphene, or the like, can be used.

[0032] Inoneembodiment, for the step S320, two different
manufacturing methods are provided to form the pixel defin-
ing layer so that the width of the cross section of the pixel
defining layer is relatively larger at the middle portion and
gradually reduced towards the upper portion and the lower
portion.

[0033] Method I

[0034] As shown in FIG. 45, after the first electrodes 420
are formed on the base substrate, a layer of photoresist 430 is
formed on the substrate. The methods for forming the photo-
resist 430" includes spin coating, knife coating, and so on, and
the thickness of the photoresist may be from 0.1 um to 100
pm, e.g. from 1 pm to 5 pm.

[0035] As shown in FIG. 4¢, light which passes through a
mask plate is irradiated onto the photoresist 430" at a prede-
termined first incident angle a with respect to a direction
perpendicular to the base substrate, where 0°<a<90°, e.g.
45°<a<75°, so as to facilitate the process. The photoresist
430" is subjected to first exposure, during which the photore-
sist, e.g. is a positive photoresist. The light is irradiated onto
the corresponding photoresist 430" in a display area at the
angel a. Because the light is irradiated obliquely, the unex-
posed photoresist has a cross section in parallelogram shape,
and an angle formed between one of its sides and the first
electrodes 420 is 90° -a in theory.
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[0036] As shown in FIG. 4d, then, light which passes
through the mask plate is irradiated onto the photoresist,
which is not exposed in the first exposure, at a predetermined
second incident angle f (0°<p<90°) with respect to the direc-
tion perpendicular to the base substrate.

[0037] Then, the photoresist which is subjected to twice
exposure processes is collectively developed to remove the
photoresist corresponding to the display area and further to
expose the first electrodes 420. Of course, as shown in FIG. 4¢
and FIG. 44, it is also possible to perform one development
after every exposure. In order to render the width of the cross
section of the pixel defining layer to be relatively larger at the
middle portion and gradually reduced towards the upper por-
tion and the lower portion, a line in which the incident direc-
tion of the light in the first exposure is located and a line in
which the incident direction of the light in the second expo-
sure is located are respectively arranged at the opposite sides
of a normal line passing through the center of an exposed first
electrode 420. Thus, after twice exposure processes, the pho-
toresist in the unexposed area has cross sections in quasi-
hexagonal shapes (that is, the shape of each pixel defining
layer is similar to a hexagonal prism), and in theory, by
precisely controlling the light, the pixel defining layer can
have a hexagonal shape.

[0038] During the twice exposure processes, by controlling
the intensity of the light so that the energy of the light is
gradually increased and the attenuation of the energy of the
light is avoided, the oblique surfaces formed on the photore-
sist after exposure and development are relative flat, and the
angles formed between the oblique surfaces and the surfaces
of the first electrodes 420 respectively approach 90°-c. and
90°-B. In one embodiment, the line in which the incident
direction of the light in the first exposure is located and the
line in which the incident direction of the light in the second
exposure is located are symmetrical with respect to the nor-
mal line passing through the center of the exposed first elec-
trode 420, that is, the angel ais equal to the angle 3, and this
facilitates to control the cross section of the resultant pixel
defining layer 430 to be of a quasi-hexagonal structure.
[0039] Method 1T (Using Positive Photoresist)

[0040] As shown in FIG. 42, after the first electrodes 420
are formed on the base substrate, a layer of photoresist 430" is
formed on the base substrate. The method for forming the
photoresist 430" includes spin coating, slitting, and so on, and
the thickness of the photoresist may be from 0.1 pm to 100
pm, e.g. from 1 pm to 5 pm.

[0041] AsshowninFIG. de, light is diffracted after the light
passes through through holes in a mask plate 460, and this can
be achieved by providing a diffraction sheet 470 in the
through holes. The diffracted light can scatter at a certain
angle, as shown in FIG. 4e by arrow and dashed box (the
dashed box shows the range of lighting). The diffracted light
is incident on the photoresist 430" corresponding to the dis-
play area, first exposure is performed to the photoresist 430/,
and the unexposed portions of the photoresist each have a
cross section in inverted trapezoid shape.

[0042] As shown in FIG. 4f, by irradiating two base-angle
portions at the upper bottom (located on the upper portion is
the upper bottom) of the photoresist which has an inverted-
trapezoidal cross section, the photoresist is subjected to sec-
ond exposure. Because the energy of the light can attenuate by
itself or by manually controlling, or by providing lenses in the
through holes of the mask plate so that the light has the trend
as shown by the dashed box in FIG. 4f. Finally, after one
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development, the width of the cross section of the resultant
pixel defining layer is relatively larger at the middle portion
and reduced gradually towards the upper portion and the
lower portion.

[0043] Ofcourse, the light can be controlled during the two
exposure processes, to finally form the pixel defining layers
430 each having a quasi-hexagonal shaped (hexagon shape
can be formed in theory) cross section, as shown in FIG. 44.
In addition, it is possible to perform one development after
every exposure, as shown in FIG. 4e and FIG. 4/

[0044] Step S330: as shown in FIG. 4g, forming organic
light-emitting layers 440 respectively on the first electrodes
420 between the pixel defining layers 430. Generally, an
organic light-emitting layer 440 comprises one or more layers
selected from the group consisting of a hole injection layer, a
hole transport layer, a light-emitting layer, a hole barrier
layer, an electron barrier layer, an electron transport layer, an
electron injection layer, and so on, or is in a white-light
structure formed by connecting the above organic light-emit-
ting layer units in series. The lower portion of the pixel
defining layer 430 has an angle smaller than 90° with respect
to the first electrode 420 (generally, anode), and has a capil-
lary structure character. When inkjet printing ink droplets of
the organic light-emitting material, the droplets can spread
more evenly under the attraction of the capillary structures.
Meantime, even there is coffee ring effect due to the uneven-
ness at the edge, it can also be blocked by the structures
protruding from the middle portions upon emitting light, the
brightness of the effective emitting area is still relatively even,
and thus the display quality is improved. In one embodiment,
the thickness of the organic light-emitting layer 440 is not
smaller than the height of the widest position at the middle
portion of the pixel defining layer 430, by doing so, when the
second electrode (generally, cathode) is made in the follow-
ing process, the layer-broken phenomenon in the second elec-
trode can be avoided without providing too much material for
the second electrode to make the thickness of the second
electrode sufficient thick to fill the concave portions between
the pixel defining layers 430, the material for the second
electrode 1s saved, and because the second electrode can be
made thinner, the transmissivity can be improved.

[0045] Step S340, as shown in FIG. 44, forming the second
electrode 450 atleast on the organic light-emitting layers 440,
and thus finally forming the OLED display device.

[0046] In the above manufacturing method, by controlling
the light upon exposure, or by controlling any error occurring,
the formed shape of the cross section of the pixel defining
layer is shown in FIG. 5 and FIG. 6. In FIG. 5, sides of the
cross section of the pixel defining layer 430, except the upper
and lower sides, all are convex arcs towards the outside. In
FIG. 6, the cross section 430 of the pixel defining layer 430 is
approximately an oval. Of course, there may be a stepped
transition between the widest position at the middle portion to
two ends.

[0047] At least one embodiment of the present disclosure
further provides an OLED display device comprising an array
of first electrodes, pixel defining layers, organic light-emit-
ting layers and a second electrode on a base substrate. The
pixel defining layers are respectively arranged between the
first electrodes, and the organic light-emitting layers and the
second electrode are arranged in order on the array of the first
electrodes. A width of a cross section of each pixel defining
layer is relatively larger at a middle portion and reduced
gradually towards an upper portion and a lower portion.
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[0048] In one embodiment, the thickness of the organic
light-emitting layer is not smaller than the height of the widest
position at the middle portion of the pixel defining layer. In
various embodiments, the surfaces from the widest position at
the middle portion of the pixel defining layer to the respective
upper and lower portions can be flat surfaces or curved sur-
faces, or be of ladder shape. The case that the surfaces from
the widest position at the middle portion of the pixel defining
layer to the respective upper and lower portions are flat sur-
faces can be shown in FIG. 4d, and the cross section of the
pixel defining layer can be of an approximate hexagonal
shape or a hexagonal shape. When the surfaces from the
widest position at the middle portion of the pixel defining
layer to the respective upper and lower portions are curved
surfaces, the cross section of the pixel defining layer can be
the pattern shown in FIG. 5 or FIG. 6. In addition, the surfaces
from the widest position at the middle portion of the pixel
defining layer to the respective upper and lower portions can
also be of a ladder shape, as long as the width of the cross
section of the pixel defining layer meets the tendency of being
large at the middle portion and reduced successively towards
the upper and lower portions. FIG. 4% shows the structures on
the planarization layer only. In FIG. 44, the thickness of the
pixel defining layer can be from 0.1 pm to 100 pm, e.g. from
1 umto 5 pm. The material for the pixel defining layers can be
resin, polyimide, organic silicon, SiO,, or the like.

[0049] Generally, an array of thin film transistor (TFT)
structures and a planarization layer thereon are provided on
the base substrate, the array of the first electrodes are formed
on the planarization layer and connected to the drain elec-
trodes in the thin film transistor structures through via holes.
[0050] In the OLED display device according to the
embodiments of the present disclosure, the width of the cross
section of the pixel defining layer is relatively larger at the
middle portion and reduced gradually towards the upper por-
tion and the lower portion. That is to say, the lower portion of
the pixel defining layer forms an angle smaller than 90° with
respect to the first electrode (e.g. anode) and has capillary
structures, thus in inkjet printing, the ink droplets of the
organic light-emitting material can be spread more evenly
under the attraction of the capillary structures. Meantime,
even if there is a coffee ring effect due to its uneven edge, it
can be blocked by the protruding structures at the middle
portion upon emitting light, therefore, the brightness of the
effective emitting area is still relatively even and the display
quality can be improved. On the other hand, the pixel defining
layer has a relative narrow upper portion, thus a certain slope
angle is formed so that the thickness of the organic light-
emitting layer just reaches the widest position at the middle
portion of the pixel defining layer, thus the layer-broken
defect in the second electrode (e.g. cathode) can be avoided
upon depositing the cathode. Furthermore, the cathode can be
made thinner, and this increases the transmissivity and
reduces the cost of the material for the cathode.

[0051] At least one embodiment further provides a display
apparatus comprising the above-mentioned OLED display
device. The display apparatus can be any product or compo-
nent having display function, such as, electronic paper,
OLED display, digital photo frame, mobile phone, tablet
computer, and so on.

[0052] The above embodiments are only used to describe
the present disclosure and not limitative to the present disclo-
sure; those skilled in the relevant art can make various varia-
tions and modifications without departing from the spirit and
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scope of the present disclosure; therefore, all equivalent tech-
nical solutions belong to the scope of the present disclosure;
the scope of the present disclosure are defined by the claims.
[0053] The present application claims the priority of Chi-
nese Patent Application No.201410129206.4, filed on Apr. 1,
2014, which is hereby entirely incorporated by reference as a
part of the present application.

1. A method for manufacturing an organic light-emitting
diode (OLED) display device comprising:

forming an array comprising first electrodes on a base

substrate, wherein an area to which the first electrodes
correspond is a display area;

forming pixel defining layers respectively between the first

electrodes so that a width of a cross section of each pixel
defining layer is relatively larger at a middle portion and
reduced gradually towards an upper portion and towards
a lower portion;
forming organic light-emitting layers respectively on the
first electrodes between the pixel defining layers; and
forming a second electrode which is at least provided on
the organic light-emitting layers.

2. The method for manufacturing the OLED display device
according to claim 1, wherein forming the pixel defining
layers respectively between the first electrodes comprises:

forming a photoresist on the base substrate on which the

first electrodes are formed;

irradiating light, which passes through a mask plate, on the

photoresist at a predetermined first incident angle with
respect to a direction perpendicular to the base substrate,
to perform first exposure to the photoresist;

irradiating light, which passes through the mask plate, onto

the photoresist at a predetermined second incident angle
with respect to the direction perpendicular to the base
substrate, to perform second exposure to the photoresist,
developing to remove the photoresist corresponding to
the display area and hence exposing the first electrodes,
wherein lines in which an incident direction of the light
in the first exposure is located and lines in which an
incident direction of the light in the second exposure is
located are respectively arranged on opposite sides of
normal lines which respectively pass through centers of
the first electrodes exposed, so that the width ofthe cross
section of each pixel defining layer formed is relatively
larger at the middle portion and reduced gradually
towards the upper portion and towards the lower portion,
and the first incident angle and the second incident angle
are both larger than 0° and smaller than 90°.

3. The method for manufacturing the OLED display device
according to claim 2, wherein the lines in which the incident
direction of the light in the first exposure is located and the
lines in which the incident direction of the light in the second
exposure is located are symmetrical with respect to the nor-
mal lines which respectively pass through the centers of the
first electrodes exposed, correspondingly.

4. The method for manufacturing the OLED display device
according to claim 1, wherein forming the pixel defining
layers respectively between the first electrodes comprises:

forming a photoresist on the base substrate on which the

first electrodes are formed;

diffracting light after the light passes through light through

holes of the mask plate, and irradiating the light dif-
fracted onto the photoresist corresponding to the display
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area to perform first exposure to the photoresist, so that
across section of the photoresist unexposed has a shape
of inverted trapezoids; and

irradiating the photoresist, the cross section of which has a

shape of inverted trapezoids, in areas corresponding to
two base angles at an upper bottom of the respective
inverted trapezoids, to perform second exposure to the
photoresist, so that the width of the cross section of each
pixel defining layer formed after development is rela-
tively larger at the middle portion and reduced gradually
towards the upper portion and towards the lower portion.

5. The method for manufacturing the OLED display device
according to claim 1, wherein a thickness of each of the
organic light-emitting layers formed is not smaller than a
height of a widest position at the middle portion of each of the
pixel defining layers.

6. The method for manufacturing the OLED display device
according to claim 1, wherein a thickness of each of the pixel
defining layers is from 0.1 um to 100 pm.

7. The method for manufacturing the OLED display device
according to claim 6, wherein the thickness of the pixel defin-
ing layer is from 1 um to 5 pm.

8. The method for manufacturing the OLED display device
according to claim 1, wherein surfaces from a widest position
of the middle portion of each pixel defining layer to the upper
portion and the lower portion respectively are flat surfaces or
curved surfaces, or of ladder shapes.

9. The method for manufacturing the OLED display device
according to claim 1, wherein the cross section of each of the
pixel defining layers is hexagonal or oval.

10. An organic light-emitting diode (OLED) display device
comprising an array of first electrodes, pixel defining layers,
organic light-emitting layers and a second electrode, wherein
the pixel defining layers are respectively arranged between
the first electrodes, and the organic light-emitting layers and
the second electrode are successively arranged on the array of
first electrodes, and a width of a cross section of each pixel
defining layer is relatively larger at a middle portion and
reduced successively towards an upper portion and towards a
lower portion.
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11. The OLED display device according to claim 10,
wherein a thickness of each of the organic light-emitting
layers is not smaller than a height of a widest position of the
middle portion of the pixel defining layer.

12. The OLED display device according to claim 10,
wherein a thickness of the pixel defining layer is from 0.1 pm
to 100 pm.

13. The OLED display device according to claim 12,
wherein the thickness of the pixel defining layer is from 1 pm
to 5 um.

14. The OLED display device according to claim 10,
wherein a material for the pixel defining layers comprises
resin, polyimide, organic silicon, or Si0,.

15. The OLED display device according to claim 10,
wherein surfaces from a widest position of the middle portion
of each pixel defining layer to the upper portion and the lower
portion are respectively flat surfaces, curved surfaces or of
ladder shapes.

16. The OLED display device according to claim 10,
wherein the cross section of the pixel defining layer is hex-
agonal or oval.

17. A display apparatus comprising an OLED display
device, wherein the OLED display device comprises an array
of first electrodes, pixel defining layers, organic light-emit-
ting layers and a second electrode, the pixel defining layers
are respectively arranged between the first electrodes, the
organic light-emitting layers and the second electrode are
successively arranged on the array of first electrodes, and a
width of a cross section of each pixel defining layer is rela-
tively larger at a middle portion and reduced successively
towards an upper portion and towards a lower portion.

18. The OLED display device according to claim 11,
wherein a thickness of the pixel defining layer is from 0.1 pm
to 100 pm.

19. The OLED display device according to claim 11,
wherein a material for the pixel defining layers comprises
resin, polyimide, organic silicon, or SiO,.

20. The OLED display device according to claim 12,
wherein a material for the pixel defining layers comprises
resin, polyimide, organic silicon, or Si0,.
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