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(57) ABSTRACT

The present invention discloses a WOLED back panel and a
method of manufacturing the same. The method comprises:
forming a pattern of a color filter layer on a substrate; expos-
ing the pattern of the color filter layer by halftone exposure so
as to form a groove structure in the pattern of the color filter
layer; forming a pattern of a resin material layer on a surface
of the substrate formed with the groove structure, and heavily
doping a partial region of the resin material layer so as to form
aheavily doped part having a conductivity; the heavily doped
partial region of the resin material layer corresponding to a
pixel electrode region, a via region, and a connection region
between the pixel electrode region and the via region; and
forming an organic light-emitting layer and a cathode in order
on a surface of the substrate after heavily doping the partial
region of the resin material layer. The production cost is

(51) Imt.ClL reduced in the present invention by forming a groove struc-
HOIL 27/32 (2006.01) ture in the color filter layer instead of manufacturing a con-
HOIL 51/56 (2006.01) ventional pixel defining layer.
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manufacturing an underlying thin film 301
transistor (TFT) 401 on a substrate

i 302

manufacturing a passivation layer 402 over
the TFT 401

l 303

manufacturing a color filter layer 403 on a
surface of the passivation layer 402

\

|

exposing the color filter layer 403 by halftone exposure so 304
as to remain the color filter layer within a pixel electrode
region 201, and forming a groove structure 404 in a middle
portion of the remained color filter layer

l

forming a resin material layer 405 over a surface of
the substrate after exposing the color filter layer 403

:

heavily doping a partial region 406 of the resin
material layer 405 so as to form a heavily doped part
having a conductivity

l

forming a light-emitting layer 407 and a cathode in
order on a surface of the substrate after heavily doping
the partial region of the resin material layer 405
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passivation layer

spin-coating positive photoresist on a surface of the | —— 501

full exposure to other regions except for the middle portion

performing, through halftone exposure, half-exposure on a middle portion of the /— 502
pixel electrode region 201 so as to form a groove structure 204, and performing

Fig.5

performing ion implantation in the partial
region 406 of the resin material layer 405

_— 601

performing a curing process on the resin material
layer 405 after the ion implantation

— 602

Fig.6
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WOLED BACK PANEL AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This Application is a Section 371 National Stage
Application of International Application No. PCT/CN2014/
084245, filed Aug. 13, 2014, which has not yet published,
which claims priority to Chinese Patent Application No.
201410126074 X, filed Mar. 31, 2014, in Chinese, the con-
tents of which are hereby incorporated by reference in their
entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the invention

[0003] The present invention relates to the field of image
display technologies, and particularly, to a WOLED back
panel and a method of manufacturing the same.

[0004] 2. Description of the Related Art

[0005] In the display technologies using an organic light-
emitting diode (OLED) having a self-luminous characteris-
tic, a very thin coating of organic material and a glass sub-
strate are used, and the organic material will luminesce when
a current passes therethough. The OLED has many advan-
tages such as active luminescence, a high luminous efficiency,
a fast response time (in order of 1 pis), a low operating voltage
(3~10V), a wide angle of view) (>170°), a small panel thick-
ness (<2 mm), a low power consumption, a broad range of
operating temperature (-4° C.~85° C.), a flexible display and
the like, and thus has been known as the third generation
display technology after CRT and LCD. The OLED may be
made by many production processes such as small molecular
evaporation, polymer spin coating, ink jet printing, large area
printing or the like, and be suitable for mass production with
low production costs, and thus may compete with a fluores-
cent lamp in the long run. A white organic light-emitting
diode (WOLED) is of a surface light source, may be made
into a flat light source having a large area and any shape when
compared to a point source of LED, and thus is more suitable
to abacklight source ofa liquid crystal display and a full color
OLED display. Because of ahuge potential of the WOLED in
flat panel lighting applications, the WOLED has become ahot
topic researched by people in recent 10 years, and is expected
to become a main role in new semiconductor lighting tech-
nologies, like the LED.

[0006] A basic arrangement of the OLED is a structure like
a sandwich, formed by a thin and transparent layer of indium
tin oxide (ITO) having semiconductor properties and con-
nected with an anode of a power supply, and a metal cathode.
The whole arrangement comprises a hole transmission layer
(HTL), a light emitting layer (EL) and an electron transmis-
sion layer (ETL). When applied with suitable voltages by the
power supply, positive holes and negative charges will com-
bine within the light emitting layer to produce the light, and
thus three-primary colors including red R, green G and Blue
B may be produced depending on different compositions, so
as to constitute basic colors. The OLED 1is characterized,
firstly, in self-luminescence and needing no backlight com-
pared to TFT LCD, and thus is high in visibility and bright-
ness. Secondly, the OLED requires a low voltage and has a
high energy-saving efficiency, a fast response, a light weight,
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a thin thickness, a simple configuration, a low cost and the
like, and thus is regarded as one of the most promising prod-
ucts in the 21st Century.

[0007] FIG. 1 (a) is a schematic appearance diagram of a
typical bottom-gate and bottom-emitting type WOLED back
panel in the prior art. As shown in Fig. (a), the WOLED back
panel comprises a plurality of sub-pixel units arranged in an
array, and each sub-pixel unit includes a pixel electrode 101
and a via region 102 for connecting a drain of an underlying
thin film transistor (TFT) 110 and an upper pixel electrode
101. FIGS. 1(b)~1(e) show schematic flowcharts of a process
of manufacturing the AA' section of the WOLED back panel
shown in Fig. (a). The specific process is described as follows.
[0008] The process of manufacturing an oxide bottom-gate
TFT is similar to a process of manufacturing a-Si. The differ-
ence between the two processes is that in the process of
manufacturing an oxide bottom-gate TFT, a material for an
active layer is changed, and an etching stop layer (ESL) is
added after forming the active layer so as to prevent the active
layer from being damaged when etching a source/a drain.
Thus, the specific process of manufacturing the oxide bottom-
gate TFT will not be expanded and described in details, and
only a process of manufacturing a color filter array (COA)
after depositing a passivation layer is illustrated.

[0009] Firstly, after depositing a passivation layer (PVX)
111, color filters 103 are spin-coated in a color filter produc-
tion line in order of RGB of the sub-pixels, as shown in FIG.
1(b). Since the color filters 103 have a larger thickness, it is
required to flatten the color filters 103 by depositing a pla-
narization layer 104, so as to ensure continuity of a subse-
quent ITO film between the via 102 and the pixel electrode
101, as shown in FIG. 1(¢). Then, after exposure and curing
processes, an [TO film 105 is deposited and etched, as shown
in FIG. 1(d), so that the ITO film is evenly laid above the color
filters 103 covered with the planarization layer 104. Thereaf-
ter, in order to ensure that light emitted from each sub-pixel
will not interfere with the other sub-pixels, pixel defining
layers 106 are manufactured among respective sub-pixels,
such as DPI000, which have a thickness of 1.5~2 um, thereby
forming a structure shown in FIG. 1(e). The organic light
emitting layer of the WOLED back panel may be deposited
on pixel electrodes between the pixel defining layers 106 by
evaporation or printing, and then a metal cathode material
such as Al is deposited, finishing manufacturing the back
panel.

[0010] It is obvious that the process of manufacturing the
WOLED back panel is relatively complicated in the prior art,
processes such as gluing, exposing and the like are required to
manufacture the pixel defining layer, and a special mask for
the pixel defining layer needs to be made, causing a long
production cycle and a higher cost.

SUMMARY OF THE INVENTION

[0011] Therefore, the present invention provides a
WOLED back panel and a method of manufacturing the
same, which use a halftone exposure technology to form a
particular color filter structure that replaces the function of
the pixel defining layer, thereby simplifying manufacturing
processes and improving production efficiency.

[0012] According to one aspect of the present invention,
there is provided a method of manufacturing a WOLED back
panel, comprising steps of:

[0013] forming a pattern of a color filter layer on a sub-
strate;
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[0014] exposing the pattern of the color filter layer by half-
tone exposure so as to form a groove structure in the pattern of
the color filter layer;

[0015] forming a pattern of a resin material layer on a
surface of the substrate formed with the groove structure, and
heavily doping a partial region of the resin material layer so as
to form a heavily doped part having a conductivity, the
heavily doped partial region of the resin material layer corre-
sponding to a pixel electrode region, a via region, and a
connection region between the pixel electrode region and the
via region; and

[0016] forming an organic light-emitting layer and a cath-
ode in order on the surface of the substrate after heavily
doping the partial region of the resin material layer.

[0017] In an embodiment, in the step of exposing the pat-
tern of the color filter layer by halftone exposure so as to form
a groove structure in the pattern of the color filter layer, the
groove structure is formed in a middle portion of the pattern
of the color filter layer.

[0018] In an embodiment, the step of exposing the color
filter layer by halftone exposure specifically comprises:
[0019] performing, through a halftone exposure mask, half-
exposure to a portion in which the groove structure is formed,
and full exposure to other regions.

[0020] Inanembodiment, the color filter layer is made of a
positive photoresist material.

[0021] In an embodiment, the step of heavily doping a
partial region of the resin material layer specifically com-
prises:

[0022] performing ion implantation in the partial region of

the resin material layer; and performing a curing process on
the resin material layer which has been ion-implanted.
[0023] Inanembodiment, an ion source for the ion implan-
tation includes metal elements, phosphine or borane.

[0024] In an embodiment, the color filter layer has a thick-
ness of 4.0~5 pum.

[0025] In an embodiment, the thickness of the color filter
layer is 4.5 pm.
[0026] According to a second aspect of the present inven-

tion, there is provided a WOLED back panel, comprising a
substrate, a color filter layer, a resin layer, an organic light-
emitting layer and a cathode. The color filter layer is located
on the substrate and covers respective pixel electrode regions.
A pattern of the color filter layer covering each pixel electrode
region has a groove structure, and the resin material layer is
provided on the color filter layer and has a partial region
which is heavily doped to become a conductive region,
wherein the partial region corresponding to a pixel electrode
region, a via region, and a connection region between the
pixel electrode region and the via region. An organic light-
emitting layer and a cathode are arranged in order on the resin
material layer.

[0027] Inanembodiment,the groove structure is located in
amiddle portion of respective patterns of the color filter layer.
[0028] Inanembodiment, the color filter layer is made of a
positive photoresist material.

[0029] Inan embodiment, the conductive region is formed
by performing ion implantation in a partial region of the resin
material layer, and an ion source for the ion implantation
includes metal elements, phosphine or borane.

[0030] With the WOLED back panel and the method of
manufacturing the same provided by the present invention,
the particular color filter structure is used to replace the func-
tion of the pixel defining layer during the manufacturing
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processes, thereby omitting the step of manufacturing the
pixel defining layer, reducing the number of masks for manu-
facturing the WOLED back panel, simplifying the whole of
the manufacturing processes, improving production effi-
ciency and saving production costs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 (a) is a schematic appearance diagram of a
typical bottom-gate and bottom-emitting type WOLED back
panel in the prior art, and FIGS. 1(b)~1(e) show schematic
flowcharts of processes of manufacturing the AA’section of
the WOLED back panel shown in Fig. (a);

[0032] FIG. 2 is a schematic diagram showing an appear-
ance of a substrate in the WOLED back panel in an embodi-
ment of the present invention;

[0033] FIG. 3 shows a flowchart of a method of manufac-
turinga WOLED back panel in an embodiment of the present
invention;

[0034] FIG. 4(a)~4(d) show flowcharts of processes of
manufacturing a WOLED back panel in an embodiment of
the present invention;

[0035] FIG. 5 shows a flowchart of a method of manufac-
turing a groove structure within a partial region of a color
filter layer by using a halftone exposure technology in an
embodiment of the present invention; and

[0036] FIG. 6 shows a flowchart of a method of heavily
doping the partial region of the color filter layer according to
the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0037] Thepresentinvention will be further described here-
inafter in detail in conjunction with preferred embodiments
and with reference to the attached drawings, so that purposes,
technique solutions and advantages of the present invention
become more clear and apparent.

[0038] During processes of manufacturinga WOLED back
panel in the prior art, it is required to deposit and etch a pixel
defining layer after finishing the transparent electrode, in
order to prevent interference between sub-pixels; meanwhile,
processes such as gluing, exposing and the like are required to
manufacture the pixel defining layer, and a special mask for
the pixel defining layer needs to be made, which is very
complicated, resulting in that the whole process of manufac-
turing a WOLED back panel is complicated, and production
costs and production time are increased.

[0039] During processes of manufacturinga WOLED back
panel in one embodiment of the present invention, a halftone
exposure technology is used to process a color filter layer so
as to form a groove structure on the color filter layer, so that
amaterial foran organic light emitting layer is directly evapo-
rated within the groove structure, and that no mutual interfer-
ence phenomenon occurs between the organic light emitting
layers in adjacent sub-pixels, and thus no pixel defining layer
is specially required to isolate respective sub-pixels.

[0040] FIG. 2 is a schematic diagram showing an appear-
ance of a substrate in the WOLED back panel in an embodi-
ment of the present invention. As shown in FIG. 2, the sub-
strate has a plurality of sub-pixel regions arranged in an array,
and an insulation region between every two sub-pixel regions.
Each sub-pixel region comprises a pixel electrode region 201,
aviaregion 202, and a connection region 203 connecting the
pixel electrode region 201 and the via region 202. The via
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region 202 has a plurality of vias located above a drain of an
underlying thin film transistor and configured to connect the
drain of the underlying thin film transistor and the pixel
electrodes.

[0041] FIG. 3 shows a flowchart of a method of manufac-
turing a WOLED back panel in an embodiment of the present
invention. FIGS. 4(a)~4(d) show flowcharts of processes of
manufacturing a WOLED back panel in an embodiment of
the present invention. As shown in FIG. 3 and FIGS. 4(a)~4
(d), the method comprises:

[0042] step 301: manufacturing an underlying thin film
transistor (TFT) 401 on a substrate (not shown in the figures).
[0043] Optionally, the substrate may be made of a material
such as glass, quartz, transparent resin or the like.

[0044] Optionally, processes of manufacturing the TFT
comprise depositing in order and respectively etching a gate,
a gate insulation layer, an active layer, an etching stop layer,
asource and a drain so as to form the TFT. Since the processes
of manufacturing the TFT are notemphases to be described in
the present invention, and may be achieved in a conventional
way in the prior art, the processes of manufacturing the TFT
are not limited herein.

[0045] step 302: manufacturing a passivation layer 402
over the TFT 401, as shown in FIG. 4(a). The passivation
layer 402 is an insulation layer for isolating the TFT and a
pixel electrode to be manufactured thereon from interfering
with each other.

[0046] Optionally, silicon oxide, silicon nitride or a com-
bination thereof may be used as a material for the passivation
layer.

[0047] step 303: manufacturing a color filter layer 403 on a
surface of the passivation layer 402, as shown in FIG. 4(a).
The color filter layer 403 is made of positive photoresist,
which has a thickness greater than a conventional thickness
by 1.5~2 um. The positive photoresist must be used because
itisrequired to perform half-exposure on the color filter layer
403 in subsequent processes.

[0048] Optionally, the thickness of the color filter layer 403
is 4.0~5 pm, and preferably, is 4.5 pum.

[0049] step 304: exposing the color filter layer 403 by half-
tone exposure so as to remain the color filter layer within a
pixel electrode region 201, and forming a groove structure
404 in a middle portion of the remained color filter layer.
Since the thickness of the color filter layer 403 is larger, the
exposure operation is easily applied to the color filter layer.
The groove structure 404 is located within the middle portion
of the pixel electrode region 201, and has raised peripheral
edges so that after subsequently evaporating a luminescent
material to form a light emitting layer, only the luminescent
material within the groove is remained, as shown in FIG. 4(a).
[0050] step 305: forming a resin material layer 405 over a
surface of the substrate after exposing the color filter layer
403, as shown in FIG. 4().

[0051] Optionally, the resin material layer 405 is formed by
spin coating.
[0052] step 306: heavily doping a partial region 406 of the

resin material layer 405 so as to form a heavily doped part
having a conductivity, as shown in FIG. 4(c). The partial
region 406 comprises a pixel electrode region 201, a via
region 202, and a connection region between the pixel elec-
trode region 201 and the via region 202. The via region 202
has a via located above the drain of the TFT and configured to
connect a pixel electrode and the drain of the TFT.
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[0053] Theresin material layer 405 plays important roles in
several aspects: firstly, it may be used as a planarization layer
to flatten the color filter layer 404; secondly, since the heavily
doped partial region 406 in the resin material layer 405 is
electrically conductive, the pixel electrode region can be elec-
trically connected to the drain of the TFT through the via
region; thirdly, since other regions of the resin material layer
405, except for the partial region 406, are not heavily doped,
are located in adjacent sub-pixel units and has no conductiv-
ity, the other regions can function as a pixel defining layer for
isolating adjacent sub-pixel units, and can cooperate with
gate lines and data lines to ensure that light emitted from
sub-pixel unit will not interfere with other sub-pixel units;
fourthly, after forming the light emitting layer and a cathode
so as to form a complete pixel electrode, the heavily doped
partial region of the resin material layer 405 is used as an
anode of the pixel electrode, thereby omitting processes of
manufacturing a ITO film.

[0054] step 307: forming a light-emitting layer 407 and a
cathode (not shown in the figures) in order on a surface of the
substrate after heavily doping the partial region of the resin
material layer 405, as shown in FIG. 4(d). The heavily doped
partial region 406 ofthe resin material layer 405 is used as an
anode of the pixel electrode.

[0055] FIG. 5 shows a flowchart of a method of manufac-
turing a groove structure within the partial region of the color
filter layer by using a halftone exposure technology in an
embodiment of the present invention. As shown in F1G. 5, the
method specifically comprises steps of:

[0056] step 501, spin coating positive photoresist on a sur-
face of the passivation layer;

[0057] step 502, performing, through halftone exposure,
half exposure to a middle portion of the pixel electrode region
201 so as to form a groove structure 204, and full exposure to
other regions except for the middle portion.

[0058] In an embodiment, the half-exposed region has a
thickness of about 1.5~2 um.

[0059] FIG. 6 shows a flowchart of a method of heavily
doping the partial region of the color filter layer according to
the present invention. The method specifically comprises
steps of:

[0060] step 601, performing ion implantation in the partial
region 406 of the resin material layer 405; and

[0061] step 602, performing a curing process on the resin
material layer 405 after the ion implantation.

[0062] Inanembodiment,an ion source for the ion implan-
tation includes metal elements, phosphine or borane.

[0063] As can be seen from the description of the WOLED
back panel and the method of manufacturing the same in the
above embodiments, the thickness of the color filter layer of
the WOLED back panel can be larger. Thus, in the present
invention, the color filter layer is processed through the half-
tone exposure so as to form the groove structure, and then the
resin material layer is deposited on the color filter layer, and
the partial region of the resin material layer is heavily doped
so that the partial region is conductive and can be used as the
anode, while other regions of the resin material layer which
are not heavily doped are not conductive and thus can be used
as a pixel defining layer. In this way, not only processes of
manufacturing a ITO film are omitted, but also processes of
manufacturing the pixel defining layer are omitted, thereby
saving materials and costs. Further, a discharging phenom-
enon will occur at an edge of a transparent electrode during
use of the OLED back panel in the prior art, causing damage
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of devices on the back panel, while in the present invention,
the resin material layer is a complete layer structure, thereby
avoiding the discharging phenomenon at the edges of the
pixel electrode.

[0064] The present invention provides a WOLED back
panel, which can be made in the above embodiments. The
WOLED back panel comprises a substrate, a color filter layer,
a resin layer, an organic light-emitting layer and a cathode.
The color filter layer is located on the substrate and covers
respective pixel electrode regions, wherein a pattern of the
color filter layer covering each pixel electrode region has a
groove structure, and the resin material layer is provided on
the color filter layer and has a partial region that is heavily
doped to become a conductive region. The partial region
corresponds to a pixel electrode region, a via region, and a
connection region between the pixel electrode region and the
via region, and an organic light-emitting layer and a cathode
are arranged in order on the resin material layer.

[0065] The substrate may be a glass substrate, on which an
array of thin film transistors may be manufactured.

[0066] The WOLED back panel provided in the present
invention is manufactured by the above methods, and thus
details thereof may be obtained from the description of the
methods, which are not repeatedly described here.

[0067] Purposes, technical solutions and advantageous
effects of the present invention have been further illustrated in
the above specific embodiments. It should be understood that
the above description is merely used to illustrate specific
embodiments of the present invention, but not to limit the
present invention. All of changes, equivalent alternatives,
improvements, made within principles and spirit of the dis-
closure, should be included within the scope of the present
invention.

1. A method of manufacturing a WOLED back panel, com-
prising steps of:

forming a pattern of a color filter layer on a substrate;

exposing the pattern of the color filter layer by halftone

exposure so as to form a groove structure in the pattern
of the color filter layer;

forming a pattern of a resin material layer on a surface of

the substrate formed with the groove structure, and
heavily doping a partial region of the resin material layer
so as to form a heavily doped part having a conductivity,
wherein the heavily doped partial region of the resin
material layer corresponds to a pixel electrode region, a
via region, and a connection region between the pixel
electrode region and the via region; and

forming an organic light-emitting layer and a cathode in

order on a surface of the substrate after heavily doping
the partial region of the resin material layer.

2. The method according to claim 1, wherein in the step of
exposing the pattern of the color filter layer by halftone expo-
sure so as to form the groove structure in the pattern of the
color filter layer, the groove structure is formed in a middle
portion of the pattern of the color filter layer.

3. The method according to claim 1, wherein the step of
exposing the color filter layer by halftone exposure com-
prises:

performing, through a halftone exposure mask, half expo-

sure on a portion at which the groove structure is formed,
and performing full exposure on other regions.
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4. The method according to claim 1, wherein the color filter
layer is made of a positive photoresist material.

5. The method according to claim 1, wherein the step of
heavily doping the partial region of the resin material layer
comptises:

performing ion implantation in the partial region of the
resin material layer; and

performing a curing process on the resin material layer
after the ion implantation.

6. The method according to claim 5, wherein an ion source
for the ion implantation comprises metal elements, phosphine
or borane.

7. The method according to claim 1, wherein the color filter
layer has a thickness of 4.0~5.0 um.

8. The method according to claim 7, wherein the thickness
of the color filter layer is 4.5 pm.

9. A WOLED back panel, comprising:

a substrate;

a color filter layer, located on the substrate and covering
respective pixel electrode regions, wherein a pattern of
the color filter layer covering each pixel electrode region
has a groove structure;

aresin layer, provided on the color filter layer and having a
partial region that is heavily doped to become a conduc-
tive region, the partial region corresponding to a pixel
electrode region, a via region, and a connection region
between the pixel electrode region and the via region;

an organic light-emitting layer and a cathode, arranged in
order on the resin material layer.

10. The back panel according to claim 9, wherein the
groove structure is located in a middle portion of respective
patterns of the color filter layer.

11. The back panel according to claim 9, wherein the color
filter layer is made of a positive photoresist material.

12. The back panel according to claim 9, wherein the
conductive region is formed by performing ion implantation
in the partial region of the resin material layer, and an ion
source for the ion implantation comprises metal elements,
phosphine or borane.

13. The method according to claim 2, wherein the step of
heavily doping the partial region of the resin material layer
comprises:

performing ion implantation in the partial region of the
resin material layer; and

performing a curing process on the resin material layer
after the ion implantation.

14. The method according to claim 3, wherein the step of
heavily doping the partial region of the resin material layer
comprises:

performing ion implantation in the partial region of the
resin material layer; and

performing a curing process on the resin material layer
after the ion implantation.

15. The back panel according to claim 10, wherein the

color filter layer in made of a positive photoresist material.

16. The back panel according to claim 10, wherein the
conductive region is formed by performing ion implantation
in the partial region of the resin material layer, and an ion
source for the ion implantation comprises metal elements,
phosphine or borane.
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https://share-analytics.zhihuiya.com/view/b5e6ba39-55d2-4c51-86ab-b2da6737a48e
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160260788%22.PGNR.&OS=DN/20160260788&RS=DN/20160260788

