US 20130112958A1

a2y Patent Application Publication (o) Pub. No.: US 2013/0112958 A1

a9 United States

Li et al.

43) Pub. Date: May 9, 2013

(54) ORGANIC LIGHT-EMITTING DISPLAY
PANEL AND MANUFACTURING METHOD

(75) Inventors: Yanzhao Li, Beijing (CN); Gang Wang,
Beijing (CN); Li Sun, Beijing (CN)

(73) Assignee: BOE TECHNOLOGY GROUP CO.,
LTD., Beijing (CN)

(21) Appl. No.: 13/700,480

(22) PCT Filed: Aug. 21,2012

(86) PCT No.:

§ 371 (1),
(2), (4) Date:

PCT/CN2012/080422

Jan. 23,2013

Publication Classification

(51) Int.ClL
HOIL 51/56 (2006.01)
HOIL 33/08 (2006.01)
HOIL 51/50 (2006.01)
(52) US.CL
CPC oo, HOIL 51/56 (2013.01); HOIL 51/50
(2013.01); HOIL 33/08 (2013.01)
USPC oo 257/40; 438/35; 257/89
(57) ABSTRACT

Embodiments of the invention provide an organic light-emit-
ting display (OLED) panel and a manufacturing method for
the OLED panel, which comprises providing a substrate com-
prising a first electrode layer which comprises a plurality of
first electrodes spaced apart from each other, forming an
insulating layer on the substrate, etching off the insulating
layer over the first electrodes by a photolithography process
to form a pattern of sub-pixel depositing areas and forming
organic light-emitting layers for desired colors within the
sub-pixel depositing areas, and forming a second electrode

(30) Foreign Application Priority Data layer on the insulating layer and the organic light-emitting
layers. Embodiments of the invention can exactly prepare the
Oct. 17,2011 (CN) oo 201110315177.7 organic light-emitting layers to improve yield.
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ORGANIC LIGHT-EMITTING DISPLAY
PANEL AND MANUFACTURING METHOD

TECHNICAL FIELD

[0001] Embodiments of the present invention relates to an
organic light-emitting display (OLED) panel and a method
for fabricating the same.

BACKGROUND

[0002] AnOLED device are drawing attention increasingly
in the display market due to its simple configuration, optimal
operation temperature, fast response, vivid color contrast, no
limit to view angle and so on.

[0003] Inthe priorart, an organic light-emitting layer of the
OLED device is typically formed by directly evaporating an
organic light emitting material with a mask on a substrate.
Since there are drawbacks of low accuracy of masks, diffi-
culty for aligning, and so on, yield of manufactured OLED
devices is relatively low. An organic light-emitting layer with
a smaller area cannot be achieved since an evaporation area
cannot be accurately controlled, which cannot meet require-
ments for organic light-emitting display industrialization in
rapid development at present.

[0004] Therefore, there is an urgent need for a manufactur-
ing method capable of achieving a precisely fabricated
organic light-emitting layer so as to improve yield.

SUMMARY

[0005] An object of the invention is to provide an OLED
panel and its manufacturing method for exactly preparing the
organic light-emitting layer so as to improve yield.

[0006] One embodiment of the invention provides a manu-
facturing method of an OLED panel, which comprises pro-
viding a substrate comprising a first electrode layer which
comprises a plurality of first electrodes spaced apart from
each other, forming an insulating layer on the substrate, etch-
ing off the insulating layer over the first electrodes by a
photolithography process to form a pattern of sub-pixel
depositing areas and forming organic light-emitting layers for
desired colors at the sub-pixel depositing areas, and forming
a second electrode layer on the insulating layer and the
organic light-emitting layers.

[0007] Inan example, etching off the insulating layer over
the first electrodes by a photolithography process to form the
sub-pixel depositing areas and forming the organic light-
emitting layers for desired colors within the sub-pixel depos-
iting areas, and forming the second electrode layer on the
insulating layer and the organic light-emitting layers, com-
prises performing following steps sequentially to the organic
light-emitting layers for each color: etching off all of stacked
structures over the first electrodes of sub-pixels for the color
by a photolithography process to form a pattern comprising a
sub-pixel depositing area for the color; depositing the organic
emitting light layer for the color; removing the organic emit-
ting light layer for the color that is deposited outside the
sub-pixel depositing area for the color; and depositing a layer
of material for the second electrode layer.

[0008] In an example, a thickness of the organic light-
emitting layer for the color deposited within the sub-pixel
depositing area for the color is larger than a thickness of the
organic emitting light layer for the color that is deposited
outside the sub-pixel depositing area for the color.
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[0009] In an example, removing the organic emitting light
layer for the color that is deposited outside the sub-pixel
depositing area for the color comprises: completely etching
off the organic emitting light layer for the color that is depos-
ited outside the sub-pixel depositing area for the color and
partially etching off the organic emitting light layer for the
color deposited within the sub-pixel depositing area for the
color by controlling an etching speed.

[0010] In an example, removing the organic emitting light
layer for the color that is deposited outside the sub-pixel
depositing area for the color comprises: etching off the
organic emitting light layer for the color that is deposited
outside the sub-pixel depositing area for the color by a pho-
tolithography process.

[0011] Inan example, etching off the insulating layer over
the first electrodes by a photolithography process to form
sub-pixel depositing areas and forming organic light-emitting
layers for the corresponding colors at the sub-pixel depositing
areas comprises: etching off the insulating layer on all of the
first electrodes by a photolithography process to form a pat-
tern comprising all of the sub-pixel depositing areas; then
performing following steps sequentially to the organic light-
emitting layers for each color to finally form organic light-
emitting layers for corresponding colors at all of the sub-pixel
depositing areas: depositing the organic light-emitting layer
for the color; removing the organic emitting light layer for the
color that is deposited outside the sub-pixel depositing area
for the color by a photolithography process.

[0012] Inan example, etching off the insulating layer over
the first electrodes by a photolithography process to form a
pattern comprising all the depositing areas comprises: coat-
ing photoresist on the insulating layer; exposing the photore-
sist to form a photoresist remaining area and a photoresist
non-remaining area, wherein the photoresist non-remaining
area corresponds to all of the sub-pixel depositing areas and
the photoresist remaining area corresponds to areas other than
all of the sub-pixel depositing areas; developing the exposed
photoresist to remove the photoresist at the photoresist non-
remaining area and retain the photoresit at the photoresist
remaining area; etching off the insulating layer at the photo-
resist non-remaining area to form a pattern comprising all of
the sub-pixel depositing areas; removing the residual photo-
resist.

[0013] In an example, the desired colors of the organic
light-emitting layers comprise red, blue and green. For
example, the red organic light-emitting layer comprises a
hole transmitting layer, a red light emitting layer and an
electron transmitting layer; the blue organic light-emitting
layer comprises a hole transmitting layer, a blue light emitting
Jayer and an electron transmitting layer; the green organic
light-emitting layer comprises a hole transmitting layer, a
green light emitting layer and an electron transmitting layer.
[0014] In an example, the first electrode layer is an anode
layer and the second electrode layer is a cathode layer, or the
second electrode layer is an anode layer and the first electrode
layer is a cathode layer.

[0015] Another embodiment of the invention provides an
OLED panel, which is manufactured by the above method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Inorderto clearly illustrate the technical solution of
the embodiments of the invention, the drawings of the
embodiments will be briefly described in the following; it is
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obvious that the described drawings are only related to some
embodiments of the invention and thus are not limitative of
the invention.

[0017] FIG.1isaschematic diagram ofa method for manu-
facturing an OLED panel according to an embodiment of the
invention.

[0018] FIGS. 2A to 2P is schematic diagrams of a special
example for manufacturing an OLED panel according to an
embodiment of the invention.

[0019] FIG. 2E' is a schematic structural view after depos-
iting an organic light-emitting layer on a substrate according
to an embodiment of the invention.

[0020] FIGS. 3A to 3C are schematic diagrams of forming
a pattern including all of sub-pixel depositing areas by a
single photolithography process according to an embodiment
of the invention.

DETAILED DESCRIPTION

[0021] In order to make objects, technical details and
advantages of the embodiments of the invention 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 invention. It is
obvious that the described embodiments are just a part but not
all of the embodiments of the invention. 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 invention.

[0022] Embodiments of the invention provide a method for
manufacturing an OLED panel, which comprises firstly
depositing an insulating layer, forming a light emitting area
by a photolithography process on the insulating layer, and
then evaporating an organic light emitting material to form an
organic light-emitting layer. The embodiments of the inven-
tion may realize an accurate control on a position of the
organic light-emitting layer and improve yield of the resultant
products due to employing a photolithography process.
[0023] Firstly, referring to FIG. 1, a method for manufac-
turing the OLED panel according to an embodiment of the
invention comprises the following steps.

[0024] Step 11, an insulating layer is formed on a substrate
with a first electrode layer formed thereon. The first electrode
layer comprises a plurality of first electrodes spaced apart
from each other.

[0025] Step 12, a pattern of sub-pixel depositing areas is
formed by performing a photolithography process to etch off
the insulating layer on the first electrodes, organic light-emit-
ting layers for desired colors are formed at the sub-pixel
depositing areas, and a second electrode layer is formed on
the insulating layer and the organic light-emitting layer.
[0026] Each of the first electrodes is for example a trans-
parent conductive layer, and is formed on the substrate cor-
responding to each sub-pixel, and for example is controlled
by a switching element, respectively.

[0027] Here, the organic light-emitting layers generally
comprise a combination of various colors different from each
other, for example a combination of three colors of red, green,
blue, but may also comprise other various colors different
from each other. The color corresponding to each sub-pixel
depositing area is predetermined, for example, colors corre-
sponding to adjacent sub-pixel depositing areas are red,
green, blue, red, green, blue, . . . respectively. Thus, sub-pixel
depositing areas for three colors of red, green and blue cor-
respond to one pixel. Generally, a red organic light-emitting
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layer comprises a hole transmitting layer, a red light emitting
layer and an electron transmitting layer; a blue organic light-
emitting layer comprises a hole transmitting layer, a blue light
emitting layer and an electron transmitting layer; and a green
organic light-emitting layer comprises a hole transmitting
layer, a green light emitting layer and an electron transmitting
layer. Here, the first electrode layer is an anode layer and the
second electrode layer is a cathode layer, or the first electrode
layer is a cathode layer and the second electrode layer is an
anode layer.

[0028] According to an embodiment of the invention, sub-
pixel depositing areas are formed by firstly depositing an
insulating layer on a substrate, and then etching off the insu-
lating layer deposited on the first electrodes by a photolithog-
raphy process. The photolithography process has very high
accuracy, and therefore depositing areas having very high
accuracy can be achieved so that the organic light-emitting
layers formed in the depositing area also have very high
accuracy. According to the embodiment of the invention, an
organic light-emitting layers which have higher accuracy and
occupy smaller areas than that of the prior art can be achieved,
and the yield of resultant products can be improved.

[0029] The above step 12 can be performed in different
manners, which will be explained with specific examples as
follows.

[0030] As one preferred realization manner, the organic
light-emitting layers for each color can be sequentially pro-
cessed as follows.

[0031] Firstly, all of stacked structures over the first elec-
trode corresponding to a desired color are etched off to form
a pattern comprising the sub-pixel depositing areas corre-
sponding to this color by a single photolithography process.
Here, sub-pixel depositing areas can be formed by employing
for example ultraviolet lithography, electron beam exposure,
or the like.

[0032] Then, the organic light-emitting layer for this color
is deposited on the substrate on which is formed the pattern
comprising sub-pixel depositing areas corresponding to this
color formed by the above photolithography process. The
deposition process may be thermal evaporation vaporization,
for example.

[0033] Next, the organic light-emitting layer for this color
deposited outside the sub-pixel depositing areas correspond-
ing to this color is etched off.

[0034] Finally, a second electrode layer is deposited on the
substrate processed by the above etching process.

[0035] The organic light-emitting layer for each color is
formed one by one through the above processes, and an
OLED panel comprising the organic light-emitting layers for
all colors is finally formed.

[0036] The above steps are explained in detail by referring
to the drawings taking organic light-emitting layers for red,
green and blue colors as an example. FIGS. 2A to 2P illustrate
a specific example which employs the above steps.

[0037] FIG. 2A illustrates a substrate 21 having an insulat-
ing layer 22 formed thereon, and the substrate 21 further
comprises pixel spacer areas 211 for separating each sub-
pixel SP. The first electrode layer (not shown in the drawings)
is formed on an upper surface of the substrate 21, and each of
the first electrodes corresponds to each sub-pixel SP so as to
be separated from other ones, thus a switching element such
as a TFT controls whether it is powered on or not. The color
displayed by each sub-pixel SP is determined by the color of
the light emitted from the organic light-emitting layer. The
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substrate 21 may be prepared in advance, for example, or may
be prepared at a same process as the illustrated method.
[0038] In FIGS. 2B-2D, all of the stacked structures (here
comprising only the insulating layer 22) on the first electrode
of the sub-pixel corresponding to red color is etched off to
form a pattern comprising a sub-pixel depositing area 2321
corresponding to red color by a single photolithographic pro-
cess. In FIG. 2B, photoresist 261 is coated on the insulating
layer 22. In FIG. 2C a photoresist non-remaining area is
formed on the first electrode of the sub-pixel corresponding to
red color, and a photoresist remaining area is formed on the
rest area. In FIG. 2D, the insulating layer on the photoresist
non-remaining area is etched off to form a pattern comprising
a sub-pixel depositing area 2321 corresponding to red color,
and the remaining photoresist is removed.

[0039] In FIG. 2E, a red organic light-emitting layer (that
is, an organic light-emitting layer emitting red light) is depos-
ited on the substrate shown in FIG. 2D, and then the red
organic light-emitting layer deposited outside the sub-pixel
depositing area 2321 corresponding to red color is etched off
to obtain a structure as shown in FIG. 2E, and the red organic
light-emitting layer 232 is formed within the sub-pixel depos-
iting area 2321 corresponding to red color in FIG. 2E.
[0040] InFIG. 2F, alayer of conductive material is further
deposited on the structure shown in FIG. 2E as a second
electrode layer 24.

[0041] In FIGS. 2G to 2I, all of stacked structures (here
comprising the insulating layer 22 and the second electrode
layer 24) on the first electrode of the sub-pixel corresponding
to blue color is etched off to form a pattern comprising a
sub-pixel depositing area 2331 corresponding to blue color
by a single photolithography process. In FIG. 2G, photoresist
262 is spin-coated on the structure shown in FIG. 2F. In FIG.
2H, by an exposure and a development process and so on, a
photoresist non-remaining area is formed on the first elec-
trode of the sub-pixel corresponding to blue color, and a
photoresist remaining area is formed on the rest area. In FIG.
21, the insulating layer at the photoresist non-remaining area
is etched off by an etching process to form a pattern compris-
ing a sub-pixel depositing area 2331 corresponding to blue
color, and the remaining photoresist is removed.

[0042] In FIG. 2], a blue organic light-emitting layer (that
is, an organic light-emitting layer emitting blue light) is
deposited on the substrate shown in FIG. 21, and then the blue
organic light-emitting layer deposited outside the sub-pixel
depositing area 2331 corresponding to blue color is etched off
so as to obtain a structure shown in FIG. 2], and the blue
organic light-emitting layer 233 is formed in the sub-pixel
depositing area 2331 corresponding to blue color in FIG. 2J.
[0043] InFIG. 2K, a layer of conductive material is depos-
ited on the structure shown in FIG. 2] as a second electrode
layer 24, which is combined with the second electrode layer
24 formed in the previous steps.

[0044] In FIGS. 2L to 2N, all of stacked structures (here
comprising the insulating layer 22 and the second electrode
layer 24) on a first electrode of the sub-pixel corresponding to
green color is etched off to form a pattern comprising a
sub-pixel depositing area 2311 corresponding to green color
by a single photolithography process. In FIG. 2L, photoresist
263 is spin-coated on the structure shown in FIG. 2K. In FIG.
2M, by an exposure and a development process and so on, a
photoresist non-remaining area is formed on the first elec-
trode corresponding to green color, and a photoresist remain-
ing area is formed on the rest area. In FIG. 2N, the insulating
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layer at the photoresist non-remaining area is etched by an
etching process to form a pattern comprising a sub-pixel
depositing area 2311 corresponding to green color, and the
remaining photoresist is removed.

[0045] InFIG.20, agreen organic light-emitting layer (that
is, an organic light-emitting layer emitting green light) is
deposited on the substrate shown in FIG. 2N, and then the
green organic light-emitting layer deposited outside the sub-
pixel depositing area 2311 corresponding to green color is
etched off so as to obtain a structure as shown in FIG. 20, and
the green organic light-emitting layer 231 is formed in the
sub-pixel depositing area 2311 corresponding to green color
in FIG. 20.

[0046] In FIG. 2P, finally, a conductive layer is further
deposited on the structure shown in FIG. 20 as a second
electrode layer 24, which is combined with the second elec-
trode layer 24 formed in the previous processes so as to form
an resultant OLED panel, which comprises red, blue and
green sub-pixel SP arranged in a certain order.

[0047] Organic light-emitting layers for each color are
sequentially formed in a blue-green-red order as described
above. The present embodiment may also employ other order
to faint organic light-emitting layers for all colors, and the
invention is not limited thereto.

[0048] Examples of the material which may be employed
by each layer of the OLED panel shown in FIG. 2P are briefly
explained as follows.

[0049] The blue organic light-emitting layer 233 for
example may have a thickness of 1-200 nm, and may com-
prise a hole transmitting layer, a blue light emitting layer, an
electron transmitting layer, and so on, which are sequentially
stacked together. The hole transmitting layer may be formed
of'an aromatic amine material for example NPB (N, N'-diphe-
nyl-N-N'bi-(1-naphthalenyl)-1,1'diphenyl-4,4'-diamine) or
TPD  (N,N'-diphenyl-N-N'di-(3-methylphenyl)-1,1'diphe-
nyl-4,4'-diamine), or a macromolecular material. The blue
light emitting layer may be formed of a metal complex, a
small molecular organic fluorescent material or phosphores-
cence material and so on, such as Flr (pic) doped in the
4,4'-N,N'-di-carbazolyl-biphenyl (CBP). The electron trans-
mitting layer may be formed of 8-hydroxyquinoline alumi-
num (AlQ), Bphen or the like.

[0050] The pixel spacer area 211 may be formed of an
inorganic insulating material such as silicon oxide or silicon
nitride, or an organic material.

[0051] The green organic light-emitting layer 231 for
example may have a thickness of 1-200 nm and may comprise
a hole transmitting layer, a green light emitting layer, an
electron transmitting layer, and so on which are stacked
together. The hole transmitting layer may be formed of an
aromatic amine material such as NPB (N,N'-diphenyl-N-
N'bi-(1-naphthalenyl)-1,1'diphenyl-4,4'-diamine) or TPD
(N,N'-diphenyl-N-N'di-(3-methylphenyl)-1,1'diphenyl-4,4'-
diamine), or a macromolecular material. The green light
emitting layer may be formed of a metal complex, a small
molecular organic fluorescent material or phosphorescence
material and so on, such as (ppy),Ir (acac) doped in the
4,4'-N,N'-di-carbazolyl-biphenyl (CBP). The electron trans-
mitting layer may be formed of 8-hydroxyquinoline alumi-
num (AlQ), Bphen or the like.

[0052] The red organic light-emitting layer 232 for
example may have a thickness of 1-200 nm and may comprise
ahole transmitting layer, a red light emitting layer, an electron
transmitting layer, and so on which are stacked together. The
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hole transmitting layer may be formed of aromatic amine
material such as NPB (N,N'-diphenyl-N-N'bi-(1-naphthale-
nyl) -1,1'diphenyl-4,4'-diamine) or TPD (N,N'-diphenyl-N-
N'di-(3-methylphenyl)-1,1'diphenyl-4,4'-diamine), or a mac-
romolecular material. The red emitting layer may be formed
of a metal complex, a small molecular organic fluorescent
material or phosphorescence material or the like, such as
rubrene doped in 8-Hydroxyquinoline aluminum (ALQ) or
the like. The electron transmitting layer may be formed of
8-Hydroxyquinoline aluminum (ALQ) or Bphen or the like.
[0053] As for the anode substrate 21 comprising a structure
layer of a driving device such a TFT, the TFT structure is
provided between an anode of the device and a glass sub-
strate, the thickness of the TFT structure is 1-1000 nm, for
example, and the anode film may be formed of a conductive
material with high work function, such as indium tin oxide
(ITO), zinc oxide (ZnO) or the like. The driving device may
employ a passive driving structure other than TFT, for
example. The anode film is electrically connected with and
controlled by the driving device such as TFT.

[0054] Theinsulating layer 22 may have a thickness such as
100 nm-1 pm, and can be an insulating film formed of silicon
oxide, silicon nitride, SU-8 (epoxy resin adhesive) organic
glue, or the like.

[0055] The cathode layer 24 may have a thickness of 1-200
nm, for example, and can be formed of a metallic material
having low work function such as Al, Mg, Ca, Sa or the like.
[0056] InFIGS. 2E, 2] and 20, since the deposited organic
light-emitting layers may cover the whole surface of the sub-
strate after depositing of red/green/blue organic light-emit-
ting layers, the organic light-emitting layers deposited out-
side the corresponding sub-pixel depositing areas can be
etched off so as to obtain the structure shown in FIGS. 2E, 2]
and 20. Here, the above processes may be performed in
various different etching manners.

[0057] Forexample, the organic light-emitting layer for the
color deposited outside the sub-pixel depositing area corre-
sponding to the color may be further etched off by a photoli-
thography process. That is, first photoresist is spin-coated and
then is formed into a photoresist remaining area and a pho-
toresist non-remaining area by an exposing process. The pho-
toresist non-remaining area corresponds to an area other than
the sub-pixel depositing area corresponding to the color, and
the photoresist remaining area corresponds to the sub-pixel
depositing area corresponding to the color. The exposed pho-
toresist is developed so as to remove the photoresist at the
photoresist non-remaining area and retain the photoresist at
the photoresist remaining area. The organic light-emitting
layer for the color at the photoresist non-remaining area is
etched off by using the resulting photoresist pattern as an
etching mask to obtain a pattern of the organic light-emitting
layer. Finally, the residual photoresist is removed. It can be
seen that the organic light-emitting layers for each color
needs two photolithography processes to be formed.

[0058] As another example, referring to FIG. 2E', when the
organic light-emitting layer for one color deposited at a sub-
pixel depositing area corresponding to this color has a thick-
ness H1 larger than a thickness H2 of the organic light-
emitting layer of this color deposited outside the sub-pixel
depositing area corresponding to this color, the etching speed
can be controlled so that the organic light-emitting layer for
this color deposited outside the sub-pixel depositing area
corresponding to this color is completely etched off, and the
organic light-emitting layer for this color deposited within the
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sub-pixel depositing area corresponding to this color is partly
etched off and partly remains to form a structure shown in
FIG. 2E. The organic light-emitting layer for each color
formed as described above only needs a single photolithog-
raphy process to be formed.

[0059] The above has explained how to etch off an organic
light-emitting layer deposited outside the corresponding sub-
pixel depositing area. Since the first electrode (such as an
anode) merely contacts with the vaporized organic material at
the pixel areas, the other area does not emit light even if an
organic material exist there because the organic material does
not contact with the first electrode; therefore, in order to
simplify processes, it is not necessary for the organic light-
emitting layer deposited outside the corresponding sub-pixel
depositing area to be removed in the present embodiment. In
this example, in the above step 12, the organic light-emitting
layers for each color may undergo sequentially the following
procedures.

[0060] Firstly, all of stacked structures over the first elec-
trode corresponding to this color are etched off to form a
pattern comprising a sub-pixel depositing area corresponding
to this color by a single photolithography process. Here, the
sub-pixel depositing area may be prepared by ultraviolet
lithography, electron beam exposure, or the like.

[0061] Then, an organic light-emitting layer for this coloris
deposited on the substrate comprising the pattern of the sub-
pixel depositing area corresponding to this color fainted by
the above photolithography process, and the specific depos-
iting manner may be thermal evaporation vaporization.
[0062] Finally, a conductive material used for a second
electrode layer is deposited on the substrate processed by the
above etching process.

[0063] The organic light-emitting layer for each color is
formed one by one through the above processes, and an
OLED panel comprising the organic light-emitting layers for
all colors can be finally formed.

[0064] Thetwo implementation ways ofthe step 12 accord-
ing to embodiments of the invention are explained above.
[0065] Another preferred implementation way of the above
step 12 is provided as follows. In this implementation way, all
patterns of the sub-pixel depositing areas are formed by a
single photolithography process.

[0066] Firstly, all of the insulating layer on the first elec-
trodes is etched off by a single photolithography process to
form a pattern comprising all of the sub-pixel depositing
areas, as shown in FIGS. 3A to 3C. In particular, a layer of
photoresist 26 is coated on the insulating layer 22 as shown in
FIG. 3A. The photoresist 26 is exposed to be formed into a
photoresist remaining area and a photoresist non-remaining
area, wherein the photoresist non-remaining area corre-
sponds to all of the sub-pixel depositing areas, and the pho-
toresist remaining area corresponds to the rest areas other
than all of the sub-pixel depositing areas. The photoresist is
developed after being exposed so that the photoresist at the
photoresist non-remaining area is removed and the photore-
sist at the photoresist remaining area is retained (as shown in
FIG. 3B). Here, the photoresist on all of the first electrodes
does not remain, and the photoresist at areas other than the
first electrodes remains. The insulating layer at the photore-
sist non-remaining area is etched off by using the resultant
photoresist pattern as an etching mask so as to form a pattern
comprising all of the sub-pixel depositing areas 2311, 2321
and 2331. The structure as shown in FIG. 3C is obtained after
removing the residual photoresist.
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[0067] Then, the organic light-emitting layers for each
color are sequentially processed as follows to deposit organic
light-emitting layers for corresponding colors at all of the
sub-pixel depositing areas. The organic light-emitting layer
for this color may be deposited in a depositing way such as
thermal evaporation vaporization. Next, the organic light-
emitting layer for this color deposited outside the sub-pixel
depositing area corresponding to this color is etched off by a
single photolithography process; for example, photoresist is
firstly spin-coated and then exposed so as to form a photore-
sist remaining area and a photoresist non-remaining area,
wherein the photoresist non-remaining area corresponds to
the rest area other than the sub-pixel depositing areas corre-
sponding to this color and the photoresist remaining area
corresponds to the sub-pixel depositing areas corresponding
to this color, and then the photoresist is developed after the
exposure to remove the photoresist at the photoresist non-
remaining area and remain the photoresist at the photoresist
remaining area, the organic light-emitting layer for this color
is etched off at the photoresist non-remaining area by using
the resultant photoresist pattern as a etching mask, and finally
the residual photoresist is removed.

[0068] It can be seen that four photolithography processes
are needed for forming sub-pixel depositing areas for all
colors in this implementation when the organic light-emitting
layer comprises red, green and blue colors. After forming of
the sub-pixel depositing areas for all colors, a second elec-
trode layer can be deposited on the insulating layer and the
organic light-emitting layers to form an OLED panel.

[0069] Specific materials which can be employed by each
layer structure in the OLED panel according to the embodi-
ment of the invention and the method for forming each layer
will be further explained as follows.

[0070] In the present embodiment, an anode layer may be
formed of a conductive film such as indium tin oxide with
resistivity generally of 107* Qcm-0.1 Qcm. The insulating
layer is an insulating film such as silicon oxide or silicon
nitride with a thickness of 5-200 nm, for example. The
organic light-emitting layer generally comprises a hole trans-
mitting layer, an emitting layer and an electron transmitting
layer and so on, which are sequentially stacked together. The
hole transmitting layer may be formed of N,N'-diphenyl-N-
N'bi-(1-naphthalenyl)-1,1'diphenyl-4,4'-diamine or N,N'-
diphenyl-N-N'di-(3-methylphenyl)-1,1'diphenyl-4,4'-di-
amine, with a thickness of 1-100 nm, for example. The light
emitting layer may be formed of a metal complex (such as
8-hydroxyquinoline aluminum), a small molecular organic
fluorescent material (such coumarin dyes 6) or phosphores-
cence material (such as octaethylporphyrin platinum) and so
on with a thickness of 1-100 nm, for example. The above
small molecular organic fluorescent material may be a com-
pound such as 8-hydroxyquinoline aluminum (AlQ), cou-
marin or rubrene and so on to obtain different light emitting
wavelengths. The electron transmitting layer may be 8-hy-
droxyquinoline aluminum or 4,7-Diphenyl-1,10-phenanthro-
line (phen) with a thickness of 30-70 nm, for example. The
cathode layer may formed of a metal having low work func-
tion such Al, Ca or Mg, or any alloy of the above with a noble
metal such as Ag since the lower work function may be
helpful for electrons injecting from cathode to the electron
transmitting layer, and its thickness is generally 5-50 nm, for
example.
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[0071] Ifnecessary, the above organic electroluminescence
device may also comprises:

[0072] an electron injection/controlling layer, which may
be formed of fluoride (such as lithium fluoride), cesium car-
bonate or the like, may have a thickness of 1-15 nm, and may
be formed by thermal evaporation vaporization; and

[0073] a hole injection/controlling layer, which may be
formed by using CuPc (phthalocyanine copper, which is an
organic materials), V,O; (vanadic oxide, an inorganic mate-
rial), and may be formed through thermal evaporation vapor-
ization.

[0074] The organic layers of the pixel areas of the OLED
panel provided in an embodiment of the invention are depos-
ited in a different manner from that in the prior art. In the prior
art, the organic light-emitting layers for three primary colors
of red, green and blue in pixel areas are deposited by using
different evaporation masks, but according to the embodi-
ment of the invention are formed by forming depositing areas
of the organic layers for the three primary colors through a
photolithography process and sequentially depositing
organic layers for the three primary colors of red, green and
blue for all the depositing areas.

[0075] The stacked structures and the forming methods
according to an embodiment of the invention is explained by
referring to the following three special examples, and these
examples are only used to further explain the material and
steps that may be employed by the embodiment of the inven-
tion, not to limit the invention.

EXAMPLE 1

An OLED Panel Employing Silicon Nitride as an
Insulating Layer

[0076] Cleaning an indium tin oxide anode film on a sub-
strate comprising a TFT structure;

[0077] Depositing an insulating layer formed of silicon
nitride by using a plasma enhanced chemical vapor deposi-
tion (PECVD) to a thickness of 200 nm;

[0078] Spin-coating photoresist on the insulating layer to a
thickness of 1-3 micrometer, and developing the photoresist
with a spraying manner for 5-120 second after an exposure
process;

[0079] Dry-etching the insulating layer formed of the sili-
con nitride by a reactive plasma (RIE) process with etching
gases of SF and O, for 200 second; and

[0080] Removing the residual photoresist by using an
organic washing liquid and then drying with an air knife way.
[0081] Thereafter, the organic material and metallic cath-
ode are formed by thermal evaporation in an organic/metallic
film depositing high vacuum system, which particularly com-
prises sequentially forming by thermal evaporation the hole
transmitting layer (about 170° C.), the light emitting layer
(about 180° C.), the electron transmitting layer (about 190°
C.) and the cathode layer (about 900° C.) at vacuum pressure
of 1x10™* Pa. The hole transmitting layer is formed of NPB
(N,N'-diphenyl-N-N'bi-(1-naphthalenyl)-1,1' diphenyl-4,4'-
diamine) with a thickness of about 30-70 nm, the blue light
emitting layer is formed of Fir(Pic) doped in 4,4'-N,N'-di-
carbazolyl-biphenyl (CBP) with a thickness of 10-30 nm, the
green light emitting layer is formed of 8-hydroxyquinoline
aluminum (AlQ) with a thickness of 10-30 nm, and the red
light emitting layer is formed of rubrene doped in 8-hydrox-
yquinoline aluminum (AlQ) with a thickness of 10-30 nm, the
electron transmitting layer is formed of 8-hydroxyquinoline
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aluminum (AIQ) with a thickness 0f 30-70 nm, and the cath-
ode layer is formed of LiF/Al layer in 1-500 nm thick.
[0082] The panel is a bottom-emitting type, that is, light
emits from the substrate.

EXAMPLE 2

An OLED Panel Using Sn/Ag as a Thick Cathode
Layer

[0083] Cleaning an indium tin oxide anode film on a sub-
strate comprising a TFT structure;

[0084] Depositing an insulating layer formed of silicon
oxide by using a plasma enhanced chemical vapor deposition
(PECVD) to a thickness of 200 nm;

[0085] Coating photoresist on the insulating layer by a
spin-coating process to a thickness of 1-3 micrometer, and
developing the photoresist with a spraying manner for 5-120
second after an exposure process;

[0086] Wet-etching the silicon oxide with 1% HF acid as an
etching solution for 50 second; and

[0087] Removing the residual photoresist by using organic
washing liquid and then drying with an air knife way.
[0088] Thereafter, the organic material and metallic cath-
ode is formed by thermal evaporation in an organic/metallic
film depositing high vacuum system. One way is comprises:
sequentially forming by thermal evaporation the hole trans-
mitting layer (about 170° C.), the light emitting layer (about
180° C.), the electron transmitting layer (about 190° C.) and
the cathode layer (about 900° C.) at vacuum pressure of
1x10™* Pa. The hole transmitting layer is formed of NPB
(N,N'-diphenyl-N-N"bi-(1-naphthalenyl)-1,1'diphenyl-4,4'-
diamine) with a thickness of about 30-70 nm, the blue light
emitting layer is formed of Fir(Pic) doped in 4,4'-N,N'-di-
carbazolyl-biphenyl (CBP) with a thickness of 10-30 nm, the
green light emitting layer is formed of 8-hydroxyquinoline
aluminum (AlQ) with a thickness of 10-30 nm, and the red
light emitting layer is formed of rubrene doped in 8-hydrox-
yquinoline aluminum (AlQ) with a thickness 0of 10-30 nm, the
electron transmitting layer is formed of (ppy),Ir(acac) doped
in CBP with a thickness of 30-70 nm, and the cathode layer is
formed of a Sm/Ag layer with a thickness of 100 nm.
[0089] The panel is in a bottom-emitting type.

EXAMPLE 3

An OLED Panel Using Zinc Oxide as an Anode

[0090] Cleaning a zinc oxide anode film on a substrate
comprising a TFT structure;

[0091] Depositing an insulating layer formed of silicon
nitride by using a plasma enhanced chemical vapor deposi-
tion equipment (PECVD) to a thickness of 200 nm;

[0092] Coating photoresist by a spin-coating process to a
thickness of 1-3 micrometer, and developing the photoresist
with a spraying manner for 5-120 second after an exposure
process;

[0093] Dry-etching the silicon nitride by a reactive plasma
(RIE) process with etching gases of SF, and O, for 200
second;

[0094] Removing the residual photoresist by using organic
washing liquid and then drying with an air knife way.
[0095] Thereafter, the organic material and metallic cath-
ode are formed by thermal evaporation in an organic/metallic
film depositing high vacuum system, and one way comprises
sequentially forming by thermal evaporation the hole trans-
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mitting layer (about 170° C.), the light emitting layer (about
180° C.), the electron transmitting layer (about 190° C.) and
the cathode layer (about 900° C.) at vacuum pressure of
1x10~* Pa. The hole transmitting layer is formed of NPB
(N,N'-diphenyl-N-N"bi-(1-naphthalenyl)-1,1' diphenyl-4,4'-
diamine) with a thickness of about 30-70 nm, the blue light
emitting layer is formed of Fir(Pic) doped in 4,4'-N,N'-di-
carbazolyl-biphenyl (CBP) with a thickness of 10-30 nm, the
green light emitting layer is formed of 8-hydroxyquinoline
aluminum (AlQ) with a thickness of 10-30 nm, and the red
light emitting layer is formed of rubrene doped in 8-hydrox-
yquinoline aluminum (AlQ) with a thickness of 10-30 nm, the
electron transmitting layer is formed of Bphen with a thick-
ness of about 30-70 nm, and the cathode layer is formed of a
Yb/Au/SnO, layer with a thickness of 100 nm.

[0096] The display panel is in a top-emitting type, that is,
light emits from a direction opposite to the substrate.

[0097] In conclusion, an OLED panel is provided in an
embodiment of the invention, and this OLED panel is manu-
factured by any of the methods disclosed in the above-de-
scribed embodiments, and the details are omitted here.
[0098] In addition, an OLED device comprising the above
OLED panel is provided in an embodiment of the invention.

1. A manufacturing method of an organic light-emitting
display (OLED) panel, comprising:

providing a substrate comprising a first electrode layer

which comprises a plurality of first electrodes spaced
apart from each other;

forming an insulating layer on the substrate;

etching off the insulating layer over the first electrodes by

a photolithography process to form a pattern of sub-
pixel depositing areas and forming organic light-emit-
ting layers for desired colors within the sub-pixel depos-
iting areas; and

forming a second electrode layer on the insulating layer

and the organic light-emitting layers.

2. The manufacturing method of claim 1, wherein forming
the sub-pixel depositing areas and forming the organic light-
emitting layers for the corresponding colors within the sub-
pixel depositing areas, and forming the second electrode layer
on the insulating layer and the organic light-emitting layers,
comprises:

for each color performing following steps sequentially to

the organic light-emitting layer:

etching off all of stacked structures over the first electrodes

of sub-pixels for the color by a photolithography process
to form a pattern comprising a sub-pixel depositing area
for the color;

depositing the organic emitting light layer for the color;

removing the organic emitting light layer for the color that

is deposited outside the sub-pixel depositing area for the
color; and

depositing the second electrode layer.

3. The manufacturing method of claim 2, wherein a thick-
ness of the organic light-emitting layer for the color deposited
within the sub-pixel depositing area for the color is larger than
athickness of the organic emitting light layer for the color that
is deposited outside the sub-pixel depositing area for the
color.

4. The manufacturing method of claim 3, wherein the
removing the organic emitting light layer for the color that is
deposited outside the sub-pixel depositing area for the color
comprises:
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by controlling an etching speed completely etching off the
organic emitting light layer for the color that is deposited
outside the sub-pixel depositing area for the color and
partially etching off the organic emitting light layer for
the color deposited within the sub-pixel depositing area
for the color.

5. The manufacturing method of claim 3, wherein remov-
ing the organic emitting light layer for the color that is depos-
ited outside the sub-pixel depositing area for the color com-
prises:

etching off the organic emitting light layer for the color that

is deposited outside the sub-pixel depositing area for the
color by a photolithography process.

6. The manufacturing method of claim 1, wherein etching
off the insulating layer over the first electrodes by a photoli-
thography process to form sub-pixel depositing areas and
forming the organic light-emitting layers for the correspond-
ing colors at the sub-pixel depositing areas comprises:

etching off the insulating layer on all of the first electrodes

by a photolithography process to form a pattern com-
prising all of the sub-pixel depositing areas;

for each color next performing following steps sequentially

to the organic light-emitting layer to finally form the
organic light-emitting layer for the corresponding color
at all of the sub-pixel depositing areas:

depositing the organic light-emitting layer for the color;
and

removing the organic emitting light layer for the color that
is deposited outside the sub-pixel depositing area for the
color by a photolithography process.

7. The manufacturing method of claim 6, wherein etching
off the insulating layer over the first electrodes by a photoli-
thography process to form a pattern comprising all the depos-
iting areas comprises:
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coating a layer of photoresist on the insulating layer;
exposing the photoresist to form a photoresist remaining
area and a photoresist non-remaining area, wherein the
photoresist non-remaining area corresponds to all of the
sub-pixel depositing areas and the photoresist remaining
area corresponds to areas other than all of the sub-pixel
depositing areas;
developing the exposed photoresist to remove the photo-
resist at the photoresist non-remaining area and retain
the photoresit at the photoresist remaining area;

etching off the insulating layer at the photoresist non-
remaining area to form a pattern comprising all of the
sub-pixel depositing areas; and

removing the residual photoresist.

8. The manufacturing method of claim 1, wherein the
desired colors of the organic light-emitting layers comprise
red, blue and green.

9. The manufacturing method of claim 8, wherein,

the red organic light-emitting layer comprises a hole trans-

mitting layer, a red light emitting layer and an electron
transmitting layer;

the blue organic light-emitting layer comprises a hole

transmitting layer, a blue light emitting layer and an
electron transmitting layer; and

the green organic light-emitting layer comprises a hole

transmitting layer, a green light emitting layer and an
electron transmitting layer.

10. The manufacturing method of claim 1, wherein

the first electrode layer is an anode layer, and the second

electrode layer is a cathode layer.

11. The manufacturing method of claim 1, wherein

the second electrode layer is an anode layer, and the first

electrode layer is a cathode layer.

12. An organic light-emitting display (OLED) panel,
wherein the OLED panel is manufactured by the method of
claim 1.
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