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providing a substrate

s S100

forming a gate layer and a semiconductor layer on the substrate

- S101

Y

forming an inorganic layer on the substrate

-S102
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forming a patterned metal layer on the inorganic layer, the metal

layer includes more than two metal circuit lines
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coating an organic layer
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coating a photoresist layer
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exposing the photoresist layer by a photomask
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developing
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removing a part of the organic layer by etching
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removing the remaining part of the photoresist layer
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forming an ITO layer on the patterned organic layer

-~ S105

Y

forming a light-emitting layer and a cathode successively on the
ITO layer in the light-emitting region
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METHOD FOR AVOIDING SHORT CIRCUIT
OF METAL CIRCUITS IN OLED DISPLAY
DEVICE

FIELD OF THE INVENTION

[0001] Thepresent disclosure relates to manufacturing pro-
cess for a semiconductor display panel, and particularly, to a
method for avoiding short circuit of metal circuits in an
OLED display device.

BACKGROUND OF THE INVENTION

[0002] Indium tin oxide (ITO) film, due to its excellent
electric conductivity and transmittance, good adhesion to a
substrate, good stability and good etching property, is widely
used for manufacturing transparent electrodes in high-tech
products, such as, a semiconductor display panel. For
example, the ITO film is prepared to be an anode in an OLED
(Organic Light-Emitting Diode) display device. The manu-
facturing procedures of the OLED display device are roughly
divided into two parts, i.e., manufacturing a plurality of thin-
film transistors serving as switch elements onto a substrate
and manufacturing organic light-emitting diodes serving as
light-emitting elements onto the substrate. As shown in FIG.
1A, firstly, a gate layer (not shown) and a semiconductor layer
(not shown) are formed on the substrate (not shown), next, an
inorganic layer (not shown) is formed, then a metal layer 10
including more than two metal circuit lines M1 and M2
respectively for transmitting different signals is formed on the
inorganic layer, and an organic layer 20 is formed on the metal
layer 10, in the following, an ITO layer (not shown) serving as
an anode of an organic light-emitting diode is formed on the
organic layer 20, and finally, a light-emitting layer (not
shown) and a corresponding cathode (not shown) are succes-
sively formed on the ITO layer.

[0003] As shown in FIG. 1B, in the above-mentioned
manufacturing process, the edge of the organic layer 20 pre-
sents a shape of abrupt slope. When ITO is coated on the
organic layer 20, ITO 30 may be deposited at the bottom of the
abrupt slope. As the organic layer 20 is relatively high, expo-
sure rays can not irradiate a photoresist at the bottom of the
abrupt slope during the later photoetching process performed
on ITO, thus causing poor development of the photoresist,
such that ITO 30 deposited at the bottom of the abrupt slope
cannot be etched off, and a strip of ITTO 30 may be remained
at the bottom of the slope at the edge of the organic layer after
the manufacturing process is completed. When the strip of
ITO 30 simultaneously contacts two adjacent metal circuit
lines M1 and M2, short circuit may occur between the two
metal circuit lines M1 and M2, causing abnormality of sig-
nals.

[0004] To solve the above-mentioned problems, a common
approach in the prior art is to expose the photoresist on the
organic layer 20 by using a photomask 40 having patterned
apertures as shown in FIG. 2A; such that gradient of the
abrupt slope at the edge of the organic layer 20 presents
gradually reduced status (as shown in FIG. 2B), and thus the
ITO remained at the edge of the organic layer can be conve-
niently removed later. However, in the practical manufactur-
ing process, the approach cannot fully achieve the expected
effect due to the limitation of process conditions, and it is
costly in labor and time consumption. Therefore, researchers
of the present disclosure propose a much easier method for
avoiding short circuit of metal circuit lines in the OLED
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display device, which can avoid short circuit between the two
adjacent metal circuit lines, due to remaining [TO, without
removing all ITO remained at the edge of the organic layer.

SUMMARY OF THE INVENTION

[0005] Aiming at the above-mentioned problems, the
present disclosure proposes a much easier method for avoid-
ing short circuit of metal circuit lines in an OLED display
device, including the steps of:

[0006] forming an inorganic layer on a substrate;

[0007] forming a patterned metal layer on the inorganic
layer, wherein the patterned metal layer includes more than
two metal circuit lines;

[0008] forming a patterned organic layer on the patterned
metal layer, wherein the patterned organic layer is provided
with an island area at its edge and between every two adjacent
metal circuit lines, height of which is lower than that of other
periphery areas of the patterned organic layer;

[0009] forming anITO layer on the patterned organic layer.
[0010] Further, the step of forming the patterned organic
layer on the metal layer includes the steps of:

[0011] successively coating an organic layer and a photo-
resist layer on the substrate;

[0012] exposing the photoresist layer by a photomask,
wherein patterned apertures of the photomask corresponding
to the island area are larger than those of the photomask
corresponding to etching-free regions and smaller than those
of the photomask corresponding to full-etching regions;

[0013] developing the photoresist layer; and
[0014] removing a part of the organic layer by etching.
[0015] According to an embodiment of the present disclo-

sure, the size of the patterned apertures of the photomask
corresponding to the island area is 2 micrometers, the size of
the patterned apertures of the photomask corresponding to the
etching-free regions is 0 to 2 micrometers, and the size of the
patterned apertures of the photomask corresponding to the
full-etching regions is more than 2.5 micrometers.

[0016] According to an embodiment of the present disclo-
sure, the patterned organic layer may be provided with two
island areas between the two metal circuit lines.

[0017] Further, the above-mentioned organic layer at least
covers portions of the two metal circuit lines.

[0018] In addition, the above-mentioned two metal circuit
lines are used for transmitting different signals respectively.

[0019] Further, the above-mentioned two metal circuit
lines are used for transmitting different source signals respec-
tively.

[0020] Further, the above-mentioned two metal circuit

lines are used for transmitting different drain signals respec-
tively.

[0021] Compared with the prior art, the present disclosure
has the advantages that an island area with lower height is
formed at the edge of the organic layer, such that ITO depos-
ited at the edge of the organic layer is partially deposited on
the island area; and ITO on the island area can be completely
etched and removed in the later photoetching process, such
that ITO remained at the edge of the organic layer is no longer
continuous between two adjacent metal circuit lines, thus
avoiding short circuit of the two adjacent metal circuit lines.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings are provided for fur-
ther understanding the present disclosure, and constitute a
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part of the description for interpreting the present disclosure
together with the examples of the present disclosure, rather
than limit to the present disclosure, wherein:

[0023] FIG. 1A is a top view of the layout of partial ele-
ments of an OLED display device in the prior art;

[0024] FIG. 1B is a section view of FIG. 1A along a line
segment A-A';
[0025] FIG. 2A is a local schematic diagram of an organic

layer photomask capable of removing ITO remained at the
edge of an organic layer in the prior art;

[0026] FIG. 2B is a section view along a line segment B-B'
after photoetching of the organic layer of FIG. 24,

[0027] FIG. 3 is a flow diagram of a method of the present
disclosure;
[0028] FIG. 4A is a top view of arrangement of an island

area of the organic layer according to one example of the
present disclosure;

[0029] FIG. 4B is a section view along a line segment C-C'
after photoetching of the organic layer of FIG. 4A;

[0030] FIG. 5A is a top view of arrangement of an island
area of the organic layer according to another example of the
present disclosure;

[0031] FIG.5B is a section view along a line segment D-D'
after photoetching of the organic layer of FIG. 5A.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0032] FIG. 3 shows a flow diagram of a method proposed
in the present disclosure for avoiding short circuit of metal
circuit lines in an OLED display device. To further illustrate
the objectives, technical solutions and achieved technical
effects of the present disclosure, the present disclosure will be
discussed in detail below in conjunction with non-limiting
examples. FIG. 4A, FIG. 4B, FIG. 5A and FIG. 5B. As to the
referred directional terms, such as, up, down, front, back, left,
right, inner, outer and lateral sides etc., reference is merely
made to the directions of accompanying drawings. Accord-
ingly, the adopted directional terminology is merely used for
illustrating and understanding rather than limit to the present
disclosure.

[0033] Step S100, a substrate is provided.

[0034] Step S102, a gate layer and a semiconductor layer
are formed on the substrate.

[0035] Step S103, an inorganic layer is formed on the sub-
strate.
[0036] It should be noted that an region on the substrate

formed by the inorganic layer is different from regions on the
substrate formed by the gate layer and the semiconductor
layer. Moreover, since the forming manners of the gate layer,
the semiconductor layer and the inorganic layer are same as
those in the prior art and are not the key points of the present
disclosure, they are thereby not shown in the figures or
described in detail.

[0037] Step S104, a patterned metal layer 10 is formed on
the inorganic layer, wherein the patterned metal layer 10
includes more than two metal circuit lines. In this example,
only two metal circuit lines M1 and M2 are taken as an
example for illustration, but the number of the metal circuit
lines is actually not limited to so. The metal circuit lines M1
and M2 are used for transmitting different signals respec-
tively, for example, transmitting different source signals or
drain signals.

[0038] Step S105, a patterned organic layer 20 is formed on
the patterned metal layer 10, wherein the patterned organic
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layer 20 is provided with an island area 21 at its edge and
between every two adjacent metal circuit lines, height of
which is lower than that of the periphery patterned organic
layer 20.

[0039] FIG. 4A shows a top view of arrangement of an
island area of the organic layer according to one example of
the present disclosure. The organic layer 20 at least covers
portions of the two metal circuit lines M1 and M2, and
extends outwards at its edge to form one island area 21
between the two metal circuit lines M1 and M2, and height of
the organic layer 20 at the island area 21 is lower than that of
the organic layer 20 at other periphery areas, such that a
ladder-like structure with a cross section shown in F1G. 4B is
formed between the two metal circuit lines M1 and M2 and at
the edge of the organic layer 20. As it should be, a plurality of
such island areas may also be formed between two adjacent
metal circuit lines, which is not limited in the present disclo-
sure.

[0040] Alternatively, FIG. 5A shows atop view of arrange-
ment of an island area of the organic layer according to
another example of the present disclosure. The organic layer
20 at least covers portions of the two metal circuit lines M1
and M2, and between the two metal circuit lines M1 and M2,
the organic layer 20 does not extend outwards at its edge but
is provided with a depressed area 21, where height of the
organic layer 20 is lower than that of the organic layer 20 at
other periphery areas. Thereby, the depressed area 21 is also
referred to as island area 21, and the cross section thereofis as
shown in FIG. 5B. As it should be, a plurality of such island
areas may also be formed between two adjacent metal circuit
lines, which is not limited in the present disclosure.

[0041] The method for manufacturing the organic layer 20
with the above-mentioned island area 21 includes the steps of’

[0042] Step S105.1, coating an organic layer on the sub-
strate;
[0043] Step S105.2, coating a photoresist layer on the sub-
strate;
[0044] Step S105.3, exposing the photoresist layer via a

photomask, wherein patterned apertures of the photomask
corresponding to the island area are larger than those of the
photomask corresponding to etching-free regions and smaller
than those of the photomask corresponding to full-etching
regions;

[0045] Step S105.4, developing the photoresist layer;
[0046] Step S105.5, removing a part of the organic layer by
etching.

[0047] In the above-mentioned S105.3, as the patterned

apertures of the photomask corresponding to the island area
are larger than those of the photomask corresponding to etch-
ing-free regions, the photoresist at the island area 21 can not
be completely exposed during the exposure process, such that
the organic layer 20 at the island area 21 is lower than the
organic layer 20 at other periphery areas after developing and
etching.

[0048] Taking an exposure machine of Canon Inc as an
example, the resolution of the exposure machine is 2.5
micrometers (um). Accordingly, the size of the patterned
apertures of the photomask corresponding to the island area
may be preferably 2 microns, and correspondingly, the size of
the patterned apertures of the photomask corresponding to the
etching-free regions is smaller than 2 micrometers, and the
size of the patterned apertures of the photomask correspond-
ing to the full-etching regions is more than 2.5 micrometers.
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[0049] Step S106, a patterned ITO layer is formed on the
patterned organic layer.

[0050] Since the preparation process used in this step is a
conventional technique, it is no longer described in detail
herein.

[0051] In S106, when the ITO layer is coated, ITO 30
deposited at the edge of the organic layer 20 may be partially
deposited on the island area 21; at the exposure stage, the
photoresist of ITO on the island area can be completely
exposed; and after developing and etching, ITO on the island
area can be completely removed, such that ITO remained at
the edge of the organic layer is no longer continuous between
the two adjacent metal circuit lines, thus avoiding short circuit
of the two adjacent metal circuit lines due to ITO remained at
the edge of the organic layer.

[0052] Inconclusion, there is no strict limitto size, location
and number of the island area 21 of the organic layer 20 in the
present disclosure, as long as ITO remained at the edge of the
organic layer is no longer continuous between the two adja-
cent metal circuit lines.

[0053] Although the present disclosure has been described
with reference to the preferred examples, various modifica-
tions may be made to the present disclosure and components
therein could be substituted by equivalents without departing
from the scope of the present disclosure. The present disclo-
sure is not limited to the specific examples disclosed in the
description, but includes all technical solutions falling into
the scope of the claims.

What is claimed is:

1. A method for avoiding short circuit of metal circuit lines
in an OLED display device, including the steps of:

forming an inorganic layer on a substrate;

forming a patterned metal layer on the inorganic layer,

wherein the patterned metal layer includes more than
two metal circuit lines;

forming a patterned organic layer on the patterned metal

layer, wherein the patterned organic layer is provided
with an island area at its edge and between every two
adjacent metal circuit lines, which has a height lower
than that of other periphery areas of the patterned
organic layer; and

forming an 1TO layer on the patterned organic layer.

2. The method of claim 1, wherein, the step of forming the
patterned organic layer on the metal layer includes the steps
of:

stuccessively coating an organic layer and a photoresist

layer on the substrate;

exposing the photoresist layer by a photomask, wherein

patterned apertures of the photomask corresponding to
the island area are larger than those of the photomask
corresponding to etching-free regions and smaller than
those of the photomask corresponding to full-etching
regions;

developing and etching the photoresist layer to remove a

part of the organic layer.
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3. The method of claim 2, wherein, the size of the patterned
apertures of the photomask corresponding to the island area is
2 micrometers, the size of the patterned apertures of the
photomask corresponding to the etching-free regions is 0to 2
micrometers, and the size of the patterned apertures of the
photomask corresponding to the full-etching regions is more
than 2.5 micrometers.

4. The method of claim 1, wherein,

edge of the patterned organic layer is provided with two

island areas between the two metal circuit lines.

5. The method of claim 2, wherein,

edge of the patterned organic layer is provided with two

island areas between the two metal circuit lines.

6. The method of claim 1, wherein,

the organic layer at least covers portions of the two metal

circuit lines.

7. The method of claim 2, wherein,

the organic layer at least covers portions of the two metal

circuit lines.

8. The method of claim 4, wherein,

the organic layer at least covers portions of the two metal

circuit lines.

9. The method of claim 5, wherein,

the organic layer at least covers portions of the two metal

circuit lines.

10. The method of claim 1, wherein,

the two metal circuit lines are used for transmitting differ-

ent signals respectively.

11. The method of claim 2, wherein,

the two metal circuit lines are used for transmitting differ-

ent signals respectively.

12. The method of claim 4, wherein,

the two metal circuit lines are used for transmitting differ-

ent signals respectively.

13. The method of claim 5, wherein,

the two metal circuit lines are used for transmitting differ-

ent signals respectively.

14. The method of claim 6, wherein,

the two metal circuit lines are used for transmitting differ-

ent signals respectively.

15. The method of claim 7, wherein,

the two metal circuit lines are used for transmitting differ-

ent signals respectively.

16. The method of claim 8, wherein,

the two metal circuit lines are used for transmitting differ-

ent signals respectively.

17. The method of claim 9, wherein,

the two metal circuit lines are used for transmitting differ-

ent signals respectively.

18. The method of claim 10, wherein,

the two metal circuit lines are used for transmitting differ-

ent source signals respectively.

19. The method of claim 10, wherein,

the two metal circuit lines are used for transmitting differ-

ent drain signals respectively.

L S S T



patsnap

EREHER) —MBEOLEDE FEBH B BB GBI %

DI (BE)S US20150140728A1 NI(AE)R 2015-05-21

HiES US14/240351 HiEH 2014-01-23
FRIERB(ER)AGER) RYIHHERBRERERAT

i (T R A () YT R E 2B ARAT.

UFTEE(EFR)AGE) R EE RN AR

[ﬁ\]ﬁ B A KO KAI YUAN

EHAA KO, KAI-YUAN

IPCo S HO01L27/32 HO1L51/56

CPCH k5 HO01L27/3276 HO1L2227/323 HO1L51/56 HO1L27/1244 HO1L27/1288 HO1L27/3258

& 201310476928.2 2013-10-12 CN

SAEBEE Espacenet USPTO

BWEGE) 30 - 20
AEPHR—BBOLEDE FEBHLERBAERNT L , SFEUT U
B EERIERENEEENELFREREER  EhEREL

SERAEFREU LN SEEBE ERRLNSRE L RERILNE ,—% //

ME  ERERHENEEL S URESHMESHEERRE 10 //
CHEBESXE  FieEERENBSERTRRHENENEM 21~

A KENEE, EEECHENE LERITOR, EALHS  £E sTololaln \
NEHDSATREERESENS XS  EETREEIELENITO CTomoaels C
Mo INESXKE L ESENXLIZH | §SER EWITOT R &

2RANER  EEEEEINELENITOER MIMSH ER BIEL M

- N . /
FEES  \TBSTAMISSENEEATRRNIT0 , BB, - / ///
10 . 7



https://share-analytics.zhihuiya.com/view/770ff5a0-c717-4d35-90a0-1b4205a1fd9f
https://worldwide.espacenet.com/patent/search/family/050408004/publication/US2015140728A1?q=US2015140728A1
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=%2220150140728%22.PGNR.&OS=DN/20150140728&RS=DN/20150140728

