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(57) ABSTRACT 

A display Substrate and a method of manufacturing the same, 
and a display device, are disclosed. The display Substrate 
includes a control portion and a color portion, the control 
portion and the color portion both including position align 
ing regions at corresponding positions and further including 
position aligning marks provided in the position aligning 
regions. The black matrix is located on top of the color 
portion and at least the position aligning marks in the color 
filter layer are formed in a hollowed-out structure. The 
position aligning marks has an increased level drop or height 
difference. Such that more accurate position alignment may 
be achieved by identifying the position aligning marks based 
on height difference at edge of standard pattern. 
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DISPLAY SUBSTRATE AND METHOD OF 
MANUFACTURING THE SAME, DISPLAY 

DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority of Chinese Patent 
Application No. 201610004882.8, filed Jan. 4, 2016, entitled 
"Display Substrate and method of manufacturing the same 
and display device', which is incorporated herein by refer 
ence in its entirety. 

BACKGROUND OF THE INVENTION 

0002 Field of the Invention 
0003. The invention relates to field of display technology, 
and particularly to a display Substrate and a method of 
manufacturing the same, a display device. 
0004. Description of the Related Art 
0005 Traditional processes of manufacturing a liquid 
crystal panel generally comprise forming an array of thin 
film transistors on an array Substrate (TFT) and forming a 
black matrix and a color filter layer on a color filter substrate 
and then assembling them to form a cell and finally pack 
aging the cell. The black matrix is provided for separating 
the adjacent portions of the color filter layer to form sub 
pixels, preventing color mixture or light leak. If the cell 
assembling process is not accurate such that the thin film 
transistor is not aligned with the color filter layer, several 
undesirable effects will be caused. 
0006 With the development of the liquid crystal display 
industry, a Color filter On Array (COA) technology gradu 
ally has become mature, in which technology the black 
matrix and the color filter layer which are conventionally 
formed on the color filter substrate are transferred to the 
array Substrate, thus the problem arising from poor accuracy 
of the cell assembling process can be fundamentally solved, 
and there are further advantageous effects including 
improvement of aperture ratio and quality of the display 
panel, etc. 
0007. However, it is difficult to identify the position 
aligning marks during exposing, if the black matrix is 
formed on the array substrate rather than on the color filter 
Substrate, because the black matrix is made of a material 
with high optical density and is hard to be identified. In this 
instance, it is hard to align a mask during exposure. If the 
black matrix is made of a material with a low optical density, 
the light shielding effect is degraded although the discrimi 
nation of the position aligning marks may be improved. FIG. 
1A is a schematic plan view of a display Substrate coated 
with a film 50 of a black matrix and FIG. 1B is a cross 
section view of a position aligning region in a square shape 
shown in FIG. 1A, taken along line A-A. From FIGS. 1A and 
1B, it can be seen that the film 50 of the black matrix 
completely covers the position aligning marks 2 after coated 
on the array substrate. As the film 50 has a typical thickness 
of 1 um, the level drop or height difference between the 
position aligning marks 2 that have been covered by the film 
50 of the black matrix and the layers therearound is reduced, 
Such that the position aligning marks are hard to be identified 
using a Surface profile detecting method. 
0008. It is needed to provide a display substrate in COA 
structure that may solve the problem in prior art and 
achieves convenient and accurate position alignment. 
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SUMMARY OF THE INVENTION 

0009 Embodiments of the present invention solve at least 
Some defects in prior arts and provide a display Substrate and 
a method of manufacturing the same, and a display device, 
in which position aligning marks of the display Substrate 
introduce a relative great level drop or height difference such 
that position alignment may be achieved by identifying the 
position aligning marks based on height difference at edge of 
a standard pattern, thereby solving difficulty in aligning 
position of the black matrix in COA technique in prior arts 
and ensuring accurate position alignment of a Sub-pixel. 
0010. The embodiments of the invention that solve the 
problem in the prior art provide a display Substrate, com 
prising a control portion and a color portion that is disposed 
over the control portion and comprises a color filter layer 
and a black matrix, the control portion and the color portion 
both comprising position aligning regions at corresponding 
position and further comprising position aligning marks at 
the position aligning regions, wherein the black matrix is 
located on top of the color portion and at least the position 
aligning marks in the color filter layer of the color portion 
are formed in a hollowed-out structure. 
0011. In an embodiment, a thickness of a part of the color 
portion at the position aligning mark with the hollowed-out 
structure is half of an overall thickness of the color portion. 
0012. In an embodiment, the thickness of the part of the 
color portion at the position aligning mark with the hol 
lowed-out structure is greater than 3 Jum. 
(0013. In an embodiment, the display substrate further 
comprises an additional layer that comprises a planarization 
layer arranged between the color filter layer and the black 
matrix, the planarization layer comprising position aligning 
marks with the hollowed-out structure. 
0014. In an embodiment, a thickness of the color filter 
layer is in a range from 2 um to 3 um, a thickness of the 
black matrix is in a range from 0.8 um to 1.2 Lum and a 
thickness of the planarization layer is greater than 2.5 Lum. 
0015. In an embodiment, hollowed-out structure of the 
position aligning marks have a cruciform shape or T-shaped 
shape, viewed in a direction perpendicular to the color filter 
layer. 
0016. In an embodiment, the black matrix is made of 
resin material with a high optical density, which is in a range 
greater than or equal to 4. 
0017. In an embodiment, the control portion comprises a 
thin film transistor having a multilayer layered structure, the 
multilayer layered structure being formed by providing 
patterns of respective layerS Successively through patterning 
processes by aligning the respective layers by means of the 
position aligning marks. 
00.18 Embodiments of the present invention provide a 
method of manufacturing a display Substrate comprising: 
0019 forming a reference layer on a substrate and form 
ing a pattern including reference position aligning marks by 
the reference layer; 
0020 forming a pattern of a color filter layer on the 
Substrate, on which the reference position aligning marks are 
formed, and the pattern of the color filter layer includes 
position aligning marks corresponding to the reference posi 
tion aligning marks, the position aligning marks of the color 
filter layer being formed in a hollowed-out structure; 
0021 forming a pattern of black matrix on the substrate, 
on which the color filter layer is formed, wherein a material 
for forming the black matrix is filled into hollowed-out 
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structure of the position aligning marks of the color filter 
layer Such that the position aligning marks are capable of 
being identified and by a profile detecting method during 
exposure process and alignment is performed. 
0022. In an embodiment, the method further includes a 
step of forming a planarization layer between step 2) and 
step 3), the planarization layer comprising position aligning 
marks corresponding to the reference position aligning 
marks and formed in a hollowed-out structure. 
0023 Embodiment of the present invention provides a 
display device, comprising the display Substrate as described 
above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024 FIG. 1A is a schematic plan view of a display 
substrate coated with a film of a black matrix in prior arts: 
0025 FIG. 1B is a cross section view of a position 
aligning region shown in FIG. 1A, taken along line A-A. 
0026 FIG. 2A is a schematic plan view of a display 
Substrate according to embodiment 1, formed with position 
aligning marks: 
0027 FIG. 2B is a cross section view of a position 
aligning region shown in FIG. 2A, taken along line A-A. 
0028 FIG. 3A is a schematic plan view of a display 
substrate according to embodiment 1, formed with a film of 
a color filter layer; 
0029 FIG. 3B is a cross section view of a position 
aligning region in FIG. 3A, taken along line A-A; 
0030 FIG. 4A is a schematic plan view of a display 
substrate according to embodiment 1, formed with a film of 
a planarization layer; 
0031 FIG. 4B is a cross section view of a position 
aligning region in FIG. 4A, taken along A-A line; 
0032 FIG. 5A is a schematic plan view of a display 
substrate according to embodiment 1, formed with a film of 
a black matrix; and 
0033 FIG. 5B is a cross section view of a position 
aligning region in FIG. 5A, taken along A-A line. 

REFERENCE NUMBER LIST 

0034) array substrate; 2 reference position aligning 
mark; 

0035 21—position aligning mark; 20 position align 
ing region; 

0036 3-color filter layer; 30 film of the color filter 
layer; 

0037, 4 planarization layer; 40 film of the pla 
narization layer; 

0038 5 black matrix: 50 film of the black matrix 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

0039. A display substrate and a method of manufacturing 
the same, and a display device according to the present 
invention will be further described in detailed with reference 
to embodiments and accompanying drawings, in order to 
make the object, Schemes and advantages of the present 
invention more clear. 
0040 Color filter On Array (COA) technology aims to 
integrate multiple layers which are conventionally formed 
on an color filter Substrate into an array Substrate so as to 
relieve signal delay in metal wire and improve display 
performance of a display panel/device, etc. 
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0041. The embodiment at least may solve the problem in 
the Color filter On Array technology that position aligning 
marks cannot be identified after a black matrix has been 
formed on the array substrate. The embodiment provides a 
display Substrate and a method of manufacturing the same, 
in which position aligning marks are included and may be 
identified after a black matrix has been formed, and which 
thus effectively solve the problem in the Color filter On 
Array technology that the black matrix may not be accu 
rately aligned. In the display Substrate according to the 
embodiments, layered structure which is conventionally 
formed on a color filter substrate is directly formed on an 
array substrate that has been prepared. The detail of the array 
substrate may be referred to those in prior arts and is not 
defined here, and thus is neither described in the specifica 
tion nor shown in drawings. 
0042. The embodiment provides a display substrate com 
prising a control portion and a color portion that is disposed 
over the control portion and comprises a color filter layer 
and a black matrix. The control portion and the color portion 
both comprise position aligning regions where position 
aligning marks are provided. The position aligning regions 
are generally arranged at corners of a non-display region. As 
shown in FIGS.5A and 5B, the black matrix 5 is located on 
top of the color portion. At least the color filter layer 3 of the 
color portion comprises position aligning marks 21 in a 
hollowed-out structure. 

0043 Preferably, a thickness of a part of the color portion 
at the position aligning mark 21 with the hollowed-out 
structure is at least half of an overall thickness of the color 
portion. For example, the thickness of the part of the color 
portion at the position aligning mark with the hollowed-out 
structure is greater than 3 Jum. 
0044. In the embodiment, the color filter layer 3 has a 
thickness in a range from 2 um to 3 um (it is possible as long 
as the thickness is greater than 2 Lim), the black matrix 5 has 
a thickness in a range from 0.8 um to 1.2 Lum. Generally, the 
thickness of the color filter layer 3 is relatively greater and 
hollowed-out position aligning marks having a cruciform 
shape or T-shaped shape are formed at least in the color filter 
layer 3 to ensure a level drop or height difference between 
the hollowed-out position aligning marks and layers there 
around. 

0045 Preferably, the display substrate includes addi 
tional layers that comprise a planarization layer 4 arranged 
between the color filter layer 3 and the black matrix 5. The 
planarization layer 4 includes position aligning marks 21 in 
a hollowed-out structure. In prior arts, since a flattening 
effect on the color filter layer 3 is not considered when the 
planarization layer 4 is formed on the protruded color filter 
layer 3 during manufacturing a display Substrate, the level 
drop between the protruded color filter layer 3 and the 
position aligning marks 21 is decreased to a value out of the 
detectable accuracy rating range of the Surface profile 
detecting method. In the display substrate of the embodi 
ment, preferably, the planarization layer 4 is also provided 
with corresponding position aligning marks 21 with the 
hollowed-out structure to increase the level drop at the 
position aligning marks. In an example, the planarization 
layer 4 has a thickness greater than 2.5 Lum. 
0046. In the above display substrate, due to the increased 
level drop of the position aligning marks relative to the 
layered structure therearound, more accurate position align 
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ment may be achieved during formation of the film of the 
black matrix and pattern of the same, ensuring size and 
positioning of Sub-pixel. 
0047 Correspondingly, the embodiment further provides 
a method of manufacturing a display Substrate, which 
includes steps of 
0048 forming a reference layer on a substrate and form 
ing a pattern comprising reference position aligning marks 2 
in the reference layer. Herein, the reference layer may be any 
type of layer of the display substrate before process of 
manufacturing a color filter layer. 
0049 forming a pattern including a color filter layer 3 on 
the Substrate, on which the reference position aligning marks 
2 are formed, the pattern including the color filter layer 3 
having position aligning marks 21 corresponding to the 
reference position aligning marks 2, the position aligning 
marks 21 in the color filter layer 3 being in a hollowed-out 
Structure. 

0050 forming a pattern of black matrix 5 on the sub 
strate, on which the color filter layer 3 is formed, wherein a 
material for forming the black matrix 5 is filled into the 
hollowed-out structure of the position aligning marks 21 in 
the pattern of the color filter layer such that the position 
aligning marks 21 may be identified by a profile detecting 
method during exposure process, and alignment is per 
formed. 
0051. In the method of manufacturing the display sub 
strate, in which the additional layer includes the planariza 
tion layer 4, a step of forming the planarization layer 4 is 
included between step 2) and step 3). The planarization layer 
4 includes position aligning marks 21 corresponding to the 
reference position aligning marks 2 and formed in a hol 
lowed-out structure. Provision of the position aligning 
marks 21 with the hollowed-out structure in the planariza 
tion layer 4 further increases a height of the hollowed-out 
structure so as to form a larger level drop, thereby ensuring 
position aligning effect during Surface profile detection. 
0052. In the embodiment, the planarization layer 4 has a 
thickness greater than 2.5 Lum. The position aligning marks 
21 in hollowed-out structure in the pattern of the color filter 
layer 3 and those in the planarization layer 4 have the same 
shape and the same dimension (orientated in a horizontal 
plane). 
0053 Preferably, the position aligning marks 21 in hol 
lowed-out structure have a cruciform shape or T-shaped 
shape as shown in FIG. 2A, when viewed in a direction 
perpendicular to the paper plane as shown in FIG. 5 or in a 
direction perpendicular to the color filter layer. 
0054 Preferably, the black matrix 5 is made of a material 
with a high optical density, which is in a range greater than 
or equal to 4. Such that the optical density of the black matrix 
is not degraded and the light shielding effect of the black 
matrix is maintained. 
0055 Specifically, the process of manufacturing the dis 
play substrate is described with reference to FIGS. 2A-5B as 
below: 

0056 as shown in FIGS. 2A and 2B, a reference layer 
(with a thickness smaller than 0.5 um) is formed on a 
Substrate and then reference position aligning marks 2 are 
formed through a patterning process. The position aligning 
marks 2 may be exemplarily formed in a cruciform shape or 
T-shaped shape. In the structure of the display substrate as 
shown in FIG. 2B, a structure of the position aligning region 
includes an array Substrate 1 and the reference position 
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aligning marks 2. The reference layer here is used for, after 
film formation, forming the reference position aligning 
marks through a patterning process. In an example, with 
reference to the array substrate 1 in FIGS. 2A-5B, the 
reference layer is not formed separately and position align 
ing marks formed in any of a plurality of layers of the thin 
film transistor in the control portion of the array substrate 1 
may be considered as the reference position aligning marks 
2. 

0057. As shown in FIGS. 3A and 3B, a film 30 (with a 
thickness greater than 2 um) of a color film layer is coated 
on the array substrate 1, on which the reference position 
aligning marks 2 are formed, and a pattern of color filter 
layer 3 and a pattern of the position aligning marks 21 are 
formed, in which the position aligning marks 21 in the color 
filter layer 3 are in formed in a hollowed-out structure such 
that they are accurately aligned with the reference position 
aligning marks 2. The display substrate shown in FIG. 3B 
has a structure including the array Substrate 1, the reference 
position aligning marks 2 and the color filter layer 3, which 
define hollowed-out position aligning marks 21 with a depth 
of h1. 

0058 As shown in FIGS. 4A and 4B, a film 40 (with a 
thickness greater than 2.5 um) of a planarization layer is 
coated on the array substrate 1 coated with the color filter 
layer 3. The film of the planarization layer 4 may flatten, 
Such as, a pixel region. The position aligning marks 21 in the 
planarization layer 4 may be formed in a hollowed-out 
structure and are also accurately aligned with the reference 
position aligning marks 2. In the structure of the display 
Substrate as shown in FIG. 4B, the position aligning region 
includes a structure including the array Substrate 1, the 
reference position aligning marks 2, the hollowed-out posi 
tion aligning marks 21 in the color filter layer 3 and the 
hollowed-out position aligning marks 21 in the planarization 
layer 4, which define hollowed-out position aligning marks 
21 with a depth of h2. 
0059. As shown in FIGS.5A and 5B, after preparing the 
planarization layer 4, a film 50 (with a thickness of about 1 
um) of a black matrix is coated, such that the position 
aligning region 20 provided with the reference position 
aligning marks 2 is also covered by the film 50 of the black 
matrix. In the structure of the display substrate as shown in 
FIG. 5B, the position aligning region includes a structure 
including the array Substrate 1, the reference position align 
ing marks 2, the hollowed-out position aligning marks 21 in 
the color filter layer 3, the hollowed-out position aligning 
marks 21 in the planarization layer 4 and the film 50 of the 
black matrix, which finally defines hollowed-out position 
aligning marks 21 with a depth of h (which is equal to (h2-1 
um)) greater than 3 Jum. 
0060. It is appreciated that the additional layer of the 
planarization layer 4 is provided as an example, not limita 
tion, in case that the color filter layer 3 with a relative great 
thickness is provided with the hollowed-out position align 
ing marks in position aligning region 20. That is, the 
planarization layer 4 may be not provided with the hol 
lowed-out position aligning marks, or, may be replaced by 
other layer or layered structure except the color filter layer 
3 on the color filter substrate, provided that the depth of the 
hollowed-out position aligning marks having a pattern may 
fall into the detectable accuracy rating of the surface profile 
detecting method and is not limited herein. 
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0061. In the embodiment of the display substrate, the 
control portion includes a thin film transistor including a 
multilayer layered structure which is obtained by forming a 
pattern of respective layerS Successively through patterning 
processes, upon aligning the position aligning marks in the 
respective layer successively. As the layers of the thin film 
transistor generally have a rather Small thickness (about 
several hundreds of angstroms) and pattern of respective 
layers have a rather Small size, position aligning marks in a 
hollowed-out structure may be not formed in each of the 
layers (because the position aligning marks would not be 
distinctive even though the hollowed-out structure is 
formed). 
0062. The embodiment may solve the problem that posi 
tion aligning marks may be not identified after the black 
matrix has been formed on the array substrate in COA 
technology, and provides a display Substrate and a method of 
manufacturing the same based on COA technology, in which 
the display Substrate includes position aligning marks for 
identifying the black matrix. Specifically, according to the 
embodiment, the problem is solved by forming the hol 
lowed-out structure position aligning marks having a pattern 
on the color filter layer (and even on the planarization layer) 
of the display substrate and then coating a film of the black 
matrix so as to, at the position aligning marks, obtain a 
structure with a rather great depth up to more than 3 um, 
which may be detected through the surface profile detecting 
method. That is, position alignment may be performed by 
identifying the position aligning marks by means of the 
height difference at edge of the pattern thereof, thereby 
Solving the problem that the black matrix cannot be aligned 
accurately in COA technology and ensuring correct align 
ment of sub-pixel. 
0063 Another embodiment of the present invention pro 
vides a display device including the display Substrate 
according to the above embodiment. 
0064. The display device may be a liquid crystal panel, an 
electronic paper, a mobile phone, a tablet computer, a 
television, a display, a notebook computer, a digital photo 
frame, a navigating instrument or other product or compo 
nent having a function of display. 
0065. With the display substrate, the method of manu 
facturing the position aligning marks with a rather great 
depth may ensure accurate alignment during patterning 
process for the black matrix, accurate alignment of sub-pixel 
and display performance of the display device. 
0066. It is appreciated that the above embodiments are 
exemplary embodiments that are provided to only describe 
principle of the invention. However, the present invention is 
not limited to those. Any modification, equivalent, improve 
ment, etc. made within the spirits and principle of the present 
invention, of the embodiments of the present invention 
should be included in the protective scope of the invention. 

1. A display Substrate, comprising: 
a control portion; and 
a color portion that is disposed over the control portion 

and comprises a color filter layer and a black matrix, 
the control portion and the color portion both comprising 

position aligning regions at corresponding positions 
and further comprising position aligning marks pro 
vided in the position aligning regions, 
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wherein the black matrix is located on top of the color 
portion and at least the position aligning marks in the 
color filter layer of the color portion are formed in a 
hollowed-out structure. 

2. The display Substrate as claimed in claim 1, wherein a 
thickness of a part of the color portion at the position 
aligning mark with the hollowed-out structure is half of an 
overall thickness of the color portion. 

3. The display substrate as claimed in claim 1, wherein the 
thickness of the part of the color portion at the position 
aligning mark with the hollowed-out structure is greater than 
3 um. 

4. The display substrate as claimed in claim 1, further 
comprising an additional layer that comprises a planariza 
tion layer arranged between the color filter layer and the 
black matrix, the planarization layer comprising position 
aligning marks with the hollowed-out structure. 

5. The display substrate as claimed in claim 4, wherein a 
thickness of the color filter layer is in a range from 2 um to 
3 um, a thickness of the black matrix is in a range from 0.8 
um to 1.2 Lum and a thickness of the planarization layer is 
greater than 2.5 Lum. 

6. The display substrate as claimed in claim 1, wherein the 
position aligning mark with the hollowed-out structure have 
a cruciform shape or T-shaped shape, when viewed in a 
direction perpendicular to the color filter layer. 

7. The display substrate as claimed in claim 1, wherein the 
black matrix is made of a resin material with a high optical 
density, which is in a range greater than or equal to 4. 

8. The display substrate as claimed in claim 1, wherein the 
control portion comprises a thin film transistor having a 
multilayer layered structure, the multilayer layered structure 
being formed by providing patterns of respective layers 
Successively through patterning processes by aligning the 
respective layers by means of the position aligning marks. 

9. A method of manufacturing a display Substrate, com 
prising steps of: 

1) forming a reference layer on a Substrate, and forming 
a pattern including reference position aligning marks 
from the reference layer; 

2) forming a pattern of a color filter layer on the Substrate, 
on which the reference position aligning marks are 
formed, and the pattern of the color filter layer includes 
position aligning marks corresponding to the reference 
position aligning marks, the position aligning marks of 
the color filter layer being formed in a hollowed-out 
Structure: 

3) forming a pattern of black matrix on the Substrate, on 
which the color filter layer is formed, wherein a mate 
rial for forming the black matrix is filled into hollowed 
out structure of the position aligning marks of the color 
filter layer Such that the position aligning marks are 
capable of being identified by a profile detecting 
method during exposure process and alignment is per 
formed. 

10. The method as claimed in claim 9, further comprising 
a step of forming a planarization layer between step 2) and 
step 3), the planarization layer comprising position aligning 
marks corresponding to the reference position aligning 
marks and formed in a hollowed-out structure. 

11. A display device, comprising the display Substrate as 
claimed in claim 1. 


