US 20150323835A1

a9y United States

12y Patent Application Publication (o) Pub. No.: US 2015/0323835 Al

HUI et al. (43) Pub. Date: Nov. 12, 2015
(54) PIXEL STRUCTURE, LCD PANEL, AND HOIL 27/12 (2006.01)
MANUFACTURING METHOD THEREOF GO2F 1/1368 (2006.01)
(71) Applicant: BOE TECHNOLOGY GROUP CO.,, (32) US.ClL
LTD., Beijing (CN) CPC ... GO2F 17133555 (2013.01); GO2F 1/1368
(2013.01); GO2F 1/133345 (2013.01); HOIL
(72) Inventors: Guanbao HUI, Beijing (CN); Seungjin 27/1218 (2013.01); HOIL 27/1262 (2013.01)
CHOI, Beijing (CN); Weifeng ZHOU,
Beijing (CN); Feng ZHANG, Beijing
(CN) (57) ABSTRACT
(21) Appl. No.: 14/803,481
. An embodiment of the disclosed technology provides a pixel
(22) Filed: Jul. 20, 2015 structure, comprising a TFT, a reflective region and a trans-
Related U.S. Application Data missiv.e regiqn, V\.'herein. the reflective reg.ion comprises a
reflective region insulation layer, a reflection layer on the
(62) Division of application No. 13/478,541, filed on May reflective region insulation layer and a reflective region pixel
23,2012, now Pat. No. 9,111,815. electrode on the reflection layer, and the transmissive region
. L L. comprises a transmissive region pixel electrode, wherein the
(30) Foreign Application Priority Data reflective region pixel electrode and the transmissive region
May 30,2011 (CN) v 2011101437657  Pixel eleotrode form an integral structure, and the integral
structure of the pixel electrodes is connected with the drain
Publication Classification electrode of the TFT, wherein the organic layer in the reflec-
tive region is formed on an array substrate prior to a gate
(51) Imt.ClL electrode of the TFT, and the reflection layer in the reflective
GO2F 1/1335 (2006.01) region and the gate electrode of the TF T are formed in a same
GO2F 1/1333 (2006.01) patterning process by using a same metal layer.

N —_ v

e

TFT Reflective region Transmissive region



Patent Application Publication

Nov. 12,2015 Sheet 1 of 2

US 2015/0323835 Al

16 — 16
12
—001
- - N ~ AN S s
TFT Reflective region Transmissive region
Fig.1

H 78 - / - - : /
LI, ‘ 18
LT, 7 | e T 12
;o |
i "

\ 001
\
/ ! | \
12 14 13 1 15

- e S e -
TFT Reflective region Transmissive region

Fig.2



Patent Application Publication  Nov. 12,2015 Sheet 2 of 2 US 2015/0323835 Al

W16
—12
001

H 14 13 T 15 17
; N -

. ~— N

TFT Reflective region Transmissive region

~

Fig.3

— 002

- 003

19

A PRt
ITITITITLICEN L 12

—— 001

100

Fig4



US 2015/0323835 Al

PIXEL STRUCTURE, LCD PANEL, AND
MANUFACTURING METHOD THEREOF

BACKGROUND

[0001] Embodiments ofthe disclosed technology relate to a
pixel structure, a liquid crystal display (LCD) panel and a
manufacturing method of an LCD parel.

[0002] Thethin film transistor liquid crystal displays (TFT-
LCDs) currently widely applied are mostly of a full-transmis-
sive type. The full-transmissive type LCDs have a poor con-
trast when used outdoor for example in the sunshine, resulting
in bad panel readability. To overcome this defect, a transflec-
tive LCD has been proposed. The transflective LCD improves
the contrast of the outdoor LCD by increasing the reflectivity
of the panel so that the panel may keep a good outdoor
readability.

[0003] As shown in FIG. 1, a pixel structure (that is, the
structure of a pixel) on an base substrate 001 of a conventional
transflective LCD comprises: a gateelectrode 11 of a thin film
transistor (TFT), a gate insulating layer 12, an active layer 13,
source/drain electrodes 14/15 of the TFT, a passivation layer
16, an organic layer 17, a pixel electrode 18 and a reflection
layer 19. Such a pixel structure may be divided into three
regions, i.e., a TFT region, a reflective region, and a transmis-
sive region. A manufacturing method for the pixel structure
shown in FIG. 1 may comprise the following steps.

[0004] Step 1 of preparing a gate metal film on a base
substrate, and forming the gate electrode 11 and a gate line
through a photolithography process using a mask;

[0005] Step 2 of preparing a silicon nitride film on the array
substrate after step 1 to form the gate insulating layer 12 and
preparing a semiconductor film to form the active layer 13
through a photolithography process using a mask;

[0006] Step 3 of preparing a source/drain metal film on the
array substrate after step 2, and forming a date line and the
source electrode 14 and the drain electrode 15 of the TFT
through a photolithography process using a mask;

[0007] Step 4 of preparing a silicon nitride film on the array
substrate after step 3, and forming the passivation layer 16 by
forming a via hole in the silicon nitride film through a pho-
tolithography process using a mask;

[0008] Step 5 of preparing an organic film on the array
substrate after step 4, and forming the organic layer 17
through a photolithography process using a gray tone mask;
[0009] Step 6 of preparing a pixel electrode film on the
array substrate after step 5, and forming the pixel electrode 18
through a photolithography process using a mask; and
[0010] Step 7 of preparing a reflective metal film on the
array substrate after step 6, and forming thereflectionlayer 19
through a photolithography process using a mask.

[0011] Itcanbeseen from the above manufacturing process
that seven photolithography processes are adopted in the con-
ventional manufacturing method for the pixel structure
shown in FIG. 1, which results in a complex process.

SUMMARY

[0012] An embodiment of the disclosed technology pro-
vides a pixel structure, comprising a thin film transistor
(TFT), a reflective region and a transmissive region, wherein
the reflective region comprises a reflective region insulation
layer, a reflection layer on the reflective region insulation
layer and a reflective region pixel electrode on the reflection
layer, and the transmissive region comprises a transmissive
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region pixel electrode, wherein the reflective region pixel
electrode and the transmissive region pixel electrode form an
integral structure, and the reflection layer in the reflective
region and the gate electrode of the TF T are formed in a same
patterning process by using a same metal layer.

[0013] Another embodiment of the disclosed technology
provides an LCD panel, comprising an array substrate, a color
filter substrate and a liquid crystal layer interposed therebe-
tween, wherein the array substrate comprise a pixel structure,
the pixel structure comprising: a thin film transistor (TFT), a
reflective region and a transmissive region, wherein the
reflective region comprises a reflective region insulation
layer, a reflection layer on the reflective region insulation
layer and a reflective region pixel electrode on the reflection
layer, and the transmissive region comprises a transmissive
region pixel electrode, wherein the reflective region pixel
electrode and the transmissive region pixel electrode form an
integral structure, and the reflection layer in the reflective
region and the gate electrode of the TFT are formed in a same
patterning process by using a same metal layer.

[0014] Further another embodiment of the disclosed tech-
nology provides a manufacturing method for a pixel struc-
ture, comprising preparing an organic film ona base substrate
and forming a reflective region insulation layer through a
photolithography process using a mask; preparing a gate
metal film on the base substrate and forming a gate electrode
ofathin film transistor (TFT), a reflection layer and a gate line
through a photolithography process using a mask, wherein
the reflection layer is formed on the reflective region layer;
sequentially forming a gate insulating layer, an active layer, a
source/drain metal layer, a passivation layer, and a reflective
region pixel electrode and a transmissive region pixel elec-
trode which form an integral structure.

[0015] Further scope of applicability of the disclosed tech-
nology will become apparent from the detailed description
given hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating
preferred embodiments of the disclosed technology, are given
by way of illustration only, since various changes and modi-
fications within the spirit and scope of the disclosed technol-
ogy will become apparent to those skilled in the art from the
following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The disclosed technology will become more fully
understood from the detailed description given hereinafter
and the accompanying drawings which are given by way of
illustration only, and thus are not limitative of the disclosed
technology and wherein:

[0017] FIG. 1isa structural diagram of a pixel (pixel struc-
ture) of a conventional array substrate.

[0018] FIG.2isacross-sectional view of a pixel of an array
substrate according to an embodiment of the disclosed tech-
nology.

[0019] FIG. 3 is a cross-sectional view of another pixel on
an array substrate according to an embodiment of the dis-
closed technology.

[0020] FIG. 4 is a cross-sectional view of an LCD panel
according to an embodiment of the disclosed technology.

DETAILED DESCRIPTION

[0021] The embodiment of the disclosed technology being
thus described, it will be obvious that the same may be varied
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in many ways. Such variations are not to be regarded as a
departure from the spirit and scope of the disclosed technol-
ogy, and all such modifications as would be obvious to those
skilled in the art are intended to be included within the scope
of the following claims.

[0022] To simplify the manufacturing process for the pixel
structure of a base substrate 001 for a transflective LCD, a
pixel structure according to an embodiment of the disclosed
technology is provided as shown in FIG. 2, which comprises
a thin film transistor (TFT) region, a reflective region and a
transmissive region, which are arranged side by side. The
reflective region comprises an organic layer 17 as a reflective
region insulation layer, a reflection layer 19, and a reflective
region pixel electrode 181. The transmissive region com-
prises a transmissive region pixel electrode 182. The TFT
comprises a gate electrode 11, a gate insulation layer 12, an
active layer 13, a source electrode 14, and adrain electrode 15
and is covered by a passivation 16, and the TFT is connected
to the pixel electrode 181, 182 through a through hole formed
in the passivation layer.

[0023] The pixel electrodes 181 and 182 in the reflective
region and the transmissive region form pixel electrode 18 of
an integral structure. The pixel electrode 18 is connected with
the drain electrode 15 of the TFT. The organic layer 17 in the
reflective region may be formed on the base substrate 001
prior to the gate electrode 11 of the TFT as aninsulation layer
in the reflective region to reduce the cell gap. The reflection
layer 19 in the reflective region and the gate electrode 11 of
the TFT can be formed in a same patterning process by using
a same metal layer. The base substrate 001 may be a glass
substrate, a plastic substrate, or the like.

[0024] The same metal layer may be one of Mo, Cu, Al or
AINd alloy or other alloys. The manufacturing of the gate
electrode 11 and the reflection layer 19 in a same patterning
process by using a same metal layer comprises preparing a
gate metal film on the base substrate 001 having the organic
layer 17 formed thereon through depositing or sputtering one
of Mo, Cu, Al or AINd alloy or other alloys, and forming the
reflection layer 19 and the gate electrode 11 of the TFT
through a photolithography process using one mask. At the
same time, a gate line (not shown) is formed, and the gate
electrode 11 may be branched from the gate line or a part of
the gate line.

[0025] As in the pixel structure provided by the embodi-
ment of the disclosed technology, the gate electrode 11 and
the reflection layer 19 can be formed in a same patterning
process by using a same metal layer, one masking process is
thus omitted. The manufacturing process for the pixel struc-
ture on the base substrate 001 is simplified compared with the
conventional process; thereby the production costs can be
saved.

[0026] Asshownin FIG. 2, only the gate insulating layer 12
is formed (i.e., left) between the pixel electrode 18 and the
reflection layer 19 in the reflective region. In the manufactur-
ing of the pixel structure, an insulating film such as a silicon
nitride film is firstly prepared as a passivation layer 16 on the
base substrate 001 after the source and drain electrodes 14, 15
have been formed thereon, and then the insulating film is
patterned by using a mask according to the shape of the
passivation layer 16 shown in FIG. 2, thereby the passivation
layer 16 shown in FIG. 2 is formed. In this end, between the
pixel electrode 18 and the reflection layer 19, the passivation
layer 16 is removed but the gate insulating layer 12 is left in
the reflective region.
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[0027] Alternatively, both the gate insulating layer 12 and
the passivation layer 16 may be formed (i.e., left) between the
pixel electrode 18 and the reflection layer 19 in the reflective
region. In the manufacturing of such a pixel structure, an
insulating film such as a silicon nitride film is firstly prepared
as a passivation on the base substrate 001 after the source and
drain electrodes 14 and 15 have been formed thereon, and
then the insulating film is patterned by using a mask accord-
ing to the shape of the passivation layer 16 shown in FIG. 3;
that is, a via hole is formed, through which the drain electrode
15 of the TFT and the pixel electrode 18 are connected to each
other, thereby the passivation layer 16 shown in FIG. 3 is
formed. In this end, the gate insulating layer 12 and the
passivation layer 16 are formed between the pixel electrode
18 and the reflection layer 19 in the reflective region.

[0028] Preferably, the reflection layer 19 has a cross-sec-
tion of a wave shape, a sawtooth wave shape, or a triangular
wave shape, for example. That is, the reflection layer has an
uneven surface to enhance the light reflection effect. By form-
ing the reflection layer 19 of such a shape, diffusion reflection
of the incident light from outside can occur on the reflection
layer 19, such that reflected light can be more evenly distrib-
uted on various viewing angles.

[0029] The pixel structure shown in FIGS. 2-3 differ from
each other in that different masks are used in forming (pat-
terning) the passivation layer, and the manufacturing methods
thereof do not have substantial difference. Both exemplary
pixel structures can be made according to the following
manufacturing method, which comprises the following steps.
[0030] Step Al of preparing an organic film on a base
substrate 001, and forming the organic layer 17 through a
photolithography process using a mask. The organic layer 17
is an example of the reflective insulation layer for reducing
the cell gap in the reflective region.

[0031] The photolithography process using a mask (mask-
ing process) generally comprises processes such coating of
photoresist, exposing and developing of photoresist, etching,
removing of photoresist and so on. There may be two avail-
able types of photolithography processes using a mask in the
embodiment of the disclosed technology, one of which makes
use of a normal mask, the other makes use of a gray tone mask
(or a half tone mask). The photolithography process using a
gray tone or half tone mask is also referred to as a gray tone
masking process. A normal mask or a gray tone mask is used
in the industrial manufacturing according to practical require-
ments.

[0032] In an example, the step may be performed by pre-
paring an organic film on the base substrate 001, and forming
the organic layer 17 having a cross-section profile of a wave
shape, a sawtooth wave shape, or a triangular wave shape
through a gray tone masking process. in this way, when the
reflection layer 19 is formed in the subsequent step A2, the
reflection layer 19 can have a section of a wave shape, a
sawtooth wave shape, or a triangular wave shape.

[0033] Step A2 of preparing a gate metal film on the base
substrate 001 after step A1, and forming the gate electrode 11
of the TFT, the reflection layer 19 and a gate line through a
photolithography process using a mask.

[0034] As one layer of gate metal film is prepared in this
step, and then the gate electrode 11 of the TFT, the reflection
layer 19 and a gate line are formed through a photolithogra-
phy process using a mask, thus the gate electrode 11 of the
TFT and the reflection layer 19 are formed in a same pattern-
ing process by using a same metal layer.
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[0035] The gate insulating layer 12, the active layer 13, the
source/drain metal layer (including source and drain elec-
trodes and a data line), the passivation layer and the pixel
electrode 18 are sequentially formed over the base substrate
001 after step A2. The layers following step A2 may be
formed according to conventional processes for example as
follows.

[0036] Step A3 of preparing an insulating film as the gate
insulating layer 12 on the resulted base substrate 001 after
step A2; preparing a semiconductor film on the array sub-
strate having the gate insulating layer formed thereon and
then forming the active layer 13 through a photolithography
process using one mask; preparing a source/drain metal film
on the base substrate 001 having the semiconductor film
formed thereon and forming a source/drain metal layer
through a photolithography process using a mask. The
source/drain metal layer comprising the source electrode 14
and the drain electrode 15 of the TFT and a data line which
may be connected with the source electrode 14.

[0037] Step A4 of preparing an insulating film on the
resulted base substrate 001 after step A3, and forming the
passivation layer 16 shown in FIG. 2 or 3 through a photoli-
thography process using a mask.

[0038] Theshape and size of the passivation layer 16 shown
in FIG. 2 or 3 are for illustration only; the scope of the
disclosed technology is not limited thereto.

[0039] Step AS of preparing a pixel electrode film on the
resulted base substrate 001 after step 5, and forming the pixel
electrode 18 through a photolithography process using a
mask.

[0040] It can be seen from above, two masking processes
are performed in step A3 while only one masking process is
performed in each of the other steps. As a result, only six
photolithography processes are performed in the above-de-
scribed manufacturing method for the pixel structure accord-
ing to the embodiments of the disclosed technology. The
number of photolithography processes is reduced by one
compared with the conventional technology, thereby the
manufacturing process is simplified. In addition, as the num-
ber of used masks is reduced, the production costs can be
saved.

[0041] In addition, to order to further simplify the manu-
facturing process, the step for forming the active layer 13 and
the source/drain metal layer may comprise sequentially pre-
paring a semiconductor film and a source/drain metal film on
the base substrate 001 having the gate insulating layer 12
formed thereon and forming the active layer 13 and the
source/drain metal layer through a photolithography process
using one mask. Specifically, the above step A3 may comprise
preparing an insulating film as the gate insulating layer 12 on
the resulted base substrate 001 after step A2; preparing a
semiconductor film and a source/drain metal film in this order
on the base substrate 001 having the gate insulating layer 12
formed thereon, and forming the active layer 13 and the
source/drain metal layer through a photolithography process
using one gray tone mask. As the active layer 13 and the
source/drain metal layer are completed through a photoli-
thography processes using one gray tone mask, the pixel
structure according to an embodiment of the disclosed tech-
nology may be finished through a photolithography process
by using five masks, thereby the manufacturing process is
further simplified and the production costs can be further
saved.
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[0042] Asshown inFIG. 4, an embodiment of the disclosed
technology provides an LCD panel comprising an array sub-
strate 100, a color filter substrate 002 and a liquid crystal layer
003 interposed therebetween. The array substrate 300 has a
pixel structure formed on a base substrate 001, which com-
prises a TFT, a reflective region and a transmissive region.
The reflective region comprises an organic layer 17 as a
reflective region insulation layer, a reflection layer 19, and a
pixel electrode 181. The transmissive region comprises the
pixel electrode 182.
[0043] The pixel electrodes 181 and 182 in the reflective
region and the transmissive region form a pixel electrode of
an integral structure. The pixel electrode of the integral struc-
ture is connected with the drain electrode 15 of the TFT. The
organic layer 17 in the reflective region may be formed on the
base substrate 001 prior to the gate electrode 11 of the TFT.
The reflection layer 19 in the reflective region and the gate
electrode 11 of the TFT are formed in a same patterning
process by using a same metal layer.
[0044] Preferably, the reflection layer 19 has a section of a
wave shape, a sawtooth wave shape, or a triangular wave
shape. That is, the reflection layer 19 has an uneven surface.
[0045] The array substrate 100 of the LCD panel shown in
FIG. 4 is obtained with reference to FIG. 2. However, it can
also be obtained with reference to FIG. 3. As shown in FIG. 2,
the gate insulating layer 12 is left between the pixel electrode
18 and the reflection layer 19 in the reflective region. As
shown in FIG. 3, both the gate insulating layer 12 and the
passivation layer 16 are left between the pixel electrode 18
and the reflection layer 19 in the reflective region.
[0046] According to the LCD panel of an embodiment of
the disclosed technology, the gate electrode 11 of the TFT and
the reflection layer 19 are formed ina same patterning process
using a same metal layer in the manufacturing of the pixel
structure on the base substrate 001. As a result, one masking
process can be omitted. The manufacturing process for the
pixel structure on the base substrate 001 can be simplified;
thereby the production costs can be saved.
[0047] It should be appreciated that the embodiments
described above are intended to illustrate but not limit the
disclosed technology. Although the disclosed technology has
been described in detail herein with reference to the preferred
embodiments, it should be understood by those skilled in the
art that the disclosed technology can be realized with different
material and equipment as necessary, and that various modi-
fication and equivalents thereof can be made herein without
departing from the spirit and scope of the disclosed technol-
ogy.
What is claimed is:
1. A pixel structure, comprising
a thin film transistor (TFT), a reflective region and a trans-
missive region,
wherein the reflective region comprises a reflective region
insulation layer, a reflection layer on the reflective
region insulation layer and a reflective region pixel elec-
trode on the reflection layer, and the transmissive region
comprises a transmissive region pixel electrode,
wherein the reflective region pixel electrode and the trans-
missive region pixel electrode form an integral structure,
the reflection layer in the reflective region and the gate
electrode of the TFT are formed in a same patterning
process by using a same metal layer, and
wherein both a gate insulating layer and a passivation layer
are formed between the reflective region pixel electrode
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and the reflection layer in the reflective region, and the
passivation layer covers a source/drain metal layer.

2. The pixel structure of claim 1, wherein a gate insulating
layer is formed between the reflective region pixel electrode
and the reflection layer in the reflective region.

3. The pixel structure of claim 1, wherein the reflection
layer has a cross-section of a wave shape, a sawtooth wave
shape. or a triangular wave shape.

4. The pixel structure of claim 1, wherein the reflective
region insulation layer is an organic layer.

5. A liquid crystal display (LCD) panel, comprising:

an array substrate, a color filter substrate and a liquid

crystal layer interposed therebetween,

wherein the array substrate comprise a pixel structure, the

pixel structure comprising:

a thin film transistor (TFT), a reflective region and a trans-

missive region,
wherein the reflective region comprises a reflective region
insulation layer, a reflection layer on the reflective
region insulation layer and a reflective region pixel elec-
trode on the reflection layer, and the transmissive region
comprises a transmissive region pixel electrode,

wherein the reflective region pixel electrode and the trans-
missive region pixel electrode form anintegral structure,

the reflection layer in the reflective region and the gate
electrode of the TFT are formed in a same patterning
process by using a same metal layer, and

wherein both a gate insulating layer and a passivation layer

are formed between the reflective region pixel electrode
and the reflection layer in the reflective region, and the
passivation layer covers a source/drain metal layer.

6. The LCD panel of claim 5, wherein a gate insulating
layer is formed between the reflective region pixel electrode
and the reflection layer in the reflective region.

7. The LCD panel of claim 5, wherein the reflection layer
has a cross-section of a wave shape, a sawtooth wave shape, or
a triangular wave shape.

8. The LCD panel of claim 5, wherein the reflective region
insulation layer is an organic layer.
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9. A manufacturing method for a pixel structure, compris-
ing

preparing an organic film on a base substrate and forming

a reflective region insulation layer through a photoli-
thography process using a mask;
preparing a gate metal film on the base substrate and form-
ing a gate electrode of a thin film transistor (TFT), a
reflection layer and a gate line through a photolithogra-
phy process using a mask, wherein the reflection layer is
formed on the reflective region insulation layer;

sequentially forming a gate insulating layer, an active
layer, a source/drain metal layer, a passivation layer, and
a reflective region pixel electrode and a transmissive
region pixel electrode which form an integral structure,

wherein both the gate insulating layer and the passivation
layer are formed between the reflective region pixel
electrode and the reflection layer in the reflective region,
and the passivation layer covers the source/drain metal
layer.

10. The method of claim 9, wherein the forming of the
active layer and the source/drain metal layer comprises:

preparing a semiconductor film and a source/drain metal

film on the base substrate having the gate insulating
layer formed thereon, and

forming the active layer and the source/drain metal layer

through a photolithography process using one mask.

11. The method of claim 9, wherein forming the reflective
region insulation layer comprising:

preparing an insulation film on the base substrate, and

forming the reflective region insulation layer having a
section profile of a wave shape, a sawtooth wave shape,
or a triangular wave shape through a gray tone masking
process.

12. The method of claim 9, wherein the gate insulating
layer is formed between the reflective region pixel electrode
and the reflection layer in the reflective region.

13. The method of claim 9, wherein the reflective region
insulation layer is an organic layer.
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