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TRANSFLECTIVE LCD PANEL

FIELD

[0001] The embodiments of the present disclosure gener-
ally relates to a transflective liquid crystal display (LCD)
panel.

BACKGROUND

[0002] Generally, LCD may be categorized as transmissive
LCD, reflective LCD and transflective LCD. Specifically,
back light unit is employed in the transmissive LCD as a light
source, which leads to a large amount of power consumption
due to the fact that only 10% of lights from the back light unit
is transmitted. Natural light is used in the reflective LCD as
the light source with a very low power consumption, but such
display may only be used in an environment with plenty of
ambient lights, and thus is of little use in night time or in a
dark environment without ambient lights. Transflective LCD
is consequently developed to combine the advantages of both
reflective LCD and transmissive LCD.

[0003] As shown in FIG. 1, in a conventional transflective
LCD panel 100, a thin film transistor 103 is formed on a first
glass substrate 101. A first insulating layer 104 is deposited on
the first glass substrate 101 to cover the thin film transistor
103. A first contact hole 1041 is formed in the first insulating
layer 104, and an indium tin oxide (ITO) transparent elec-
trode layer 105 is formed on a part of the insulating layer 104
with one end of the ITO transparent electrode layer 105 is
located in the first contact hole 1041 such that the ITO trans-
parent electrode layer 105 is electrically connected to the
drain 1031 of the thin film transistor 103 through the first
contact hole 1041. In addition, as shown in FIG. 1, color
saturation of the reflective region is different from that of the
transmissive region due to the optical path difference in the
reflective region and the transmissive region. In order to
address the above issue, a second insulating layer 109 is
thereby formed on a part of the first insulating layer 104, such
that the second insulating layer 109 covers a part of the ITO
transparent electrode layer 105 and is provided with a second
contact hole 1091 corresponding to and connecting with the
first contacthole 1041. An Al electrode layer 106 is formed on
the second insulating layer 1091. The region with the Al
electrode layer 106 provided thereon is thereby the reflective
region R of the LCD panel, while the region with the ITO
transparent electrode layer 105 provided thereon is the trans-
missive region T of the LCD panel. As shown in FIG. 1, the
conventional transflective LCD panel 100 further comprises a
second transparent substrate 102, a color filter layer 107
formed on the second transparent substrate 102, and a com-
mon electrode layer 108 formed on the color filter layer 107.

[0004] However, since the second contact hole 1091 is pro-
vided corresponding to and connecting with the first contact
hole 1041, the hole depth H of the first contact hole 1041 and
the second contact hole 1091 is thus relatively large. As such,
during the alignment process of the alignment film on the Al
electrode layer 106 and the ITO transparent electrode layer
105, the alignment induced by the alignment film may be
non-uniform, which in turn introduce non-uniform orienta-
tion the liquid crystal molecules at corresponding locations
with a height difference. In this case, when the LCD panel is
set to a dark mode, a light leakage might occur to otherwise a
full black image displayed by the LCD panel due to the
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non-uniform orientation of the liquid crystal molecules, lead-
ing to a decrease in the LCD panel contrast, thereby affecting
product quality.

SUMMARY

[0005] Oneembodiment of the present disclosure provides
a transflective LCD panel comprising: a first transparent sub-
strate and a second transparent substrate opposing with each
other, and a liquid crystal layer provided between the first
transparent substrate and the second transparent substrate. A
thin film transistor and a first insulating layer are formed on
the side of the first transparent substrate facing the second
transparent substrate, and the first insulating layer covers the
thin film transistor; a transparent electrode layer and a reflec-
tive electrode layer are formed above the first insulating layer,
with the reflective layer and the transparent electrode layer
substantially on a same level; A color filter layer is provided
on the side of the second transparent substrate facing the first
transparent substrate, and comprises a first color filter layer
and a second color filter layer, the first color filter layer
corresponds to the reflective electrode layer and the second
color filter layer corresponds to the transparent electrode
layer which is overlapped with the reflective electrode layer,
and the color filtering ability of the first color filter layer is less
than that of the second first color filter layer.

[0006] Another embodiment of the present disclosure pro-
vides a display apparatus, comprising the transflective LCD
panel according to any of the above-mentioned embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention 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 present
invention.

[0008] FIG. 1 is a schematic view of a conventional trans-
flective LCD panel; and

[0009] FIG. 2 is a schematic view of a transflective LCD
panel according to embodiments of the present disclosure.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0010] Embodiments will now be described with reference
to FIGS. 1 through 23, which relate to a memory device
having at least one pre-treated surface for better adhesion of
ink on the surface. It is understood that the present invention
may be embodied in many different forms and should not be
construed as being limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete and will fully con-
vey the invention to those skilled in the art. Indeed, the inven-
tion is intended to cover alternatives, modifications and
equivalents of these embodiments, which are included within
the scope and spirit of the invention as defined by the
appended claims. Furthermore, in the following detailed
description of the present invention, numerous specific
details are set forth in order to provide a thorough understand-
ing of the present invention. However, it will be clear to those
of ordinary skill in the art that the present invention may be
practiced without such specific details.

[0011] The terms “top,” “bottom,” “upper,” “lower,” “ver-
tical” and/or “horizontal” as may be used herein are for con-
venience and illustrative purposes only, and are not meant to
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limit the description of the invention inasmuch as the refer-
enced item can be exchanged in position.

[0012] Theembodiments ofthe present disclosure provides
a transflective LCD panel which can avoid light leakage due
to the non-uniform alignment of liquid crystal molecules in
the transflective LCD panel, thereby improving the product
quality.

[0013] The embodiment according to the present disclo-
sure provides a transflective LCD panel 200 which includes a
first transparent substrate 201 and a second transparent sub-
strate 202 opposing each other, and a liquid crystal layer
provided between the first transparent substrate 201 and the
second transparent substrate 202.

[0014] In the transflective LCD panel according to the
embodiments of the present disclosure, the first transparent
substrate may correspond to an array substrate, while the
second transparent substrate may correspond to a counter
substrate. The first transparent substrate may include a plu-
rality of gate lines and a plurality of data lines (not shown)
with the gate lines and the data lines intersecting each other to
define pixel units arranged in a matrix. Each pixel unit com-
prises a thin film transistor as a switch element and a pixel
electrode for controlling the arrangement of the liquid crystal.
In each pixel unit, the gate of the thin film transistor is elec-
trically connected to or formed integrally with the corre-
sponding gate line, the source of the thin film transistor is
electrically connected to or formed integrally with the corre-
sponding data line, the drain of the thin film transistor is
electrically connected to or formed integrally with the corre-
sponding pixel electrode. The following description is for a
single pixel unit; however, other pixel units may be formed in
the same manner.

[0015] As shown in FIG. 2, in a pixel unit, a thin film
transistor 203 and a first insulating layer 204 are formed on
the side of the first transparent substrate 201 facing the second
transparent substrate 202 with the first insulating layer 204
covering the thin film transistor 203. An ITO transparent
electrode layer 205 is formed above a region on one side of the
first insulating layer 204; an Al electrode layer 206 is formed
above a region on the other side of the first insulating layer
204, with the Al electrode layer 206 and the ITO transparent
electrode layer 205 substantially on a same level. As such, in
the present embodiment, there is no height difference
between the Al electrode layer 206 and the ITO transparent
electrode layer 205, thereby there is no non-uniform align-
ment induced by the alignment film. Consequently, the liquid
crystal molecules are oriented uniformly without light leak-
age.

[0016] According to the characteristics of the transflective
LCD panel, the pixel unit of the LCD panel is divided into a
transmissive region and a reflective region. In the embodi-
ments of the present disclosure, the reflective region R of the
LCD panel is defined by the region with the Al electrode layer
206 provided thereon, and the transmissive region T is
defined by the region with the ITO transparent electrode layer
205 provided thereon which is not covered by the Al electrode
layer 206, as shown in FIG. 2. Since there is no additional
second insulating layer provided on the first substrate 201
such as in the conventional transflective LCD panel shown in
FIG. 1, the color saturation of the transmissive region T might
be different from that of the reflective region R. As such, in the
present embodiment, in order to keep an uniform color satu-
ration, a color filter layer 207 comprising a color filter layer
part 2071 and a color filter layer part 2072 is provided on the

Jun. 20, 2013

second transparent substrate 202. The color filter layer part
2071 is located in the reflective region R corresponding to the
Al electrode layer 206, and the color filter layer part 2072 is
located in the transmissive region T corresponding to the ITO
transparent electrode layer 205 which is not covered by the Al
electrode layer 206. The color filtering ability of the color
filter layer part 2071 in the reflective region R is lower than
that of the color filter layer part 2072 in the transmissive
region T. The color filtering ability is an important factor
affecting the color saturation and may be adjusted by the
concentration of the pigment in the color filter layer and the
transmittance of the color filter layer. Herein the concentra-
tion refers to a concentration in weight percentage. As such,
the transflective LCD panel 200 according to the embodi-
ments of the present disclosure may avoid light leakage while
the color saturation of the transmissive region T and the
reflective region R may be kept uniform.

[0017] Specifically, the color filtering ability of the color
filter layer part 2071 in the reflective region R is made lower
than that of the color filtering layer part 2072 corresponding
to the transmissive region T by a following method. During
the formation of the color filter layer 207, the photoresist
coated in the reflective region R is thinner than the photoresist
coated in the transmissive region T. The coated photoresist
has pigments dispersed therein and can be kept as the color
filter layer. Other details of the process are known to the
skilled in the art, thus being omitted for simplicity.

[0018] In another embodiment of the present disclosure,
the color filtering ability of the color filter layer part 2071 in
the reflective region R is made lower than that of the color
filtering film layer part 2072 in the transmissive region T by
another method described as following. During the formation
of'the color filter layer 207, the pigments concentration in the
pigment liquid in the coated photoresist in the reflective
region R is lower that in the transmissive region T, with the
photoresists kept as the color filter layer. The pigment con-
centration is one of the main factors determining the color
saturation. In order to keep pigments stable in the resin and
the solvent in order to form the pigment liquid, the pigment
liquid also includes dispersant. The dispersant in the pigment
liquid is for separating the pigment particles, so as to avoid
agglomeration and sedimentation. Furthermore, there is cer-
tain concentration ratio among components such as the pig-
ments, resin and dispersant in the pigment liquid. In other
words, a concentration change of any of the three components
may cause concentration changes of the other two compo-
nents in order to form a stable pigment liquid, otherwise the
pigment liquid might be unstable. As such, while the concen-
tration of the pigment in the coated photoresist in the reflec-
tive region R is lower than that in the transmissive region T,
the concentrations of the resin and the dispersant in the pig-
ment liquid of the photoresist for forming the color filter layer
part 2071 in the reflective region R are also lower than those
of the resin and the dispersant in the pigment liquid of the
photoresist for forming the color filter layer part 2072 in the
transmissive region T, such that the concentration of the pig-
ment as well as the concentrations of the resin and the dis-
persant are decreased simultaneously so as to form a stable
pigment liquid.

[0019] In this case, the materials are saved, and the trans-
mittance of the reflective region as well as the contrast of LCD
is increased due to the decreased concentrations of the resin
and the dispersant in the photoresist.
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[0020] Optionally, the pigment concentration in the pig-
ment liquid employed in the photoresist of the reflective
region R is in a range of 6% to 8%, while the pigment con-
centration in the pigment liquid employed in the photoresist
of the transmittance region T is in a range of 12% to 15%.
[0021] TItis noted that in the present embodiment, a contact
hole 2041 is provided on the first insulating layer 204, and
exposes a part of the drain 2031 of the thin film transistor 203.
At one end of the contact hole 2041, the ITO transparent
electrode layer 205 formed above one side of the first insu-
lating layer 204 covers part of the drain 2031 of the thin film
transistor 203, that is, the ITO transparent electrode layer 205
is electrically connected to the drain 2031 through the contact
hole 2041. At the other end of contact hole 2041, the Al
electrode layer 206 formed above the other side of the first
insulating layer 204 covers the ITO transparent electrode
layer 205 at the contact hole 2041, that is, the Al electrode
layer 206 is electrically connected to the ITO transparent
electrode layer 205 through the contact hole 2041.

[0022] Inaddition, there may be a common electrode layer
208 formed on the color filter layer 207 provided on the
second transparent substrate 202, resulting in a voltage dif-
ference between the Al electrode layer 206, the ITO transpar-
ent electrode layer 205 and the common electrode layer 208
upon operation, thereby controlling the rotation of the liquid
crystal molecules.

[0023] In the transflective LCD panel according to the
embodiments of the present disclosure, an Al electrode layer
is formed above the first insulating layer, and the color filter-
ing ability of the color filter layer on the second substrate
corresponding to the reflective region is lower than that of the
color filter layer on the second substrate corresponding to the
transmissive region, the color saturation of the reflective
region and the transmissive region is thus kept uniform. In
addition, when alignment film is applied on the Al electrode
layer and ITO transparent electrode layer, there is no non-
uniform alignment due to the height differenced caused by the
second insulating film formed above the first insulating film
on one side, thus avoiding light leakage and improving prod-
uct quality.

[0024] Herein, “the second element is formed above the
first element” refers to that the second element is formed
further away from the substrate supporting the first element
and the second element than the first element.

[0025] The embodiments of the present disclosure provide
a display apparatus comprising the transflective LCD panel
according to any of the above-mentioned embodiments. The
display apparatus according to the embodiments of the
present disclosure may be a LCD TV, a cell phone, a LCD, a
GPS etc. In some of the exemplary embodiments, the LCD
apparatus further comprises a backlight unit for providing
back lights to the transflective LCD panel.

[0026] According to the descriptions above, embodiments
ofthe present disclosure may at least provide the structures as
below:

[0027] (1). A transflective LCD panel, comprising: a first
transparent substrate and a second transparent substrate
opposing each other, and a liquid crystal layer provided
between the first transparent substrate and the second trans-
parent substrate, wherein a thin film transistor and a first
insulating layer are formed on the side of the first transparent
substrate facing the second transparent substrate, and the first
insulating layer covers the thin film transistor; a transparent
electrode layer and a reflective electrode layer are formed
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above the first insulating layer, with the reflective layer and
the transparent electrode layer substantially on a same level;
wherein a color filter layer is provided on the side of the
second transparent substrate facing the first transparent sub-
strate, and comprises a first color filter layer and a second
color filter layer, the first color filter layer corresponds to the
reflective electrode layer and the second color filter layer
corresponds to the transparent electrode layer which is over-
lapped with the reflective electrode layer, and the color filter-
ing ability of the first color filter layer is less than that of the
second first color filter layer.

[0028] (2). A transflective LCD panel according to (1),
wherein the thickness of the first color filter layer is smaller
than that of the second color filter layer.

[0029] (3). A transflective LCD panel according to (1),
wherein the pigment concentration in the first color filter
layer is lower than that in the second color filter layer, and the
resin concentration and the dispersant concentration in the
first color filter layer are also lower that those in the second
color filter layer respectively.

[0030] (4). A transflective LCD panel according to (3),
wherein the first color filter layer is made of a first photoresist
with the pigment concentration in the pigment liquid in the
first photoresist in the range of 6% to 8%; and the second
color filter layer is made of a second photoresist with the
pigment concentration in the pigment liquid in the second
photoresist in the range of 12% to 15%.

[0031] (5). A transflective LCD panel according to (1),
wherein a contact hole is provided in the first insulating layer,
and the drain of the thin film transistor contacts with the
transparent electrode layer at the contact hole.

[0032] (6). A transflective LCD panel according to (5),
wherein the reflective electrode layer covers a part of the
transparent electrode layer in the contact hole.

[0033] (7). A transflective LCD panel according to (1),
wherein a common electrode layer is formed above the color
filter layer.

[0034] (8). A transflective LCD panel according to (1),
wherein the reflective electrode layer is an Al electrode layer.
[0035] (9). A transflective LCD panel according to (1),
wherein the reflective electrode layer is an ITO transparent
electrode layer.

[0036] (10) A display apparatus, comprising the transflec-
tive LCD panel according to (1).

What is claimed is:

1. A transflective LCD panel, comprising: a first transpar-
ent substrate and a second transparent substrate opposing
with each other, and a liquid crystal layer provided between
the first transparent substrate and the second transparent sub-
strate,

wherein a thin film transistor and a first insulating layer are

formed on the side of the first transparent substrate fac-
ing the second transparent substrate, and the first insu-
lating layer covers the thin film transistor; a transparent
electrode layer and a reflective electrode layer are
formed above the first insulating layer, with the reflec-
tive layer and the transparent electrode layer substan-
tially on a same level;

wherein a color filter layer is provided on the side of the

second transparent substrate facing the first transparent
substrate, and comprises a first color filter layer and a
second color filter layer, the first color filter layer corre-
sponds to the reflective electrode layer and the second
color filter layer corresponds to the transparent electrode
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layer which is overlapped with the reflective electrode
layer, and the color filtering ability of the first color filter
layer is less than that of the second first color filter layer.

2. A transflective LCD panel according to claim 1, wherein
the thickness ofthe first color filter layer is less than that of the
second color filter layer.

3. A transflective LCD panel according to claim 1, wherein
the pigment concentration in the first color filter layer is lower
than that in the second color filter layer, and the resin concen-
tration and the dispersant concentration in the first color filter
layer are lower that those in the second color filter layer
respectively.

4. A transflective LCD panel according to claim 3, wherein
the first color filter layer is made of a first photoresist with a
pigment concentration in the pigment liquid in the first pho-
toresist in the range of 6% to 8%; and the second color filter
layer is made of a second photoresist with a pigment concen-
tration in the pigment liquid in the second photoresist in the
range of 12% to 15%.
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5. A transflective LCD panel according to claim 1, wherein
a contact hole is provided in the first insulating layer, and the
drain of the thin film transistor contacts with the transparent
electrode layer at the contact hole.

6. A transflective LCD panel according to claim 5, wherein
the reflective electrode layer covers a part of the transparent
electrode layer in the contact hole.

7. A transflective LCD panel according to claim 1, wherein
a common electrode layer is formed above the color filter
layer.

8. A transflective LCD panel according to claim 1, wherein
the reflective electrode layer is an Al electrode layer.

9. A transflective LCD panel according to claim 1, wherein
the transparent electrode layer is an ITO transparent electrode
layer.

10. A liquid crystal display device, comprising the trans-
flective LCD panel according to claim 1.
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