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(57) ABSTRACT

A pixel structure including a substrate, a scan line, a data
line, a common line, an active device, a pixel electrode, a
passivation layer and a transition auxiliary electrode is
provided. The scan line and the data line on the substrate
intersect with each other to define a pixel region. The
common line on the substrate is parallel to the scan line. The
active device disposed within the pixel region is electrically
connected to the scan line and the data line. The pixel
electrode disposed within the pixel region is electrically
connected to the active device. The passivation layer is
between the data line and the pixel electrode. The transition
auxiliary electrode is adjacent to the periphery of the pixel
electrode and electrically connected to the common line
through a contact hole of the passivation layer. The transi-
tion auxiliary electrode and the pixel electrode are made of
the same film.
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PIXEL STRUCTURE AND LIQUID CRYSTAL
DISPLAY PANEL USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 95137080, filed Oct. 5, 2006. All
disclosure of the Taiwan application is incorporated herein
by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a pixel structure
and a display panel. More particularly, the present invention
relates to a pixel structure and a liquid crystal display panel
suitable for an optically compensated birefringence liquid
crystal display (OCB LCD).

[0004] 2. Description of Related Art

[0005] The development of displays has become the focus
of the industry due to the increasing demands. Cathode ray
tube (CRT) display has been leading the market because of
its excellent display quality and mature technique. However,
in recent years, along with the rising consciousness of
environmental conservation, CRT display has become unsat-
isfactory for it cannot meet the requirements of lightness,
slimness, shortness, smallness, and low power consumption
due to its high power consumption, high radiation, and its
limitation in size reduction. Thus, thin film transistor liquid
crystal display (TFT-LCD) having such characteristic as
high image quality, high space efliciency, low power con-
sumption, and no radiation is becoming the main stream in
the market.

[0006] LCDs can be categorized into many different types
according to the type of liquid crystal, the driving method,
and the disposition of light source thereof. Wherein optically
compensated birefringence liquid crystal display (OCB
LCD) has very quick response time and can provide smooth
imaging performance when it is used in a computer for
playing quickly changing images such as animation or
movie, thus, OCB LCD is very suitable for high-level LCD.
However, an OCB LCD can only display normally with
quick response time after liquid crystal molecules are trans-
formed from splay state to bend state.

[0007] FIG. 1A is a diagram illustrating liquid crystal
molecules in splay state in a liquid crystal display (LCD)
panel. FIG. 1B is a diagram illustrating liquid crystal mol-
ecules in bend state in a liquid crystal display (LCD) panel.
Referring to both FIG. 1A and FIG. 1B, in the OCB LCD
panel 10, the liquid crystal layer 11 is disposed between the
top substrate 12 and the bottom substrate 13. The top
substrate 12 and the bottom substrate 13 respectively have
an alignment layer (not shown) and the two alignment layers
have the same rubbing direction. When no external electric
field is supplied to the liquid crystal molecules in the liquid
crystal layer 11, the liquid crystal molecules are arranged in
splay state. When the OCB LCD is entering stand-by status,
an electric field vertical to the top substrate 12 has to be
supplied to the liquid crystal molecules so that the liquid
crystal molecules are transformed into bend state. In a
conventional OCB LCD, a few minutes time is required for
the transition to drive all the pixels of an entire panel
normally. In other words, a long transition time is required
before the OCB LCD enters stand-by status, which is very
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disadvantageous to the instant-on characteristic of LCD.
Thus, fast transition is prerequisite to OCB LCD to be
acceptable to customers.

[0008] Conventionally, to quickly transform liquid crystal
molecules in an OCB LCD from splay state to bend state, the
voltage supplied is increased to produce stronger electric
field so that the liquid crystal molecules can be transformed
from splay state to bend state quickly. However, it is difficult
to obtain suitable drive IC which can sustain high voltage,
accordingly it is difficult to carry out related research and
mass production, thus, a technique for producing transition
threshold has to be used for reducing transition voltage and
transition time and ensuring complete transition of the entire
LCD panel. According to another conventional technique,
polymer is added into the liquid crystal layer and irradiated
with ultraviolet light when liquid crystal molecules are in
bend state to form a polymer wall, so that the liquid crystal
molecules can be maintained in bend state. Such a method
may cause light leakage to an OCB LCD panel even though
a simple process is adopted.

[0009] In the LCDs disclosed in U.S. Pat. No. 6,661,491,
U.S. Pat. No. 6,600,540, and U.S. Pat. No. 6,603,525, the
pixel electrode has slit and the transition of liquid crystal
molecules is accelerated by the voltage differences between
the pixel electrode and the top/bottom storage capacitance,
the pixel electrode and the counter electrode, and the trans-
verse electric field. In any of the LCDs disclosed in fore-
going three patents, even though transition threshold can be
produced by transverse electric field, slit in pixel electrode
of the LCD may reduce the aperture ratio and the brightness
of the LCD panel.

[0010] Besides, in the OCB LCD disclosed in U.S. Pat.
No. 6,597,424, a plurality of protrusions or indentations are
designed around the pixel electrode and voltage differences
between the pixel electrode and the gate, the pixel electrode
and the data line are used to produce transition threshold
which can help transition of liquid crystal molecules, and
further to shorten the time required for transforming liquid
crystal molecules from splay state to bend state.

SUMMARY OF THE INVENTION

[0011] Accordingly, the present invention is directed to
provide a pixel structure, wherein a transition auxiliary
electrode is formed adjacent to a pixel electrode when
forming the pixel electrode, and a voltage difference exists
between the transition auxiliary electrode and the pixel
electrode. The transverse electric field between the pixel
electrode and the transition auxiliary electrode can acceler-
ate the transition of liquid crystal molecules and resolve the
conventional problem of storage capacitance reduction due
to slit in pixel electrode.

[0012] According to another aspect of the present inven-
tion, a liquid crystal display (LCD) panel with quick
response time is provided.

[0013] To achieve the aforementioned and other objec-
tives, the present invention provides a pixel structure includ-
ing a substrate, a scan line, a data line, a common line, an
active device, a pixel electrode, a passivation layer, and a
transition auxiliary electrode. The scan line and the data line
are disposed on the substrate and intersect with each other to
define a pixel region. The common line is disposed on the
substrate and is substantially parallel to the scan line. The
active device is disposed within the pixel region and is
electrically connected to the scan line and the data line. The
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pixel electrode is disposed within the pixel region and is
electrically connected to the active device. The passivation
layer is disposed between the pixel electrode and the data
line. The transition auxiliary electrode is disposed adjacent
to the periphery of the pixel electrode and is electrically
connected to the common line through a contact hole of the
passivation layer. The pixel electrode and the transition
auxiliary electrode are made of the same film.

[0014] According to an embodiment of the present inven-
tion, the active device is a thin film transistor.

[0015] According to an embodiment of the present inven-
tion, the common line is adjacent to a scan line next to the
foregoing scan line.

[0016] According to an embodiment of the present inven-
tion, the transition auxiliary electrode is located between the
common line and the next scan line.

[0017] According to an embodiment of the present inven-
tion, the transition auxiliary electrode is located above the
next scan line.

[0018] According to an embodiment of the present inven-
tion, the transition auxiliary electrode is adjacent to the data
line.

[0019] According to an embodiment of the present inven-
tion, the transition auxiliary electrode is located above the
data line.

[0020] According to an embodiment of the present inven-
tion, the shape of the side of the pixel electrode adjacent to
the transition auxiliary electrode corresponds to the shape of
the transition auxiliary electrode.

[0021] According to an embodiment of the present inven-
tion, the shape of the transition auxiliary electrode includes
zigzag shape.

[0022] Moreover, the pixel structure in the present inven-
tion may also be applied to an active device array substrate
in a LCD panel, and the structure of the pixel structure is as
described above therefore will not be described herein.
[0023] According to the pixel structure in the present
invention, a transverse electric field is produced between the
transition auxiliary electrode and the pixel electrode. The
transverse electric field changes the arrangement of some
liquid crystal molecules. When a transition voltage is sup-
plied to a LCD panel, each pixel produces a transition
threshold so that liquid crystal molecules can be transformed
to bend state quickly, accordingly the transition time of the
LCD panel can be shortened.

[0024] Moreover, the transition auxiliary electrode may be
disposed above the scan line or the data line, thus, only
storage capacitance at the contact hole may be lost, accord-
ingly, the LCD panel in the present invention has high
aperture ratio.

[0025] In order to make the aforementioned and other
objects, features and advantages of the present invention
comprehensible, a preferred embodiment accompanied with
figures is described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are
incorporated in and constitute a part of this specification.
The drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention.
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[0027] FIG. 1A is a diagram illustrating liquid crystal
molecules in splay state in a liquid crystal display (LCD)
panel.

[0028] FIG. 1B is a diagram illustrating liquid crystal

molecules in bend state in a liquid crystal display (LCD)
panel.

[0029] FIGS. 2A and 2B are partial cross-sectional views
of a LCD panel according to an embodiment of the present
invention.

[0030] FIG. 2C is a vertical view of an active device array
substrate in the LCD panel in FIGS. 2A and 2B.

[0031] FIGS. 3A~3C are vertical views of active device
array substrates in LCD panels according to other embodi-
ments of the present invention.

DESCRIPTION OF EMBODIMENTS

[0032] FIGS. 2A and 2B are partial cross-sectional views
of a liquid crystal display (LCD) panel according to an
embodiment of the present invention. FIG. 2C is a vertical
view of an active device array substrate in the LCD panel in
FIGS. 2A and 2B. Wherein FIG. 2A is a cross-sectional view
of the active device array substrate in FIG. 2C cut along line
I-I', and FIG. 2B is a cross-sectional view of the active
device array substrate in FIG. 2C cut along line II-II'.
Referring to FIGS. 2A, 2B, and 2C, the LCD panel 100 is an
optically compensated birefringence (OCB) LCD panel.
LCD panel 100 includes an active device array substrate
110, a color filter substrate 120, and a liquid crystal layer
130. The color filter substrate 120 is disposed above the
active device array substrate 110, and the liquid crystal layer
130 is disposed between the color filter substrate 120 and the
active device array substrate 110.

[0033] The active device array substrate 110 includes a
first substrate 112 and a plurality of pixel structures 114
disposed on the first substrate 112. Each of the pixel struc-
tures 114 includes a scan line 11414, a data line 11424, an
active device 1143, a pixel electrode 1144, and a transition
auxiliary electrode 1145. The first substrate 112 may be a
glass substrate, a silicon substrate, or a substrate of other
suitable materials. The scan lines 1141a and the data lines
11424 are disposed on the first substrate 112 for defining a
pixel region P on the first substrate 112. In addition, the scan
lines 11414 and the data lines 1142a may be lead wires of
aluminum alloy or other suitable conductive materials. The
active devices 1143 are disposed on the first substrate 112.
Each of the active devices 1143 is electrically connected to
the corresponding scan line 11414 and data line 1142a. The
pixel electrodes 1144 are electrically connected to the active
devices 1143 through a contact hole CHI.

[0034] In the present embodiment, each of the active
devices 1143 is a thin film transistor including a gate 1143a,
a gate insulation layer 11435, a source 1143¢, a drain 11434,
a channel layer 1143¢, an Ohmic contact layer 1143/, and a
passivation layer 1143g. The gate 1143a is electrically
connected to the scan line 1141a, the source 1143c¢ is
electrically connected to the data line 11424, and the pixel
electrode 1144 is electrically connected to the drain 11434
through the contact hole CH1 in the passivation layer 1143g.
The material of the pixel electrode 1144 may be ITO, 1ZO,
or other transparent conductive materials.

[0035] The transition auxiliary electrode 1145 and the
pixel electrode 1144 are made of the same film, thus, the
material of the transition auxiliary electrode 1145 may also
be ITO, IZO, or other transparent conductive materials.
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However, the transition auxiliary electrode 1145 and the
pixel electrode 1144 are electrically insulated from each
other, and a transverse electric field is produced between the
two. Besides, the transition auxiliary electrode 1145 is
disposed adjacent to the periphery of the pixel electrode
1144. Referring to FIG. 2C, in the present embodiment, the
transition auxiliary electrode 1145 is located at the left side
of the pixel electrode 1144 and adjacent to the data line
11424. The transition auxiliary electrode 1145 may be of any
shape such as zigzag shape, and the shape of the side of the
pixel electrode 1144 corresponds to the shape of the transi-
tion auxiliary electrode 1145, which may also be zigzag
shape.

[0036] Referring to both FIG. 2B and FIG. 2C, the pixel
structure 114 further includes a common line 1146 disposed
on the first substrate 112 and substantially parallel to the
scan line 1141a. In the present embodiment, the common
line 1146 is adjacent to the next scan line 11415 and the
transition auxiliary electrode 1145 is electrically connected
to the common line 1146 through the contact hole CH2 in the
passivation layer 1143g.

[0037] Referring to FIG. 2A, the color filter substrate 120
includes a second substrate 122, an electrode layer 124, and
a color filter film 126. The second substrate 122 may be a
glass substrate, a silicon substrate, or a substrate of other
suitable materials. The electrode layer 124 is disposed above
the second substrate 122 and the material of the electrode
layer 124 may be ITO, IZO, or other suitable conductive
materials. The color filter film 126 is disposed between the
second substrate 122 and the electrode layer 124, and the
color filter film 126 contains a black matrix (not shown) and
a plurality of color filter patterns (not shown).

[0038] Moreover, the active device array substrate 110
further includes an alignment layer 115 covering the pixel
structures 114, and the material of the alignment layer 115
may be polyimide resin (PI) or other suitable materials. An
alignment layer 128 may also be disposed on the electrode
layer 124 of the color filter substrate 120, and the alignment
layer 128 has a rubbing direction identical or parallel to that
of the alignment layer 115.

[0039] The production of a transverse electric filed in the
LCD panel 100 will be described below. Generally before
the LCD panel 100 displaying an image, the transition
auxiliary electrodes 1145 of the pixel structures 114 and the
corresponding common lines 1146 are electrically connected
to a voltage V, and the corresponding pixel electrodes 1144
are electrically connected to a driving voltage V. Voltage V
may be a constant value, while the driving voltage V,
changes along with the images to be displayed. It should be
noted here that the voltage V may be different to the driving
voltage V. Accordingly, a transverse electric field is pro-
duced between the transition auxiliary electrode 1145 and
the pixel electrode 1144. In the liquid crystal layer 130, those
liquid crystal molecules originally in splay state are twisted
first under the transverse electric field. When the LCD panel
100 is driven for transition, a vertical electric field is
supplied to the liquid crystal layer 130 and those liquid
crystal molecules twisted by the transverse electric field may
be used as transition threshold for driving other liquid
crystal molecules to be quickly transformed into bend state.
Accordingly, in the present invention, liquid crystal mol-
ecules can be quickly transformed into bend state; in other
words, the LCD panel 100 can operate normally and present
quick response performance after it is quickly transformed.
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[0040] The transition auxiliary electrode 1145 and the
pixel electrode 1144 are made of the same film, and the
transition auxiliary electrode 1145 is formed adjacent to the
periphery of the pixel electrode 1144. Besides, the transition
auxiliary electrode 1145 is electrically connected to the
common line 1146 through the contact hole CH2 in the
passivation layer 1143g, and a transverse electric field is
produced by the voltage difference between the transition
auxiliary electrode 1145 and the pixel electrode 1144 to
assist the transition of liquid crystal molecules.

[0041] FIGS. 3A~3C are vertical views of active device
array substrates in LCD panels according to other embodi-
ments of the present invention. The structures of the active
device array substrates 110", 110", and 110" are similar to
the structure of the active device array substrate 110 in FIG.
2C, and the differences thereof are described herein. First,
referring to FIG. 3A, the transition auxiliary electrode 1145'
in the active device array substrate 110" is located above the
data line 11424, thus, the only capacitance at the contact hole
is lost, so that the aperture ratio of the LCD panel can be
increased. Referring to FIG. 3B, in the present embodiment,
the transition auxiliary electrode 1145" in the active device
array substrate 110" is located between the common line
1146 and the next scan line 11415. Finally, referring to FIG.
3C, in the present embodiment, the transition auxiliary
electrode 1145" is located above the next scan line 11415 so
that the aperture ratio of the LCD panel can be increased.

[0042] In summary, the pixel structure and the LCD panel
in the present invention have at least following advantages:

[0043] 1. According to the pixel structure in the present
invention, a transverse electric field is produced between the
transition auxiliary electrode and the pixel electrode. In
addition, voltage differences between the transition auxiliary
electrode and the scan line, the transition auxiliary electrode
and the data line also exist besides the supply voltage
between the two substrates when liquid crystal molecules
are transformed, thus, transverse electric field also exists
around the transition auxiliary electrode. The transverse
electric field changes the arrangement of some liquid crystal
molecules. When the LCD panel is driven for transition, the
other liquid crystal molecules can be quickly transformed
into bend state, so that the transition time and transition
voltage required by the LCD panel can be reduced.

[0044] 2. The manufacturing processes of the pixel struc-
ture and the LCD panel in the present invention are com-
patible with existing processes. Only a few masks are
redesigned and no additional equipment is required, thus, the
manufacturing processes of the pixel structure and the LCD
panel in the present invention can be applied to existing
process of active device array substrate.

[0045] 3. The transition auxiliary electrode may be formed
above the scan line or the data line, thus, only storage
capacitance corresponding to the contact hole is lost, so that
the LCD panel has high aperture ratio.

[0046] It will be apparent to those skilled in the art that
various modifications and variations can be made to the
structure of the present invention without departing from the
scope or spirit of the invention. In view of the foregoing, it
is intended that the present invention cover modifications
and variations of this invention provided they fall within the
scope of the following claims and their equivalents.
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What is claimed is:

1. A pixel structure, comprising:

a substrate;

a scan line, disposed on the substrate;

a data line, disposed on the substrate, wherein the scan
line and the data line intersect with each other to define
a pixel region;

a common line, disposed on the substrate, the common
line being substantially parallel to the scan line;

an active device, disposed within the pixel region, the
active device being electrically connected to the scan
line and the data line;

a pixel electrode, disposed within the pixel region, the
pixel electrode being electrically connected to the
active device;

a passivation layer, disposed between the pixel electrode
and the data line; and

a transition auxiliary electrode, disposed adjacent to the
periphery of the pixel electrode, the pixel electrode and
the transition auxiliary electrode being made of the
same film, wherein the transition auxiliary electrode is
electrically connected to the common line through a
contact hole of the passivation layer.

2. The pixel structure as claimed in claim 1, wherein the

active device is a thin film transistor.

3. The pixel structure as claimed in claim 1, wherein the
common line is adjacent to the next scan line.

4. The pixel structure as claimed in claim 3, wherein the
transition auxiliary electrode is located between the common
line and the next scan line.

5. The pixel structure as claimed in claim 3, wherein the
transition auxiliary electrode is located above the next scan
line.

6. The pixel structure as claimed in claim 1, wherein the
transition auxiliary electrode is adjacent to the data line.

7. The pixel structure as claimed in claim 1, wherein the
transition auxiliary electrode is located above the data line.
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8. The pixel structure as claimed in claim 1, wherein the
shape of a side of the pixel electrode adjacent to the
transition auxiliary electrode corresponds to that of the
transition auxiliary electrode.

9. The pixel structure as claimed in claim 1, wherein the
shape of the transition auxiliary electrode comprises zigzag
shape.

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

an active device array substrate, comprising a plurality of

pixel structures as recited in claim 1, wherein the pixel
structures are disposed on the active device array
substrate as an array;

a color filter substrate, disposed at one side of the active

device array substrate; and

a liquid crystal layer, disposed between the active device

array substrate and the color filter substrate.

11. The LCD panel as claimed in claim 10, wherein the
active device is a thin film transistor.

12. The LCD panel as claimed in claim 10, wherein the
common line is adjacent to the next scan line.

13. The LCD panel as claimed in claim 12, wherein the
transition auxiliary electrode is located between the common
line and the next scan line.

14. The LCD panel as claimed in claim 12, wherein the
transition auxiliary electrode is located above the next scan
line.

15. The LCD panel as claimed in claim 10, wherein the
transition auxiliary electrode is adjacent to the data line.

16. The LCD panel as claimed in claim 10, wherein the
transition auxiliary electrode is located above the data line.

17. The LCD panel as claimed in claim 10, wherein the
shape of a side of the pixel electrode adjacent to the
transition auxiliary electrode corresponds to that of the
transition auxiliary electrode.

18. The LCD panel as claimed in claim 10, wherein the
shape of the transition auxiliary electrode comprises zigzag
shape.



THMBW(EF)

BREEMANRRE RERERAERE

US20080084529A1

US11/608379

FRIFRB(RFR)A(GE) FERERGERLA
RF(EFR)AGE) RERERGARAT.

HARBEEANR)AGE) PEREROARLA.

[#R1 &% BB A WANG CHIH CHIEH
CHIEN YAO HONG
LIN XIN XIN
CHEN LI SHAN
LIU XUAN YU
KBAA WANG, CHIH-CHIEH
CHIEN, YAO-HONG
LIN, XIN-XIN
CHEN, LI-SHAN
LIU, XUAN-YU
IPCH3EE GO02F1/1343
CPCH¥ESH GO02F1/1395 G02F1/134336
k54X 095137080 2006-10-05 TW
HAth 20 FF 32k US7684000
SAEREE$E Espacenet USPTO
BEGR)

RH-—EREN  SFEER , ALK BIEL  O#%  BRENS,
BREN , MLEMTERHB BN, EREHPABLKANBIELKIAER
NEREGREXE, EREHAHEFITTHELZ, REEBGEXERN
BRFABERIPHEANBIEL, REEBEXENNBEBRBE
EIBRFM. BBV THRELANGRENZE, SEHBREK
ZBRHEDES AR HCENEMA BERD N L, SERH
Bh e AR M R B AR FR AR R YRR B AR

patsnap

2008-04-10

RiEHR 2006-12-08

1141
e |
1143~ .

il



https://share-analytics.zhihuiya.com/view/0b3f6e90-55f9-403e-b2f8-3f3bf76f6110
https://worldwide.espacenet.com/patent/search/family/039274701/publication/US2008084529A1?q=US2008084529A1
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=%2220080084529%22.PGNR.&OS=DN/20080084529&RS=DN/20080084529

