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LIQUID CRYSTAL DISPLAY

[0001] This application claims the benefit of Taiwan appli-
cation Serial No. 95101483, filed Jan. 13, 2006, the subject
matter of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates in general to a LCD (Liquid
Crystal Display) panel, and more particularly to a LCD
panel having low color differences and multiple domains.

[0004] 2. Description of the Related Art

[0005] The viewable angle of a typical LCD is not large,
so the colors of the frame become incorrect when the display
is viewed at a large tilt angle. The LCD with the larger
screen suffers from the drawback of the uneven brightness
over the middle and periphery portions of the frame. Thus,
manufacturers have paid a great deal of attention to the
development of various LCDs with wide viewing angles,
such as an IPS (In-Plane Switching) LCD, a MVA (Multi-
domain Vertical Alignment) LCD, and the like.

[0006] In the MVA LCD, one pixel is divided into a
plurality of domains. Arranging directions of liquid crystal
molecules in each domain are slightly different from one
another such that the difference is not too great when the
display is viewed with different viewing angles.

[0007] However, the colors of the frame of the multi-
domain LCD viewed with different viewing angles still
exhibit some differences, so the frame quality thereof
requires further improvement.

[0008] In a conventional driving method of solving the
color difference, one pixel in the LCD panel is divided into
two sub-pixels each having a thin film transistor for control.
Thus, the slightly different driving voltages may be respec-
tively inputted to the two sub-pixels of the pixel so that the
phenomenon of the color difference can be improved.

SUMMARY OF THE INVENTION

[0009] The invention is directed to a multi-domain LCD,
which has the low color differences and the enhanced frame

quality.

[0010] According to the present invention, a LCD (Liquid
Crystal Display) panel includes data lines, scan lines and
pixels. Each pixel includes a first sub-pixel and a second
sub-pixel, which respectively have a first storage capacitor
and a second storage capacitor. A first data switch is selec-
tively coupled to a first terminal of the first storage capacitor
and one of the data lines. A second data switch is selectively
coupled to a first terminal of the second storage capacitor
and one of the data lines. A first bias line is coupled to a
second terminal of the first storage capacitor. A second bias
line is coupled to a second terminal of the second storage
capacitor. When the scan line is enabled, the first data switch
and the second data switch turn on such that the signal on the
data line is transmitted to the first sub-pixel and the second
sub-pixel. Next, after the scan line is disabled, levels of the
first bias line and the second bias line are respectively
changed such that pixel voltages of the first sub-pixel and the
second sub-pixel slightly different from each other.
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[0011] The invention will become apparent from the fol-
lowing detailed description of the preferred but non-limiting
embodiments. The following description is made with ref-
erence to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1A shows a multi-domain LCD module
according to a first embodiment of the invention.

[0013] FIG. 1B shows an equivalent circuit diagram of
one portion of the LCD panel.

[0014] FIGS. 2A and 2B respectively show signal wave-
forms of a first sub-pixel and a second sub-pixel of the LCD
panel according to a first driving method.

[0015] FIGS. 3A and 3B respectively show signal wave-
forms of the first sub-pixel and the second sub-pixel of the
LCD panel according to a second driving method.

[0016] FIG. 4 shows an equivalent circuit diagram of a
multi-domain LCD panel according to a second embodiment
of the invention.

[0017] FIGS. 5A and 5B respectively show signal wave-
forms of the first sub-pixel and the second sub-pixel of the
LCD panel according to a third driving method.

[0018] FIGS. 6A and 6B respectively show signal wave-
forms of the first sub-pixel and the second sub-pixel of the
LCD panel 400 according to a fourth driving method.

[0019] FIGS. 7Ato 7D are schematic illustrations showing
a LCD having a gate driver for driving bias lines.

[0020] FIG. 8 is a schematic illustration showing a first
LCD having a logic circuit for driving the bias lines.

[0021] FIGS. 9A, 10A, 11A and 12A respectively show
circuit diagrams of bias units.

[0022] FIGS. 9B, 10B, 11B and 12B respectively show
signal waveforms of various bias units and the correspond-
ing first sub-pixel and the second sub-pixel.

[0023] FIGS. 13A to 13C show layouts of three pixels.

[0024] FIG. 14A is a schematic illustration showing a
LCD panel 100 of the first embodiment.

[0025] FIG. 14B is a cross-sectional view taken along a
line A-A to show a first LCD panel structure.

[0026] FIG. 14C is a cross-sectional view taken along the
line A-A to show a second LCD panel structure.

[0027] FIG. 14D is a cross-sectional view taken along the
line A-A to show a third LCD panel structure.

[0028] FIG. 14E is a cross-sectional view taken along the
line A-A to show a fourth LCD panel structure.

[0029] FIG. 15A is a schematic illustration showing the
LCD panel 400 of the second embodiment.

[0030] FIGS. 15B to 15E are cross-sectional views show-
ing various structures of the LCD panel 400.

DETAILED DESCRIPTION OF THE
INVENTION
FIRST EMBODIMENT

[0031] FIG. 1A shows a multi-domain LCD module
according to a first embodiment of the invention. Referring
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to FIG. 1A, the LCD module includes a LCD panel 100, a
source driver 102 and a gate driver 104. The LCD panel 100
includes n*m pixels 101. The source driver 102 transmits
display data to the pixels 101 through data lines D(1) to
D(n). The gate driver 104 transmits a scan signal to the LCD
panel 100 to sequentially turn on each column of pixels
through scan lines S(1) to S(m), and transmits a first bias
signal and a second bias signal to each pixel 101 on the LCD
panel 100 through first bias lines B1(1) to B1(m) and second
bias lines B2(1) to B2(m).

[0032] FIG. 1B shows an equivalent circuit diagram of
one portion of the LCD panel 100. Referring to FIG. 1B, the
LCD panel 100 includes a plurality of pixels 101 arranged
in a matrix, a first bias line B1 and a second bias line B2
parallel to each other, a plurality of parallel scan lines S and
a plurality of parallel data lines D. The scan lines S, the first
bias line B1 and the second bias line B2 are substantially
parallel to one another and perpendicular to the data lines D.
Each pixel 101 corresponds to one data line D, one scan line
S, one first bias line B1 and one second bias line B2.

[0033] The pixel 101 includes a first sub-pixel 1011 and a
second sub-pixel 1012. The first sub-pixel 1011 includes a
thin film transistor 10111, a storage capacitor C,, and a
parasitic capacitor C,,, formed between a gate and a source
of the thin film transistor 10111. The thin film transistor
10111 has the gate coupled to the scan line S(1), the drain
coupled to the data line D(1) and a source coupled to a first
terminal of a liquid crystal equivalent capacitor C,, and a
first terminal of the storage capacitor C,,. The potential of
the source of the thin film transistor 10111 is v, a second
terminal of the liquid crystal equivalent capacitor C,; is
coupled to a common electrode having the voltage of V___,
and a second terminal of the storage capacitor C,, is coupled
to the first bias line B1(1). The second sub-pixel 1012
includes a thin film transistor 10121, a liquid crystal equiva-
lent capacitor C,,, a storage capacitor C_, and a parasitic
capacitor C,,, formed between the gate and the source of the
thin film transistor 10121. The thin film transistor 10121 has
a gate coupled to the scan line S(1), a drain coupled to the
data line D(1), and a source coupled to a first terminal of the
liquid crystal equivalent capacitor C,_, and a first terminal of
the storage capacitor C,,. The potential of the source of the
thin film transistor 10121 is V,, a second terminal of the
liquid crystal equivalent capacitor C,, is coupled to the
common electrode having the voltage of V__ ., and a second
terminal of the storage capacitor C_, is coupled to the first
bias line B2(1). The storage capacitor C_, of the first
sub-pixel 1011 is formed by the source of the thin film
transistor 10111 and the first bias line B1(n), and the storage
capacitor C,, of the second sub-pixel 1012 is formed by the
source of the thin film transistor 10121 and the second bias
line B2(n).

[0034] There are many methods of enabling the first
sub-pixel and the second sub-pixel to generate different
pixel voltages, and only two examples are illustrated in
connection with this embodiment. FIGS. 2A and 2B respec-
tively show signal waveforms of the first sub-pixel 1011 and
the second sub-pixel 1012 of the LCD panel 100 according
to a first driving method. Taking the polarity switching
method of dot inversion as an example, in which the
polarities of the pixel voltages in adjacent frame time
periods of the same pixel are different from each other and
the polarities of the pixel voltages of the adjacent pixels are
different from each other. As shown in FIGS. 2A and 2B, at
time to in the first frame time period f1, the voltage of the

Jul. 19, 2007

first bias line B1(1) is V,,,, the voltage of the second bias line
B2(1) is V;, and the voltage of the scan line S(n) is V;, such
that the thin film transistor 10111 and the thin film transistor
10121 turn on. The source driver 102 transmits a display
voltage V,, (not shown) to the liquid crystal equivalent
capacitor C,., and the liquid crystal equivalent capacitor C,_,
through the data line D(1). Due to the charging effect of the
capacitor, the voltage difference V 4, between two terminals
of the liquid crystal equivalent capacitor C,., is slowly
changed to (V4,-V...n), and the voltage difference Vg,
between two terminals of the liquid crystal equivalent
capacitor C,, is changed to (V4,—-V_.,n)- At time t,, the
voltage of the first bias line B1(1) is still V;,, and the voltage
of the second bias line B2(1) is still V,,,. The voltage of the
scan line S(n) is V; such that the thin film transistor 10111
and the thin film transistor 10121 cut off. At this moment, the
voltage difference between two terminals of each of the
parasitic capacitor C; and the parasitic capacitor C, has
to be kept constant, such that the voltage difference V 44
between two terminals of the liquid crystal equivalent

capacitor C,, is changed from (V4;-Veom) 10 (Vai=Veom)s
wherein
Cest
Avpi = (Ven = V) X
u T Cpa +Ca + G

and the voltage difference V ;;, between two terminals of the
liquid crystal equivalent capacitor C,., is changed from

(Vai=Veom) to

(Va1 = Veom = Avp),
wherein:

Ce2

A =(Von = Vo) X =—————————.
vz = Ven = Vat) Ceg2 +Ci2 +Cy2

[0035] This phenomenon is referred to as a feed-through
effect. At time t,, the voltage of the first bias line B1(1) is
changed from V,, to V,,, and the voltage of the second bias
line B2(1) is changed from V,; to V. At this moment, the
voltage difference V ;5 between two terminals of the liquid
crystal equivalent capacitor C,, is changed from (V-
Veom=AVq1) 1o (Vi =Veom—Ave -Avy,,) due to the feed-
through effect, wherein

Avgy = (Vi = Vi) X Con ;
st = bh — Vbl — .~ . o !
! Cgs1 + Cper + Csny

and the voltage difference V ;, between two terminals of the
liquid crystal equivalent capacitor C,_, is changed to

(Va1 = Veom — Avpp + Avgy),

wherein:

Avgs = (Vi = Vi) X Conr
2= (Von = Vo) X —Fmf—r—.
* Ceg2+Ci2 +Cs2
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[0036] At time t; in the second frame time period 2, the
voltage of the first bias line B1(1) is V,, the voltage of the
second bias line B2(1) is V,;,, and the voltage of the scan line
S(n) is V, to make the thin film transistor 10111 and the thin
film transistor 10121 turn on. The source driver 102 transfers
a display voltage V,, (not shown) to the liquid crystal
equivalent capacitor C,., and the liquid crystal equivalent
capacitor C,_, through the data line D(1). The charging effect
of the capacitor makes the voltage difference V;;;, between
two terminals of the liquid crystal equivalent capacitor C,,
change to (V4,—V.,,,) slowly, and makes the voltage dif-
ference V4, between two terminals of the liquid crystal
equivalent capacitor C,, to change to (V,-V_ ). At time
t,, the voltage of the first bias line B1(1) is V,, the voltage
of the second bias line B2(1) is V,,;,, and the voltage of the
scan line S(n) is V,,; to make the thin film transistor 10111
and the thin film transistor 10121 cut off. At this moment,
because the voltage difference between two terminals of
each of the parasitic capacitor C,, and the parasitic capaci-
tor C,, has to be kept constant, the voltage difference V ;s
between two terminals of the liquid crystal equivalent
capacitor C,,, is changed to (V4»,—V . m—Avg;), and the
voltage difference V., between two terminals of the liquid
crystal equivalent capacitor C,., is changed to (V4,-V o~
Avg,). At time ts, the voltage of the first bias line B1(1) is
changed from V,, to V;,, and the voltage of the second bias
line B2(1) is changed from V., to V. At this moment,
because the voltage difference between two terminals of
each of the storage capacitor C,, and the storage capacitor
C,., has to be kept constant, the voltage difference V
between two terminals of the liquid crystal equivalent
capacitor C,., is changed to (V4,-V_,.,—Avg +Av,), and
the voltage difference Vg, between two terminals of the
liquid crystal equivalent capacitor C,., is changed to (V 4,—
Vcom_AVft2_AVst2)‘

[0037] Inthe first frame time period f1, the driving method
makes the voltage difference V 4, between two terminals of
the liquid crystal equivalent capacitor C,.; of the first sub-
pixel 1011 assume a value of (V,-V_  —-Avs -Av,,) and
makes the voltage difference V¢, between two terminals of
the liquid crystal equivalent capacitor C,., of the second
sub-pixel 1012 assume a value of (V4,-V_ . —AV+AV,,,).
With this the voltage differences between two terminals of
the liquid crystal equivalent capacitors of the first sub-pixel
and the second sub-pixel are different from each other and
the low color difference effect can be achieved. Similarly, in
the second frame time period 2, the driving method causes
the voltage difference V;, between two terminals of the
liquid crystal equivalent capacitor C,., of the first sub-pixel
1011 to become (V4o—V om—Avg, +Avy,) and causes the
voltage difference V ,;;, between two terminals of the liquid
crystal equivalent capacitor C,., of the second sub-pixel
1012 to become (V4,-V_,,—Avg,—Av,,), such that the
voltage differences between two terminals of the liquid
crystal equivalent capacitors of the first sub-pixel 1011 and
the second sub-pixel 1012 are slightly different from each
other and the low color difference effect can be achieved. It
is appreciated that, in the first frame time period f1 and the
second frame time period f2, the voltage differences between
two terminals of the liquid crystal equivalent capacitors of
the first sub-pixel 1011 and the second sub-pixel 1012 are
kept constant except that the voltage differences change as
the capacitors are charged and at B1(1) and B2(1). Thus, the
frame stability can be held.
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[0038] FIGS. 3A and 3B respectively show signal wave-
forms of the first sub-pixel and the second sub-pixel of the
LCD panel 100 according to a second driving method. The
second driving method mainly differs from the first driving
method as follows: the first driving method only changes the
states of the first bias line B1(1) and the second bias line
B2(1) after the scan line S is disabled, while the second
driving method changes the states of the first bias line B1(1)
and the second bias line B2(1) when the scan line S is
enabled and after the scan line S is disabled.

[0039] At time to in the first frame time period fl, the
voltage of the first bias line B1(1) increases from V_, to
Vn the voltage of the second bias line B2(1) decreases from
Veom 10 Vi, and the voltage of the scan line S(n) is V.
Thus, the thin film transistor 10111 and the thin film tran-
sistor 10121 turn on, and the source driver 102 transfers the
display voltage V4, (not shown) to the liquid crystal equiva-
lent capacitor C,; and the liquid crystal equivalent capacitor
C,., through the data line D(1). The capacitor charging effect
enables the voltage difference V; between two terminals
of the liquid crystal equivalent capacitor C,; to change to
(V41-V.om) slowly, and the voltage difference V 5, between
two terminals of the liquid crystal equivalent capacitor C,.,
to change to (V4,-V_..,) slowly. So, the voltage of the first
bias line B1(1) is still V; , the voltage of the second bias line
B2(1) is still V,; and the voltage of the scan line S(n) is V
at time t,, such that the thin film transistor 10111 and the thin
film transistor 10121 cut off. At this moment, the voltage
difference V4 between two terminals of liquid crystal
equivalent capacitor C,., is changed from (V4,-V_.,) to
(Va1=Veom—Avg, ) due to the feed-through effect, wherein

Cost

Ave =(Vgp = Ve ) X ——m8m—————;
It & BT Coqt + Cret + Cont

and the voltage difference V ;;, between two terminals of the
liquid crystal equivalent capacitor C,., is changed from

(Vai=Veom) 10 (Vg1 =V =Avy,), wherein

Ces2

Avi = (Vg = Vo)X —— 22
i g el Ce2 + Cia + Cp

Later, at time t,, the voltage of the first bias line B1(1)
decreases from V,, to V___ . the voltage of the second bias
line B2(1) increases from V; to V... At this moment, due
to the feed-through effect, the voltage difference v,
between two terminals of liquid crystal equivalent capacitor
Cie, is changed from (V4,-V om=Avs) 10 (Vii—Veom—
Avg,-Avg,"), wherein

Csr1

AV = (Vi = Veom) X —————————;
st = (Vo = Veon) Cgst +Cie1 + Csny

and the voltage difference v ., between two terminals of the
liquid crystal equivalent capacitor C,_, is changed to (V4,—
Vcom_AVft2+AVst2'): wherein
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Co2

Avip = (Veom = Vo) X ———— .
ez = (Veom = Vit) Con + iz + Con

[0040] At time t; in the second frame time period 2, the
voltage of the first bias line B1(1) decreases from V__, to
V.1, the voltage of the second bias line B2(1) increases from
Veom 10 Vi, and the voltage of the scan line S(n) is V,, such
that the thin film transistor 10111 and the thin film transistor
10121 turn on. The source driver 102 transfers the display
voltage V,, (not shown) to the liquid crystal equivalent
capacitor C,., and the liquid crystal equivalent capacitor C,,
through the data line D(1). Due to the capacitor charging
effect, the voltage difference v 4, between two terminals of
the liquid crystal equivalent capacitor C,; is changed to
(V45=V o) slowly, and the voltage difference V 4, between
two terminals of the liquid crystal equivalent capacitor C,_,
is changed to (V4,-V_,,.,) slowly. At time t,, the voltage of
the first bias line B1(1) is still V,, the voltage of the second
bias line B2(1) is still V,,;, and the voltage of the scan line S
(n) is still V,,; such that the thin film transistor 10111 and the
thin film transistor 10121 cut off. At this moment, due to the
feed-through effect, the voltage difference V ;;;, between two
terminals of the liquid crystal equivalent capacitor C,, is
changed to (V4,—V.om—Avg,), and the voltage difference
V., between two terminals of the liquid crystal equivalent
capacitor C,, is changed to (V,—-V . ,,—Avy,). Later, at time
ts, the voltage of the first bias line B1(1) increases from V;
to V. m, the voltage of the second bias line B2(1) decreases
from V,, to V___. At this moment, due to the feed-through
effect, the voltage difference v, between two terminals of
the liquid crystal equivalent capacitor C,,; is changed to
(Vao=Veom—Avg, +Av,,"), and the voltage difference Vg ;p
between two terminals of the liquid crystal equivalent
capacitor C,_, is changed to (V ,=-V ., —AVs,—AV,,").

[0041] The first and second driving methods assume the
phase difference of 180 degrees between the levels of the
first bias line B1(1) and the second bias line B2(1), so the
voltage differences between two terminals of the liquid
crystal equivalent capacitors of the first sub-pixel 1011 and
the second sub-pixel 1012 are slightly different from each
other, and the low color difference effect can be achieved.

[0042] In addition to the 180 degrees of this embodiment,
the phase difference between the first bias line B1(1) and the
second bias line B2(1) may also range from 180 to 360
degrees. In addition, in one frame time period, the number
of switching time(s) of the first bias line B1(1) and the
second bias line B2(1) is one in this embodiment but may be
two or more than two in other embodiments.

[0043] It is appreciated that, in the first frame time period
f1 and the second frame time period 2, the voltage differ-
ences between two terminals of the liquid crystal equivalent
capacitors of the first sub-pixel 1011 and the second sub-
pixel 1012 are kept constant except that the voltage differ-
ences change as the capacitors are charged. Thus, the frame
stability can be held.

SECOND EMBODIMENT

[0044] FIG. 4 shows an equivalent circuit diagram of a
multi-domain LCD panel according to a second embodiment
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of the invention. Referring to FIG. 4, the LCD panel 400
includes a plurality of pixels 401 arranged in a matrix, a
plurality of parallel bias lines B, a plurality of parallel scan
lines S and a plurality of parallel data lines D, wherein the
bias lines B and the scan lines S are alternately arranged in
parallel and perpendicular to the data lines D. The pixel 401
includes a corresponding data line D, a corresponding scan
line S and a corresponding bias line B.

[0045] The pixel 401 includes a first sub-pixel 4011 and a
second sub-pixel 4012. The first sub-pixel 4011 includes a
thin film transistor 40111, a liquid crystal equivalent capaci-
tor C,., and a storage capacitor C,,. The second sub-pixel
4012 includes a thin film transistor 40121, a liquid crystal
equivalent capacitor C,, and a storage capacitor Cy,.

[0046] The difference between the LCD panel 400 of the
second embodiment and the LCD panel 100 of the first
embodiment will be described in the following. Two adja-
cent bias lines B are merged into one bias line in the LCD
panel 400. That is, one bias line B of the LCD panel 400
simultaneously adjusts the second sub-pixel of an upper
pixel and the first sub-pixel of a lower pixel. Thus, the
number of the bias lines may be reduced to one half. The
phases of the voltages of the adjacent bias line B(n) and bias
line B(n+1) are different from each other.

[0047] FIGS. 5A and 5B respectively show signal wave-
forms of the first sub-pixel and the second sub-pixel of the
LCD panel 400 according to a third driving method. The
signal waveform (FIG. 5A) for driving the first sub-pixel
4011 according to the third driving method is the same as the
signal waveform (FIG. 2A) for driving the first sub-pixel
1011 according to the first driving method of the first
embodiment, and detailed descriptions thereof will be omit-
ted.

[0048] The difference between the signal waveform (FIG.
5B) for driving the second sub-pixel 4012 of the LCD panel
400 according to the third driving method and that (FIG. 2B)
for driving the second sub-pixel 1012 of the LCD panel 100
according to the first driving method of the first embodiment
resides in the signal of the bias line B. At time to in the first
frame time period f1, the voltage of the bias line B(n+1) is
V,,; and the voltage of the scan line S(n) is V,, such that the
thin film transistor 40111 and the thin film transistor 40121
turn on. At time t,, the voltage of the bias line B(n+1) is still
V,, and the voltage of the scan line S(n) is decreased to V,
such that the thin film transistor 40111 and the thin film
transistor 40121 cut off. It is appreciated that the disabled
scan line S(n) cannot directly and immediately increase the
voltage of the bias line B2, as shown in FIG. 2B because the
bias line B(n+1) still has to adjust the first sub-pixel of the
lower pixel. Thus, the voltage of the bias line B(n+1) cannot
be increased from V, to V,,;, until the scan line S(n+1) of the
lower pixel is enabled and disabled at time t,'.

[0049] At time t; in the second frame time period f2, the
voltage of the bias line B(n+1) is V,;, and the voltage of the
scan line S(n) is V,;, such that the thin film transistor 40111
and the thin film transistor 40121 turn on. At time t,, the
voltage of the bias line B(n+1) is still V,, and the voltage of
the scan line S(n) is decreased to V, such that the thin film
transistor 40111 and the thin film transistor 40121 cut off. It
will be appreciated that the disabled scan line S(n) cannot
directly and immediately reduce the voltage of the bias line
B, as shown in FIG. 2B, because the bias line B(n+1) still
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has to adjust the first sub-pixel of the lower pixel. Thus, after
the scan line S(n+1) of the lower pixel being disabled before
time t5', the voltage of the bias line B(n+1) is reduced from
Vi to Vy, at time t5".

[0050] FIGS. 6A and 6B respectively show signal wave-
forms of the first sub-pixel and the second sub-pixel of the
LCD panel 400 according to a fourth driving method. In the
first frame time period f1, the voltage on the bias line B(n)
has to be changed from V__, to V,, at the time t,' when the
scan line S(n-1) is enabled because the bias line B(n) still
has to adjust the second sub-pixel of the upper pixel. After
the scan line S(n) is disabled, the voltage on the bias line
B(n) is changed from V___ to V, at time t,; and the voltage
on the bias line B(n+1) is changed from V__, to V, at the
time t,. However, the voltage on the bias line B(n+1) cannot
be changed from V,; to V_,,, until the scan line S(n+1) is
disabled at time t,' because the bias line B(n+1) still has to
adjust the first sub-pixel of the lower pixel. In the second
frame time period 2, because the bias line B(n) still has to
adjust the second sub-pixel of the upper pixel, the voltage on
the bias line B(n) has to be changed from V__, to V,, at the
time t,' when the scan line S(n-1) is enabled. After the scan
line S(n) is disabled, the voltage on the bias line B(n) is
changed from V; to V__, at time ts. The voltage on the bias
line B(n+1) is changed from V___ to V, at time t,. How-
ever, the bias line B(n+1) still has to adjust the first sub-pixel
of the lower pixel. Thus, the voltage on the bias line B(n+1)
cannot be changed from V., to V__ at time t4' after the scan
line S(n+1) is disabled.

Method of Driving Bias Lines

[0051] The bias lines may be driven by a gate driver or a
logic circuit in this example. However, one of ordinary skill
in the art may achieve the driving method of the invention
according to any other arbitrary device or method. FIGS. 7A
to 7D are schematic illustrations showing a LCD having a
gate driver for driving bias lines. FIG. 7A is a schematic
illustration showing a first LCD 700 having a gate driver for
driving the bias lines, wherein the LCD panel 400 serves as
an example. The LCD 700 includes the LCD panel 400 and
at least one gate driver 710. Output levels of pins of the gate
driver 710 may be respectively set, and the pins may be
electrically connected to the corresponding scan lines S or
bias lines B such that the pins respectively output the levels
for the scan signals S and the bias lines B.

[0052] FIG. 7B is a schematic illustration showing a
second LCD 720 having a gate driver for driving the bias
lines. The LCD 720 includes the LCD panel 400 and gate
drivers 721 and 722. The gate driver 721 generates the scan
signal S, and the gate driver 722 generates the level for the
bias line B.

[0053] FIG. 7C is a schematic illustration showing a third
LCD 740 having a gate driver for driving the bias lines. The
LCD 740 includes the LCD panel 400 and gate drivers 741
and 742. What is different from the LCD 720 is that the gate
driver 742 drives the bias line B from the second terminal of
the panel.

[0054] FIG. 7D is a schematic illustration showing a
fourth LCD 760 having a gate driver for driving the bias
lines. The LCD 760 includes the LCD panel 400 and gate
drivers 761, 762, 763 and 764. The gate drivers 761 and 763
commonly drive the bias line B respectively from two ends
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of the LCD panel 400, and the gate drivers 762 and 764
commonly drives the scan line S respectively from the two
ends of the LCD panel 400.

[0055] Hereinafter, a LCD using a logic circuit to drive the
bias lines will be described. FIG. 8 is a schematic illustration
showing a first LCD 800 having a logic circuit for driving
the bias lines. The LCD 800 includes a gate driver 810, a
bias generating circuit 820 and the LCD panel 400. The bias
generating circuit 820 is formed on a glass substrate of the
LCD panel 400. The gate driver 810 drives the scan line S.
The bias generating circuit 820 drives the bias line B
according to the scan line S. The bias generating circuit 820
includes a plurality of bias units, each of which generates a
voltage level for the bias line according to two adjacent scan
lines corresponding to the bias line. The bias unit 822 may
be implemented in many ways. Four ways will be illustrated
in this embodiment, as shown in FIGS. 9A, 10A, 11A and
12A. However, one of ordinary skill in the art will easily
understand that the voltage level for the bias line of the
invention may be generated using any other devices or
methods.

[0056] FIG. 9A is a circuit diagram showing the first bias
unit 822 configured to be electrically connected to the scan
lines S(n) and S(n+1) in this example. The bias unit 822
includes thin film transistors T1 to T6 and a capacitor C.
Please refer also to FIG. 9B, which shows signal waveforms
of the bias unit 822 and its corresponding first sub-pixel and
second sub-pixel. In the first frame time period fl, the scan
line S(n) is enabled such that the transistors T2, T5, T6 turn
on. So, the levels on the bias lines B1(n) and B2(n) are
respectively changed to the levels of V|, and V,. After the
scan line S(n) is disabled and when the scan line S(n+1) is
enabled, the transistors T2, TS, T6 turn off, and the transis-
tors T1, T3 and T4 turn on. Thus, the levels on the bias lines
B1(n) and B2(n) are changed to V__,,, which may also be the
voltage V., of the common electrode.

[0057] Ifthe polarity switching method by dot inversion is
utilized, the polarities of the voltages V,, and V| , have to be
changed with the switching of each frame. In addition, one
of the voltages V,; and V,, may be set to be equal to the
voltage V'__ ... The transistors T3 and T5 may be eliminated
if the voltage V, is equal to V'__ ., and the transistors T4 and
T6 may be eliminated if the voltage V, is equal to V'__ .

[0058] FIG. 10A is a circuit diagram showing a second
bias unit 832, which is to be electrically connected to the
scan lines S(n) and S(n+1) in this example. The bias unit 832
includes thin film transistors T1 and T2 and capacitors C1
and C2. Please also refer to FIG. 10B, which shows signal
waveforms of the bias unit 832 and its corresponding first
sub-pixel and second sub-pixel. In the first frame time period
f1, the scan line S(n) is enabled and the transistors T1 and
T2 turn off, so the levels of the bias lines B1(n) and B2(n)
are the levels of V,; and V,, in the previous frame time
period 0. When the scan line S(n+1) is enabled, the tran-
sistors T1 and T2 turn on. Thus, the levels on the bias lines
B1(n) and B2(n) are respectively changed to V,; and V, in
the first frame time period f1.

[0059] Ifthe polarity switching method by dot inversion is
utilized, the polarities of the voltages V,; and V, , have to be
switched with the switching of each frame. The polarity of
V,, in the previous frame time period f0 is different from
that of V, in the first frame time period f1; and the polarity
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of V,, in the previous frame time period {0 is different from
that of 'V, in the first frame time period fl1. In addition, one
of the voltages V,,; and V,, may be set to be equal to the
voltage V_ . If the voltage V,, is equal to V_, the
transistor T1 and the capacitor C1 may be eliminated; and if
the voltage V, is equal to V__, the transistor T2 and the

capacitor C2 can be eliminated.

[0060] FIG. 11A is a circuit diagram showing a third bias
unit 842 configured to be electrically connected to the scan
line S(n). The bias unit 842 includes thin film transistors T1
to T4, wherein the transistors T1 and T2 always turn on to
serve as resistors. Please refer also to FIG. 11B, which
shows signal waveforms of the bias unit 842 and its corre-
sponding first sub-pixel and second sub-pixel. In the first
frame time period f1, the scan line S(n) is enabled such that
the transistors T3 and T4 turn on. So, the levels of the bias
lines B1(n) and B2(n) are respectively changed to the levels
of V., and V. After the scan line S(n) is disabled and when
the scan line S(n+1) is enabled, the transistors T3 and T4
turn off. So, the levels of the bias lines B1(n) and B2(n) are
changed to V'__ .

[0061] Ifthe polarity switching method by dot inversion is
utilized, the polarities of the voltages V,; and V, have to be
changed with the switching of each frame. The polarity of
V. in the previous frame time period {0 is different from that
ot V., in the first frame time period f1. The polarity of V,,
in the previous frame time period f0 is different from that of
V,,, in the first frame time period f1. In addition, one of the
voltages V,,; and V,, may be set to be equal to the voltage
Vom- If the voltage V; is equal to V', the transistors T2
and T4 may be eliminated. If the voltage V,, is equal to
A% the transistors T1 and T3 may be eliminated.

[0062] FIG.12Ais a circuit diagram showing a fourth bias
unit 852, which is electrically connected to the scan lines
S(n) and S(n+1) in this example. The bias unit 852 includes
thin film transistors T1 to T4. Please refer also to FIG. 12B,
which shows signal waveforms of the bias unit 852 and its
corresponding first sub-pixel and second sub-pixel. In the
first frame time period fl, the scan line S(n) is enabled such
that the transistors T3 and T4 turn on. Accordingly, the levels
of the bias lines B1(n) and B2(n) are respectively changed
to the levels of V,, and V,,. After the scan line S(n) is
disabled and when the scan line S(n+1) is enabled, the
transistors T3 and T4 turn off, the transistors T1 and T2 turn
on, and the levels of the bias lines B1(n) and B2(n) are
changed to V'__ .

com?

[0063] If the polarity switching method by the dot inver-
sion is utilized, the polarities of the voltages V,, and V,
have to be switched with the switching of each frame. In
addition, one of the voltages V,; and V,, may be set to be
equal to the voltage V'__ . If the voltage V,, is equal to
V' om, the transistors T1 and T3 may be eliminated and
B1(n) is directly coupled to V'__ . Ifthe voltage V, is equal
to V., the transistors T2 and T4 may be eliminated, and

com

B2(n) is directly coupled to V'__ .
Pixel Layout

[0064] The first and second embodiments divide one pixel
into a first sub-pixel Pa and a second sub-pixel Pb, and the
layouts of the first sub-pixel Pa and the second sub-pixel Pb
may have any arbitrary shape. Some examples will be
described in the following. FIG. 13A shows a first layout of
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the pixel, wherein the first sub-pixel Pa and the second
sub-pixel Pb respectively occupy upper and lower portions
of'the pixel, and each of the first sub-pixel Pa and the second
sub-pixel Pb includes one TFT (Thin-Film Transistor). FIG.
13B shows a second layout of the pixel, wherein the first
sub-pixel Pa is located in the middle of the pixel, the second
sub-pixel Pb surrounds the first sub-pixel Pa, and each of the
first sub-pixel Pa and the second sub-pixel Pb includes one
TFT. FIG. 13C shows a third layout of the pixel, wherein the
first sub-pixel Pa is a trapezoidal pixel, the other portion
pertains to the second sub-pixel Pb, and each of the first
sub-pixel Pa and the second sub-pixel Pb includes one TFT.

[0065] FIGS.13Ato 13Cillustrate several examples of the
layout. However, one of ordinary skill in the art may use the
layout with any other shape to construct the pixel structure
of the invention.

Pixel Structure

[0066] The LCD panel 100 of the first embodiment may
have several configurations. Four examples will be
described in the following. FIG. 14A is a schematic illus-
tration showing the LCD panel 100 of the first embodiment.
FIGS. 14B to 14E are cross-sectional views showing various
structures of the LCD panel 100. FIG. 14B is a cross-
sectional view taken along a line AA' to show a first LCD
panel structure. The LCD panel 100 includes an upper
substrate 10, a common electrode 12, a lower substrate 11,
transparent electrodes 13 and 14, and first metal layers M1
and second metal layers M2. The two second metal layers
M2 respectively couple the transparent electrodes 13 and 14
to the data lines. The two first metal layers M1 constitute the
bias lines B1 and B2. The first metal layer M1 and the
corresponding second metal layer M2 constitute the storage
capacitor C,.

[0067] FIG. 14C is a cross-sectional view taken along the
line A-A to show a second LCD panel structure, which is
different from the first structure in that the transparent
electrodes 13 and 14 are electrically connected to the first
metal layers M1, and the second metal layers M2 constitute
the bias lines B1 and B2. FIG. 14D is a cross-sectional view
taken along the line AA' to show a third LCD panel
structure, which is different from the first structure in that the
first metal layers M1 are further electrically connected to the
transparent electrodes 15 and 16 in order to increase the
capacitance of the storage capacitor C,. FIG. 14E is a
cross-sectional view taken along the line AA' to show a
fourth LCD panel structure, which is different from the first
structure in that the second metal layers have been elimi-
nated.

[0068] The LCD panel 400 of the second embodiment
may have several structures, and four examples will be
illustrated. FIG. 15A is a schematic illustration showing the
LCD panel 400 of the second embodiment. FIGS. 15B to
15E are cross-sectional views showing various structures of
the LCD panel 400. FIG. 15B is a cross-sectional view taken
along a line A-A to show a first structure of the LCD panel
400. The LCD panel 400 includes an upper substrate 10, a
common electrode 12, a lower substrate 11, transparent
electrodes 13 and 14, a first metal layer M1 and two second
metal layers M2. The two second metal layers M2 respec-
tively couple the transparent electrodes 13 and 14 to the data
lines. The first metal layer M1 constitutes the bias line B.
The first metal layer M1 and its corresponding second metal
layers M2 constitute the storage capacitor C.



US 2007/0164957 Al

[0069] FIG. 15C is a cross-sectional view taken along the
line AA' to show a second structure of the LCD panel 400,
which is different from the first structure in that the trans-
parent electrodes 13 and 14 are electrically connected to the
first metal layers M1, and the second metal layer M2
constitutes the bias lines B. FIG. 15D is a cross-sectional
view taken along the line AA' to show a third structure of the
LCD panel 400, which is different from the first structure in
that the first metal layer M1 is further electrically connected
to the transparent electrode 15 in order to increase the
capacitance of the storage capacitor C. FIG. 15E is a
cross-sectional view taken along the line AA' to show a
fourth structure of the LCD panel 400, which is different
from the first structure in that the second metal layers have
been eliminated.

[0070] The embodiments enable the sub-pixels in one
pixel of the multi-domain LCD panel to have the driving
voltages, which are slightly different from each other, so as
to reduce the color difference and enhance the frame stability
and the display quality.

[0071] While the invention has been described by way of
example and in terms of a limited number of embodiments,
it is to be understood that the invention is not limited thereto.
On the contrary, the present invention is intended to cover
various modifications and similar arrangements and proce-
dures, and the scope of the appended claims therefore should
be accorded the broadest interpretation so as to encompass
all such modifications and similar arrangements and proce-
dures.

What is claimed is:
1. An LCD (Liquid Crystal Display) panel, comprising:

a data line extending in a first direction;

a scan line extending in a second direction substantially
perpendicular to the first direction;

a pixel formed at an intersection between the data line and
the scan line, the pixel comprising:

a first sub-pixel, which comprises a first switch, a first
liquid crystal capacitor and a first storage capacitor,
wherein the first switch has a first terminal coupled
to the scan line, a second terminal coupled to the data
line, and a third terminal coupled to a first terminal
of the first liquid crystal capacitor and a first terminal
of the first storage capacitor; and

a second sub-pixel, which comprises a second switch,
a second liquid crystal capacitor and a second stor-
age capacitor, wherein the second switch has a first
terminal coupled to the scan line, a second terminal
coupled to the data line, and a third terminal coupled
to a first terminal of the second liquid crystal capaci-
tor and a first terminal of the second storage capaci-
tor;

a first bias line electrically connected to a second terminal
of the first storage capacitor; and

a second bias line electrically connected to a second
terminal of the second storage capacitor, wherein:

when the scan line is enabled, a first data switch and a
second data switch turn on to enable a signal on the data
line to be transmitted to the first sub-pixel and the
second sub-pixel; and
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after the scan line is disabled, levels of the first bias line
and the second bias line respectively change to make
pixel voltages of the first sub-pixel and the second
sub-pixel different from each other.

2. The panel according to claim 1, wherein the first bias
line has a first level before the scan line is enabled, the first
level when the scan line is enabled, and a second level after
the scan line is disabled.

3. The panel according to claim 1, wherein the second bias
line has a third level before the scan line is enabled, the third
level when the scan line is enabled, and a fourth level after
the scan line is disabled.

4. The panel according to claim 1, wherein the first bias
line has a first level before the scan line is enabled, a second
level when the scan line is enabled, and the first level after
the scan line is disabled.

5. The panel according to claim 1, wherein the second bias
line has a third level before the scan line is enabled, a fourth
level when the scan line is enabled, and the third level after
the scan line is disabled.

6. The panel according to claim 1, wherein the LCD panel
comprises a gate driver, which comprises a plurality of
output pins for respectively driving the scan line, the first
bias line and the second bias line.

7. The panel according to claim 1, wherein the LCD panel
comprises a first gate driver for driving the scan line, and a
second gate driver for driving the first bias line and the
second bias line.

8. The panel according to claim 7, wherein the first gate
driver and the second gate driver are disposed on one side of
the LCD panel.

9. The panel according to claim 7, wherein the first gate
driver and the second gate driver are disposed on opposite
sides of the LCD panel.

10. The panel according to claim 1, wherein the LCD
panel comprises a first gate driver and a second gate driver,
which are disposed on opposite sides of the LCD panel and
commonly drive the scan line, and a third gate driver and a
fourth gate driver, which are disposed on the opposite sides
of the LCD panel and commonly drive the first bias line and
the second bias line.

11. The panel according to claim 1, comprising a plurality
of the scan lines defined as first scan lines and second scan
lines, and a plurality of the pixels defined as first pixels and
second pixels, wherein the first pixels and the second pixels
are respectively arranged in directions perpendicular to each
other, and the second bias line is shared by the second
sub-pixel of the first pixel and the first sub-pixel of the
second pixel.

12. The panel according to claim 11, further comprising a
bias generating circuit, which is formed on a substrate of the
LCD panel, for driving the first bias line and the second bias
line according to the first scan line and the second scan line.

13. The panel according to claim 12, wherein the bias
generating circuit comprises at least one bias unit, which is
electrically connected to the first scan line and the second
scan line and is electrically connected to the first bias line
and the second bias line.

14. The panel according to claim 1, wherein a phase
difference between the levels of the first bias line and the
second bias line ranges from 180 to 360 degrees.

15. An LCD (Liquid Crystal Display) panel, comprising:

a data line extending in a first direction;
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a scan line extending in a second direction substantially
perpendicular to the first direction;

apixel formed at an intersection between the data line and
the scan line, the pixel comprising:

a first sub-pixel, which comprises a first switch, a first
liquid crystal capacitor and a first storage capacitor,
wherein the first switch has a first terminal coupled
to the scan line, a second terminal coupled to the data
line, and a third terminal coupled to a first terminal
of the first liquid crystal capacitor and a first terminal
of the first storage capacitor; and

a second sub-pixel, which comprises a second switch,
a second liquid crystal capacitor and a second stor-
age capacitor, wherein the second switch has a first
terminal coupled to the scan line, a second terminal
coupled to the data line, and a third terminal coupled
to a first terminal of the second liquid crystal capaci-
tor and a first terminal of the second storage capaci-
tor;

a first bias line electrically connected to a second terminal
of the first storage capacitor; and

a second bias line electrically connected to a second
terminal of the second storage capacitor, wherein:

when the scan line is enabled, a first data switch and a
second data switch turn on to enable a signal on the data
line to be transmitted to the first sub-pixel and the
second sub-pixel;

after the scan line is disabled, levels of the first bias line
and the second bias line respectively change to make
pixel voltages of the first sub-pixel and the second
sub-pixel be slightly different from each other; and

the first bias line and the second bias line further respec-
tively change the levels thereof at least one time in a
frame time period.

16. An LCD (Liquid Crystal Display), comprising:

a source driver;,
a gate driver for outputting a scan signal,

a bias generating circuit for outputting a first bias signal
and a second bias signal according to the scan signal;
and
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a LCD panel, which comprises:

a data line, which extends in a first direction and is
electrically connected to the source driver;

a scan line, which extends in a second direction sub-
stantially perpendicular to the first direction, for
receiving the scan signal;

a pixel formed at an intersection of the data line and the
scan line, the pixel comprising:

a first sub-pixel, which comprises a first switch, a
first liquid crystal capacitor and a first storage
capacitor, wherein the first switch has a first
terminal coupled to the scan line, a second termi-
nal coupled to the data line, and a third terminal
coupled to a first terminal of the first liquid crystal
capacitor and a first terminal of the first storage
capacitor; and

a second sub-pixel, which comprises a second
switch, a second liquid crystal capacitor and a
second storage capacitor, wherein the second
switch has a first terminal coupled to the scan line,
a second terminal coupled to the data line, and a
third terminal coupled to a first terminal of the
second liquid crystal capacitor and a first terminal
of the second storage capacitor;

a first bias line, which receives the first bias signal and
is electrically connected to a second terminal of the
first storage capacitor; and

a second bias line, which receives the second bias
signal and is electrically connected to a second
terminal of the second storage capacitor, wherein:

when the scan line is enabled, a first data switch and a
second data switch turn on to enable a signal on the
data line to be transmitted to the first sub-pixel and
the second sub-pixel; and

after the scan line is disabled, levels of the first bias
signal and the second bias signal respectively change
to make pixel voltages of the first sub-pixel and the
second sub-pixel be slightly different from each
other.
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