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LIQUID CRYSTAL DISPLAY AND DRIVING
METHOD THEREOF

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a liquid crystal
display and a driving method thereof.

[0003] (b) Description of the Related Art

[0004] Liquid crystal displays (LCDs) are the most com-
monly used one of flat panel displays (FPDs) handy to carry.

[0005] An LCD includes a pair of panels having field-
generating electrodes and polarizers, and a liquid crystal
(LC) layer with dielectric anisotropy, which is interposed
between the panels and subject to electric field generated by
the electrodes. The variation of the field strength changes
molecular orientations of the LC layer, which tend to align
parallel or perpendicular to the field direction. The LCD
passes light through the LC layer via the polarizers and
reorients the LC molecules to change the polarization of the
light. The polarizers convert the change of the polarization
into the change of the light transmittance and enable to
obtain desired images.

[0006] TheLCD has a narrow viewing angle. In particular,
a twisted-nematic (TN) mode LCD having nematic LC with
twisted alignment is widely used due to its many advantages,
its application to monitors and television sets is limited due
to its narrow viewing angle.

(a) Field of the Invention

[0007] Several techniques such as multi-domains and
compensation films for widening the viewing angle of the
LCD are developed. In particular, compensation films often
called wide viewing films give viewing characteristics in a
lateral direction as good as other wide viewing techniques.
However, gray inversion (that the brightness decreases as
the gray voltage increases in a normally black mode LCD or
vice versa in a normally white mode LCD) in a vertical
direction still remains, which is severe particularly when
viewing from the bottom.

[0008] Furthermore, a multi-domain LCD shows poor
visibility at a lateral view compared with a normal TN mode
LCD due to the inconsistency of gamma curves for a lateral
view and for a front view. For example, a patterned-verti-
cally-aligned (PVA) mode LCD having cutouts for forming
domains displays brighter and whiter images as it goes away
from the front to the lateral side. Sometimes, the brightness
of the higher grays becomes indistinguishable to make the
image mashed.

SUMMARY OF THE INVENTION

[0009] A device of driving a liquid crystal display includ-
ing a plurality of pixels connected to gate lines and data lines
and arranged in a matrix is provided, which includes: a gray
voltage generator generating a plurality of gray voltages; an
image signal modifier receiving first image signals for a
pixel row and second image signals for a next pixel row,
selecting modified image signal depending on the first image
signals and the second image signals, and outputting the
modified image signals; and a data driver selecting data
voltages from the gray voltages based on the modified image
signals from the image signal modifier and applying the data
voltages to the pixels.
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[0010] The image signal modifier preferably includes a
memory unit storing the image signals. The image signal
modifier stores the first image signals into the memory unit,
and reads out the first image signals stored in the memory
unit and stores the second image signals into the memory
unit upon receipt of the second image signals.

[0011] The memory unit may include a dual-port memory
provided with a read port and a write port.

[0012] Preferably, the image signal modifier further
includes a data modifier stores the modified image signals
depending on the first image signals and the second image
signals. The data modifier may include a look-up table.

[0013] The image signal modifier may further include a
multiplexer for changing a path of the image signals sup-
plied to the memory unit depending on the first image
signals and the second image signals the memory unit The
multiplexer changes the path in response to a control signal
from an external device, and the control signal is synchro-
nized with a horizontal synchronization signal and a data
enable signal having a period equal to a transmission time of
the image signals for a pixel row.

[0014] The memory unit may include a pair of single port
memories reading and writing in turn.

[0015] Preferably, each pixel includes first and second
subpixels, each subpixel includes a switching element con-
nected to one of the gate lines and one of the data lines, and
a pixel electrode connected to the switching element, and the
first and the second subpixels are capacitively coupled with
adjacent subpixels.

[0016] The pixels include upper and lower pixels adjacent
to each other, the second pixel of the upper pixel is capaci-
tively coupled with the first pixel of the lower pixel, a areal
ratio of the pixel electrodes of the first subpixel and the
second subpixel is defined to be equal to a:b, a data voltage
(V") corresponding to a modified image signal for the upper
pixel is determined by:

aT(V) +bT(V{ £2CV1) _ aT(V)) + BT(V] +2CV2)

a+b a+b

where V, is a data voltage for an image signal for the upper
pixel, V, is a data voltage for an image signal for the lower
pixel, T(V) is transmittance for a voltage V, and C is a
constant.

[0017] A method of driving a liquid crystal display includ-
ing a plurality of gate lines, a plurality of data lines inter-
secting the gate lines, a plurality of switching elements
connected to the gate lines and the data lines, and a plurality
of pixel electrodes connected to the switching elements is
provided, which includes: writing image data for a first pixel
row into a memory; reading the image data for the first pixel
row and writing image data for a second pixel row into the
memory upon receipt of the image data for the second pixel
row; selecting modified image signals determined by the
image signals for the first and the second pixel rows; and
applying the modified image signals to the pixels through
the switching elements.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The present invention will become more apparent
by describing embodiments thereof in detail with reference
to the accompanying drawings in which:

[0019] FIG. 1 is a block diagram of an L.CD according to
an embodiment of the present invention;

[0020] FIG. 2A is an equivalent circuit diagram of an
LCD according to an embodiment of the present invention;

[0021] FIG. 2B is an equivalent circuit diagram of an
LCD according to another embodiment of the present inven-
tion;

[0022] FIG. 3 is an equivalent circuit diagram of a pixel

of an LCD according to an embodiment of the present
invention;

[0023] FIG. 4 is a layout view of a TFT array panel for an
LCD according to an embodiment of the present invention;

[0024] FIGS. 5A and 5B are sectional views of the TFT
array panel shown in FIG. 4 taken along the lines VA-VA'
and VB-VB', respectively;

[0025] FIG. 6 is a graph illustrating voltage-transmission
(V-T) curves of an LCD according to an embodiment of the
present invention;

[0026] FIG. 7 is a block diagram of a pixel voltage
modifier according to an embodiment of the present inven-
tion;

[0027] FIG. 8 is an exemplary look-up table of a pixel

voltage modifier according to an embodiment of the present
invention; and

[0028] FIG. 9 is a block diagram of a pixel voltage
modifier according to another embodiment of the present
invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0029] The present invention now will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which preferred embodiments of the invention are
shown. This invention may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein.

[0030] Inthe drawings, the thickness of layers and regions
are exaggerated for clarity. Like numerals refer to like
elements throughout. It will be understood that when an
element such as a layer, film, region, substrate or panel is
referred to as being “on” another element, it can be directly
on the other element or intervening elements may also be
present. In contrast, when an element is referred to as being
“directly on” another element, there are no intervening
elements present.

[0031] Then, liquid crystal displays and driving methods
thereof according to embodiments of the present invention
will be described with reference to the drawings.

[0032] FIG. 1 is a block diagram of an LCD according to
an embodiment of the present invention, FIG. 2A is an
equivalent circuit diagram of a liquid crystal panel assembly
of an LCD according to an embodiment of the present
invention, FIG. 2B is an equivalent circuit diagram of a
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liquid crystal panel assembly of an LCD according to
another embodiment of the present invention, and FIG. 3 is
an equivalent circuit diagram of a subpixel of an LCD
according to an embodiment of the present.

[0033] Referring to FIG. 1, an LCD according to an
embodiment includes an LC panel assembly 300, a gate
driver 400 and a data driver 500 which are connected to the
panel assembly 300, a driving voltage generator 700 con-
nected to the gate driver 400, a gray voltage generator 800
connected to the data driver 500, and a signal controller 600
controlling the above elements.

[0034] In circuital view shown in FIGS. 1, 2A and 2B, the
panel assembly 300 includes a plurality of display signal
lines G -Gy, D;-D,, and SL and a plurality of pixels con-
nected thereto and arranged substantially in a matrix.

[0035] The display signal lines include a plurality of gate
lines G,-G, transmitting gate signals (called scanning sig-
nals) and a plurality of data lines D,-D_, transmitting data
signals. The gate lines G,-G_ extend substantially in a row
direction and are substantially parallel to each other, and the
data lines D,-D_ extend substantially in a column direction
and are substantially parallel to each other.

[0036] The display signal lines further includes a plurality
of storage electrode lines SL located between the gate lines
G,-G, and between the pixels and supplied with a predeter-
mined voltage such as a common voltage Vcom. The storage
electrode lines SI. are located between the gate lines G,-G,
and between the pixels, extend substantially in a row direc-
tion, and are substantially parallel to each other. The storage
electrode lines SL may be omitted.

[0037] Each pixel is defined by a gate line and a data line.
For example, a pixel (1, ) (i=1,2,...,nand j=1,2,...,
m) represented by P;; means a pixel connected to an i-th gate
line G; and a j-th data line D,

[0038] Referring to FIGS. 2A and 2B, each pixel P
includes a pair of subpixels P, ﬂ-l and P, ﬂ-z, and each subpixel
P, Jl or P, Jz includes a switching element Q1 or Q2 con-
nected to a pair of an appropriate gate line G, and an
appropriate data line D;, and an LC capacitor C, -, or C; ¢,
and a storage capacitor Cqp, or Cyp, that are connected to
the switching element Q1 or Q2. The storage capacitor Cqp,
and Cqp, may be omitted, and the storage electrode lines SL
are not required in this case.

[0039] The switching element Q1 or Q2 such as a thin film
transistor (TFT) has three terminals: a control terminal
connected to one of the gate lines G,-G; an input terminal
connected to one of the data lines D,-D,; and an output
terminal connected to the LC capacitor C; ., or C, , and the
storage capacitor Cgpy or Cgrps.

[0040] The LC capacitor C;, or C;., is connected
between the switching element Q1 or Q2 and the common
voltage Vcom, while the storage capacitor Cyr, or Cyp, 18
connected between the switching element Q1 or Q2 and the
storage electrode line SL. In the absence of the storage
electrode lines SL, the storage capacitor Cqp; or Cgp, 18
connected to an adjacent gate line.

[0041] In planar view, a subpixel is assigned to an area
surrounded by a pair of a gate line and a storage electrode
line SL adjacent to each other and a pair of adjacent data
lines, and the subpixels are arranged in a matrix. In other
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words, either a gate line or a storage electrode line SL is
located between a pair of adjacent subpixel rows, and a data
line is located between a pair of adjacent subpixel columns.
Since the number of the subpixel columns is equal to the
number of the pixel columns, the terms “subpixel column”
and “pixel column” are used in the same meaning. It is noted
that the number of the subpixel rows are twice the number
of the pixel rows.

[0042] The subpixels P;;' and P, ;> of each pixel Py are
located opposite each other with respect to a gate line Gi
connected thereto. All subpixels in each subpixel row are
connected to a gate line, and all the subpixels in a pair of
subpixel rows located opposite with respect to an arbitrary
gate line are connected to the gate line. For example, the
subpixels in a pair of subpixel rows adjacent to the i-th gate
line Gi is connected to the i-th gate line Gi. Accordingly, an
i-th pixel row is defined as both subpixel rows connected to
the i-th gate line Gi.

[0043] On the contrary, the subpixels Pi’j1 and P, ﬂ-z, of each
pixel P;; are located at the same side with respect to a data
line Dj connected thereto. All subpixels of the pixels con-
nected to a gate line are located at the same side with respect
to the respective data lines.

[0044] FIG. 2A shows an arrangement that all the sub-
pixels of the pixels connected to a data line are located at the
same side with respect to the data line. Although the
subpixels shown in FIG. 2A are located at the right side of
the data line connected thereto, they may be located at the
left side thereof.

[0045] FIG. 2B shows an arrangement that some of the
subpixels of the pixels connected to a data line are located
at one side with respect to the data line, while the others of
the subpixels are located at the opposite side. In other words,
some of the subpixels in a subpixel row are connected to a
left data line, while the others of the subpixels are connected
to a right data line.

[0046] As shown in FIG. 2B, relative positions of the
pixels with respect to a data line connected thereto are
alternated. For example, subpixels P, Jl and P, f of apixel P;;
among the pixels connected to the j-th data line D) are
located at the right side of the data line Dj, while subpixels
P, ,; and P, * of a pixel P, , . connected to the j-th data
line Dj are located at the left side of the data line D.

[0047] According to another embodiment of the present
invention, relative positions of the pixels with respect to a
data line connected thereto are alternated in unit of two or
more pixels.

[0048] An upper subpixel P;;' and a lower subpixel P; ;* of
a pixel P;; are capacitively coupled with subpixels in sub-
pixel rows adjacent thereto along the column direction by a
coupling capacitor Cpp. FIGS. 2A and 2B show that each
subpixel in a pixel column is coupled with a subpixel
adjacent thereto in the pixel column. For example, the upper
subpixel Pl,j1 of the pixel P;; is capacitively coupled with a
lower subpixel P,_, f of an upper pixel P;., ;, and a lower
subpixel Pl,j2 of a pixel P, is capacitively coupled with an
upper subpixel P, Jl of a lower pixel P,,, ;. The above-
described capacitive coupling between the subpixels in the
same pixel column is referred to as “internal column cou-

pling.”
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[0049] According to another embodiment of the present
invention, the pixels in different subpixel columns are
capacitively coupled, which is referred to as “inter-column
coupling.”

[0050] Meanwhile, FIG. 3 schematically shows a struc-
ture of a liquid crystal panel assembly 300 according to an
embodiment of the present invention. For descriptive con-
venience, only a subpixel is illustrated in FIG. 3.

[0051] As shown in FIG. 3, a liquid crystal panel assem-
bly 300 includes a lower panel 100, an upper panel 200
opposite the lower panel 100, and a liquid crystal layer 3
interposed therebetween. Gate lines G, and G,_,, a data line
D, a switching element Q, and a storage capacitor C, are
provided on the lower panel 100. A pixel electrode 190 on
the lower panel 100 and a common electrode 270 on the
upper panel 200 form two terminals of a liquid crystal
capacitor C,.. The liquid crystal layer 3 disposed between
the two electrodes 190 and 270 functions as dielectric of the
liquid crystal capacitor C,...

[0052] The pixel electrode 190 is connected to the switch-
ing element Q and the common electrode 270 is connected
to the common voltage V___, and covers entire surface of the
upper panel 200,

[0053] The orientations of liquid crystal molecules in the
liquid crystal layer 3 are changed by the alteration of electric
field generated by the pixel electrode 190 and the common
electrode 270. The change of the molecular orientations
varies the polarization of light passing through the liquid
crystal layer 3, which in turn causes the variation of the
transmittance of the light by a polarizer or polarizers (not
shown) attached to at least one of the panels 100 and 200.

[0054] The pixel electrode 190 overlaps a storage elec-
trode line SL to form a storage capacitor Cgr, and it is
capacitively coupled with adjacent pixel electrode by a
coupling capacitor Cpp. The pixel electrode 190 and/or the
common electrode 270 may have a plurality of cutouts or a
plurality of protrusions formed thereon for increasing view-
ing angle.

[0055] FIG. 3 shows a MOS transistor as a switching
element, and the MOS transistor is implemented as a thin
film transistor including an amorphous silicon or polysilicon
channel layer in a practical manufacturing process. Accord-
ingly, the lower panel 100 is also referred to as “TFT array
panel.”

[0056] Different from FIG. 2, the common electrode 270
may be provided on the lower panel 100. In this case, both
the electrodes 190 and 270 have shapes of stripes or bars.

[0057] For realizing color display, each pixel can represent
a color by providing one of a plurality of red, green and blue
color filters 230 in an area corresponding to the pixel
electrode 190. The color filter 230 shown in FIG. 3 is
provided in the corresponding area of the upper panel 200,
which is also referred to as “color filter array panel.”
Alternatively, the color filter 230 is provided on or under the
pixel electrode 190 on the lower panel 100.

[0058] Now, an LC panel assembly of an LCD according
to an embodiment of the present invention is described in
detail with reference to FIGS. 4 to 5B.

[0059] FIG. 4 is a layout view of a TFT array panel for an
LCD according to an embodiment of the present invention,
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and FIGS. 5A and 5B are sectional views of the TFT array
panel shown in FIG. 4 taken along the lines VA-VA' and
VB-VB!, respectively.

[0060] An LCD according to this embodiment also
includes a TFT array panel 100, a color filter panel 200, and
an LC layer 3 interposed therebetween.

[0061] A TFT array panel 100 includes a plurality of gate
lines 121 and a plurality of storage electrode lines 131 are
formed on an insulating substrate 110 preferably made of
transparent glass. Each gate line 121 extends substantially in
a row direction and includes a plurality of expansions
forming gate electrodes 124. Each storage electrode line 131
extends substantially parallel to the gate lines and may
include a plurality of branches.

[0062] The gate lines 121 and the storage electrode lines
131 is preferably made of Al containing metal such as Al and
Al alloy. Ag containing metal such as Ag and Ag alloy, Mo
containing metal such as Mo and Mo alloy, Cr, Ti, or Ta.
They may include two films having different physical char-
acteristics, a lower film and an upper film. The upper film is
preferably made of low resistivity metal including Al con-
taining metal and Ag containing metal for reducing signal
delay or voltage drop in the gate lines 121 and the storage
electrode lines 131. On the other hand, the lower film is
preferably made of material such as Ti, Ta, Cr, Mo and Mo
alloy having good electrical, physical and chemical contact
characteristics with other materials such as ITO (indium tin
oxide) or IZO (indium zinc oxide). A good exemplary
combination of the lower film material and the upper film
material is Cr and Al—Nd alloy.

[0063] The lateral sides of the gate lines 121 and the
storage electrodes 131 are tapered, and the inclination angle
of the lateral sides with respect to a surface of the substrate
110 ranges about 30-80 degrees.

[0064] A gate insulating layer 140 preferably made of
silicon nitride (SiNx) is formed on the gate lines 121 and the
storage electrode lines 131.

[0065] A plurality of semiconductor stripes and islands
151 and 157 preferably made of hydrogenated amorphous
silicon (abbreviated to a-Si) are formed on the gate insulat-
ing layer 140. Each semiconductor stripe 151 extends sub-
stantially in a column direction and includes a plurality of
projections branched out toward the gate electrodes 124.
Each projection includes a central portion 153, a pair of
channel portions 154a and 1545 located opposite each other
with respect to the central portion 153, and a pair of outer
portions 155q and 1555 connected to the respective channel
portions 154a and 1545.

[0066] A plurality of ohmic contact stripes and islands
161, 1654, 1655 and 167 preferably made of silicide or
n+hydrogenated a-Si heavily doped with n type impurity
such as P are formed on the semiconductor stripes and
islands 151 and 157.

[0067] The lateral sides of the semiconductor stripes and
islands 151 and 157 and the ohmic contacts 161, 165 a, 1655
and 167 are tapered, and the inclination angles thereof are
preferably in a range between about 30-80 degrees.

[0068] A plurality of data lines 171, a plurality of pairs of
drain electrodes 175a and 1755, and a plurality of coupling
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electrodes 177 are formed on the ohmic contact stripes and
islands 161, 1654, 1655 and 167, respectively.

[0069] Each data line 171 extends in the column direction
along the semiconductor stripe 151 and includes a plurality
of source electrodes 173 branched therefrom and located on
the gate electrodes 124. The drain electrodes 175a and 1756
are located opposite each other with respect to the source
electrodes 173 and extend upward and downward from the
gate electrodes 124.

[0070] A gate electrode 124, a source electrode 173, and a
drain electrode 175a and 1755 along with a channel portion
154a or 1545 form a TFT.

[0071] Each coupling electrode 177 extends substantially
in the row direction and partly overlaps the storage electrode
line 131.

[0072] The data lines 171, the drain electrodes 175a and
1755, and the coupling electrodes 177 include a conductive
film preferably made of Al containing metal, Ag containing
metal, Mo containing metal such as Mo and Mo alloy, Cr. Ti,
or Ta. However, they may have a multi-layered structure.

[0073] Like the gate lines 121, the data lines 171, the drain
electrodes 1754 and 1755, and the coupling electrodes 177
have tapered lateral sides, and the inclination angles thereof
range about 30-80 degrees.

[0074] The ohmic contacts 163, 1654, 1655 and 167 are
disposed only between the semiconductor stripes and islands
151 and 154 and the data lines 171, the drain electrodes 175a
and 1756, and the coupling electrodes 177 overlying
thereon.

[0075] The semiconductor stripes and islands 151 and 157
have almost the same planar shapes as the data lines 171, the
drain electrodes 175a and 1755, and the coupling electrodes
177 as well as the underlying ohmic contacts 161, 165a,
1655 and 167, except for the channel portions 154a and
1545, which are not covered with the data lines 171, the
drain electrodes 175 and the storage conductors 177. In
particular, the semiconductor islands 157, the chmic contact
islands 167 and the coupling electrodes 177 have substan-
tially the same planar shape.

[0076] The semiconductor stripes and islands 151 and 157
may have a shape different from the data lines 171, the drain
electrodes 175a and 175b, and the coupling electrodes 177.
For example, the semiconductor stripes 151 may be
removed except for the channel portions 1544 and 154b. The
width of each semiconductor stripe 151 may become large
near the intersections of the gate lines 121 and the data lines
171 for enhancing insulation therebetween.

[0077] A passivation layer 180 preferably made of silicon
nitride or organic insulator is formed on the data lines 171,
the drain electrodes 175a and 1754, the coupling electrodes
177 and the channel portions 154a and 1545 of the semi-
conductor stripes 151.

[0078] The passivation layer 180 is provided with a plu-
rality of contact holes 183a, 1835 and 185 respectively
exposing end portions of the drain electrodes 175a and 175
and the coupling electrodes 177, and a plurality of contact
holes 182 exposing end portions of the data lines 171. The
gate insulating layer 140 and the passivation layer 180 are
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provided with a plurality of contact holes 181 exposing end
portions of the gate lines 121.

[0079] A plurality of pairs of pixel electrodes 190a and
1905 and a plurality of contact assistants 91 and 92 are
formed on the passivation layer 180. The pixel electrodes
190a and 1905 and the contact assistants 91 and 92 are
preferably made of a transparent conductive material such as
indium-tin-oxide (ITO) and indium-zinc-oxide (IZO) or a
reflective material.

[0080] Each pair of pixel electrodes 190a and 1905
includes an upper pixel electrode 190a and a lower pixel
electrode 1905 connected to the drain electrodes 1754 and
175b through the contact holes 183a and 1835, respectively.
The lower electrode 1905 is connected to the coupling
electrode 177 through the contact hole 185 and the upper
electrode 190a overlaps the coupling electrode 177 such that
the lower pixel electrode 1905 of an upper pixel and the
upper pixel electrode 190a of a lower pixel are capacitively
coupled. In addition, the lower pixel electrode 1905 of an
upper pixel and the upper pixel electrode 190a of a lower
pixel are located opposite across the storage electrodes line
131 and overlap the storage electrode line 131 to form a
plurality of storage capacitors.

[0081] Each lower pixel electrode 1905 has a linear cutout
81 extending substantially in the row direction, and it may
further have at least one additional cutout extending in the
row direction. Each upper pixel electrode 190a may have at
least one cutout extending in the column direction. It is
preferable that an area occupied by the upper pixel electrode
190q is equal to about 10 to 50 percents, more preferably,
about 20 to 30 percents of the total area of the upper and the
lower pixel electrodes 190a and 1905.

[0082] The contact assistants 91 and 92 are connected to
the exposed end portions of the gate lines 121 and the data
lines 171 through the contact holes 181 and 182, respec-
tively. The contact assistants 91 and 92 are optionally
provided for protecting the exposed portions and for
complementing the adhesiveness of the exposed portions
and external devices.

[0083] An alignment layer 11 is coated on the entire
surface of the TFT array panel 100 except for areas including
the contact assistants 91 and 92. Referring to FIGS. 4 and
5A, the color filter array panel 200 includes a black matrix
220 formed on an insulating substrate 210 preferably made
of transparent glass. The black matrix 220 defines a plurality
of windows where a plurality of red, green and blue color
filters 230 are formed. An overcoat 250 is formed on the
color filters 230 and a common electrode 270 preferably
made of a transparent conductive material such as [TO and
170 is formed thereon.

[0084] The common electrode 270 has a plurality of sets
of three cutouts 271-273. A set of cutouts include a longi-
tudinal cutout 271 extending substantially in the column
direction and two transverse cutouts 272 and 273 extending
substantially in the row direction. The longitudinal cutout
271 bisects the upper pixel electrode 1904 into left and right
subareas, and the transverse cutouts 272 and 273 are located
opposite with respect to the cutout 81 of the lower pixel
electrode 1905. The cutouts 272, 81 and 273 quarter the
lower pixel electrode 1905 into four quarter subareas
arranged in the column direction. Each subarea formed by a
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set of cutouts 81 and 271-273 has a shape of rectangle
having two long edges parallel to the gate lines 121 or the
data lines 171.

[0085] The cutout 81 of the upper pixel electrode 190a and
the cutouts of the lower pixel electrodes 1905 may exchange
their positions. That is, the transverse cutout 81 may be
provided in the lower pixel electrode 1905, while the lon-
gitudinal cutouts 271-273 are provided in the upper pixel
electrode 190a.

[0086] An alignment layer 21 is formed on the common
electrode 270.

[0087] A pair of polarizers 12 and 22 are attached to outer
surfaces of the panels 100 and 200, respectively. The polar-
ization axes of the polarizers 12 and 22 are crossed and
substantially parallel to the gate lines 121 or the data lines
171.

[0088] The molecules of the LC layer 3 are aligned such
that their major axes are substantially parallel to or perpen-
dicular to the surfaces of the panels 100 and 200 in absence
of electric field. The homeotropic (i.e., vertical) alignment is
preferred for wide viewing angle.

[0089] At least one of the cutouts 81 and 271-173 may be
substituted with at least one protrusions formed on the
passivation layer 180.

[0090] The coupling electrodes 177 may be formed on the
gate lines 121 and, in this case, they are carefully designed
not to meet the storage electrode lines 131.

[0091] Referring back to FIG. 1, the driving voltage
generator 700 generates a gate-on voltage V., for turning on
the switching elements Q1 and Q2 and a gate-off voltage
V__for turning off the switching elements Q1 and Q2.

[0092] The gray voltage generator 800 generates two sets
of a plurality of gray voltages related to the transmittance of
the pixels. The gray voltages in one set have a positive
polarity with respect to the common voltage Vcom, while
those in the other set have a negative polarity with respect
to the common voltage Vcom.

[0093] The gate driver 400 often called a scanning driver
is connected to the gate lines G,-G,, of the panel assembly
300 and applies gate signals to the gate lines G,-G,. Each
gate signal is a combination of the gate-on voltage V_, and
the gate-off voltage V_; provided from the driving voltage
generator 700.

[0094] The data driver 500 often called a source driver is
connected to the data lines D, -D_, of the panel assembly 300
and applies data voltages selected from the gray voltages
from the gray voltage generator 800 to the data lines D,-D,, .

[0095] The signal controller 600 controls the gate driver
400 and the data driver 500, etc.

[0096] Now, the operation of the LCD will be described in
detail.
[0097] The signal controller 600 is supplied with RGB

image signals R, G and B and input control signals control-
ling the display thereof such as a vertical synchronization
signal V.., a horizontal synchronization signal H,., a
main clock CLK, and a data enable signal DE, from an
external graphic controller (not shown). After generating

gate control signals CONT1 and data control signals
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CONT?2 and processing the image signals R, G and B to be
suitable for the panel assembly 300 on the basis of the input
control signals and the input image data R, G and B, the
signal controller 600 provides the gate control signals
CONT1 for the gate driver 400, and the processed image
signals R', G' and B' and the data control signals CONT?2 for
the data driver 500.

[0098] The gate control signals CONT1 include a vertical
synchronization start signal STV for informing of start of a
frame, a gate dock signal CPV for controlling the output
time of the gate-on voltage V__, and an output enable signal
OE for defining the duration of the gate-on voltage V_ . The
data control signals CONT2 include a horizontal synchro-
nization start signal STH for informing of start of a hori-
zontal period, a load signal LOAD for 1nstruct1ng to apply
the data voltages to the data lines D,-D_, an inversion
control signal RVS for reversing the polanty of the data
voltages (with respect to the common voltage Vcom), and a
data clock signal HCLK.

[0099] The data driver 500 receives a packet of the image
data R', G' and B' for a pixel row from the signal controller
600, converts the image data R', G' and B' into the analog
data voltages selected from the gray voltages supplied from
the gray voltage generator 800, and applies the data voltages
to the data lines D,-D,, in response to the data control
signals CONT2 from the signal controller 600.

[0100] Responsive to the gate control signals CONT1
from the signals controller 600, the gate driver 400 applies
the gate-on voltage V,, to a gate line G,-G,, thereby turning
on the switching elements Q1 and Q2 connected thereto.

[0101] Then, the data voltages are supplied to the corre-
sponding pixels via the activated switching elements Q1 and

[0102] The difference between the data voltage and the
common voltage Vcom applied to a pixel is expressed as a
charged voltage of the LC capacitor C; -, or C; -, 1.€., 2
pixel voltage. The liquid crystal molecules have orientations
depending on the magnitude of the pixel voltage, which
determine the polarization of light passing through the LC
capacitor C; -, or C; ,. The polarizers 11 and 21 convert the
light polarization into the light transmittance.

[0103] After finishing scanning on a pixel row for one
horizontal period (“1H”), which is equal to one period of the
horizontal synchronization signal H, ., the data enable
signal DE, and the gate clock signal CPV), a next pixel row
is scanned. By repeating this procedure, all gate lines G,-G,_
are sequentially supplied with the gate-on voltage V_,
during a frame, thereby applying the data voltages to all
pixels. When the next frame starts after finishing one frame,
the inversion control signal RVS applied to the data driver
500 is controlled such that the polarity of the data voltages
is reversed (which is called “frame inversion™). The inver-
sion control signal RVS may be also controlled such that the
polarity of the data voltages flowing in a data line in one
frame are reversed (which is called “line inversion™), or the
polarity of the data voltages in one packet are reversed
(which is called “dot inversion™).

[0104] In the meantime, the difference between a data
Voltage for a pixel P;; and the common voltage Vcom, which
is also referred to as “the data voltage” by assuming the
common voltage Vcom equal to zero for descriptive con-
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venience, is represented as d.', and the voltages charged in
the LC capacitors CLC , and C; ., of the upper and the lower
subplxels P, Y and P, 2 of the pixel P, ;, which are referred to

s “pixel Voltages * are represented as VG’ ;) and V(P1 )
respectlvely The pixel voltages V(P;; 1y and Vi P ) are
given by:

V(P! )= d}. and 69)

odt-aithe, _ @
VP =diy ——L 7 —d.yC.A,
W Crer + G+ Cp /

where
Co

— i+l i+1 i+l
=——"  and Ad = i -
Cch+Cs7'2+CPP

[0105] In Relations 1 and 2, C; ., and Cq, represent the
capacitances of the LC capacitor and the storage capacitor of
the lower subpixel P; 2, respectively, C__ indicates the
capacitance of the couphng capacitor, and d' ! indicates the
data voltage applied to the subplxel P1+1 dl in a previous
frame. For descriptive convemence, wire resistance and
signal delay of the data lines D,-D,, are ignored.

[0106] Since dji+1 and d'ji+1 indicates have different polar-
ity,

‘Adjiﬂ/g/dji?l‘go, and

‘Ad-”l/éd’-i”‘ >0 (3)

[0107] Since Ad*" has the same polarity as d;' when d,"*"
and d;" have the same polarity,

V(P 2l=ldirCadiyz faii= “

[0108] In case that d*" and d have the opposite polarity
as in dot inversion or line 1nver51on since Ad;"*" and d; have
the opposite polarity, that is, since -Ad; il has the same
polarity as dl,

VP, )|~ C-(-Ad )| [dj=/VPy| ®)

[0109] According to Relations 4 and 5, the lower subpixel
is charged with a voltage higher than that charged in the
upper subpixel if two capacitively coupled subpixels by a
coupling capacitor have the same polarity, and vice versa.

[0110] As a result, when the data voltages applied to
adjacent two pixel rows have the same polarity, a lower
subpixel of an upper pixel is charged with increased voltage,
while the lower subpixel of the upper pixel is charged with
decreased voltage when the data voltages applied to adjacent
two pixel rows have the opposite polarity. Accordingly, the
voltages charged in an upper subpixel and in a lower
subpixel of a pixel are different.

[0111] In the meantime, the pixel voltage charged in the
lower subpixel p; d_z of the pixel P,; depends on the magni-
tude of the difference in the data voltages for a lower pixel

P, ;,, between a previous {rame and a current frame as shown
in FIG. 2.

[0112] Let us consider a still image for easy explanation.
For a still image, the absolute value of the data voltage in the
previous frame is the same as that in the current frame. In
consideration of frame inversion, since d‘ji+1=—dji+1,

V(P P)=di+2Cd . ©
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[0113] From Relation 6, it can be seen that the pixel
voltages of pixels in a pixel row depend on the data voltages
applied to a next pixel row even though the pixels are
supplied with the same data voltage.

[0114] In particular, the deviation of the pixel voltages in
the upper pixel row is large when the deviation of the pixel
voltages in the lower pixel row is large.

[0115] Meanwhile, the transmittance of a subpixel having
a pixel voltage V is indicated by T(V). T(V) may be different
product by product and exhibits the characteristic shown in
FIG. 6 for a normally black mode LCD. It is assumed that
the ratio of the area between an upper pixel and a lower pixel
of each pixel is equal to a:b.

[0116] The luminance T;; of the pixel P, ; is given by:

- aT[V(P} )] + bT[V(P )] 0]
VT e

[0117] From Relation 1 and 6,
- al(d}) +bT(di +2C-di™) t))
v a+b '

[0118] It can be seen from Relation 8 that the transmit-

tance of the pixels in an upper pixel row have significant
deviation when the data voltages for the pixel in a lower
pixel row are much different.

[0119] The present embodiment modifies image data of a
pixel such that the transmittance of the pixel supplied with
a data voltage equal to a data voltage applied to a lower pixel
is equal to that supplied with a data voltage different from
the data voltage applied to the lower pixel.

[0120] For example, a still image is considered.

[0121] In case that a j-th pixel in an i-th pixel row is
supplied with the same data voltage as the lower pixel, dot
inversion makes the polarity of the upper and the lower
pixels opposite such that d'=—d*', while d/=d,*" if the
polarity of the upper and the lower pixels are the same.
Accordingly,

al(d}) +bTd; £2C-d}) ©

v a+b

[0122] After removing the subscript j, a modified voltage
of the data voltage d' is indicated by d_'. Then, the trans-
mittance Ti after modification is given by:

. aT(dl) + bT(dL +2C-d') (10)
T a+b ’
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[0123] From Relations 9 and 10,

aT(d)+bT(d £2C-d")  aT(d)+ bT(d. +2C-d"h) (1

a+b a+b

[0124] Since the voltage-transmittance (V-T) characteris-
tic is predetermined, the modified data voltage d_' for a pixel
is obtained from the data voltage d' for the pixel and the data
voltage d'*' for the lower pixel by using Relation 11. It is
apparent that it can be applied to motion images under the
assumption that the data voltages in the current frame and
the previous frame are the same.

[0125] An exemplary configuration for the above-de-
scribed operation is described in detail with reference to
FIG. 7.

[0126] FIG. 7 is a block diagram of a pixel voltage
modifier according to an embodiment of the present inven-
tion.

[0127] As shown in FIG. 7. a pixel voltage modifier
according to an embodiment of the present invention
includes red, green and blue memories 621-623 storing
image data R, G and B for a pixel row. a memory write
controller 610 and the memory read controller 630 con-
nected to the memories 621-623, and a data modifier 640
receiving the image data the image data R, G and B and
connected to the memory read controller 630.

[0128] Each memory 621-623, which is a dual port
memory capable of simultaneous reading and writing, has an
address terminal and a data terminal connected to the
memory write controller 610 and the memory read controller
630, respectively and stores the image data R, G and B for
a pixel row.

[0129] The memory write controller 610 receives the
image data R, G and B and writes the received image data
R, G and B into the memories 621-623.

[0130] The memory read controller 630 read out the image
data R, G and B from the memories 621-623 and outputs the
read image data R, G and B to the data modifier 640.

[0131] The data modifier 640 compares the image data R,
G and B from the memory read controller 630 with currently
inputting image data R, G and B, and retrieves modified
image data R', G' and B' from a look-up table storing the
modified image data R', G' and B' determined by the
above-described scheme. The data modifier provides the
modified image data R', G' and B' for the data driver 500.

[0132] The pixel voltage modifier may be incorporated
into a signal controller 600 or may be stand-alone.

[0133] The operation of the pixel voltage modifier will be
described in detail.

[0134] First, after the image data R, G and B from an
external device are inputted into the memory write controller
610 and the data modifier 640, the memory write controller
610 writes the image data R, G and B into the memories
621-623. The write operation is performed in a way that the
memory write controller 610 provides the image data R, G
and B for the memories 621-623 through the data terminal
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and applies an address signal AS for informing of the writing
locations through the address terminal to the memories
621-623.

[0135] After the image data R, G and B for a pixel row are
stored in the memories 621-623, the memory read controller
630 reads out the image data R, G and B stored in the
memories 621-623 and supplies the read image data R, G
and B to the data modifier 640 as previous image data. The
read operation is performed in a way that the memory read
controller 630 applies an address signal AS for informing of
the reading positions through the address terminal to the
memories 621-623 and the memories 621-623 supplies the
image data R, G and B stored in the reading positions to the
memory read controller 630 through the data terminal.

[0136] At this time, the data modifier 640 receives image
data for a next pixel row (referred to as “current image
data”) from an external device. The data modifier 640
compares the previous image data from the memory read
controller 630 with the current image data, selects modified
image data determined by the previous and the current
image data from the look-up table, and outputs the selected
image data to the data driver 500 as the modified image data
R', G' and B' of the previous image data.

[0137]

[0138] After the previous image data and the current
image data are compared, the previous image data are
outputted as the modified image data R', G' and B' when the
previous data and the current data are equal or their differ-
ence 1s equal to or lower than a predetermined value. When
the two data are different or their difference is larger than the
predetermined value, a modified image data in the look-up
table is selected to be output An example of the look-up table
is shown in FIG. 8. Here, X; ; is obtained from Relation 11.

[0139] While the memory read controller 630 reads out the
previous image data from the memories 621-623, the
memory write controller 610 writes the current image data
into the memories 621-623. The write operation and the read
operation are simultaneously performed or the write opera-
tion follows the read operation.

[0140] In the meantinme, since there is no image data
stored in the memories 621-623 when the image data R, G
and B for the first pixel row is inputted into the data modifier
640, there 1s no output from the data modifier 640. Since the
image data for the first pixel row is outputted from the data
modifier 640 when the image data for the second pixel row
is inputted, the input time of the image data R, G and B
precedes the output time of the modified image data R', G'
and B' by a horizontal period or a period of a horizontal
synchronization H

[0141] As describe above, the present embodiment gen-
erates a modified image data from a current image data and
a previous image data to be outputted to the data driver such
that it compensates the luminance difference between the
pixels in a row due to the gray difference between upper
pixels and lower pixels.

[0142] Next, a pixel voltage modifier according to another
embodiment of the present invention is described in detail
with reference to FIG. 9.

[0143] FIG. 9 is a circuit diagram of a pixel voltage
modifier according to another embodiment of the present
invention.

Detailed steps are described now.

sync*
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[0144] The pixel voltage generator according to this
embodiment is distinguished from the pixel voltage modifier
shown in FIG. 7 in that it employs single port memories,
which cannot simultaneously read and write. In detail, the
pixel voltage modifier shown in FIG. 9 includes the multi-
plexer 650 receiving the image data R, G and B, a pair of
first and second memory controllers 611 and 612 connected
to output terminals of the multiplexer 650, a pair of first and
second red memories 621A and 621B, a pair of first and
second green memories 622A and 622B and a pair of the first
and the second blue memories 623A and 623B connected to
the first and the second memory controllers 611 and 612
through the address terminal and the data terminal, and the
data modifier 640 connected to the first and the second
memory controllers. 611 and 612.

[0145] The multiplexer 650 determines output path of a
signal in response to a control signal CS applied to a control
terminal. The control signal CS has a high state and a low
state and is made by a signal controller 600 in synchroni-
zation with a signal such as a horizontal synchronization
signal H. . and a data enable signal DE having a period
equal to a transmission time of the image data for a pixel
row. For example. when the control signal CS is in the high
state, the output path of the multiplexer 650 is a first path A,
while the output path is a second path B when the control
signal CS is in the low state. However, the relation between
the output path of the multiplexer 650 and the state of the
control signal CS can be altered.

[0146] An operation of the data voltage modifier accord-
ing to an embodiment of the present invention is now
described in detail.

[0147] First, when the image data R, G and B are inputted,
the output path of the multiplexer 650 for the image data is
the first path A if the control signal CS is in the high state.
Therefore, the multiplexer 650 transmits the image data R,
G and B to the first memory controller 611. The first memory
controller 611 transmits the image data R, G and B to the
data modifier 640 and outputs address signals AS along with
the image data R, G and B to the first memories 621A, 622A
and 623A to store the image data R, G and B.

[0148] After all the image data R, G and B for a pixel row
are inputted, the control signal CS becomes low and the
output path of the multiplexer 650 is moved into the second
path B. The multiplexer 650 transmits the image data R, G
and B for the next row to the second memory controller 612
through the second path B. The second memory controller
612 supplies the image data R, G and B to the data modifier
640 as the current image data, and it provides the image data
R, G and B along with the address signal AS for the second
memory controller 612 to store the image data R, G and B
into the memories 621B, 622B and 623B. At the same time,
the first memory controller 611 reads out the image data R,
G and B from the memories 621A, 622A and 623A to be
supplied for the data modifier 640 as the previous image
data.

[0149] The data modifier 640 compares the previous
image data with the current image data and selects and
outputs modified image data R', G' and B' depending on the
current image data and the previous image data.

[0150] As describe above, the present embodiment gen-
erates a modified image data from a current image data and
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a previous image data to be outputted to the data driver such
that it compensates the luminance difference between the
pixels in a row due to the gray difference between upper
pixels and lower pixels. This scheme is particularly useful
for an LCD having capacitively coupled pixels.

What is claimed is:

1. A device of driving a liquid crystal display including a
plurality of pixels connected to gate lines and data lines and
arranged in a matrix, the device comprising:

a gray voltage generator generating a plurality of gray
voltages;

an image signal modifier receiving first image signals for
a pixel row and second image signals for a next pixel
row, selecting modified image signal depending on the
first image signals and the second image signals, and
outputting the modified image signals; and

a data driver selecting data voltages from the gray volt-
ages based on the modified image signals from the
image signal modifier and applying the data voltages to
the pixels.

2. The device of claim 1, wherein the image signal

modifier comprises a memory unit storing the image signals.

3. The device of claim 2, wherein the image signal
modifier stores the first image signals into the memory unit,
and reads out the first image signals stored in the memory
unit and stores the second image signals into the memory
unit upon receipt of the second image signals.

4. The device of claim 3, wherein the memory unit
includes a dual-port memory provided with a read port and
a write port.

5. The device of claim 2, wherein the image signal
modifier further comprises a data modifier stores the modi-
fied image signals depending on the first image signals and
the second image signals.

6. The device of claim 5, wherein the data modifier
comprises a look-up table.

7. The device of claim 2, wherein the image signal
modifier further comprises a multiplexer for changing a path
of the image signals supplied to the memory unit depending
on the first image signals and the second image signals the
memory unit.

8. The device of claim 7, wherein the multiplexer changes
the path in response to a control signal from an external
device, and the control signal is synchronized with a hori-
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zontal synchronization signal and a data enable signal hav-
ing a period equal to a transmission time of the image signals
for a pixel row.

9. The device of claim 7, wherein the memory unit
comprises a pair of single port memories reading and writing
in turn.

10. The device of claim 1, wherein each pixel includes
first and second subpixels, each subpixel includes a switch-
ing element connected to one of the gate lines and one of the
data lines, and a pixel electrode connected to the switching
element, and the first and the second subpixels are capaci-
tively coupled with adjacent subpixels.

11. The device of claim 10, wherein the pixels include
upper and lower pixels adjacent to each other, the second
pixel of the upper pixel is capacitively coupled with the first
pixel of the lower pixel, a areal ratio of the pixel electrodes
of the first subpixel and the second subpixel is defined to be
equal to a:b, a data voltage (V,") corresponding to a modified
image signal for the upper pixel is determined by:

aT(V}) + bT(V, £2CV;)

aT(V]) +bT(V] +2CVy)
a+b B a+b

5

where V is a data voltage for an image signal for the upper
pixel, V, is a data voltage for an image signal for the lower
pixel, T(V) is transmittance for a voltage V, and C is a
constant.

12. A method of driving a liquid crystal display including
a plurality of gate lines, a plurality of data lines intersecting
the gate lines, a plurality of switching elements connected to
the gate lines and the data lines, and a plurality of pixel
electrodes connected to the switching elements, the method
comprising:

writing image data for a first pixel row into a memory;

reading the image data for the first pixel row and writing
image data for a second pixel row into the memory
upon receipt of the image data for the second pixel row;

selecting modified image signals determined by the image
signals for the first and the second pixel rows; and

applying the modified image signals to the pixels through
the switching elements.

* ok % % ¥
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