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LIQUID CRYSTAL DISPLAY AND DRIVING
METHOD THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

This applicationis a continuation application of U.S. appli-
cation Ser. No. 10/404,416 filed Mar. 31, 2003, which claims
priority to and the benefit of Korean Patent Application No.
2002-0017793 filed on Apr. 1, 2002 and Korean Patent Appli-
cation No. 2002-0026218 filed on May 13, 2002, all of which
are incorporated by reference herein in their entirety.

BACKGROUND OF THE INVENTION

(a) Field of the 1nvention

The present invention relates to a liquid crystal display and
a driving method thereof and, more particularly, to a liquid
crystal display performing frame rate control and a driving
method thereof.

(b) Description of the Related Art

Flat panel displays such as liquid crystal displays (LCDs)
have been developed and substituted for cathode ray tubes
(CRTs) since they are suitable for recent personal computers
and televisions, which become lighter and thinner.

An LCD representing the flat panel displays includes a
liquid crystal panel assembly including two panels provided
with two kinds of field generating electrodes such as pixel
electrodes and a common electrode and a liquid crystal layer
with dielectric anisotropy interposed therebetween. The
variation of the voltage difference between the field generat-
ing electrodes, i.e., the variation in the strength of an electric
field generated by the electrodes changes the transmittance of
the light passing through the LCD, and thus desired images
are obtained by controlling the voltage difference between the
electrodes. A typical LCD includes thin film transistors
(TFTs) as switching elements for controlling the voltages to
be applied to the pixel electrodes, and a plurality of display
signal lines for transmitting signals to be applied to the TFTs.

The LCD receives N-bit red (R), green (G) and blue (B)
data from an external graphic source. A signal controller of
the LCD converts the format of the RGB data, and a driving
integrated circuit (1C) of the LCD selects analog gray volt-
ages corresponding to the RGB data. The selected gray volt-
ages are applied to a liquid crystal panel assembly, thereby
displaying images.

The bit number of the RGB data input into the signal
controller from the graphic source is usually equal to the bit
number of data capable of being processed at the driving 1C.
Currently available LCD products usually process 8-bit data
using driving 1Cs capable of processing 8-bit RGB data,
which costs high. Therefore, in order to design a cost-effec-
tive LCD, it is required to select a driving 1C having a capa-
bility of processing the data with the bit number smaller than
eight.

In this connection, it has been proposed that frame rate
control (FRC) should be applied for use in the LCD. The FRC
reconstructs frame data such that an LCD having several
driving 1Cs processing (N-M)-bit data displays images using
only (N-M) bits among the N bits of an N-bit input RGB data,
where M indicate the bit number of the lower bits of the input
RGB data. The FRC converts the N-bit input data into an
(N-M)-bit data such that among consecutive 2* frames, the
number of frames where the converted data has a gray ‘A’
indicated by the upper (N-M) bits of the input data and the
number of frames where the converted data has the next
higher gray ‘A+1" are regulated based on the lower M bits of
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the RGB data. Furthermore, the FRC converts the N-bit input
data into a predetermined number of (N-M)-bit data respec-
tively assigned to pixels in a group of the predetermined
number of pixels such that the total number of pixels display-
ing the gray ‘A’ and the total number of pixels displaying the
gray ‘A+1’ during a predetermined number of frames are
regulated depending on the lower M bits of the RGB data.
Since human eyes recognize spatio-temporal average of the
gray of the (N-M)-bit data, the image appears the same as that
represented by the N-bit data. Consequently, 2™ additional
grays between the grays of ‘A’ and ‘A+1” can be displayed.

For example, let us consider an 8-bit input data with six
upper bits and two lower bits. The 8-bit data can represent 2°
(=256) grays ranging from ‘0’ to ‘255°. The upper 6 bits of the
input data representing the highest four grays ‘255°, <254,
€253’ and 252’ are equal to ‘111111.” Since there is no 6-bit
number larger than 111111” by one, the FRC cannot be
applied to these data and thus the input data representing any
one of the highest four grays should be represented by a single
6-bit data ‘111111” for all the frames. This causes gamma
degeneracy for the highest four grays. Then, each of red,
green and blue colors has only 253 grays, the total number of
colors obtained by mixing these primary RGB colors is 253x
253x253 (=16,194,277), which is smaller than the number of
colors obtained by mixing the primary colors having entire
256 grays, i.e., 256x256x256 (=16,777,216), by about six
hundred thousand.

Meanwhile, a conventional LCD with FRC has deterio-
rated image quality. For instance, when a lower part of a
display screen displays a black image while an upper part of
the screen displays an image with increasing or decreasing
grays along a vertical line to have maximum brightness for
each of red, green, blue and white colors, a plurality of hori-
zontal lines are displayed every four grays, and this seriously
deteriorates the picture image quality. Such a phenomenon
seems to be generated due to frame inversion together with
the FRC.

SUMMARY OF THE INVENTION

According to an embodiment of the present invention, a
method of driving a liquid crystal display by frame rate con-
trol (FRC) is provided, which includes: receiving a raw data
having a gray from an external graphic source; converting the
raw data having a gray such that the gray of the converted data
for the raw data having the gray equal to any one of a prede-
termined number of lowermost grays is equal to a predeter-
mined gray, and the second gray of the converted data for the
raw data having the gray other than the predetermined num-
ber of lowermost grays is equal to the gray of the raw data
subtracted by the predetermined number; and performing
FRC on the converted data.

The predetermined number is equal to (2%~1), where a. is
bit number of lower bits of the raw data required for the FRC.
The predetermined gray is preferably equal to zero. 1t is
preferable that the bit number of the raw data is eight and the
bit number of the lower bits of the converted data required for
the FRC is two.

According to another embodiment ofthe present invention,
a method of driving a liquid crystal display by frame rate
control (FRC) is provided, which includes: receiving an input
data having a first gray from an external graphic source;
converting the input data to have bit number larger than the
input data; and performing FRC on the converted data.

A liquid crystal display according to another embodiment
of the present invention is provided, which includes: a liquid
crystal panel assembly including a plurality of pixels
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arranged in a matrix; a signal controller converting input data
into image data having bit number larger than the input data
and performing frame rate control (FRC) on the converted
data; and a data driver for applying data voltages to the
respective pixels of the liquid crystal panel assembly in accor-
dance with the converted data.

The FRC is performed preferably in time and space, and a
spatial unit for the FRC is a pixel block, which includes a 4x2
pixel matrix.

Itis preferable that the FRC is performed such that adjacent
two pixel blocks are subject to different one ofa normal frame
and a conjugate frame, and the FRC is performed such that the
pixel block is subject to different one of a normal frame and a
conjugate frame for two adjacent frames.

Preferably, each of the pixels represents one of three pri-
mary colors, and the FRC is performed in conjugate manner
for two of the primary colors and the remaining one of the
primary colors.

The converted data has a second gray, and the conversion
preferably includes mapping of the first gray into the second
gray, and in particular, includes a one-to-one mapping.

According to an embodiment of the present invention, the
FRC is performed such that first 2** frames and second 2%
frames for first-type lower bits of the converted data required
for the FRC, which have alowest bit of zero, are substantially
the same, and first 2" frames for second-type lower bits of
the converted data, which have a lowest bit of one, are the
same as the first 2% frames for the lower bits, which have a
value less than the second-type lower bits by one, and second
2% frames for second-type lower bits are the same as the
second 2% frames for the lower bits, which have a value
larger than the second-type lower bits by one, where a is bit
number of the lower bits of the converted data required for the
FRC.

According to another embodiment of the present invention,
the FRC is performed such that first 2°' frames and second
291 frames for first-type lower bits of the converted data
required for the FRC, which have a lowest bit of zero, are
conjugate to each other, and first 2** frames for second-type
lower bits of the converted data, which have a lowest bit of
one, are the same as the first 2% frames for the lower bits,
which have a value less than the second-type lower bits by
one, and second 2% frames for second-type lower bits are
conjugate to the second 2% frames for the lower bits, which
have a value larger than the second-type lower bits by one,
where o is bit number of the lower bits of the converted data
required for the FRC.

According to another embodiment of the present invention,
the FRC is performed such that 2% pairs of odd and even
frames conjugate to each other for first-type lower bits of the
converted data required for the FRC, which have a lowest bit
of zero, are alternately arranged, and odd frames for second-
type lower bits of the converted data, which have a lowest bit
of one, are the same as the odd frames for the lower bits,
which have a value less than the second-type lower bits by
one, and even frames for second-type lower bits are the same
as the even frames for the lower bits, which have a value larger
than the second-type lower bits by one, where a is bit number
of the lower bits of the converted data required for the FRC.

Preferably, the bit number of the input data is eight, the bit
number of the converted data is nine, and the bit number of the
lower bits of the converted data required for the FRC is three.

According to an embodiment of the present invention, the
mapping is given by a relation:
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¢ =(—G><8

255 ]roumiing

where G s the first gray, (&' is the second gray, and ()g,umzimg
means that the number in the parenthesis is rounded off to an
integer.

According toanother embodiment ofthe present invention,
the mapping is given by a relation:

G’ =504 if G =255 and

G (63 G><8) (63G] if G is not 255
=|—= == 1 1s not 253,
256 rounding 32 rounding

where G is the first gray, G' is the second gray, and ( )z, zime
means that the number in the parenthesis is rounded off to an
integer.

According to another embodiment ofthe present invention,
the mapping is given by a relation:

G =G if G=6;and

64
(¢4 =([f(G+l)—1]x8):2G—6 if 6<G=<255,
256

where G is the first gray, G' is the second gray.
According to another embodiment of the present invention,
the mapping is given by a relation:

G’ =504 if G=255; and

G =

([63(G+1) 1]x8] —[63(G+1 1] if G is not 255
ﬁ _g munding_ i - rounding ' e ’

where G is the first gray, G' is the second gray. and () z,.pmging
means that the number in the parenthesis is rounded off to an
integer.

According to another embodiment of the present invention,
when the mapping is given by a relation:

G=G if G=8;
G'=504 if G=235; and
G'=2G-8 if 8<G<255,
where G is the first gray, G' is the second gray.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other advantages of the present invention
will become more apparent by describing preferred embodi-
ments thereof in detail with reference to the accompanying
drawings in which:

FIG. 1is a schematic block diagram of an LCD according
to an embodiment of the present invention;

FIG. 2 is a table for illustrating an exemplary FRC on 8-bit
RGB input data with upper 6 bits and lower 2 bits according
to an embodiment of the present invention;
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FIG. 3 is a graph illustrating the light transmittance as
function of gray of 8-bit input data of an LCD according to an
embodiment of the present invention;

FIG. 4 is a flow chart illustrating an exemplary FRC
according to another embodiment of the present invention;

F1G. 5 is a table for illustrating an exemplary FRC on 8-bit
RGB input data according to another embodiment of the
present invention;

FIG. 6is a graph illustrating exemplary mappings of G onto
(' according to an embodiment of the present invention;

FI1GS. 7A to 7C are graphs illustrating luminance as func-
tion of input gray for an ideal case and for the FRC with the
second exemplary mapping;

FI1GS. 8A to 8C are graphs illustrating luminance as func-
tion of input gray for an ideal case and for the FRC with the
third exemplary mapping;

F1GS. 9A to 9C are graphs illustrating luminance as func-
tion of input gray for an ideal case and for the FRC with the
fourth exemplary mapping;

FI1GS. 10-12 are tables for illustrating exemplary FRC on
8-bit RGB input data according to another embodiment of the
present invention;

F1GS.13A and 13B illustrate an exemplary FRC according
to another embodiment of the present invention; and

FI1GS. 14 and 15 show a screen of an LCD subject to the
FRC shown in FIGS. 13A and 13B on 8-bit RGB input data
for the value of the lower three bits and the consecutive eight
frames.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

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

In the drawings, the thickness of layers and regions are
exaggerated for clarity. Like numerals refer to like elements
throughout. 1t will be understood that when an element such
as a layer, region or substrate 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 ele-
ment, there are no intervening elements present.

Now, LCDs and driving methods thereof according to
embodiments of this invention will be described in detail with
reference to the accompanying drawings.

FI1G. 1 schematically illustrates an LCD according to an
embodiment of the present invention.

As shown in F1G. 1, an LCD includes a liquid crystal panel
assembly 1, a gate driver 2, a data driver 3, a voltage generator
4, and a signal controller 5 including a data processor 51 and
a control signal generator 52.

The liquid crystal panel assembly 1 includes a plurality of
gate lines, a plurality of data lines intersecting the gate lines,
and a plurality of pixels connected to the gate lines and the
data lines. Whenever the gate lines are sequentially scanned,
analog voltages for displaying an image are applied to the
relevant pixels via the data lines.

The voltage generator 4 generates a gate-on voltage Von
and a gate-off voltage Voff for scanning the gate lines to be
provided for the gate driver 2. At the same time, the voltage
generator 4 generates a plurality of gray voltages to be sup-
plied for the data driver 3.
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The signal controller 5 receives RGB data, a data enable
signal DE indicating valid data, a synchronization signal
SYNC, and a clock signal CLK from an external graphic
source. The data processor 51 processes the RGB data to be
transmitted to the data driver 3. The RGB data are converted
into data voltages selected from the gray voltages by the data
driver 3 and supplied to the liquid crystal panel assembly 1.
The control signal generator 52 generates various control
signals for controlling the display operations based on the
data enable signal DE, the synchronization signal SYNC and
the clock signal CLK to be transmitted to the respective
components.

The processing of the data processor 51 includes FRC on
the RGB input data, which is now described in detail with
reference to the figures.

According to an embodiment of the present invention, the
data processor 51 first maps 2 grays (or values) of N-bit input
data into a smaller number of grays. A predetermined number
of the lowermost grays are mapped into one gray such as the
lowest gray. Throughout the specification, it is assumed that
the light transmittance increases as the gray increases. The
predetermined number is determined by the bit number o of
the lower bits of the N-bit input data. For example, the low-
ermost (2*') grays from the lowest gray are mapped into the
lowest gray. The remaining grays are one-to-one mapped into
lower grays. For example, the i-th gray (1=2®)is mapped into
the (1-(2“-1))-th gray.

Referring to F1G. 2, which is a table for illustrating an
exemplary FRC on 8-bit RGB input data with upper 6 bits and
lower 2 bits according to this embodiment of the present
invention, all the lowermost three (=2°-1) grays from the
lowest gray, i.e., the Oth, the 1st and the 2nd grays are mapped
into the Oth gray, and any one of the remaining grays is
mapped into a gray smaller than its original gray by three.

Then, an N-bit data having a mapped gray is subject to
FRC. That is, the N-bit data is converted into an (N-ct)-bit data
such that the value of the (N-o)-bit data is selected from the
value ‘A’ of the upper (N-ct) bits of the N-bit data and the next
higher value ‘A+1°, and the frequency of the values ‘A’ and
‘A+1’ of the (N-o)-bit data in consecutive 2¢ frames depends
on the value of the lower a bits of the N-bit data.

Referring to F1G. 2, an 8-bit input data having the 6th gray
oravalue (00000110) becomes to have the 3rd gray or a value
(00000011) by the gray mapping, and then converted by FRC
into a 6-bit data having a value (000000) for one frame among
consecutive four frames and a value (000001) for the remain-
ing three frames. For another example, an 8-bit input data
having the 253rd gray ora value (11111101) becomes to have
the 250th gray or a value (11111010) by the gray mapping,
and then converted by FRC into a 6-bit data having a value
(111110) for two frames among consecutive four frames and
avalue (111111) for the remaining two frames. ln the mean-
time, an 8-bit input data having one of the Oth to the 3rd grays
or one of the lowermost four values (00000000), (00000001),
(00000010) and (00000011) from the lowest value becomes
to have the Oth gray or the lowest value (00000000) by the
gray mapping, and then converted by FRC into a 6-bit data
having a constant value (000000) for consecutive four frames.

F1G. 3 is a graph illustrating the light transmittance as
function of gray of 8-bit input data of an LCD according to
this embodiment of the present invention.

As shown in F1G. 3, the degeneracy of the higher grays of
anormally black mode LCD, which can be easily recognized
by human eyes, is removed. Although there is a degeneracy of
the lower grays, it is hard for human eyes to recognize and
thus it is relatively allowable.
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This technique is particularly advantageous to an sRGB
application monitor.

FIG. 4 is a flow chart illustrating an exemplary FRC
according to another embodiment of the present invention.

Referring to F1G. 4, upon the beginning of a procedure
(S1), a signal controller of an LCD receives an N-bit RGB
input data (S2) and maps the N-bit input data into an E-bit
data (S3). After the E-bit data is subject to FRC with lower f§
bits of the E-bit data (S4), the procedure is ended (S5).

For instance, an 8-bit RGB input data is one-to-one
mapped into a 9-bit data, which in turn is subject to FRC with
its lower 3 bits. That is, the 9-bit data is converted into eight
(8=2%) 6-bit data respectively assigned to eight pixels adja-
cent to each other such that the value of each of the 6-bit data
1s selected from the value ‘A’ of the upper 6 bits of the 9-bit
data and the next higher value ‘A+1°, while the frequency of
the values ‘A’ and ‘A+1” of each of the 6-bit data in eight
(8=2%) consecutive frames depends on the value of the lower
3 bits of the 9-bit data and the ratio of the total number of the
pixels having the value ‘A’ and the total number of the pixels
having the value ‘A+1” in the eight consecutive frames
depends on the value of the lower 3 bits of the 9-bit data.

For example, when the value of the lower bits of the 9-bit
data is (101), each 6-bit data has the value ‘A+1° for five
frames among consecutive eight frames while it has the value
‘A’ for the remaining three frames.

In spatial view, for each of the eight frames, five ofthe eight
pixels have the value ‘A+1° while the remaining three pixels
have the value ‘A’. Alternatively, four of the eight pixels have
the value ‘A+1’ for each of the first four frames, while six of
the eight pixels have the value ‘A+1’ for each of the next four
frames. The arrangements of the pixels representing the val-
ues ‘A’ and ‘A+1" in the respective frames are determined in
consideration of symmetry and uniformity of distribution.

F1G. 5is atable for illustrating an exemplary FRC on 8-bit
RGB input data with N=8, E=9 and p=3 according to this
embodiment of the present invention.

F1G. 5shows eight pixels forming a 4x2 pixel block includ-
ing an upper 2x2 matrix and a lower 2x2 matrix. Hatched
pixels in the pixel block has a gray value (‘A’) represented by
the upper 6 bits of the 9-bit data, and white pixels has a value
(‘A+17)equal to the gray value represented by the upper 6 bits
plus one, that is, the next higher gray value. The letter ‘O’ in
the figure is the abbreviation of the word ‘odd’ and indicates
the odd column, while the letter ‘E” is the abbreviation of the
word ‘even’ and indicates the even column.

Referring to F1G. 5, the lower 3 bits of the 9-bit data
indicate the number of frames among the eight frames for
which every pixel has the gray ‘A+1°.

In each frame, the number of the pixels having the value
‘A+1”is aneven number including zero, and the number of the
pixels having the value ‘A+1” in the upper 2x2 matrix is the
same as that in the lower 2x2 matrix. The number of the pixels
having the value ‘A+1” in the first and the second rows of the
upper 2x2 matrix is the same as that in the first and the second
rows of the lower 2x2 matrix, respectively, and the number of
the pixels having the value ‘A+1” in the odd column is the
same as that in the even column.

1n a pair of consecutive odd and even frames, the arrange-
ments of the pixels of each of the 2x2 matrices in the odd
frame and in the even frame are reversed. For example, if the
pixel at the first row and the odd column of a 2x2 matrix is the
only one having the value ‘A+1" (or ‘A’) in the first frame, the
pixel at the second row and the even column is the only one,
which has the value ‘A+1° (or ‘A’) in the second frame, as
showninF1G. 5. For another example, if only the pixels at the
first row and the odd column and at the second row and the
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even column of a 2x2 matrix have the value ‘A+1’ (or ‘A’) in
the first frame, only the pixels at the first row and the even
column and at the second row and the odd column of a 2x2
matrix have the value ‘A+1” (or ‘A’) in the second frame.

In addition, the number of the pixels having the value ‘A+1’
is fixed for all of the first four frames or for all of the second
four frames. When the number of the pixels having the gray
‘A+1’ineach of the upper and the lower 2x2 matrix is odd, the
arrangements of the pixels in the first four frames (and the
second four frames) are different from each other. On the
contrary, when the number of the pixels having the gray ‘A+1’
in each of the upper and the lower 2x2 matrix is even, the
arrangements of the pixels in the first and the second frames
of the first four frames (and the second four frames) are the
same as those in the third and the fourth frames of the first four
frames (and the second four frames), respectively, and the
number of the pixels having the value ‘A+1” in the odd column
of each of the upper and the lower 2x2 matrices is the same as
that in the even column thereof. Furthermore, the arrange-
ment in the upper 2x2 matrix is the same as that in the lower
2%2 matrix.

When the lowest bit among the lower bits of the 9-bit data
is zero, the number of the pixels having the value ‘A+1” in
each of the first four frames is the same as that in each of the
second four frames. Furthermore, the arrangements of the
first to the fourth frames of the first four frames are the same
as those of the first to the fourth frames of the second four
frames, respectively.

On the contrary, when the lowest bit is one, the number of
the pixels having the value ‘A+1” in each of the second four
frames is larger than that in each of the second four frames by
two. In detail, the first four frames for the lower bits having
the lowest bit of 1” are the same as those for lower bits having
a value less than them by one, while the second four frames
therefor are the same as those for lower bits having a value
larger than them by one.

Referring to F1G. 5, the lower bits (101) yield first four
frames, which are the same as those of the lower bits (100),
and yield second four frames, which are the same as those of
the lower bits (110).

After summing the grays of all the eight pixels in all the
eight frames, the division by the total number of the pixels in
the eight frames, i.e., 8x8=64 vields the average gray, which
ranges between ‘A’ and ‘A+1’. More specifically, (000),
(001), (010), (011), (100), (101), (110) and (111) represent
‘A+0/8, ‘A+1/8, ‘A+2/8,; ‘A+4/8, ‘A+5/8;) ‘A+6/8; and
‘A+7/8, respectively.

Examples of the mappings for N=8 and E=9, which are
one-to-one mappings, will be now described with reference to
F1GS. 7A to 9C.

A gray G of an 8-bit input data is mapped into a gray G' of
a 9-bit data such that ‘0’ is mapped into ‘0* while 255° is
mapped into 504 (=63x23), where 63 (=111111)is the largest
six-bit binary number. The mapping is substantially piece-
wise linear.

F1G. 6 is a graph illustrating exemplary mappings of G onto
G' according to this embodiment of the present invention,
which shows four different types of mappings.

The first type of the mapping, which is the simplest one of
the mappings, is a line segment p connected between the
points (0, 0) and (255, 504). The second and the third types of
the mappings include two line segments q and r or s and t
connected to each other. The two line segments q and r or s
and t meet at (a, b) near (0, 0) or at (c, d) near (255, 504). The
final one of the mappings includes three line segments q, u
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and t, which meet at (a, b) and (c, d). Since the gray G'is a
natural number, the gray G' is obtained by rounding off the
value of the line segments.

The following examples of mappings are obtained by
assuming c=254 and a=b.

A first exemplary mapping is the first type mapping, i.e.,
the line segment connected between the points (0, 0) and
(255, 504), which is given by:

oS W
=|=—=Gx

255 rounding
where ( )04, Means that the number in the parenthesis is

rounded off to an integer. For simple realization of logic, the
division by 255 is replaced with the multiplication of its
reciprocal number, or is performed by using a look-up table.

The FRCed gray with the first exemplary mapping is equal
to the input grays 0-21, and is lower than the input grays 22-63
by 0.5, the input grays 64-106 by 1.0, the input grays 107-148
by 1.5, the input grays 149-191 by 2.0, the input grays 192-
233 by 2.5, and the input grays 234-255 by 3.0.

A second exemplary mapping is a third type mapping,
which is given by:

G’ =504 if G =255;and

G’ ( 6 G 8] (63 G‘] if G is not 255
=|z==0X === 1 18 no .
256 rounding 32 rounding

Since the divisor is powers of two or multiples of eight, it
can be easily realized in logic. The mapping of the grays other
than 255 1s easily obtained by multiplying G by 63 and then
shifting the result into the direction of the lower bits by five
bits.

The FRCed gray with the second exemplary mapping is
equal to the input grays 0-16, and is lower than the input grays
17-48 by 0.5, the input grays 49-80 by 1.0, the input grays
81-112 by 1.5, the input grays 113-144 by 2.0, the input grays
145-176 by 2.5, the input grays 177-208 and 255 by 3.0, the
input grays 209-240 by 3.5, and the input grays 241-254 by
4.0.

FI1GS. 7A to 7C are graphs illustrating luminance as func-
tion of input gray for an ideal case and for the FRC with the
second exemplary mapping. F1G. 7A shows all the grays,
while FIGS. 7B and 7C show the upper grays and the lower
grays, respectively.

As shown in F1GS. 7A to 7C, the luminance of the second
exemplary mapping is almost the same as that of the ideal case
at most of the grays except for some higher grays, where the
luminance is slightly different for the two cases.

A third exemplary mapping is a second type mapping with
a=b=6, which is given by:

G'=Gif G<6;and

64
G’=([%(G+1)—l]x8]=2G—6if6<G5255.

The third mapping is relatively simple since it includes no
division.

The FRCed gray with the third exemplary mapping is half
of the input grays 0-6, that is, the FRCed gray is smaller than
the input gray 1 by 0.5, the input gray 2 by 1.0, the input gray
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10
3 by 1.5, the input gray 4 by 2.0, the input gray 5 by 2.5, and
the input gray 6 by 3.0. The FRCed gray is smaller than the
remaining input grays 7-255 by 3.0.

F1GS. 8A to 8C are graphs illustrating luminance as func-
tion of input gray for an ideal case and for the FRC with the
third exemplary mapping. F1G. 8A shows all the grays, while
F1GS. 8B and 8C show the upper grays and the lower grays,
respectively.

Referring to F1G. 8C, although it appears that the differ-
ence between the FRC with the third exemplary mapping and
the ideal case is large at the lower grays, it is only due to the
scaling difference of the graph, and any considerable practi-
cal difference is not made.

A fourth exemplary mapping is a modified second type
mapping, which is given by:

G’ =504 if G =255;and )

G = 63(}1 ! 8 =
-([ﬁ( ¥ )‘g]x ]

63
[—(G+1)—l

o if G is not 2355.

] rounding

1t can be seen from Equation 4, the curve G' for G=255 is
equal to the second exemplary mapping for G=255 shifted by
(-1,-1).

The FRCed gray with the fourth exemplary mapping is
larger than the input grays 0-15 by 0.5, is equal to the input
grays 16-47, and is smaller than the input grays 48-79 by 0.5,
theinput grays 80-111by 1.0, the input grays 112-143 by 1.5,
the input grays 144-175 by 2.0, the input grays 176-207 by
2.5, the input grays 208-239 and 255 by 3.0, and the input
grays 240-254 by 3.5.

F1GS. 9A to 9C are graphs illustrating luminance as func-
tion of input gray for an ideal case and for the FRC with the
fourth exemplary mapping. F1G. 9A shows all the grays,
while FIGS. 9B and 9C show the upper grays and the lower
grays, respectively.

As shown in FIGS. 9A to 9C, the difference between the
ideal case and this example is very small compared with the
second and the third example, this example is simple to real-
ize compared with the first example.

A fifth exemplary mapping is a fourth type mapping, which
is given by:

G'=G if G=8;
G'=504 if G=255; and

G'=2G-8 if 8<G<255. (5)

The FRCed gray with the third exemplary mapping is half
of the input grays 0-8, that is, the FRCed gray is smaller than
the input gray 1 by 0.5, the input gray 2 by 1.0, the input gray
3 by 1.5, the input gray 4 by 2.0, the input gray 5 by 2.5, the
input gray 6 by 3.0, the input gray 7 by 3.5, and the input gray
8 by 4.0. The FRCed gray is smaller than the remaining input
grays 9-255 by 4.0.

According to another embodiment of the present invention,
FRC is performed such that pairs of conjugate frames, which
are defined as a pair of frames having pixel arrangements
which are symmetrical to a boundary line between an upper
2x2 matrix and a lower 2x2 matrix of a 4x2 pixel block, are
periodically repeated in time and space.

Applicant found that the deterioration in the picture image
quality that a horizontal line appears every four gray levels in
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a screen having a gray decreasing along a column direction
can be reduced by this embodiment.

FIGS. 10-12 are tables for illustrating exemplary FRC on
8-bit RGB input data with N=8, E=9 and =3 according to
this embodiment of the present invention, which periodically
repeats pairs of conjugate frames in time.

FIG. 10 shows first four frames (1, 2, 3 and 4) equal to the
first frames shown in FIG. 5 and second four frames (3,6,7,8)
conjugate to the second four frames shown in FIG. 5. As
shown in FIG. 10, the second four frames for (000), (010),
(100) and (110) are also conjugate to the first four frames
therefor, while the second four frames for (001), (011) and
(101) are conjugate to the first frames for (010), (100) and
(110) and the second four frames for (111) are conjugate to
themselves. Hereinafter, the frames (5,6,7.8) are referredto as
conjugate frames, while the (1, 2, 3, 4) are normal frames.

FIG. 11 shows the frames arranged in sequence of 1, 5, 2,
6,3,7, 4 and 8, i.e., the normal frames and the conjugate
frames are alternately arranged, while FIG. 12 shows the
frames arranged in sequence 0f 5,1, 6, 2,7, 3,8 and 4 contrary
to F1G. 11. It was found that this arrangement is very effective
in preventing deterioration in the picture image quality com-
pared with FIG. 10.

FIGS.13A and 13B illustrate an exemplary FRC according
to this embodiment of the present invention, which periodi-
cally repeats normal frames and conjugate frames in space as
well as time.

FIGS. 13 A and 13B show a screen of a frame and the next
frame, respectively. In FIGS. 13A and 13B, one block is a 4x2
pixel block and white blocks are subject to normal frames and
hatched blocks are subject to conjugate frames. As shown in
FIGS. 13A and 13B, the normal frames and the conjugate
frames are repeated by a 4x4 pixel block, which includes two
42 pixel blocks adjacent in a row direction. In addition, the
pixel arrangements in FIGS. 13A and 13B are reversed.

This example effectively removes flicker and deterioration
in the picture image quality.

FIGS. 14 and 15 show a screen of an LCD subject to the
FRC shown in FIGS. 13A and 13B on 8-bit RGB input data
with N=8, E=9 and =3, for the value of the lower three bits
and the consecutive eight frames.

FIG. 14 illustrates pixel arrangements for red and green
colors while FIG. 15 illustrates pixel arrangements for blue
color. As shown in FIGS. 14 and 15, the spatial repetition unit
is a 4x4 pixel block. Each 4x4 pixel block is repeatedly
subject to the normal frames and the conjugate frames.

For example, the case that the value of the lower three bits
is (011) is described in detail with reference to FIGS. 14 and
15 and FIG. 10. FIGS. 14 and 15 show nine 4x4 pixel blocks
arranged in a matrix and thus each 4x4 pixel block is identi-
fied by its row and column. For example, the left uppermost
4x4 pixel block is referred to as the block (1, 1), the middle
uppermost 4x4 pixel block is referred to as the block (1, 2),
and so on. Furthermore, the numerals 1, 5, 2, 6, 3, 7, 4 and
Bindicating the frames in FIG. 10 are also used for indicating
the pixel arrangements of the frames.

Referring to FIG. 14, the blocks (1, 1), (1, 3), (2,2), 3, 1)
and (3, 3) have the arrangement 1, while the blocks (1, 2), (2,
1), (2, 3) and (3, 2) have the arrangement 5, in the first frame.
In the second frame, the blocks (1,1), (1, 3), (2, 2), (3,1) and
(3. 3) have the arrangement 5, while the blocks (1, 2), (2, 1),
(2, 3) and (3, 2) have the arrangement 1. In the third and the
fourth frames, the blocks (1, 1), (1. 3), (2,2),(3,1) and (3,3)
have the arrangements 2 and 6, respectively, while the blocks
(1,2),(2,1),(2,3) and (3, 2) have the arrangements 6 and 2,
respectively. In the fifth to the eighth frames, the blocks (1, 1),
(1.3),(2,2), (3,1)and (3, 3) have the arrangements 3,7, 4 and
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8, respectively, while the blocks (1,2), (2,1), (2,3) and (3, 2)
have the arrangements 7, 3, 8, 4, respectively.

Referring to FIG. 15, the blocks (1, 1), (1, 3), (2, 2). (3, 1)
and (3, 3) have the arrangement 2, while the blocks (1, 2), (2,
1), (2,3) and (3, 2) have the arrangement 6, in the first frame.
In the second frame, the blocks (1, 1), (1, 3), (2, 2), (3,1) and
(3, 3) have the arrangement 6, while the blocks (1, 2), (2, 1),
(2, 3) and (3, 2) have the arrangement 2. In the third and the
fourth frames, the blocks (1,1), (1,3), (2,2),(3,1)and (3, 3)
have the arrangements 1 and 5, respectively, while the blocks
(1,2), (2,1), (2, 3) and (3, 2) have the arrangements 5 and 3,
respectively. In the fifth to the eighth frames, the blocks (1, 1),
1,3),(2,2),(3,1)and (3, 3) have the arrangements 4, 8, 3 and
7, respectively, while the blocks (1,2), (2,1), (2,3) and (3,2)
have the arrangements 8, 4, 7 and 3, respectively.

In the meantime, the arrangements 1 and 2, 3 and 4, 5 and
6, and 7 and 8 have conjugate relations, respectively, as shown
in FIGS. 14 and 15. Accordingly, the arrangements shown in
FIGS. 14 and 15 have a conjugate relation.

As described above, when the gray levels are arranged in a
vertical direction, the appearance of the horizontal line is
closely related to the inversion driving. For the green color,
the horizontal line becomes clear when the gray is darkened
downwards, whereas for the red and blue colors it becomes
clear when the gray is darkened upwards. This proves to be
due to the polarity inversion. The FRC for the red and green
colors is performed as shown in FIG. 14, while the FRC for
the blue color is performed in conjugate manner with respect
to that shown in FIG. 14, as shown in FIG. 15. Consequently,
this FRC is less influenced by the inversion type so that the
picture image quality can be improved.

While the present invention has been described in detail
with reference to the preferred embodiments, those skilled in
the art will appreciate that various modifications and substi-
tutions can be made thereto without departing from the spirit
and scope of the present invention as set forth in the appended
claims.

What is claimed is:

1. A method of driving a liquid crystal display by framerate
control (FRC), the method comprising:

receiving a plurality of raw data each having n bits;

converting each of the raw data into converted data having

n-d bits, where d is a predetermined number of lower-
most bits; and

performing FRC on the converted data during 27 frames,

wherein the raw data corresponding to 1st to 29-th lowest

brightness levels of the plurality of raw data, display a
same luminance.
2. The method of claim 1, wherein nis 8 and d is 2.
3. The method of claim 1, wherein the raw data correspond-
ing to the 1st to 2%-th lowest brightness levels of the plurality
of raw data, display minimum luminance.
4. A method of driving a liquid crystal display by framerate
control (FRC), the method comprising:
receiving raw data having n bits;
extending the raw data into extended data having e bits,
where e is bigger than n;

converting the extended data into converted data having e-d
bits, where d is a predetermined number of lowermost
bits;

performing FRC on the converted data during 27 frames.

5. The method of claim 4, whereinn is 8, eis 9 and d is 3.

6. The method of claim 4, wherein FRC is performed by
pixel blocks.

7. The method of claim 6, wherein FRC is performed such
that the pixel block is alternately subject to a normal frame
and a conjugate frame for two adjacent frames.
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8. The method of claim 7, wherein the conjugate frame and
the normal frame are top-bottom inverted with respect to a
center line of the pixel block.

9. The method of claim 7, wherein the normal frame and
the conjugate frame are repeated every 27 frames.

10. The method of claim 7, wherein the normal frame and
the conjugate frame are repeated every frame.

11. The method of claim 7, wherein the pixel block has 4x2
size.

12. The method of claim 7, wherein the FRC is performed 10

in time and space.

14
13. The method of claim 7, wherein the FRC is performed
by colors.

14. The method of claim 13, wherein the FRC for red and

5 green colors is performed in one of the normal frame and the

conjugate frame, and the FRC for blue color is performed in
the other of the normal frame and the conjugate frame in a
certain frame.
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