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7) ABSTRACT

The present invention relates to a method of extending a pixel
gray scale. The secondary gray scale levels with different
charging times and the same gray scale voltage are formed by
controlling a charging time of the gray scale voltage of every
primary gray scale level and refining the level, wherein, the
gray scale voltage of the every secondary gray scale level is
the same as that of the corresponding primary gray scale level,
and its charging time corresponds to the secondary gray scale
level. The primary gray scale level of the display pixel of the
liquid crystal panel is extended by using this method and the
disadvantage of the imperfect display brought forward by the
control method using frame rate in the prior art is overcome.
The present invention further provides a drive method of
controlling the pixel charging time and a drive apparatus
thereof, which realizes the pixel gray scale extension by con-
trolling the charging time of the pixel capacitance. It over-
comes the disadvantage that a grid strip may be formed visu-
ally using the characteristic of the visual retention and the
visual inertia of the human eyes while largely increasing the
number of colors that can be displayed.

Intercepting higher 6bits data signal of a 8
bits low-voltage differential signal and
storing it in a data buffer temporarily

11

L~~~

v

Generating a mini-type low voltage
differential signal (mini-LVDS) or a
reduced-swing differential signal (RSDS)
by format conversion processing to the
higher 6 bits data signal in the data buffer

v

1
Performing D/A conversion to the mini-type /\j
low voltage differential signal (mini-LVDS)
or the Reduced swing differential signal
(RSDS) to genrate a grey level voltage, and
charging the pixel capacitance

y

capacitance

Selecting a corresponding delay control time 14
in accordance with a lower 2 bits data signal N
of the 8 bits low voltage differential signal
(LVDS), and performing a delay processing
to the time for charging the pixel




Mar. 26,2009 Sheet 1 0of 6 US 2009/0079683 A1

Patent Application Publication

I "814

SST AT | pSTIRAST] || £6C 3497 | LIPARTT || 9IPAT] || oA | € 19AT || T [9A97] I [2A97]
K310 Kain) Lan |7 K210 K210 £aax Kaany K10y Kaany
TST PAYT] SpTPATT | 8 [94] [ | p AT |71 0 19a9T | e3ep
Ada9) Ka1n) Aaa0y Koan Aa1n J1q 8
£9 [PAT] Qg PpPATL T [9497] 1 19497 0 [2A97 | ¥3EP
Lo Kaux) K245 £aan) Kaan 3q 9




'
'
.
.

. W%,M_mwﬁ__w s

\\\\\\\\\\\\\\\\\\\M {AW

(up)1D 319 8
(W19 nq9




V¢ "S1q

q¢ "siy

¢ "

dg¢ sy

HE Sy

A€ ST Swsa

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

\\\\\\\\\\\\\\ “

R

G I




Patent Application Publication  Mar. 26,2009 Sheet 4 of 6 US 2009/0079683 A1

11
Intercepting higher 6bits data signal of a 8 ~—"

bits low-voltage differential signal and
storing it in a data buffer temporarily

Generating a mini-type low voltage
differential signal (mini-LVDS) or a /\/12
reduced-swing differential signal (RSDS)

by format conversion processing to the
higher 6 bits data signal in the data buffer

'

1
Performing D/A conversion to the mini-type /\-/3
low voltage differential signal (mini-LVDS)

or the Reduced swing differential signal
(RSDS) to genrate a grey level voltage, and
charging the pixel capacitance

Selecting a corresponing delay control time 14
in accordance with a lower 2 bits data signal N
of the 8 bits low voltage differential signal
(LVDS), and performing a delay processing

to the time for charging the pixel
capacitance

Fig. 4



US 2009/0079683 A1

Mar. 26,2009 Sheet 5 of 6

Patent Application Publication

S 81
yun . Sasy Jun uoIsidAuod P —— <
uoIsIaAu0d v/, | SAAT N , yeurio [eusis BjEp SAATN9 8
"/ W snq 9 Y31y /
y € snyeaedde 12a1(] T

[EUSIS [01JU0d AB[o (]

JIUN pU0dS \ < [Cugis eyep

I\ s)q 7 4emo]

T

snjetedde Joata(g




US 2009/0079683 A1

Mar. 26,2009 Sheet 6 of 6

9 91

j

ﬂ

Patent Application Publication

Sasy/ AN UOISIIAUDD | Ja1Inq €38
19)13A002 Y/ t SAATIUA jeutiog jeusis gyep
$1q 9 13431H h
b
2 4 L jun
T yae] amy-g < _«cn\m..m jouod AeeQ jEudiv erep nun 3uissanoad ereq
._ut:n. ning <€ y 1013u03 26130 + §)1q 7 394077 'y
il €@ YI)E| SSUPPY
uun * - Jyun
22351820 ys ! 2 B8
’ mﬂ\ pun supelIud :omwmw_n—:o ed
1y saIppy \ nup) isaty
JUD UDISIAAUDY V/( S —— /
\ 17 ] \ m\:w._ﬂ_aa NEYNITG|
4 [4 14 I




US 2009/0079683 A1l

METHOD FOR PIXEL GRADATION
EXTENSION, DRIVE METHOD AND
APPARATUS FOR CHARGING TIME OF
PIXEL CAPACITANCE

TECHNICAL FIELD

[0001] The present invention relates to a method of gener-
ating a pixel gray scale, and in particular, relates to a method
of extending the pixel gray scale by controlling an pixel
charging time. The present invention relates to adrive method
of controlling a gray scale voltage on a liquid crystal pixel and
a drive apparatus thereof, and in particular, relates to a drive
method of controlling a charging time of a pixel capacitance
and a drive apparatus thereof.

BACKGROUND ART

[0002] The color display ability of a liquid crystal panel is
described by the number of bits of the gray scales that can be
displayed on the liquid crystal panel over each kind of color
channel. Currently, a 6-bit liquid crystal display panel is
commonly used, the 6-bit panel referring to the panel that can
display 2 to the sixth power, that is 64, levels of gray scales
and have three color channels of red, green and blue (refer to
as RGB thereafter for short), so that 262144 colors (64x64x
64=262144) can be displayed. It can be deduced that a 8 bit
panel displays 256 levels of gray scales and 16777216 (16.
7M) colors can be displayed. It can be seen that the colors that
can be physically displayed on the 6-bit panel does not reach
2% of that of the 8 bit panel yet. So color enhancement
technique is employed for the purpose of shortening the dif-
ference between the 6-bit panel and the 8 bit panel and pro-
longing the lifetime of the 6-bit panel. The color enhancement
technique mainly comprises a Pixel Dithering (refer to as PD
thereafter for short) Algorithm and a Frame Rate Control
(refer to as FRC thereafter for short) technique.

[0003] Discontinuous color scales 0, 4, 8, 12, 16,20 . . .,
252 are provided by the 6-bit panel while continuous color
scales 0, 1,2, 3,4 ..., 255 are provided by the 8 bit panel,
which result in the colors of the 6-bit panel less than those of
the 8 bit panel. The principle of the PD algorithm is to switch
adjacent colors locally in a short time to obtain the lacked
colors using the visual retention effect of the human eye. The
first method is to display the level 0 of the gray scale at the
timing of T0, the level 4 of the gray scale at the timing of T1
repeatedly on the same pixel, to mix the two kinds of the pixel
gray scale information by using the visual retention of the
human eye, and thus 2 levels of the gray scale can be substan-
tially obtained; the second method is to use a pixel square
matrix formed of four pixels, in which two pixels on the
diagonal direction display the same level 0 of the gray scale or
level 4 of the gray scale respectively, and the color informa-
tion of 2 levels of the gray scale can be obtained by users on
observation distance. More color scales are obtained by the
6-bit panel by using this method.

[0004] FRC technique mainly utilizes the visual inertia of
the human eye, which means that the feeling of htuman eyes to
the brightness does not disappear immediately as the bright-
ness of the object disappears, but disappears after a period of
time. Take a simple case for example: firstly adjusting the
screen of a CRT display to pure red color on full-screen, then
switching to pure yellow color through one key on full-
screen, at the instant of the switching, what we “see” on the
screen is neither red nor yellow, but orange. The reason is that
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the previous red color has remained in the eye because of the
visual inertia, and the newly incoming yellow color is supet-
posed on the temporarily remained red color feeling, then we
“see” orange, a color that does not exist originally. FRC
technique utilizes this principium, and exhibits an all-color
picture in an emulated manner by controlling the frame rate
and the color between the adjacent frames properly and con-
trolling the data output spatially and temporally, so that we
“see” the color that cannot be displayed by the liquid crystal
panel itself when the moving pictures are played on the liquid
crystal panel.

[0005] Both of the PD algorithm and the FRC technique
can enable the liquid crystal panel to obtain more color scales,
and extend the number of colors that can be displayed to 16.2
M. Currently, there further is a Hi-FRC (High FRC) technique
which can extend the number of colors to 16.7 M.

[0006] All of the above utilize the characteristic of the
visual retention and the visual inertia of the human eyes, and
realize the extension to the number of the output gray scales
by controlling the output data of the pictures for a plurality of
continues frames. The disadvantage is that flickering of the
picture may occur when displaying some specific pictures
due to the specific algorithm applied to the processing of the
data; a grid strip may further occur visually for the gray scale
picture that has been performed FRC operation, because the
human eye can capture slight variation of the picture.

SUMMARY OF THE INVENTION

[0007] One object of the present invention is to provide a
method of extending the pixel gray scale by some embodi-
ments, so that the number of the pixel gray scales can be
extended and the disadvantage of the imperfect display due to
the utilization of the characteristic of the visual retention and
the visual inertia of the human eyes is overcome.

[0008] Another object of the present invention is to provide
a drive method of controlling the charging time of the pixels
by some embodiments, so that the output time of the charging
voltage of the pixel capacitance is controlled to make the
number of gray scales of the pixel extended.

[0009] A further object of the present invention is to pro-
vide a drive apparatus for controlling the charging time of the
pixels, so that the output time of the charging voltage of the
pixel capacitance is controlled to make the number of gray
scales of the pixel extended.

[0010] To realize the first object of the present invention, A
method of extending a pixel gray scale of some embodiments
of the present invention comprises: controlling a charging
time of a gray scale voltage of every primary gray scale level
to form a plurality of secondary gray scale levels with differ-
ent charging times and the same gray scale voltage, wherein
the gray scale voltage of the every secondary gray scale level
is the same as that of the corresponding primary gray scale
level, and its charging time corresponds to the secondary gray
scale level.

[0011] To realize another object of the present invention, a
drive method of controlling a pixel charging time of some
other embodiments of the present invention comprises:
[0012] intercepting higher 6 bits data signal of a 8 bits
low-voltage differential signal and storing it in the data buffer
temporarily;

[0013] generating a mini-type low voltage differential sig-
nal or a low-amplitude differential signal by format conver-
sion processing to the higher 6 bits data signal in the data
buffer;
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[0014] D/A converting the mini-type low voltage differen-
tial signal or the low-amplitude differential signal to generate
a gray scale voltage, and said gray scale voltage being output
to a pixel capacitance to charge the pixel capacitance;
[0015] selecting a corresponding delay control time in
accordance with the lower 2 bits data signal of the 8 bits
low-voltage differential signal, and performing a delay pro-
cessing to the charging time of the pixel capacitance in accor-
dance with the delay control time.

[0016] To realize a further object of the present invention, a
drive apparatus for controlling the pixel charging time of the
further embodiments of the present invention comprises:
[0017] a first unit for intercepting higher 6 bits data signal
of a 8 bits low-voltage differential signal to output to a format
conversion unit, and to output a lower 2 bits data signal of the
8 bits low-voltage differential signal to a second unit;
[0018] the format conversion unit for generating a mini-
type low voltage differential signal or a low-amplitude differ-
ential signal from the higher 6 bits data signal by format
conversion processing;

[0019] a D/A conversion unit for performing D/A conver-
sion to the mini-type low voltage differential signal or the
low-amplitude differential signal to generate a gray scale
voltage, and said gray scale voltage being output to a pixel
capacitance to charge said pixel capacitance; and

[0020] the second unit for selecting a corresponding delay
control time in accordance with the lower 2 bits data signal of
the 8 bits low-voltage differential signal, and to perform delay
processing to the charging time of the pixel capacitance in
accordance with the delay control time.

[0021] It can be known from the above technical solutions
that the extension method to pixel gray scale provided by the
present invention can be realized by controlling the charging
time of the pixel capacitance, overcomes the disadvantage of
the imperfect display caused by using the characteristic of the
visual retention and visual inertia of the human eyes, and
improves the display quality of the liquid crystal picture. The
drive method of controlling pixel charging time and the drive
apparatus thereof provided by the present invention realize
the pixel gray scale extension by controlling the charging
time of the pixel capacitance. [t overcomes the disadvantage
of probably forming grid strip visually when using the char-
acteristic of the visual retention and visual inertia of the
human eyes while increasing the number of colors that can be
displayed.

[0022] The present invention will be further described in
detail with reference to the drawings in combination with the
detailed embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1is a schematic diagram of a gray scale exten-
sion scheme of the present invention;

[0024] FIG. 2A is a schematic diagram of a step voltage
applied at a gate as a function of time;

[0025] FIG.2Bisaschematic diagram ofa charging time of
the gray scale voltage corresponding to an 6 bit: GL(n) 8 bit:
GL(4n+3) condition showing a t3 delay time;

[0026] FIG.2Cisaschematic diagram ofa charging time of
the gray scale voltage corresponding to an 6 bit: GL(n) 8 bit:
GL(4n+2) condition showing a 2 delay time;

[0027] FIG.2D is a schematic diagram ofa charging time of
the gray scale voltage corresponding to an 6 bit: GL(n) 8 bit:
GL(4n+1) condition showing a t1 delay time;
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[0028] FIG. 2E is a schematic diagram of a charging time of
the gray scale voltage corresponding to an 6 bit: GL(n) 8 bit:
GL(4r) condition showing no delay time;

[0029] FIG. 3A is a schematic diagram of a step voltage
applied at a gate as a function of time;

[0030] FIG. 3B is aschematic diagram of a charging time of
the gray scale voltage corresponding to an 6 bit: GL(1) 8 bit:
GL(4) condition showing a B voltage magnitude and no delay
time;

[0031] FIG. 3Cis aschematic diagram of a charging time of
the gray scale voltage corresponding to an 6 bit: GL(0) 8 bit:
GL(3) condition showing an A voltage magnitude and a t3
delay time;

[0032] FIG.3Disaschematic diagram ofa charging time of
the gray scale voltage corresponding to an 6 bit: GL(0) 8 bit:
GL(2) condition showing an A voltage magnitude and a 2
delay time;

[0033] FIG. 3E is a schematic diagram of a charging time of
the gray scale voltage corresponding to an 6 bit: GL(0) 8 bit:
GL(1) condition showing an A voltage magnitude and a t1
delay time;

[0034] FIG. 3F is a schematic diagram of a charging time of
the gray scale voltage corresponding to an 6 bit: GL(0) 8 bit:
GL(0) condition showing an A voltage magnitude and no
delay time;

[0035] FIG. 4is a flow chart of a drive method for control-
ling a pixel charging time of the present invention,;

[0036] FIG. 5 is a schematic diagram of an embodiment 1
of the drive apparatus for controlling the pixel charging time
of the present invention;

[0037] FIG. 6 is a schematic diagram of an embodiment 2
of the drive apparatus for controlling the pixel charging time
of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0038] The extension method to the pixel gray scale in the
prior art is to mix different pixel colors by utilizing the char-
acteristic of the visval retention and the visual inertia of the
human eyes. In the following embodiments of the present
invention, 256 levels of gray scale voltages are converted into
64 levels of gray scale voltages to output by dividing a 8 bit
input data in an unit of 4 levels of gray scales; then when the
pixel capacitance on the liquid crystal panel is charged, a
charging time of a pixel capacitance is controlled by control-
ling an output time of each level of the output gray scale
voltage, thus 3 levels of gray scales among every 4 levels of
gray scales are differentiated to realize the object of display-
ing 256 levels of gray scales with a 6-bit data output from a
source driver, so that the number of gray scales that can be
displayed on the liquid crystal panel are increased and the
kinds of colors are enriched.

Embodiment 1 of the Extension Method for the Pixel
Gray Scale

[0039] The gray scale is realized by a source driver trans-
mitting different gray scale voltages to pixel capacitances of
the individual source channel on the liquid crystal panel. A
6-bit source driver can generate 25=64 levels of gray scale
voltages which charge to the pixel capacitance. 0-63 kinds of
different charging conditions can be generated for the pixel
capacitance in accordance with different levels of the applied
gray scale voltages, and the liquid crystal molecule deflect
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under the electrical field effect of the pixel capacitance to
generate the display effect of 64 levels of gray scales.

[0040] The output 6-bit data is to be extended, as shown in
FIG. 1. A primary gray scale level n (refer to as GL(n) there-
after for short, wherein n is a positive integers 0~63) is
extended into a secondary gray scale levels GL(4#), namely
GL0, GL4, GLS, . . ., GL252, meanwhile three secondary
gray scale levels of GL(4n+1), GL(4n+2) and GL.(4r+3) are
added after GL(4n). As shown, the one primary gray scale
level of the original 6-bit data is extended to the current four
secondary gray scale levels (GL(4n), GL(4n+1), GL(4n+2)
and GL(4#+3)), so that the original 64 levels of gray scales
extend to 256 levels of gray scales, namely, the 6-bit data is
extended into the current 8 bit data.

[0041] For the secondary gray scale levels (GL(4n)), the
gray scale voltage is the output voltage of the 6-bit source
driver. The voltages corresponding to the other extended sec-
ondary gray scale levels are controlled by controlling the
charging time of the gray scale voltage for every primary gray
scale level to gradually reduce the charging time of pixel
capacitance, as shown in FIGS. 2A-2E. For example, the
charging time of the extended GL(4n+1), GL(4n+2) and
GL(4n+3) are delayed by t1, 12 and t3 respectively. The dif-
ference of the charging time results in the difference of the
output time of the applied voltage to the pixel capacitance,
thereby forming a different secondary gray scale levels cor-
responding to the applied gray scale voltages. The number of
the gray scales of the secondary gray scale levels can be
infinite in theory.

[0042] The extension to the gray scale can be realized by
utilizing the control of the charging time of the liquid crystal
pixel capacitance. The method is to improve the drive circuit
of the liquid crystal pixel, which is more stable and reliable
than the method to mix the different pixel colors by utilizing
the characteristic of the visual retention and the visual inertia
of the human eyes, and makes the picture quality displayed by
the liquid crystal improved.

Embodiment 2 of the Extension Method for the Pixel
Gray Scale

[0043] In the method of realizing gray scale extension by
controlling the charging time of the pixel capacitance as
shown in the above embodiment, for a constant-white liquid
crystal display panel, the gray scale level becomes high as the
gray scale voltage decreases, and the higher the gray scale
level is, the brighter the colors can be displayed on the liquid
crystal display panel; on the contrary, for a constant-black
liquid crystal display panel, the gray scale level becomes high
as the gray scale voltage decreases as well, and the higher the
gray scale level is, the darker the colors can be displayed on
the liquid crystal display panel. Regardless of the constant-
white or constant-black liquid crystal display panel, the
scheme of extension to the pixel gray scale in the embodi-
ments of the present invention is applicable.

[0044] The secondary gray scale levels become high as the
charging time of the gray scale voltage decreases when
extending to the primary gray scale levels. As shown in FIGS.
3A-3F, in every primary gray scale level, the charging time of
the gray scale voltage corresponding to the lowest gray scale
level (GL(4n)) among the extended secondary gray scale
levels is the original charging time; the charging time of the
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gray scale voltage corresponding to the highest gray scale
level (GL(4n+3)) among the extended secondary gray scale
levels is the shortest, but the gray scale voltage corresponding
to the secondary gray scale level should be larger than that of
the next primary gray scale level, namely, GL(r+1), in other
words, larger than the gray scale voltage corresponding to the
lowest gray scale level among the secondary gray scale levels
extended from the next primary gray scale levels, so as to
maintain the continuity of the gray scale levels.

[0045] As shown in FIGS. 2A-2E, the detailed controlling
of the charging time of the gray scale voltage of the primary
gray scale level is as follows: fixing the end timing of the
charging time of the gray scale voltage of the primary gray
scale level, forming different charging times of the extended
secondary gray scale voltages by performing delay process-
ing to the start timing of charging the gray scale voltage of the
primary gray scale level.

Embodiment 1 of the Drive Method for Controlling
the Pixel Charging Time

[0046] Forthe thin film transistor (referred to as TFT there-
after for short) liquid crystal display apparatus, the process of
driving a pixel capacitance is that: a received data signal is
converted and transmitted to the source driver, the data signal
1s digital/analog (referred to as DD/ A thereafter for short) con-
verted into a gray scale voltage by the source driver, and
output to the panel, then, pixels displayed on the liquid crystal
panel are gated line by line by the source driver, and the gray
scale voltages are output to pixel capacitances on the gated
line of the liquid crystal panel, to perform display driving.
However, due to the cost of the chip to be taken into consid-
eration when deciding the number of the sampled bits in
performing D/A conversion, the number of the gray scales
that can be presented is limited, which results in the number
of the colors that can be presented is very small.

[0047] The drive method of controlling the pixel charging
time used in the present embodiment makes improvement to
the above drive process. The drive method used in the present
embodiment can be generalized as shown in F1G. 4:

[0048] step 11, intercepting higher 6 bits data signal of a 8
bit low voltage differential signal and storing in a data buffer
temporarily;

[0049] step 12, generating a mini-type low voltage differ-
ential signal or a low-amplitude differential signal by a format

conversion processing to the higher 6 bits data signal in the
data buffer;

[0050] step 13, performing D/A conversion to the mini-
type low voltage differential signal or the low-amplitude dif-
ferential signal to generate a gray scale voltage, and the gray
scale voltage is performed A/D conversion by the source
driver and output to the pixel capacitance to charge the pixel
capacitance;

[0051] step 14, selecting a corresponding delay control
time in accordance with a lower 2 bits data signal of the 8 bits
low voltage differential signal, and performing a delay pro-
cessing to the time for charging the pixel capacitance based
on the delay control time.
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[0052] As described in the above step 14, the corresponding
delay control time is selected in accordance with the lower 2
bits data signal of the 8 bits low voltage differential signal, as
shown in Table 1:

TABLE 1
gray scale GL lower 2 bits data signal ~ dslay control time
AN 00 0
IN+1 01 tl
IN+2 10 t2
AN +3 11 t3
[0053] The lower 2 bits data signal can generate four dif-

ferent control channel address signals via conversion. In all
the source channels of the respective lines on the liquid crys-
tal panel, the displayed gray scales are 0,4, 8 . . ., namely the
multiple of 4. The control channel address signal of the pixel
of GL(4N) is 00, the corresponding delay time is 0 when
gating the channel, namely, there is no channel that performs
controlling to the charging time of the corresponding gray
scale voltage: the address of the channel in which the pixel of
GL(4n+1) is located is 01, and the corresponding delay time
is t1 when gating the channel; the address of the channel in
which the pixel of GL(4N+2) is located is 10, and the corre-
sponding delay time is t2 when gating the channel; the
address of the channel in which the pixel of GL(4N+3) is
located is 11, and the corresponding delay time is t3 when
gating the channel.

[0054] As shown in FIGS. 3A-3F, the delay of the gray
scale voltage output to the corresponding pixel capacitance of
the liquid crystal panel can be controlled by the above control
channel address signal, to adjust the charging time ofthe pixel
capacitance, so that the same gray scale voltage (such as the
voltage of GLO) corresponds to a plurality of charging times.
Because of the difference of the charging time, the charging
conditions of the pixel capacitances are different. The pixel
capacitance with a long charging time is sufficiently charged,
and its electrical field is more intensive (for example the
charging time of the voltage of GL0 is not changed); the pixel
capacitance with a short charging time is not sufficiently
charged, and the electrical field is weaker (for example the
charging time of the extended GL1, GL.2 and GL.3 are delayed
by t1, t2 and t3 respectively). Thus, the same gray scale
voltage can correspond to different electrical fields of the
pixel capacitance. The liquid crystal molecules are deflected
under the effect of the different electrical fields, and different
gray scales can be generated to realize the extension to the
gray scale (the single GL0 gray scale is extended into four
gray scales of GL0, GL1, GL2 and GL3), thereby the number
of gray scales that can be displayed on the liquid crystal panel
is increased, and the quality of the display color is improved.

Embodiment 2 of the Drive Method for Controlling
the Pixel Charging Time

[0055] The 8 bits low-voltage differential signal in step 11
of the above embodiment can be input via two branches. The
number of the pixels that are displayed on each line of the
liquid crystal panel is large, so inputting via two branches can
ease the pressure of the data transfer, for example: where
arranged in the pixel rows, all the 8 bits low-voltage differ-
ential signals corresponding to the (2r-1)th pixel can be
transferred in one branch, and all the 8 bits low-voltage dif-
ferential signals corresponding to the (2n)th pixel can be
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transferred in the other branch, wherein n is an positive inte-
ger,n1=1,2.3. ... When two branches of data signals income,
data is buffered; all the 8 bits data corresponding to the
sub-pixels in one line of the liquid crystal display panel are
mixed, arranged in line data to output, which can increase the
data input efficiency and decrease the affect of the interfer-
ence signal. In step 13, a shift process and a temporary storage
are performed to the mini-type low voltage differential sig-
nals or the low-amplitude differential signals before the D/A
conversion, so that the signals can be managed with high
efficiency before conversion.

[0056] Inaddition, as shown in FIGS. 3A-3F, the extension
from GL(n) to GL(4n) is a direct conversion without charging
time control when controlling the charging of the pixel
capacitance, however, GL(4n+1), GL(4r+2) and GL(4n+3)
extended from GL(n) are subject to the charging time control.
The rising edge of the gray scale voltage of GL(0) is before
the gate open, and its charging process starts from the gate
completely open. When the gate completely opens, all control
channels with the control channel address signals being 0,
namely, the source channels that does not subject to the charg-
ing time control are firstly selected, the pixel gray scale cor-
responding to the source channel is the extended GL(0). At
this time, the electrical amount charged in the pixel in the
channel is the gray scale voltage value as originally set; the
pixel capacitance corresponding to the extended GL(1) cor-
responds to the control channel address signal 01, and the
output of the gray scale voltage is increased by delay t1,
causing its rising edge delayed than GL(0) by a period of time,
which opens after the gate opens for t1 time, and the output
circuit will gate the control channel defined as 01, namely, the
charging time of the pixel capacitance of the pixel corre-
sponding to GL(1) will be delayed by t1 time. Compared with
GL(0), the charging time of GL(1) is shortened by t1, and its
gray scale level is lower than that of GL(0). For the same
reason, the capacitance charging time of the pixel corre-
sponding to GL(2) will be further delayed, causing the control
channel address signal 10 controlling the gray scale is gated
after the gate opens for t2 (2>t1) time. Compared with GL(1),
the charging time of GL(2) is further shortened by (t2-t1)
time. For the same reason, the capacitance charging time of
the pixel corresponding to GL(3) is further delayed by
3(13>12).

[0057] Itisto be noted that the GL(n+1) before extension,
namely, the extended GL(4(n+1)) is the next primary gray
scale level, and its gray scale voltage amplitude value B is
lower than the gray scale voltage amplitude value A of
GL(4n), but the charging times are the same. It should ensure
that the charging amount of the extended GL(47+3) should be
more sufficient than that of GL(4(n+1)) when applying, so
that the continuous transition of the gray scale is ensured.

Embodiment 1 of the Drive Apparatus for
Controlling the Pixel Charging Time

[0058] As shown in FIG. 5, the drive apparatus for control-
ling the pixel charging time comprises:

[0059] afirstunit 1 for intercepting higher 6 bits data signal
of a 8 bits low-voltage differential signal and outputting it to
the format conversion unit 3; feeding lower 2 bits data signal
of the 8 bits low-voltage differential signal into a second unit
2,
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[0060] a format conversion unit 3 for generating a mini-
type low voltage differential signal or a low-amplitude differ-
ential signal from the higher 6 bits data signal by format
conversion processing;

[0061] a D/A conversion unit 4 for D/A converting the
mini-type low voltage differential signal or the low-ampli-
tude differential signal to generate a gray scale voltage which
is output to a pixel capacitance to which charging is per-
formed;

[0062] the second unit 2 is used for selecting a correspond-
ing delay control time according to the lower 2 bits data signal
of the 8 bits low-voltage differential signal, and a delay pro-
cessing is performed to the charging time of the pixel capaci-
tance according to the delay control time.

[0063] As shown in the above Table 1, firstly, a gate driver
scans pixels on a liquid crystal panel line by line. When a
certain line is gated, and after the mini-type low voltage
differential signal or the low-amplitude differential signal
received by the second unit 4 is converted into the gray scale
voltage signal via the D/A conversion, the time of the gray
scale voltage output to the pixel capacitance corresponding to
the individual source channels of the line is controlled in
accordance with the delay corresponding to the control chan-
nel address signal generated by the lower 2 bits data signals as
shown in Table 1. Due to the delay, the voltages applied to the
pixel capacitances are different; thereby the gray scale dis-
play thereon can be controlled to realize the purpose of pixel
gray scale extension.

Embodiment 2 of the Drive Apparatus for
Controlling the Pixel Charging Time

[0064] In the above embodiments, as shown in FIG. 6, the
first unit 1 further comprises: a data combination unit 11 for
data combing when the 8 bits low-voltage differential signal
of the line are all input (because the liquid crystal pixels
displayed on every line of the liquid crystal panel is large, the
8 bits low-voltage differential signal is generally input via two
branches to decrease the data transfer frequency), and arrang-
ing data into lines then outputting; data processing unit 12 for
performing data processing to the combined 8 bits low-volt-
age differential signal, intercepting the higher 6 bits data
signal to feed to the data buffer 13 to buffer the data and wait
for transmission; transmitting the buffered high 6 bits data
signal to the format conversion unit 3, and the lower 2 bits
data signal to the second unit 2.

[0065] As shown in FIG. 6, the second unit 2 further com-
prises: an address generating unit 21 for converting the lower
2 bits data signal of the 8 bits low-voltage differential signal
into a control channel address signal; a address latch 22 for
latching the control channel address signal; a delay control
unit 23 for selecting a corresponding delay control time in
accordance with the control channel address signal.

[0066] The D/A conversion unit 4 comprises in detail: a
shift register unit 41 for performing shift storage processing
to the input mini-type low voltage differential signal or the
low-amplitude differential signal; a 2-line latch 42 for storing
the 8 bits low-voltage differential data of the line being output
and the 8 bits low-voltage differential data of the line that has
not been outputted, in which the latch stores two lines of data
to enable the data signal output in time and decrease the
unnecessary waiting time; a D/A converter 43 for performing
D/A conversion to the mini-type low voltage differential sig-
nal or the low-amplitude differential signal to generate the
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gray scale voltage, the gray scale voltage being output to the
pixel capacitance and charging the pixel capacitance.

[0067] Finally, it should further comprise an output buffer
unit 5 for managing the above output signal and outputting it
at the proper time.

[0068] The liquid crystal apparatus of the present embodi-
ments can further lower the interference of the noise and the
other signals during the data transmission process, and further
increase the picture quality of the liquid crystal display.
[0069] Finally, it should be appreciated that the above
embodiments are merely to illustrate the technical solutions
of the present invention, and are not of limitation. Although
the present invention has been described in detail with refer-
ence to the embodiments described above, those of the ordi-
nary skills in the art should understand that modifications can
be made to the technical solutions set forth in the embodi-
ments described above, or parts of the technical features
therein can be replaced equivalently; and these modifications
or replacements do not render the essence of the correspond-
ing technical solutions departing from the spirit and range of
the technical solutions of the various embodiments of the
present invention.

What is claimed is:

1. A method of extending a pixel gray scale, comprising:

controlling the charging time of a gray scale voltage of

every primary gray scale level to form a plurality of
secondary gray scale levels with different charging
times and the same gray scale voltage,

wherein, the gray scale voltage of every secondary gray

scale level is the same as that of the corresponding pri-
mary gray scale, and the charging time is corresponding
to the secondary gray scale level.

2. The method of extending a pixel gray scale of claim 1
wherein the secondary gray scale level becomes higher as the
charging time of the gray scale level decreases.

3. The method of extending a pixel gray scale of claim 1
wherein, in said every primary gray scale level, the charging
time of the gray scale voltage corresponding to the lowest
gray scale level among the plurality of different secondary
gray scale levels is the charging time of the original primary
gray scale level.

4. The method of extending a pixel gray scale of claim 1
wherein, in said primary gray scale level, the charging time of
the gray scale voltage corresponding to the highest gray scale
level among the plurality of different secondary gray scale
levels is the shortest, and said gray scale voltage correspond-
ing to the secondary gray scale level is larger than that of the
next primary gray scale level.

5. The method of extending a pixel gray scale of claim 1, 2,
3 or 4 wherein the control of the charging time of the gray
scale voltage of the primary gray scale level is as follows:
fixing a charging end timing of the gray scale voltage of the
primary gray scale level; forming different charging times of
the plurality of secondary gray scale levels by delaying the
charging start timing of the gray scale voltage of the primary
gray scale level.

6. A drive method of controlling a pixel charging time,
comprising:

intercepting higher 6 bits data signal of'a 8 bits low-voltage

differential signal and storing it in a data buffer tempo-
rarily;
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generating a mini-type low voltage differential signal or a
low-amplitude differential signal by format conversion
processing to the higher 6 bits data signal in the data
buffer;

D/A converting the mini-type low voltage differential sig-
nal or the low-amplitude differential signal to generate a
gray scale voltage, and said gray scale voltage being
output to a pixel capacitance to charge said pixel capaci-
tance; and

selecting a corresponding delay control time in accordance
with a lower 2 bits data signal of the 8 bits low-voltage
differential signal, and performing a delay processing to
the charging time of the pixel capacitance in accordance
with the delay control time.

7. The drive method of controlling a pixel charging time of
claim 6 wherein, before D/A converting the mini-type low
voltage differential signal or the low-amplitude differential
signal, it further comprises: shift processing the mini-type
low voltage differential signal or the low-amplitude differen-
tial signal, and storing it temporarily.

8. A drive apparatus for controlling the pixel charging time,
comptrising:

a first unit for intercepting higher 6 bits data signal of a 8
bits low-voltage differential signal to output them to a
format conversion unit, and to output a lower 2 bits data
signal of the 8 bits low-voltage differential signal to a
second unit;

the format conversion unit for generating a mini-type low
voltage differential signal or a low-amplitude differen-
tial signal from the higher 6 bits data signal by format
conversion processing;

a D/A conversion unit for performing D/A conversion to
the mini-type low voltage differential signal or the low-
amplitude differential signal to generate a gray scale
voltage, and said gray scale voltage is output to a pixel
capacitance to charge pixel capacitance; and

the second unit for selecting a corresponding delay control
time in accordance with the lower 2 bits data signal of
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the 8 bits low-voltage differential signal, and to perform
a delay processing to the charging time of the pixel
capacitance in accordance with the delay control time.

9. The drive apparatus for controlling the pixel charging

time of claim 8 wherein said first unit comprises:

adata combination unit for performing data combination to
the 8 bits low voltage differential signal in one line and
to arrange the data in lines to output;

a data processing unit for performing data processing to
every 8 bits low voltage differential signal after combi-
nation, and intercepting higher 6 bits data signal to feed
into a data buffer and the lower 2 bits data signal to
output to the second unit; and

the data buffer for transmitting the buffered higher 6 bits
data signal to the format conversion unit.

10. The drive apparatus for controlling the pixel charging

time of claim 8 wherein said D/A conversion unit comprises:

a shift register unit for performing shift storage process to
the input mini-type low voltage differential signal or the
low-amplitude differential signal;

a 2-line latch for storing two lines of the 8 bits low voltage
differential signals; and

a D/A converter for performing D/A conversion to the
mini-type low voltage differential signal or the low-
amplitude differential signal.

11. The drive apparatus for controlling the pixel charging

time of claim 8 wherein said second unit comprises:

an address generating unit for converting the lower 2 bits
data signal of the 8 bits low-voltage differential signal
into a control channel address signal;

an address latch for buffering the control channel address
signal; and

adelay control signal for selecting the corresponding delay
control time in accordance with the control channel
address signal.
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Intercepting higher 6bits data signalofa 8
bits low-voltage differential signal and
storing if in a data buffer temporarily

¥

Generating a mini-type low voltage
differential signal (mini-LVDS) or a
reduced-swing differential signal (RSDS)
by format conversion processing to the
higher 6 bits data signal in the data buffer

3

Performing D/A conversion to the mini-type
low voltage differential signal (mini-L.VIDS)
or the Reduced swing differential signal
(RSDS) to genrate a grey level voltage, and
charging the pixel capacitance

Selecting a corresponding delay control time
in accordance with a lower 2 bits data signal
of the 8 bits low voltage differential signal

{LVDS), and performing a delay processing

to the time for c¢harging the pixel
capacitance
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