US 20130249892A1

a9 United States

12y Patent Application Publication (o) Pub. No.: US 2013/0249892 A1

Tsai et al.

43) Pub. Date: Sep. 26, 2013

(54)

(71)

(72)

(73)

21
(22)

(60)

(30)

May 22, 2003
Apr. 27, 2005

LIQUID CRYSTAL DISPLAY DRIVING
APPARATUS AND METHOD THEREOF

Applicant: AU OPTRONICS CORP., Hsinchu
(TW)

Inventors: Chung-Kuang Tsai, Jhudong Township
(TW); Li-Ru Lyu, Jhubei City (TW)

Assignee: AU OPTRONICS CORP., Hsinchu
(TW)

Appl. No.: 13/897,048

Filed: May 17, 2013

Related U.S. Application Data

Division of application No. 12/385,136, filed on Mar.
31, 2009, which is a continuation of application No.
10/848,234, filed on May 19, 2004, now Pat. No.
7,532,186.

Foreign Application Priority Data

(TW)
(TW)

092113907
093111798

Publication Classification

(51) Int.Cl
G09G 3/36 (2006.01)
(52) US.CL
G09G 3/3696 (2013.01)
............................................. 345/212; 345/87
(57) ABSTRACT

A liquid crystal display (LCD) driving apparatus and the
method thereof'is disclosed. The method receives a pixel and
drives a pixel of the LCD according to the pixel value in a
frame period, wherein the frame period is divided into a
precharge field and a compensation field. Firstly, a precharge
pixel value is decided according to the pixel and a reference
value. A compensation pixel value is decided according to the
precharge pixel. Next, a precharge driving voltage is deter-
mined according to the precharge pixel value. Afterwards, a
compensation driving voltage is determined according to the
compensation pixel value. Finally, the pixel is driven accord-
ing to the precharge driving voltage and the compensation
driving voltage respectively during the precharge field and the
compensation field.
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LIQUID CRYSTAL DISPLAY DRIVING
APPARATUS AND METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority of
Taiwan applications, Serial No. 092113907, filed May 22,
2003, and Serial No. 093111798, filed Apr. 27, 2004, the
subject matter of which are incorporated herein by reference.
This application also claims the benefit of United States
applications, application Ser. No. 10/848,234, filed May 19,
2004 (now U.S. Pat. No. 7,532,186, issued May 12, 2009) and
application Ser. No. 12/385,136, filed Mar. 31, 2009 (pend-
ing), the subject matter of which are likewise incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates in general to a liquid crystal
display (LCD) driving apparatus and the method thereof, and
in particular to an LCD driving apparatus and the method
thereof having improved displaying quality.

[0004] 2. Description of the Related Art

[0005] Liquid crystal displays (LCDs) have been widely
used for their characteristics of lightness and thinness. How-
ever, the LCDs have slow speed of responding, as compared
with the traditional cathode ray tube (CRT) monitor. The
LCD tends to have image residue as the dynamic images are
displayed, while the CRT monitor does not.

[0006] The way that the CRT monitor displays the frames is
called an impulse type. Each pixel only emits light at an
instant during each frame period. Referring to FIG. 1, it shows
the relation of lightness I for one pixel vs. time t of the CRT
monitor. The pixel values D of this pixel at frame period T1,
T2, and T3 are supposed to be respectively 34, 100, and 30.
The illumination intensities of pluses 11 are controlled
according to the pixel values D. The lightness of the present
frame period will not affect that of the next frame period as a
consequence of the impulse type, and thus the image residue
is not existed and the response time is short.

[0007] The way that the LCD displays the frames is called
a hold type. Each pixel value D emits constant light in one
frame period. Referring to FIG. 2A, it shows the relation of
time t and driving voltage Vd applied to the pixel according to
the display of LCD. The pixel values D of the pixel at frame
periods T1, T2, and T3 are supposed to be respectively 34,
100, and 30. The driving voltages Vd at frame period T1, T2,
and T3 are respectively determined according to those pixel
values D.

[0008] Referring to FIG. 2B, it shows the diagram of the
lightness L of the pixel vs. time t. The lightness line 21 is the
ideal lightness of the pixel according to the driving voltage Vd
of FIG. 2A. In reality, the response speed of the liquid crystal
molecule is slower than that of the electric field, and thus a
response time is required for the pixel to reach the proposed
lightness. The lightness line 22 is the actual lightness of the
pixel according to the driving voltage Vd of FIG. 2A. The
quality of image is lowered with the image residue caused by
the slow response.

[0009] The above problem can be improved, for example,
by over-driving method. Ifthe pixel value of the present frame
period to be displayed is larger than that of the previous one,
the driving voltage larger than that to be displayed is applied
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to the pixel. If the pixel value of the present frame period to be
displayed is smaller than that of the previous one, the driving
voltage smaller than that to be displayed is applied to the
pixel.

[0010] However, the display quality of LCD is still not as
satisfying as the CRT even if the liquid crystal molecule
responds to the applied driving voltage in real time due to the
hold type. For example, the image at the beginning of the
frame period T3 will overlaps with the image of the frame
period T2 by human’s eye, when the responding is supposed
to be real time according to the lightness lines 21 of FIG. 2B.
Therefore, not only the low speed of responding, but the hold
type also decreases the displaying quality of the LCD.

SUMMARY OF THE INVENTION

[0011] Ttis therefore an object of the invention to provide a
liquid crystal display (LCD) driving apparatus and the
method thereof having improved displaying quality.

[0012] According to the object of the present invention, a
method for driving a liquid crystal display (LCD) is provided.
The method receives a pixel value and drives a pixel of the
LCD according to the pixel value during a frame period which
is divided into a precharge field and a compensation field.
First, a precharge pixel value is deceded to be a predetermined
first pixel value or a predetermined second pixel value accord-
ing to the pixel value. Then, a compensation pixel value is
decided. Next, a precharge driving voltage is decided accord-
ing to the precharge pixel value, and a compensation driving
voltage is decided according to the compensation pixel value.
Then, drive the pixel according to the precharge driving volt-
age during the precharge field; and drive the pixel according
to the compensation driving voltage during the compensation
field. The lightness of the pixel driven according to the pre-
charge pixel value and the compensation pixel value is sub-
stantially the same with the lightness of the pixel if driven
according to the pixel value.

[0013] According to another object of the present inven-
tion, a liquid crystal display (LCD) driving apparatus is pro-
vided. The apparatus receives a pixel value and drives a pixel
of'the LCD according to the pixel value during a frame period
which is divided into a precharge field and a compensation
field. The driving apparatus includes a field controller, a
mathematic unit, and a source driver. The field controller
receives a first synchronization signal and thereby outputs a
second synchronization signal. The mathematic unit receives
the pixel value, determines a precharge pixel value and a
compensation pixel value, and selectively outputs one of the
precharge pixel value and the compensation pixel value
according to the second synchronization signal. The source
driver generates a precharge driving voltage and a compen-
sation driving voltage according to the precharge pixel value
and the compensation pixel value respectively, and driving
the pixel by the precharge driving voltage during the pre-
charge field and driving the pixel by the compensation driving
voltage during the compensation field.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Otherobjects, features, and advantages of the inven-
tion will become apparent from the following detailed
description of the preferred but non-limiting embodiments.
The description is made with reference to the accompanying
drawings in which:
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[0015] FIG. 1 (Prior Art) shows the relation of lightness I
for one pixel and time t according to the display of CRT.
[0016] FIG. 2A (Prior Art) shows the relation of time t and
driving voltage Vd applied to the pixel according to the dis-
play of LCD.

[0017] FIG. 2B (Prior Art) shows the relation of time t and
the lightness L for pixel provided with the voltages of FIG.
2A.

[0018] FIG. 3A (Prior Art) shows the situation wherein the
liquid crystal molecules have the shortest response time.
[0019] FIG. 3B (Prior Art) shows the situation wherein the
liquid crystal molecules have the intermediate response time.
[0020] FIG. 3C (Prior Art) shows the situation wherein the
liquid crystal molecules have the longest response time.
[0021] FIG. 4A shows the driving voltage according to a
first embodiment of the driving method for an LCD.

[0022] FIG. 4B shows the lightness of the pixel, to which
the driving voltages of FIG. 4A are applied.

[0023] FIG. 5A shows the driving voltage of the other driv-
ing method for an LCD, wherein the compensation field is
prior to the precharge field.

[0024] FIG. 5B shows the lightness of the pixel, to which
the driving voltages of FIG. 5A are applied.

[0025] FIG. 6 shows the block diagram of an LCD driving
apparatus according to a second embodiment of the present
invention.

[0026] FIG. 7 shows the block diagram of an LCD driving
apparatus according to a third embodiment of the present
invention.

[0027] FIG. 8 shows the block diagram of an LCD driving
apparatus according to a fourth embodiment of the present
invention.

[0028] FIG. 9 shows the block diagram of an LCD driving
apparatus according to a fifth embodiment of the present
invention.

[0029] FIG. 10 shows the block diagram of an LCD driving
apparatus according to a sixth embodiment of the present
invention.

[0030] FIG. 11A shows the scanning process while receiv-
ing the pixel values for the upper part of the nth frame.
[0031] FIG. 11B shows the scanning process while receiv-
ing the pixel values for the lower part of the nth frame.
[0032] FIG. 12 shows the driving voltage of the driving
method foran LCD according to a seventh embodiment of the
invention.

[0033] FIG. 13 shows the block diagram of an LCD driving
apparatus according to an eighth embodiment of the present
invention.

[0034] FIG. 14 shows the block diagram of an LCD driving
apparatus according to a ninth embodiment of the present
invention.

[0035] FIG. 15 shows the block diagram of an LCD driving
apparatus according to a tenth embodiment of the present
invention.

[0036] FIG. 16A shows the block diagram of an LCD driv-
ing apparatus according to an eleventh embodiment of the
present invention.

[0037] FIG. 16B shows the table used by the look up unit.
DESCRIPTION OF THE PREFERRED
EMBODIMENT
[0038] The responding speed of the liquid crystal molecule

is related to the present state and the target state of the liquid
crystal molecule. Referring to FIG. 3A, it shows the situation
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wherein the liquid crystal molecules have the shortest
response time. When the pixel value G rises from the mini-
mum pixel value Gmin to the maximum pixel value Gmax, or
descends from the maximum pixel value Gmax to the mini-
mum pixel value Gmin, the liquid crystal molecules have the
shortest response time.

[0039] Referring to FIG. 3B, it shows the situation wherein
the liquid crystal molecules have the intermediate response
time. When the pixel value G rises from the minimum pixel
value Gmin to the intermediate pixel value, or from the inter-
mediate pixel value to the maximum pixel value Gmax, or
falls from the maximum pixel value Gmax to the intermediate
pixel value, or from the maximum pixel value Gmax to the
intermediate pixel value, the liquid crystal molecule has the
intermediate response time.

[0040] Referring to FIG. 3C, it shows the situation wherein
the liquid crystal molecules have the longest response time.
When the pixel value G changes from one intermediate pixel
value to the other intermediate pixel value, the liquid crystal
molecules have the longest response time. The situation of
FIG. 3C should be avoided to enhance the display quality.

[0041] Inthe following embodiment, the refresh rate of the
LCD is assumed to be 60 Hz, and the resolution is assumed to
be 800x600. The displaying process of a traditional liquid
crystal display (LCD) is controlled by a vertical synchroni-
zation signal Vs and a horizontal synchronization signal Hs.
There are 60 frames to be displayed in one second according
to the vertical synchronization signal Vs having the frequency
of 60 Hz, which is denoted as f(Vs), and thus the correspond-
ing frame period is 1/60=16.7 ms. Each frame has 600 hori-
zontal lines, which are scanned orderly by the control of Hs
signal, and thus the frequency of the Hs signal is f(Hs)=600*f
(Vs)=36,000 Hz. Each horizontal line has 800 points, and
each pointincludes ared, blue, and a green pixel. So that, each
horizontal line has 800%3=2400 pixels. The frequency of the
pixel clock signal Cp, for controlling the input of the pixel bit
stream into the LCD, is f(Cp)=2400*f(Hs)=86,400,000 Hz.
The pixel value is supposed to have 8 bits, 0~255 gray levels,
and the corresponding driving voltage is 0-5V. The relation of
the pixel value and the driving voltage is not necessarily
linear, and is obtained by looking up a table, for example.

[0042] Referringto FIG.4A, it shows the driving voltage of
the driving method for an LCD according to a first embodi-
ment of the invention. The pixel values D in the frame periods
T1, T2, and T3 are supposed to be respectively 30, 200, and
30. By conventional driving method, the corresponding driv-
ing voltages in the frame period T1, T2, and T3 are, for
instance, 0.6V, 4V, and 0.6V, as shown by dash line 31 in FIG.
4A. However, the conventional method has the disadvantage
of long response time.

[0043] The first embodiment of the present invention
divides a frame period into a compensation field C and a
precharge field P prior to the compensation field. The pre-
charge pixel value of the precharge field P is either a prede-
termined high pixel value Gmax, which is for example the
maximum pixel value in the first embodiment, or a predeter-
mined low pixel value Gmin, which is for example the mini-
mum pixel value in the first embodiment. The compensation
pixel value corresponding to the compensation field is deter-
mined according to the pixel value and the precharge pixel
value. In the first embodiment, the pixel value is approxi-
mately the average of the precharge field P and the corre-
sponding compensation field C.
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[0044] The frame period T1is divided into a precharge field
P1 and a compensation field C1; the frame period T2 is
divided into a precharge field P2 and a compensation field C2;
the frame period T3 is divided into a precharge field P3 and a
compensation field C3.

[0045] First, a precharge pixel value of the precharge field P
is determined. If the pixel value of the frame period is larger
than a reference value, the precharge pixel value will be the
predetermined high pixel value Gmax. If the pixel value of the
frame period is smaller than the reference value, the pre-
charge pixel value will be the predetermined low pixel value
Gmin. The reference value is adjusted according to the char-
acteristic of the LCD. Here, the reference value is supposed to
be 128.

[0046] The pixel value of the frame period T1 is 30, being
smaller than the reference value of 128, so the precharge pixel
value of the precharge field P1 is the predetermined low pixel
value Gmin of 0. Hence, the compensation pixel value of the
compensation field C1 is determined to be 60 so that the
average of the compensation pixel value and the precharge
pixel value is substantially the pixel value of frame period T1.

[0047] The pixel value of the frame period T2 is 200, being
larger than the reference value of 128, so that the precharge
pixel value of the precharge field P2 is the predetermined high
pixel value Gmax of 255. The compensation pixel value of the
compensation field C2 is accordingly determined to be 145,
so that the pixel value of the frame period T2, being 200, is the
average of the precharge pixel value of the precharge field P2
and the compensation pixel value of the compensation field
C2.

[0048] The pixel of the frame period T3 is 30, being smaller
than the reference value of 128, such that the precharge pixel
value of the precharge field P3 is determined to be the prede-
termined low pixel value Gmin of 0. The compensation pixel
value of the compensation field C3 is accordingly determined
to be 60, so that the pixel of the frame period T3, being 30, is
the average of the precharge pixel value of the precharge field
P3 and the compensation pixel value of the compensation
field C3.

[0049] The driving voltages are decided according to the
precharge pixel value and the compensation pixel value by,
for instance, looking up a table. The driving voltages in each
field of this embodiment is OV, 1.2V, 5V, 2.8V, 0V, 1.2V, as
shown in FIG. 4A.

[0050] Referring to FIG. 4B, it shows the lightness of the
pixel to which the driving voltages of FIG. 4A are applied.
The dash line represents the ideal lightness of the pixel, and
the solid line represents the real lightness of the pixel. For
example, consider the frame period T2. The lightness of the
pixel rises to the maximum during the precharge field P2. The
rising time of this embodiment is shorter than that of the
conventional method as a result of the larger driving voltage
of this embodiment than that of the conventional one. The
lightness of the pixel begins to fall during the compensation
field C2. The falling time of this embodiment is shorter than
that of the conventional method due to the smaller driving
voltage of this embodiment than that of the conventional one.
Moreover, the curve of the lightness for the frame period T2
is more like the display of the impulse type, such that the
effect of the image residue is diminished. Furthermore, the
long response time situation, as shown is FIG. 3C, is pre-
vented either by approaching the intermediate pixel value
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from the predetermined high or low pixel value, or by starting
from the intermediate pixel value to the predetermined high
or low pixel value.

[0051] The predetermined high or low pixel value is not
necessarily the maximum or the minimum pixel value and is
dependent on the characteristics of the LCD.

[0052] Take frame period T2 for example. The lightness of
frame period T2, which is the result of the lightness of pre-
charge field P2 and that of the compensation field C2, is
substantially equal to the lightness if the pixel is driven by the
conventional method.

[0053] Referringto FIG.5A, it shows the driving voltage of
the other driving method for an LCD, wherein the compen-
sation field is prior to the precharge field. The pixel values D
in the frame period T1, T2, and T3 are supposed to be respec-
tively 30, 200, and 30.

[0054] The frame period T1 is divided into a compensation
field C1 and a precharge field P1; the frame period T2 is
divided into a precharge field P2 and a compensation field C2;
the frame period T3 is divided into a precharge field P3 and a
compensation field C3.

[0055] The pixel value of the frame period T1 is 30, being
smaller than the reference value of 128, so that the precharge
pixel value of the precharge field P1 is determined to be the
predetermined low pixel value Gmin of 0. The compensation
pixel value of the compensation field C1 is accordingly deter-
mined to be 60, so that the pixel value for the frame period T1,
being 30, is the average of the precharge pixel value of the
precharge field P1 and the compensation pixel value of the
compensation field C1.

[0056] The pixel value of the frame period T2 is 200, being
larger than the reference value of 128, so that the precharge
pixel value of the precharge field P2 is determined to be the
predetermined high pixel value Gmax of 255. The compen-
sation pixel value of the compensation field C2 is thereby
determined to be 145, so that the pixel value of the frame
period T2, being 200, is the average of the precharge pixel
value of the precharge field P2 and the compensation pixel
value of the compensation field C2.

[0057] The pixel value of the frame period T3 is 30, being
smaller than the reference value of 128, so that the precharge
pixel value of the precharge field P3 is determined to be the
predetermined low pixel value Gmin of 0. The compensation
pixel value of the compensation field C3 is thereby deter-
mined to be 60, so that the pixel value of the frame period T3,
being 30, is the average of the precharge pixel value of the
precharge field P3 and the compensation pixel value of the
compensation field C3.

[0058] The driving voltage is decided according to the pre-
charge pixel value and the compensation pixel value by, for
instance, looking up a table. The driving voltage in each field
of this embodiment is 1.2V, 0V, 2.8V, 5V, 1.2V, and 0V, as
shown in FIG. 5A.

[0059] Referring to FIG. 5B, it shows the lightness of the
pixel, to which the driving voltages of FIG. 5A are applied.
The dashed line represents the ideal lightness of the pixel, and
the solid line represents the real lightness of the pixel. The
longest response time situation, as shown in FIG. 3C, is
avoided in this embodiment by either approaching the inter-
mediate pixel value from the predetermined high or low pixel
value, or by starting from the intermediate pixel value to the
predetermined high or low pixel value.

[0060] ReferringtoFIG. 6, it shows the block diagram of an
LCD driving apparatus according to a second embodiment of
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the present invention. The driving apparatus 500 includes a
frame memory 510, a mathematic unit, and a field controller
550. The mathematic unit includes a threshold unit 520, a
calculation unit 530, an expand unit 540, and a multiplexer
560. The LCD driving apparatus 500 receives a pixel value D
and outputs driving value Dv, which is either the precharge
pixel value or the compensation pixel value. Then, the source
driver 570 thereby outputs driving voltage Vd to drive the
LCD.

[0061] For example, consider the LCD having the refresh
rate of 60 Hz, for which 60 frames are displayed in each
second. The pixel value D is inputted into the LCD driving
apparatus 500 according to the above-mentioned pixel clock
signal Cp. The LCD driving apparatus 500 outputs the driving
values Dv according to the pixel clock signal Cp', whose
frequency is double of the pixel clock signal Cp, because that
one frame period is divided into a compensation field and a
precharge field.

[0062] First, the LCD driving apparatus 500 receives the
pixel value D, saves the pixel value D in the frame memory
510, and sends the pixel value D to the threshold unit 520. The
threshold unit 520 compares the pixel value D with a refer-
ence value: if the pixel value D is larger than the reference
value, a threshold value from the threshold unit 520 will be a
first value and be saved in the frame memory 510; otherwise,
it will be a second value and be saved in the frame memory
510.

[0063] Then, the calculation unit 530 outputs a compensa-
tion pixel value according to the pixel value D and the thresh-
old value from the frame memory 510. If the threshold value
is the second value, the compensation driving voltage is deter-
mined according to the double of the pixel value D. Other-
wise, the compensation voltage is determined according to
the result of double of the pixel value D minus the predeter-
mined high pixel value.

[0064] The expand unit 540 receives the threshold value
from the frame memory 510 and outputs a precharge pixel
value. If the threshold value is the first value, the precharge
pixel value will be the predetermined high pixel value; oth-
erwise, it will be the predetermined low pixel value. The field
controller 550 controls the multiplexer 560 to output the
precharge pixel value or a compensation pixel value accord-
ing to the second synchronization signal derived from the first
synchronization signal Fsync. The sequence of the precharge
field and the compensation field is decided by the field con-
troller 550.

[0065] Referringto FIG. 7, it shows the block diagram ofan
LCD driving apparatus according to a third embodiment of
the present invention. The LCD driving apparatus 600
includes a frame memory 610, a mathematic unit, and a field
controller 650. The mathematic unit includes a threshold unit
620, a calculation unit 630, an expand unit 640, and a multi-
plexer 660. The LCD driving apparatus 600 receives the pixel
value D and outputs a driving value Dv, which is either the
precharge pixel value or the compensation pixel value, and
thereby the source driver 670 outputs driving voltage Vd to
drive the LCD.

[0066] For example, consider the LCD having the refresh
rate of 60 Hz, for which 60 frames are displayed in each
second. The pixel value D is inputted into the LCD driving
apparatus 600 according to the pixel clock signal Cp. The
LCD driving apparatus 600 outputs of the driving voltage Vd
according to the pixel clock signal Cp', whose frequency is
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double of the pixel clock signal Cp, because that one frame
period is divided into the compensation field and the pre-
charge field.

[0067] First, the driving apparatus 600 receives the pixel
value D, and saves the pixel value D in the frame memory 610.
The threshold unit 620 compares the pixel value D with a
reference value: if the pixel value D is larger than the refer-
ence value, a threshold value from the threshold unit 620 will
be the first value; otherwise, it will be the second value.
[0068] Then, the calculation unit 630 outputs a compensa-
tion pixel value according to the pixel value D and the thresh-
old value: if the threshold value is the second value, the
compensation pixel value will be decided according to double
of the pixel value D; otherwise, the compensation pixel value
will be determined according to the result of double of the
pixel value D minus the predetermined high pixel value.
[0069] The expand unit 640 receives the threshold value
and outputs a precharge pixel value. If the threshold value is
the first value, the precharge pixel value will be the predeter-
mined high pixel value; otherwise, it will be the low pixel
value. The field controller 650 controls the multiplexer 660 to
output the precharge pixel value or the compensation pixel
value according to the first synchronization signal Fsync. The
field controller 650 decides the sequence of the precharge
field and the compensation field.

[0070] ReferringtoFIG. 8, it shows the block diagram of an
LCD driving apparatus according to a fourth embodiment of
the present invention. The driving apparatus 700 includes a
frame memory 710, a mathematic unit, and a field controller
750. The mathematic unit includes a threshold unit 720, a
calculation unit 730, an expand unit 740, and a multiplexer
760. The LCD driving apparatus 700 receives the pixel value
D and thereby the source driver 770 outputs the driving volt-
age Vd.

[0071] For example, consider the refresh rate of 60 Hz, for
which 60 frames are displayed in each second. The pixel
value D is inputted into the LCD driving apparatus 700
according to the pixel clock signal Cp. The LCD driving
apparatus 700 outputs the driving voltage Vd according to the
pixel clock signal Cp', whose frequency is double of the pixel
clock signal Cp, because that one frame period is divided into
the compensation field and the precharge field.

[0072] First, the LCD driving apparatus 700 receives the
pixel value D, and saves the pixel value D in the frame
memory 710. The frame memory 710 outputs the saved pixel
value D and also the threshold value of the previous frame
period. The threshold unit 720 compares the received pixel
value D with a reference value. If the pixel value D is larger
than the reference value, the threshold value from the thresh-
old unit 720 will be the first value and be saved in the frame
memory 710. Otherwise, it will be the second value.

[0073] The calculation unit 730 outputs a compensation
pixel value according to the pixel value D and the threshold
value of the previous frame period. When the pixel value is
not larger than the reference value, the compensation pixel
value is determined according to double of the pixel value D.
Otherwise, the compensation voltage is determined accord-
ing to the result of double of the pixel value D minus the
predetermined high pixel value.

[0074] Then, The calculation unit 730 determines the over-
driving tactic according to the threshold value of the previous
frame period. When the threshold value of the previous frame
period is the first value, the predetermined high pixel value is
provided in the precharge field of the previous frame period.



US 2013/0249892 Al

So, the over-driving tactic for increasing the responding
speed is decreasing the compensation pixel value of the
present frame period. When the threshold value of the previ-
ous frame period is the second value, the minimum pixel is
provided in the precharge field of the previous frame period.
So that, the over-driving tactic for increasing the responding
speed is increasing the compensation driving voltage of the
present frame period.

[0075] The expand unit 740 receives the threshold value
and outputs a precharge pixel value. If the threshold value is
the first value, the precharge pixel value will be the predeter-
mined high pixel value. Otherwise, it will be the predeter-
mined low pixel value. The field controller 750 controls the
multiplexer 760 to output the precharge pixel value or the
compensation pixel value according to the first synchroniza-
tion signal Fsync.

[0076] Referringto FIG.9, it shows the block diagram ofan
LCD driving apparatus according to a fifth embodiment of the
present invention. The precharge field is prior to the compen-
sation field in the fifth embodiment, as compared with the
fourth embodiment. The driving apparatus 800 includes a
frame memory 810, a mathematic unit, and a field controller
850. The mathematic unit includes a threshold unit 820, a
calculation unit 830, an expand unit 840, and a multiplexer
860. The LCD driving apparatus 800 receives the pixel value
D and outputs driving value Dv, and thereby the source driver
870 outputs a driving voltage Vd.

[0077] For example, consider the LCD having the refresh
rate of 60 Hz, for which 60 frames are displayed in each
second. The pixel value D is inputted into the LCD driving
apparatus 800 according to the above pixel clock signal Cp.
The LCD driving apparatus 800 outputs the driving voltage
Vd according to the pixel clock signal Cp', whose frequency
is double of the pixel clock signal Cp, because that one frame
period is divided into a precharge field and a compensation
field.

[0078] First, the driving apparatus 800 receives the pixel
value D, and delivers the pixel value D to the calculation unit
830 and the threshold unit 820. The threshold unit 820 com-
pares the received pixel value D with a reference value. If the
pixel value D is larger than the reference value, a threshold
value outputted from the threshold unit 820 will be the first
value and be delivered to the calculation unit 830 and the
frame memory 810. Otherwise, it will be the second value.
[0079] Then, the calculation unit 830 outputs a compensa-
tion driving voltage according to the pixel value D and the
threshold value from the frame memory 810. When threshold
value is the second value, the compensation pixel value is
determined according to double of the pixel value D. Other-
wise, the compensation pixel value is determined according
to the result of double of the pixel value D minus the prede-
termined high pixel value.

[0080] Then, the calculation unit 830 determines the over-
driving tactic according to the threshold value. When the
threshold value is the first value, the predetermined high pixel
value is provided in the precharge field. So, the over-driving
tactic of increasing the responding speed for the liquid crystal
molecule is decreasing the compensation pixel value of the
present frame period. When the threshold value of the previ-
ous frame period is the second value, the predetermined low
pixel value is provided in the precharge field. So that, the
over-driving tactic for increasing the responding speed for the
liquid crystal molecule is increasing the compensation pixel
value of the present frame period.
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[0081] Next, the calculation unit 830 saves the compensa-
tion pixel value into the frame memory 810. The frame
memory 810 outputs the saved compensation pixel value to
the multiplexer 860 and outputs the threshold value to the
expand unit 840.

[0082] The expand unit 840 receives the threshold value
and outputs a precharge pixel value according to the threshold
value. If the threshold value is the first value, the precharge
pixel value will be the predetermined high pixel value. Oth-
erwise, it will be the low pixel value. The field controller 850
controls the multiplexer 860 to output the precharge pixel
value or the compensation pixel value according to the first
synchronization signal Fsync.

[0083] The frame memory of the second, third, fourth, and
fifth embodiments of the present invention saves the pixels of
the whole frame. The frequency of Vs signal and the Hs signal
should be doubled in displaying of the two pixel values cor-
responding to the precharge field and the compensation field
during one frame period. Therefore, the Vs' signal is two
times the frequency of the Vs signal, and the Hs' signal is two
times the frequency of the Hs signal. In the second, third,
fourth, and fifth embodiments of the present invention, the
pixel values of all pixels for the first field are displayed
orderly during the period of the Vs' signal, which is 1/120
second. Then, the pixel values of all pixels for the second field
are displayed orderly during the next period of Vs' signal,
which is 1/120 second.

[0084] Referring to FIG. 10, it shows the block diagram of
an LCD driving apparatus according to a sixth embodiment of
the present invention. The LCD driving apparatus 900
includes a frame memory 910, a mathematic unit, and a field
controller 950. The mathematic unit includes a threshold unit
920, a calculation unit 930, an expand unit 940, and a multi-
plexer 960. The LCD driving apparatus 900 receives the pixel
value D and outputs a driving value, and thereby the source
driver 970 outputs the driving voltage Vd.

[0085] For example, consider the LCD having the refresh
rate of 60 Hz, for which 60 frames are displayed in each
second. The pixel value D is inputted into the LCD driving
apparatus 900 according to the pixel clock signal Cp. The
LCD driving apparatus 900 outputs the driving voltage Vd
according to the pixel clock signal Cp', whose frequency is
double of the pixel clock signal Cp, because that one frame
period is divided into a precharge field and a compensation
field.

[0086] First, the LCD driving apparatus 900 receives the
pixel value D, and delivers the pixel value D to the calculation
unit 930 and the threshold unit 920. The threshold unit 920
compares the received pixel value D with a reference value. If
the pixel value D is larger than the reference value, a threshold
value outputted from the threshold unit 920 will be the first
value and be delivered to the frame memory 910. Otherwise,
it will be the second value. The frame memory 910 outputs the
threshold value to the calculation unit 930 and the expand unit
940.

[0087] Then, the calculation unit 930 outputs a compensa-
tion driving voltage according to the pixel value D and the
threshold value from the frame memory 910. When threshold
value is the second value, the compensation pixel value is
determined according to the double of the pixel value D.
Otherwise, the compensation pixel value is determined
according to the result of double of the pixel value D minus
the predetermined high pixel value.
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[0088] The expand unit 940 receives the threshold value
and outputs a precharge pixel value according to the threshold
value. If the threshold value is the first value, the precharge
pixel value will be the predetermined high pixel value. Oth-
erwise, it will be the predetermined low pixel value. The field
controller 950 controls the multiplexer 860 to output the
precharge pixel value or the compensation pixel value accord-
ing to the first synchronization signal Fsync.

[0089] Inthe second, third, fourth, and fifth embodiment of
the present invention, the pixels of whole image is saved by
the frame memory. However, the threshold value of each
pixel, only having one bit, is saved by the frame memory 910
according to the sixth embodiment. Therefore, the sixth
embodiment could efficiently decrease the needed memory
required by the LCD driving apparatus 900.

[0090] Another scanning method is needed in the sixth
embodiment because the pixels of the all image are not saved
by the frame memory 910 and each pixel is instantaneously
processed for outputting. Referring to FIGS. 11A and 11B,
they show the scanning process for the nth frame period
according to the sixth embodiment. For example, consider the
compensation field is prior to the precharge field. The fre-
quency for the Hs' signal is the two times the frequency of the
Hs signal. The frequency for the Vs' signal is same as the Vs
signal.

[0091] The bit stream of the pixel values is inputted into the
LCD driving apparatus according to the pixel clock signal Cp.
The pixel values for one frame are inputted completely in
1/60 second, and the pixels for one horizontal line are input-
ted completely in two cycles of the Hs' signal. In the sixth
embodiment, the pixels are instantaneously processed and
displayed due to the lacking of memory for saving the pixel
values when the pixel values for one horizontal line are
received. The frame is divided into an upper part and a lower
part, which are respectively corresponding to the horizontal
lines 1~300 and the horizontal lines 301~600.

[0092] FIG. 11A shows the scanning process while receiv-
ing the pixel values for the upper part of the nth frame,
wherein the first cycle of the Hs' signal at the very beginning
is H'(0). The pixel values for each horizontal line are inputted
at the each even cycles, such as Hs'(0), Hs'(2), Hs'(4), and so
on. At the Hs'(0), the pixel values of the 1st horizontal line are
inputted, and the compensation pixel values C, (n) for the 1st
horizontal line of the nth frame are displayed. The threshold
values of each pixel for the first horizontal line are saved in the
frame memory.

[0093] At the Hs'(1), the pixel values of the 2nd horizontal
line for the upper part are not inputted yet, and so that the
precharge pixel values P, (n-1) corresponding to the pixels
ofthe (n—1)th frame for the 3015t line, the 1thc horizontal line
for the lower part, is displayed. The precharge pixel values
P50, (n-1) are decided according to the threshold value saved
in the frame memory.

[0094] At the Hs'(2), the pixel values of the 2nd horizontal
line for the upper part are inputted. The precharge pixel values
C, (n) corresponding to each pixels of the 2nd horizontal line
is displayed. The threshold values corresponding to each
pixel values for the 2nd horizontal line are saved in the frame
memory.

[0095] At the Hs'(3), the pixel values of the 3rd horizontal
line for the upper part are not inputted yet. The precharge
pixel values P,y, (n—1) corresponding to the pixels of the
(n-1)th frame for the 302nd horizontal line, the 2nd horizon-
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tal line for the lower part, is displayed. The precharge pixel
values P;,, (n-1) are decided according to the threshold value
saved in the frame memory.

[0096] The followings are deduced by analogy. Until the
Hs'(599), the precharge pixel values corresponding to the
(n-1)th frame for the lower part and the precharge pixel
values corresponding to the nth frame for the upper part have
been displayed.

[0097] FIG. 11B shows the scanning process while receiv-
ing the pixel values for the lower part of the nth frame. At the
Hs'(600), the pixel values of the 301st horizontal line are
inputted, and the compensation pixel values C,,,(n) for the
301st horizontal line are displayed. The threshold values of
pixels for the 301st horizontal line are saved in the frame
memory.

[0098] At the Hs'(601), the pixel values of the 302nd hori-
zontal line for the lower part are not inputted yet. The pre-
charge pixel values P, (n) corresponding to the pixels of the
nth frame for the 1st line of the nth frame is displayed. The
precharge pixel values P,(n) are decided according to the
threshold value saved in the frame memory.

[0099] At the Hs'(602), the pixel values of the 302nd hori-
zontal line are inputted. The precharge pixel values C;,(n)
corresponding to pixels of the 302nd horizontal line is dis-
played. The threshold values corresponding to pixels for the
302nd horizontal line are saved in the frame memory.
[0100] At the Hs'(603), the pixel values of the 303rd hori-
zontal line are not inputted yet. The precharge pixel values
P,(n) corresponding to the pixels of the nth frame for the 2nd
horizontal line is displayed.

[0101] The followings are deduced by analogy. Until the
Hs'(1199), the precharge pixel values corresponding to the
lower part for the nth frame and the precharge pixel values
corresponding to the upper part for the nth frame have been
displayed. Therefore, one frame can be completely displayed
in one period of Vs signal.

[0102] Referring to FIG. 12, it shows the driving voltage of
the driving method for an LCD according to a seventh
embodiment of the invention. The pixel values D in the frame
periods T1, T2, and T3 are supposed to be respectively 30,
200, and 30. The precharge field is prior to the compensation
field in this embodiment. The compensation pixel value and
the precharge pixel value are further compensated for over-
driving. The precharge pixel value is either a first pixel value
or a second pixel value, for example 5 and 240 respectively.
The compensation pixel value is calculated such that the
lightness of the frame period is substantially the same with
lightness driven by the pixel value in the conventional
method. The average of the compensation pixel value and the
precharge pixel value substantially equals to the pixel value in
this embodiment.

[0103] First, calculate the precharge pixel values and the
compensation pixel values of the frame periods by the method
of the first embodiment. The pixel value of the frame period
T1 is 30, being smaller than the reference value of 128, so the
precharge pixel value of the precharge field P1 is the second
pixel value, which is 5 in this embodiment. Hence, the com-
pensation pixel value of the compensation field C1 is deter-
mined to be 55. The pixel value of the frame period T2 is 200,
being larger than the reference value of 128, so the precharge
pixel value of the precharge field P2 is the first pixel value,
which is 240 in this embodiment. Hence, the compensation
pixel value of the compensation field C2 is determined to be
160. The pixel value of the frame period T3 is 30, being
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smaller than the reference value of 128, so the precharge pixel
value of the precharge field P3 is the second pixel value,
whichis 5 in this embodiment. Hence, the compensation pixel
value of the compensation field C3 is determined to be 55.
[0104] Then, determine the overdrive compensation value.
The pixel value of frame period T2 is 200, being larger than
that of the previous frame period T1, so the precharge pixel
value of the precharge field P2 is added an overdrive compen-
sation value Al and the compensation pixel value of the
compensation field C2 is added an overdrive compensation
value A2 for increasing the response speed of the liquid crys-
tal molecules. The overdrive compensation values Al and A2
are respectively 10 and 2 for example.

[0105] The overdrive compensation values can be deter-
mined according to the pixel value of the current frame period
and that of the previous frame period. A table can be estab-
lished according to the characteristics of the LCD in order to
look for the best overdrive compensation values.

[0106] In this embodiment, both the precharge pixel value
and the compensation pixel value are overdrivingly compen-
sated, or only one of them is overdrivingly compensated. In
addition, the overdrive compensation values can be deter-
mined according to the pixel values of previous frame peri-
ods, previous precharge fields, or previous compensation
fields.

[0107] Besides, the sequence of the precharge field and the
compensation field can be dynamically swapped according to
the pixel values of each fields, for example.

[0108] Referring to FIG. 13, it shows the block diagram of
an LCD driving apparatus according to an eighth embodiment
ofthe present invention. The driving apparatus 1000 includes
a frame memory 1010, a mathematic unit, and a field control-
ler 1050. The mathematic unit includes a overdrive compen-
sation unit 1020, a temperature sensor 1023, a calculation &
expand unit 1030, and a multiplexer 1060. The LCD driving
apparatus 1000 receives a pixel value D and outputs driving
value Dv, which is either the precharge pixel value or the
compensation pixel value. Then, the source driver 1070
thereby outputs driving voltage Vd to drive the LCD.

[0109] The LCD driving apparatus 1000 receives the pixel
value D, saves the pixel value D in the frame memory 1010.
Then, the calculation & expand unit 1030 outputs a compen-
sation pixel value and a precharge pixel value according to the
pixel value D and the overdrive compensation value from the
overdrive compensation unit 1020. The precharge pixel value
and the compensation pixel value are saved to the frame
memory 1010 to be used later by the overdrive compensation
unit 1020 and by the calculation & expand unit 1030 to output
to the multiplexer 1060. The overdrive compensation unit
1020 outputs the overdrive compensation value according to
the pixel value D, the precharge pixel value, the compensation
pixel value, or the temperature value outputted by the tem-
perature sensor 1023. The temperature sensor 1023 is not the
necessary element in this embodiment, but can enhance the
performance of the overdrive compensation unit 1020.
[0110] The field controller 1050 controls the multiplexer
1060 to output the precharge pixel value or the compensation
pixel value according to the second synchronization signal
derived from the first synchronization signal Fsync.

[0111] Referring to FIG. 14, it shows the block diagram of
an LCD driving apparatus according to a ninth embodiment
ofthe present invention. The driving apparatus 1100 includes
a frame memory 1110, a mathematic unit, and a field control-
ler 1150. The mathematic unit includes a overdrive compen-
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sation unit 1122, a calculation & expand unit 1130, and a
multiplexer 1160. The LCD driving apparatus 1100 receives
a pixel value D and outputs driving value Dv, which is either
the precharge pixel value or the compensation pixel value.
Then, the source driver 1170 thereby outputs driving voltage
Vd to drive the LCD.

[0112] The LCD driving apparatus 1100 receives the pixel
value D, saves the pixel value D in the frame memory 1110.
Then, the calculation & expand unit 1130 outputs a compen-
sation pixel value and a precharge pixel value according to the
pixel value D and the overdrive compensation value from the
overdrive compensation unit 1122. The precharge pixel value
and the compensation pixel value are saved to the frame
memory 1110 to be used later by the overdrive compensation
unit 1122 and by the calculation & expand unit 1130 to output
to the multiplexer 1160. The field controller 1150 controls the
multiplexer 1160 to output the precharge pixel value or the
compensation pixel value according to the second synchro-
nization signal derived from the first synchronization signal
Fsync.

[0113] Referring to FIG. 15, it shows the block diagram of
an LCD driving apparatus according to a tenth embodiment of
the present invention. The driving apparatus 1200 includes a
frame memory 1210, a mathematic unit, and a field controller
1250. The mathematic unit includes a overdrive compensa-
tion unit 1220, a calculation & expand unit 1230, and a
multiplexer 1260. The LCD driving apparatus 1200 receives
a pixel value D and outputs driving value Dv, which is either
the precharge pixel value or the compensation pixel value.
Then, the source driver 1270 thereby outputs driving voltage
Vd to drive the LCD.

[0114] The LCD driving apparatus 1200 receives the pixel
value D, saves the pixel value D in the frame memory 1210.
Then, the calculation & expand unit 1230 outputs a compen-
sation pixel value and a precharge pixel value according to the
pixel value D and the overdrive compensation value from the
overdrive compensation unit 1220. The field controller 1250
controls the multiplexer 1260 to output the precharge pixel
value or the compensation pixel value according to the second
synchronization signal derived from the first synchronization
signal Fsync.

[0115] Referring to FIG. 16A, it shows the block diagram
of an LCD driving apparatus according to an eleventh
embodiment of the present invention. The driving apparatus
1300 includes a frame memory 1310, a mathematic unit, and
a field controller 1350. The mathematic unit includes a look
up unit 1302 and a multiplexer 1360. The LCD driving appa-
ratus 1300 receives a pixel value D and outputs driving value
Dv, which is either the precharge pixel value or the compen-
sation pixel value. Then, the source driver 1370 thereby out-
puts driving voltage Vd to drive the LCD. The pixel value D
can be saved in the frame memory 1310 to be used by the look
up unit 1302 later.

[0116] FIG. 16B shows the table used by the look up unit.
The look up unit 1302 finds the corresponding precharge
pixel value and compensation value in this table according to
the pixel value. When the pixel value is 4, the precharge pixel
value and the compensation pixel value are looked up to be O
and 9 respectively such that the lightness of the frame period
equals to the lightness if driven by the pixel value. The input
and the outputted lightness of an LCD is not necessarily
linear, and the content f the table can be adjusted according to
the characteristics of the LCD.
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[0117] While the invention has been described by way of
example and in terms of the preferred embodiment, it is to be
understood that the invention is not limited to the disclosed
embodiment. On the contrary, it is intended to cover various
modifications and similar arrangements and procedures, and
the scope of the appended claims therefore should be
accorded the broadest interpretation so as to encompass all
such modifications and similar arrangements and procedures.

What is claimed is:

1. An apparatus for use in a liquid crystal display (LCD),
the apparatus being adapted to receive a pixel value and drive
apixel ofthe LCD according to the pixel value during a frame
period, the frame period being divided into a precharge field
and a compensation field, the apparatus comprising:

afield controller for receiving a first synchronization signal

and thereby outputting a second synchronization signal;

a frame memory for receiving a pixel value;

a calculation and expand unit configured to receive the

pixel value from the frame memory and output a pre-
charge pixel value and a compensation pixel value;
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an overdrive compensation unit configured to provide an
overdrive compensation value according to at least one
of the pixel value, the precharge pixel value, and the
compensation pixel value;

a multiplexer for selectively outputting either the pre-
charge pixel value or the compensation pixel value
according to the second synchronization signal derived
from the first synchronization signal; and

a source driver for generating a precharge driving voltage
and a compensation driving voltage according to the
precharge pixel value and the compensation pixel value,
respectively, so as to drive the pixel by the precharge
driving voltage during the precharge field and to drive
the pixel by the compensation driving voltage during the
compensation field.

2. The apparatus according to claim 1, further comprising
a temperature sensor adapted to provide a temperature value
to be applied to the overdrive compensation unit.

* * & & *
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