EP 1 548 698 A1

Europdisches Patentamt

European Patent Office

(19) g)

(12)

Office européen des brevets

(43) Date of publication:
29.06.2005 Bulletin 2005/26

(21) Application number: 03029643.8

(22) Date of filing: 22.12.2003

(11) EP 1 548 698 A1

EUROPEAN PATENT APPLICATION

(51) Intcl”: GO9G 3/36

(84) Designated Contracting States:
AT BEBG CHCY CZDE DKEE ES FIFR GB GR
HU IE IT LI LU MC NL PT RO SE SI SK TR
Designated Extension States:
AL LT LV MK

(71) Applicant: VastView Technology Inc.
Hsinchu (TW)

(72) Inventors:
* Shen, Yung-Hung
Hsin-Chu City (TW)
* Wang, Shih-Chung
Kao-Hsiung City (TW)

e Shen, Yuhren
Tai-Nan City (TW)
¢ Chen, Cheng-Jung
Jhu-Nan Town Miao-Li Hsien (TW)

(74) Representative: Weber, Joachim, Dr.
Hoefer & Partner
Patentanwalte
Gabriel-Max-Strasse 29
81545 Miinchen (DE)

Remarks:
Amended claims in accordance with Rule 86 (2)
EPC.

(54)

(57) A method for driving a liquid crystal display
(LCD) panel includes receiving continuously a plurality
of frame data, generating a plurality of data impulses
(GN,GN(2)) for each pixel every frame period according
to the frame data, and applying the plurality of data im-
pulses to a pixel of a liquid crystal device within a frame

Driving circuit of an liquid crystal display and its driving method

period via the data line connected to the pixel in order
to control a transmission rate of the liquid crystal device.
A processing circuit (42) a plurality of overdriven pixel
data (GN) according to the current pixel data (Gm) and
delayed pixel data (Gm-1). Stored in a first memory (44).
A second memory (46) outputs the plurality of overdriv-
en pixel data (GN,GN(2)) to each pixel.

14
40
r--—-~71—-~ -~ -~-= - -~ == - - - - -=- =~ 1
! Multiplier ! €2
[ 42 i
c ! L / |
' Processing circuit +
| 4 .
| GN t
| Gm Gm-l GN GN(2 !
i i
G S First image Second image |- 46
: d memory memory :
I 44 t
| i
Sync : N First memory :
| controller (
i I/ 48/ Second memory}—i-50
! controller !
L o e o e o e e e e e e e e e - - ]
' Fig. 7

Printed by Jouve, 75001 PARIS (FR)



1 EP 1 548 698 A1 2

Description

[0001] The invention relates to a driving circuit of a
liquid crystal display (LCD) panel and its related driving
method according to the pre-characterizing clause of
claim 1.

[0002] A liquid crystal display (LCD) has advantages
of light weight, low power consumption, and low diver-
gence and is applied to various portable equipment such
as notebook computers and personal digital assistants
(PDAs). In addition, LCD monitors and LCD televisions
are gaining in popularity as a substitute for traditional
cathode ray tube (CRT) monitors and televisions. How-
ever, an LCD does have some disadvantages. Because
of the limitations of physical characteristics, the liquid
crystal molecules need to be twisted and rearranged
when changing input data, which can cause the images
to be delayed. For satisfying the rapid switching require-
ments of multimedia equipment, improving the re-
sponse speed of liquid crystal is desired.

[0003] Generally when driving an LCD, a driving cir-
cuit receives a plurality of frame data and then gener-
ates corresponding data impulses, scan voltages, and
timing signals, according to the frame data, in order to
control pixel operation of the LCD. Each of the frame
data includes data for refreshing all of the pixels within
a frame period; thus each of the frame data can be re-
garded as including a plurality of pixel data, and each of
the pixel data is for defining the gray level that a pixel is
required to reach within a frame period. In the general
standard, each pixel can switch among 256 (28) gray
levels, thus each of the pixel data is 8 bits in length.
[0004] With these problems in mind, the present in-
vention aims at providing a driving circuit of an LCD pan-
el and its relating driving method to solve the problem
mentioned above.

[0005] This is achieved by the present invention as
claimed in claim 1 that the present invention provides a
method for driving an LCD panel. The LCD panel in-
cludes a plurality of scan lines, a plurality of data lines,
and a plurality of pixels. Each pixel is connected to a
corresponding scan line and a corresponding data line,
and each pixel includes a liquid crystal device and a
switching device connected to the corresponding scan
line, the corresponding data line, and the liquid crystal
device. The method includes receiving continuously a
plurality of frame data, generating a plurality of data im-
pulses for each pixel in every frame period according to
the frame data and applying the data impulses to the
liquid crystal device of one of the pixels within one frame
period via the data line connected to the pixel in order
to control the transmission rate of the liquid crystal de-
vice of the pixel.

[0006] The invention is illustrated by way of example
with reference to the accompanying drawings, in which

Fig.1 is a timing diagram of the pixel data values
varying in accordance with the frames according to
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the prior art,

Fig.2 is a timing diagram of different transmission
rates of the pixel varying in accordance with the
frames,

Fig.3 is a block diagram of a driving circuit and an
LCD panel according to the present invention,
Fig.4 is a circuit diagram of the LCD panel,

Fig.5is atiming diagram of pixel data values varying
in accordance with frames,

Fig.6 is a timing diagram of the transmission rate of
the pixel varying in accordance with the frames,
Fig.7 is a block diagram of the blur clear converter
according to the first embodiment of the present in-
vention,

Fig.8 is a block diagram of the blur clear converter
according to the second embodiment of the present
invention,

Fig.9 is a timing diagram of original pixel data re-
ceived by the blur clear converter varying in accord-
ance with the frames, and

Fig.10 is a timing diagram of overdriven pixel data
generated by the blur clear converter varying in ac-
cordance with the frames.

[0007] The prior artis disclosed in U. S. published ap-
plication No. 2002/0050965. Please refer to Fig.1 show-
ing a timing diagram of pixel data values varying in ac-
cordance with the frames. When driving a pixel, the driv-
ing circuit receives a plurality of pixel data used for driv-
ing the pixel in sequence. As shown in Fig. 1, GN,
GN+1, GN+2 are the pixel data received in frame peri-
ods N, N+1, N+2, and the driving circuit determines the
gray level of the pixel in the frame periods N, N+1, N+2
according to the values of the pixel data GN, GN+1,
GN+2. In general, the larger the value of the pixel data
is, the larger the gray level is. The driving circuit gener-
ates a data impulse corresponding to a frame period ac-
cording to the pixel data GN, GN+1, GN+2, and applies
the pulse to a pixel electrode of the corresponding pixel
to have the pixel be in the appropriate gray level as re-
quired within each frame period.

[0008] Please refer to Fig.2 showing a timing diagram
of different transmission rates of a pixel, varying in ac-
cordance with the frames. Two curves C1, C2 are meas-
ured when the driving circuit changes the transmission
rate from T1 to T2 beginning at frame period N. The
curve C1 shows the transmission rate of a pixel not over-
driven corresponding to the frames, and the curve C2
shows the transmission rate of the pixel overdriven cor-
responding to the frames. There is a time delay when
charging liquid crystal molecules, so that they cannot
twist at a predetermined angle at a predetermined trans-
mission rate. As shown by the curve C1, in the case of
not being overdriven, the transmission rate cannot
reach a predetermined level in the frame period N but
has to wait until the frame period N+2. Such a delay
causes blurring. In order to improve that, some conven-
tional LCD are overdriven, which means applying a
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higher or a lower data impulse to the pixel electrode to
accelerate the reaction speed of the liquid crystal mol-
ecules, so that the pixel can reach the predetermined
gray level in a predetermined frame period. As shown
by the curve C2, in the case of being overdriven, al-
though the reaction speed of the liquid crystal molecules
is faster than in case of not being overdriven, the trans-
mission rate has to wait until frame period N+1 to reach
T2. Thus, the requirement of reaching T2 in the frame
period N still remains unsatisfied.

[0009] Please refer to Fig.3 showing a block diagram
of a driving circuit 10 and an LCD panel 30 according to
the present invention. The driving circuit 10 is for driving
the LCD panel 30, which includes a signal controller 12,
a blur clear converter 14, a timing controller 16, a source
driver 18, and a gate driver 20. The signal controller 12
is for receiving composite video signals Sc, which in-
cludes frame data and timing data for driving the LCD
panel 30, and processing the composite video signals
Sc to separate them into frame signals G and control
signals C. Subsequently, the blur clear converter 14
continuously receives the control signals C and the
frame data included in the frame signals G and gener-
ates processed frame signals G' including a plurality of
overdriven data according to the frame data. The timing
controller 16 controls the source driver 18 and the gate
driver 20 according to the frame signals G' and the con-
trol signals C so that the source driver 18 and the gate
driver 20 generate corresponding data line voltages and
scan line voltages according to the plurality of overdriv-
en data included in the frame signals G' in order to drive
the LCD panel 30 to generate images corresponding to
the composite video signals Sc.

[0010] Please refer to Fig.4 showing a circuit diagram
of the LCD panel 30. The LCD panel 30 includes a plu-
rality of scan lines 32, a plurality of data lines 34, and a
plurality of pixels 36. Each pixel 36 is connected to a
corresponding scan line 32 and a corresponding data
line 34, and each pixel 36 has a switching device 38 and
a liquid crystal device 39 a.k.a. a pixel electrode. The
switching device 38 is connected to the corresponding
scan line 32 and the corresponding data line 34, and the
source driver 18 and the gate driver 20 control the op-
eration of each pixel 36 via the scan line 32 and the data
line 34. To drive the LCD 30, scan voltages are applied
to the scan lines 32 to turn on the switching devices 38,
and data voltages are applied to the data lines 34 and
transmitted to the pixel electrodes 30 through the
switching devices 38. Therefore, when the scan voltag-
es are applied to the scan lines 32 to turn on the switch-
ing devices 38, the data voltages on the data lines 34
will charge the pixel electrodes 39 through the switch
devices 38, thereby twisting the liquid crystal molecules.
When the scan voltages on the scan lines 32 are re-
moved to turn off the switching devices 38, the datalines
34 and the pixels 36 will disconnect, and the pixel elec-
trodes 39 will remain charged. The scan lines 32 turn
the switching devices 38 on and off repeatedly so that
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the pixel electrodes 39 can be repeatedly charged. Dif-
ferent data voltages cause different twisting angles and
show different transmission rates. Hence, the LCD 30
displays various images.

[0011] Please refer to Fig.5 showing a timing diagram
of pixel data values varying in accordance with frames.
According to the present invention, when driving any
pixel 36 of the LCD panel 30, the driving circuit 10 gen-
erates a plurality of pixel data used for driving the pixel
in sequence. As shown in Fig.5, GN, GN(2), GN+1,
GN+1(2), GN+2, GN+2(2), GN+3, GN+3(2) are the pixel
data generated in frame periods N, N+1, N+2, N+3. The
driving circuit 10 generates two pieces of pixel data for
each pixel 36 in every frame period. The driving circuit
10 drives the pixel to reach gray levels in the frame pe-
riods N, N+1, N+2, N+3 according to the values of the
pixel data GN - GN+2(2). For instance, when the pixel
data GN, GN(2) are generated, the source driver of the
driving circuit 10 converts the pixel data GN, GN(2) into
two corresponding data impulses and then applies them
to the liquid crystal device 39 via the data line 32 in the
frame period N in order to control the transmission rate
of the liquid crystal device 39. Similarly, data impulses
corresponding to the pixel data GN+1 - GN+3(2) are ap-
plied respectively to corresponding pixel electrodes 39
every half a frame period. Same as the prior art, the larg-
er the value of the pixel data is, the higher the voltage
of the corresponding data impulse is, and the larger the
gray level value is.

[0012] Please refer to Fig.6 showing a timing diagram
of the transmission rate of the pixel 36 varying in accord-
ance with the frames. As described above, the driving
circuit 10 generates two pieces of pixel data in each
frame period, and then the source driver 18 generates
two corresponding data impulses according to the two
pieces of pixel data and applies them to the pixel elec-
trode 39 of the corresponding pixel 36 in order to control
the transmission rate and gray level of the pixel elec-
trode 39. As shown in Fig.6, the driving circuit 10 chang-
es the transmission rate of the pixel electrode 39 of a
pixel 36 from T1to T2 in the frame period N+1. The pixel
electrode 39 is applied with two data impulses corre-
sponding to the pixel data GN+1, GN+1(2) in the frame
period N+1 at a time interval of half a frame period. As
shown in Fig.6, although the transmission rate of the pix-
el electrode 39 cannot reach T2 in the first half period
n+2 of the frame period N+1, in the later half period n+3
of the frame period N+1, the pixel electrode 39 is applied
with another data impulse, so that the transmission rate
can reach T2 in the frame period N+1 as required.
Therefore, blurring will not occur.

[0013] In the present embodiment, the two pieces of
pixel data of each pixel in every frame period are gen-
erated by the blur clear converter 14. Please refer to Fig.
7 showing a block diagram of the blur clear converter
14. The blur clear converter 14 includes a multiplier 40,
a processing circuit 42, a firstimage memory 44, a sec-
ond image memory 46, a first memory controller 48, and
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a second memory controller 50. The multiplier 40 is for
doubling the frequency of the control signal C to gener-
ate a multiplied signal C2. The firstimage memory 44 is
controlled by the first memory controller 48 to delay cur-
rent pixel data Gm for a frame period to generate de-
layed pixel data Gm-1 according to the control signal C.
The processing circuit 42 generates a plurality of over-
driven pixel data GN according to the current pixel data
Gm and the delayed pixel data Gm-1. The second image
memory 46 stores the overdriven pixel data GN, and the
second memory controller 50 controls the second image
memory 46 to output two overdriven pixel data GN, GN
(2) to each pixel 36 within a frame period according to
the multiplied signal C2 in order to have the source driv-
er 18 apply two data impulses to a specific pixel 36 within
a frame period according to the two overdriven pixel da-
ta GN, GN(2) .

[0014] Please refer to Fig.8 showing a block diagram
of the blur clear converter 60 according to the second
embodiment of the present invention. The blur clear
converter 60 functions the same as the blur clear con-
verter 14, which includes a multiplier 62, a first image
memory 66, a second image memory 68, a third image
memory 70, a memory controller 64, a processing circuit
74, and a comparing circuit 72. The multiplier 62 is for
doubling the frequency of the control signal C to gener-
ate a multiplied signal C2. The firstimage memory 66 is
for receiving and temporarily storing a plurality of pixel
data G. The second image memory 68 delays the plu-
rality of pixel data G for a frame period to generate de-
layed pixel data Gm-1. The third image memory 70 de-
lays the pixel data Gm-1 for a frame period to generate
delayed pixel data Gm-2. Thus the pixel data Gm-2 lags
the pixel data Gm-1 for a frame period, and so does the
pixel data Gm-1 with respect to the pixel data Gm. The
memory controller 64 controls the second image mem-
ory 68 and the third image memory 70 to output two
overdriven pixel data in each frame period according to
the multiplied signal C2. The processing circuit 74 gen-
erates two pieces of overdriven pixel data GN-1, GN-1
(2) for each pixel 36 in every frame period according to
the pixel data Gm-1, Gm-2. The comparing circuit 72
compares the pixel data Gm-1 with the pixel data Gm-
2 to determine the values of the overdriven pixel data
GN-1, GN-1(2).

[0015] Please referto Fig.9 showing a timing diagram
of original pixel data received by the blur clear converter
60 varying in accordance with the frames, and Fig . 10
showing a timing diagram of overdriven pixel data gen-
erated by the blur clear converter 60 varying in accord-
ance with the frames. As shown in Fig.9, the original pix-
el data received by the blur clear converter 60 in the
frame periods N and N+1 are respectively Gm and
Gm+1, with a difference Diff between each other. The
blur clear converter 60 generates the two overdriven pix-
el data GN+1, GN+1(2) with a difference AG between
each other according to the original pixel data Gm,
Gm+1. The difference AG is determined by the compar-
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ing circuit 72 in Fig.8 for driving the pixels 36 according
to difference conditions. The difference AG is deter-
mined according to the difference Diff between the orig-
inal pixel data Gm and Gm+1. For instance, when the
difference Diff is less than a specific value, the compar-
ing circuit 72 determines the difference AG as 0, that is
equating the overdriven pixel data GN+1 to the overdriv-
en pixel data GN+1(2). Or when the difference Diff is
larger than a specific value, the comparing circuit 72
modulates the difference AG to drive the LCD panel 30
properly.

[0016] In contrast to the prior art, the present inven-
tion discloses a driving circuit and relating driving meth-
od to generate two pieces of pixel data in each frame
period for every pixel on an LCD panel and then to gen-
erate two data impulses according to the two pieces of
pixel data and to apply them to each pixel within a frame
period in order to change the transmission rate of a pixel
electrode. Thus, each of the pixels of the LCD panel is
applied of a plurality of data impulses within a frame pe-
riod, so that liquid crystal molecules of the pixels can
twist to reach a predetermined gray level within a frame
period, and blurring will not occur.

[0017] Those skilled in the art will readily observe that
numerous modifications and alterations of the device
and method may be made while retaining the teachings
of the invention. Accordingly, the above disclosure
should be construed as limited only by the metes and
bounds of the appended claims.

Claims

1. A method for driving a liquid crystal display (LCD)
panel (30), the LCD panel (30) comprising:

a plurality of scan lines (32);

a plurality of data lines (34); and

a plurality of pixels (36), each pixel (36) being
connected to a corresponding scan line (32)
and a corresponding data line (34), and each
pixel (36) comprising a liquid crystal device (39)
and a switching device (38) connected to the
corresponding scan line (32), the correspond-
ing data line (34), and the liquid crystal device
(39), and

characterized in that:
the method comprises:

receiving continuously a plurality of frame
data; generating a plurality of data impuls-
es for each pixel (36) within every frame
period according to the frame data; and

applying the data impulses to the liquid
crystal device (39) of one of the pixels (36)
within one frame period via the data line
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(34) connected to the pixel (36) in order to
control a transmission rate of the liquid
crystal device (39) of the pixel (36).

2. The method of claim 1 characterized in that the

driving method further comprises:

delaying the frame data to generate a plurality
of corresponding delayed frame data; and
comparing current frame data and correspond-
ing delayed data to determine voltage values of
the data impulses when generating the data im-
pulses.

The method of claim 2 characterized in that the
data impulses are a first data impulse and a second
data impulse applied to the liquid crystal device (39)
of the pixel (36) in sequence within the frame period.

The method of claim 3 characterized in that the
driving method further comprises:

determining a difference between the first data
impulse and the second data impulse accord-
ing to the current frame data and the corre-
sponding delayed frame data.

The method of claim 1 characterized in that the
driving method further comprises:

applying a scan line voltage to the switch device
(38) of the pixel (36) via the scan line (32) con-
nected to the pixel (36) in order to have the data
impulses be applied to the liquid crystal device
(39) of the pixel (36).

The method of claim 1 characterized in that each
frame data comprises a plurality of pixel data, and
each pixel data corresponds to a pixel (36).

A driving circuit (10) for driving an LCD panel (30),
the LCD panel (30) comprising:

a plurality of scan lines (32);

a plurality of data lines (34); and

a plurality of pixels (36), each pixel (36) being
connected to a corresponding scan line (32)
and a corresponding data line (34), and each
pixel (36) comprising a liquid crystal device (39)
and a switching device (38) connected to the
corresponding scan line (32), the correspond-
ing data line (34), and the liquid crystal device
(39),

characterized in that:

the driving circuit (10) comprising:
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a blur clear converter (14, 60) for receiving
frame data every frame period, each frame
data comprising a plurality of pixel data and
each pixel data corresponding to a pixel
(36), the blur clear converter (14, 60) de-
laying current frame data to generate de-
layed frame data and generating a plurality
of overdriven pixel data within every frame
period for each pixel (36) ;

a source driver (18) for generating a plural-
ity of data impulses to each pixel (36) ac-
cording to the plurality of overdriven pixel
data generated by the blur clear converter
(14, 60) and applying the data impulses to
the liquid crystal device (39) of the pixel
(36) via the scan line (32) connected to the
pixel (36) within one frame period in order
to control transmission rate of the liquid
crystal device (39) ; and

a gate driver (20) for applying a scan line
voltage to the switch device (38) of the pixel
(36) so that the data impulses can be ap-
plied to the liquid crystal device (39) of the
pixel (36).

8. The driving circuit of claim 7 characterized in that

the blur clear converter (14) further comprises:

a multiplier (40) for multiplying a frequency of a
control signal to generate a multiplied signal;
a firstimage memory (44) for delaying the pixel
data for a frame period;

a processing circuit (42) for generating the plu-
rality of overdriven pixel data according to the
pixel data and the pixel data delayed by the first
image memory (44);

a second image memory (46) for storing the
overdriven pixel data;

a memory controller (50) for controlling the sec-
ond image memory (46) according to the mul-
tiplied signal to output the plurality of overdriven
pixel data to any pixel (36) so that the source
driver (18) generates the data impulses to each
pixel (36) within one frame period according to
the overdriven pixel data output by the second
image memory (46).

9. The driving circuit of claim 7 characterized in that

the blur clear converter (60) further comprises:

a multiplier (62) for multiplying a frequency of a
control signal to generate a multiplied signal;
a first image memory (66) for receiving and
temporarily storing the pixel data;

a second image memory (68) for delaying the
pixel data stored and output by the first image
memory (66) for a frame period;

a third image memory (70) for delaying the pixel
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data stored and output by the second image
memory (68) for a frame period;

a memory controller (64) for controlling the sec-
ond image memory (68) and the third image
memory (70) according to the multiplied signal;
a processing circuit (74) for generating the plu-
rality of overdriven pixel data according to the
pixel data delayed and output by the second im-
age memory (68) and the third image memory
(70) ; and

a comparing circuit (72) for comparing the pixel
data delayed by the second image memory (68)
with the pixel data delayed by the third image
memory (70) in order to determine data values
of the overdriven pixel data generated by the
processing circuit (74).

Amended claims in accordance with Rule 86(2) EPC.

1. Amethod for driving a liquid crystal display (LCD)
panel (30), the LCD panel (30) comprising:

a plurality of scan lines (32);

a plurality of data lines (34); and

a plurality of pixels (36), each pixel (36) being
connected to a corresponding scan line (32)
and a corresponding data line (34), and each
pixel (36) comprising a liquid crystal device (39)
and a switching device (38) connected to the
corresponding scan line (32), the correspond-
ing data line (34), and the liquid crystal device
(39), and

characterized in that:
the method comprises:

receiving continuously a plurality of frame
data;

delaying the frame data to generate a plu-
rality of delayed frame data;

generating a first data impulse correspond-
ed to afirst pixel data (GN+1) and a second
data impulse corresponded to a second
pixel data (GN+1(2)) for each pixel (36)
within every frame period according to cur-
rent frame data (Gm+1) and corresponding
delayed frame data (Gm);

determining a difference (AG) between the
first pixel data (GN+1) and the second pixel
data (GN+1(2)) according to a difference
(Diff) between the current frame data
(Gm+1) and the corresponding delayed
frame data (Gm) when generating the first
data impulse and the second data impulse;
and

applying the first data impulse and the sec-
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ond data impulse to the liquid crystal de-
vice (39) of one of the pixels (36) within one
frame period via the data line (34) connect-
ed to the pixel (36) in order to control a
transmission rate of the liquid crystal de-
vice (39) of the pixel (36).

2. The method of claim 1 characterized in that the
driving method further comprises:

comparing the current frame data and the cor-
responding delayed frame data to determine
voltage values of the first data impulse and the
second data impulse when generating the first
data impulse and the second data impulse.

3. The method of claim 1 characterized in that the
driving method further comprises:

applying a scan line voltage to the switch device
(38) of the pixel (36) via the scan line (32) con-
nected to the pixel (36) in order to have the data
impulses be applied to the liquid crystal device
(39) of the pixel (36).

4. The method of claim 1 characterized in that
each frame data comprises a plurality of pixel data,
and each pixel data corresponds to a pixel (36).

5. The method of claim 1 characterized in that the
driving method further comprises:

equating the first pixel data (GN+1) to the sec-
ond pixel data (GN+1(2)) if the difference (Diff)
between the current frame data (Gm+1) and
the corresponding delayed frame data (Gm) is
less than a specific value.

6. The method of claim 1 characterized in that the
driving method further comprises:

modulating the difference (AG) between the
first pixel data (GN+1) and the second pixel da-
ta (GN+1(2)) if the difference (Diff) between the
current frame data (Gm+1) and the corre-
sponding delayed frame data (Gm) is greater
than a specific value.
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