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METHOD OF DRIVING LIQUID CRYSTAL
DISPLAY PANEL

[0001] This application claims the benefit of Taiwan
Patent application Serial No. 95110142, filed Mar. 23, 2006,
the subject matter of which is incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates in general to a method of
driving a liquid crystal display panel, and more particularly
to a method of driving a liquid crystal display panel having
dual thin-film-transistor pixels.

[0004] 2. Description of the Related Art

[0005] Referring to FIG. 1, an equivalent circuit diagram
of part of the pixels of a conventional liquid crystal display
panel is shown. In FIG. 1, for pixels in the same row, every
two adjacent pixels share one data line. Take the left pixel LP
(m, n) and the right pixel RP (m, n) of FIG. 1 for example.
The two pixels, coupled to a scan line S, ; and a data line
D,, are respectively positioned at the two sides of the data
line D,, and are referred as the left pixel LP (m, n) and the
right pixel RP (m, n) hereafter.

[0006] The right pixel RP (m, n) is controlled by a thin
film transistor M21 and a thin film transistor M22. The gate
of the thin film transistor M21 is electrically connected to the
scan line S, ,,, while the source of the thin film transistor
M21 is electrically connected to the data line D,,. The gate
of the thin film transistor M22 is electrically connected to a
scan line S,,,,, while the source of the thin film transistor
M22 is electrically connected to the thin film transistor M21.
The left pixel LP (m, n) is controlled by a thin film transistor
M11 and a thin film transistor M12. The gate of the thin film
transistor M11 is electrically connected to the scan line S, ;,
while the source of the thin film transistor M11 is electrically
connected to the data line D,. The gate of the thin film
transistor M12 is electrically connected to the scan line S,
while the source of the thin film transistor M12 is electrically
connected to the drain of the thin film transistor M11. The
pixels on the display panel can be divided into two catego-
ries, namely, the left pixels LP and the right pixels RP,
according to the position of the pixel with respect to the data
line.

[0007] Referring to FIG. 2, a timing diagram of the scan
signals of the scan lines S, S,,,, and S, ., of the circuit of
FIG. 1 is shown. The scanning of the pixels in each row can
be divided into two phases of sub-scanning. The first sub-
scanning scans all left pixels LP in a row, while the second
sub-scanning scans all right pixels RP in the row. For
example, when the pixels in the m™ row are scanned, at first,
during a first time period T1, the scan lines S, and S, , are
enabled at the same time, meanwhile, the thin film transis-
tors M11 and M12 are turned on at the same time, so a pixel
voltage is inputted to the left pixel LP (m, n) via the data line
D,,. Thus, the first sub-scanning is completed. Then, during
a second time period T2, the second sub-scanning is per-
formed. The scan lines S,,.; and S, ., are enabled, mean-
while, the thin film transistors M21 and M22 are turned on,
so a pixel voltage is inputted to the right pixel RP (m, n) via
the data line D,.

[0008] Since each pixel has dual thin film transistors, the
aperture ratio will be lower than a pixel having one thin film
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transistor. In order to increase the aperture ratio, another
pixel configuration is provided. Referring to FIG. 3, an
equivalent circuit diagram of part of the pixels of another
conventional liquid crystal display panel is shown. Take the
left pixel LP (m, n) and the right pixel RP (m, n) of FIG. 3
for example. The right pixel RP (m, n) is controlled by the
thin film transistor M2, the gate of the thin film transistor M2
is electrically connected to the scan line S,,, and the first
terminal of the thin film transistor M2 is electrically con-
nected to the data line D,. The left pixel LP (m, n) is
controlled by the thin film transistor M11 and the thin film
transistor M12. The gate of the thin film transistor M11 is
electrically connected to the scan line S, |, while the source
of the thin film transistor M11 is electrically connected to the
data line D,. The gate of the thin film transistor M12 is
electrically connected to the scan line S, , while the source
of the thin film transistor M12 is electrically connected to the
drain of the thin film transistor M11.

[0009] Referring to FIG. 4, a timing diagram of the scan
signals of the scan lines S,,, S,,,, and S, of the circuit of
FIG. 3 is shown. The scanning of the pixels in each row can
be divided into two phases of sub-scanning. The first sub-
scanning scans all left pixels LP in a row, while the second
sub-scanning scans all right pixels RP in the row. For
example, when the pixels in the m” row are scanned, at first,
during a first time period T1, the scan lines S, and S, |, are
enabled at the same time, meanwhile, the thin film transis-
tors M11 and M12 are turned on at the same time, so a pixel
voltage is inputted to the left pixel LP (m, n) via the data line
D,,. Then, during a second time period T2, only the scan line
S,, is enabled in the second phase of sub-scanning, mean-
while, the thin film transistor M2 is turned on, so a pixel
voltage is inputted to the right pixel RP (m, n) via the data
line D,,.

[0010] In the conventional practice disclosed above, the
enabled time of the scan lines S, and S, , | during a first time
period T1 is equivalent to the enabled time of the scan line
S,, during a second time period T2. Therefore, the charge
time of the left pixel LP (m, n) is equal to the charge time
of the right pixel RP (m, n).

[0011] In the liquid crystal display panel disclosed above,
every two adjacent pixels in the same row share the same
data line. The liquid crystal display panel disclosed above
enables a data line to charge two adjacent pixels in the same
row by different scan control signals transmitted by serially
connected thin film transistors. When the data line charges
the pixel electrode of the left pixel LP having dual thin film
transistors, the data line signal has to pass through two thin
film transistors, so the current charged to the left pixel LP is
smaller than the current charged to the right pixel RP.
Consequently, the charge ability of the left pixel LP is
inferior to the charge ability of the right pixel RP. Thus,
when the driving method of FIG. 4 is used, the left pixel LP
will be under charged. As a result, proper luminance carnot
be achieved, and the image quality of the display is affected.

SUMMARY OF THE INVENTION

[0012] It is therefore an object of the invention to provide
a method of driving a liquid crystal display panel. By
enabling the two adjacent pixels in the same row sharing the
same data line to have different lengths of charge time, the
under charged problem occurring to the pixels of liquid
crystal display panel is resolved, thereby improving image
quality of the display.
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[0013] The invention achieves the above-identified object
by providing a method of driving a liquid crystal display
panel. The liquid crystal display panel includes a first scan
line, a second scan line, a data line, a first pixel and a second
pixel. The first pixel has a first switch, a second switch and
a first pixel electrode. The second pixel has a third switch
and a second pixel electrode. The first terminal of the first
switch is coupled to the data line. The control terminal of the
first switch is coupled to the second scan line. The first
terminal of the second switch is coupled to the second
terminal of the first switch. The control terminal of the
second switch is coupled to the first scan line. The second
terminal of the second switch is coupled to the first pixel
electrode. The control terminal of the third switch is coupled
to the first scan line. The first terminal of the third switch is
coupled to the data line. The second terminal of the third
switch is coupled to the second pixel electrode. The driving
method includes the following steps. At first, during a first
time period, the first scan line and the second scan line are
enabled at the same time, and the first pixel voltage is
inputted to the data line. The first pixel voltage is transmitted
to both the first pixel electrode and the second pixel elec-
trode at the same time. The first pixel voltage corresponds to
the first pixel data of the first pixel. Then, during a second
time period, the first scan line is enabled, the second scan
line is disabled, and the second pixel voltage is inputted to
the data line. The second time period is shorter than the first
time period. The second pixel voltage is transmitted to the
second pixel electrode. The second pixel voltage corre-
sponds to the second pixel data of the second pixel.
[0014] Other objects, features, and advantages of the
invention will become apparent from the following detailed
description of the preferred but non-limiting embodiments.
The following description is made with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 (Related Art) is an equivalent circuit dia-
gram of part of the pixels of a conventional liquid crystal
display panel;

[0016] FIG. 2 (Related Art) is a timing diagram of the scan
signals of the scan lines S,,, S,,,; and S, ,, of the circuit of
FIG. 1;

[0017] FIG. 3 (Related Art) is an equivalent circuit dia-
gram of part of the pixels of another conventional liquid
crystal display panel;

[0018] FIG. 4 (Related Art) is a timing diagram of the scan
signals of the scan lines S, S,,,; and S, ., of the circuit of
FIG. 3; and

[0019] FIG. 51is a timing diagram of the signals of a liquid
crystal display panel driving method according to a pre-
ferred embodiment of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0020] Referring to FIG. 5, a timing diagram of the signals
of aliquid crystal display panel driving method according to
a preferred embodiment of the invention is shown. The
driving method of the invention is applicable to the pixel
array of FIG. 3. FIG. 5 is exemplified by the scan signals
inputted to the scan lines S,, S,,,, and S,,,, of FIG. 3.
Referring to FIG. 3 at the same time. The scanning of the
pixels in each row can be divided into two phases of
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sub-scanning. The first sub-scanning scans all left pixels LP
in a row, while the second sub-scanning scans all right pixels
RP in the row. For example, when the pixels in the m” row
are scanned, at first, the scan lines S, and S, , | are enabled
during a first time period T1', meanwhile, thin film transis-
tors M11 and M12 are turned on at the same time, so a first
pixel voltage is inputted to a left pixel LP (m, n) via a data
line D,,. Thus, the first phase of sub-scanning is completed.
Then, during a second time period T2, the second phase of
sub-scanning is performed. Only the scan line S,, is enabled,
meanwhile, a thin film transistor M2 is turned on, so the
second pixel voltage is inputted to a right pixel RP (m, n) via
the data line D,;

[0021] It is noteworthy that the first time period T1' is
longer than the second time period T2'. That is, the charge
time of the left pixel LP (m, n) is longer than the charge time
of the right pixel RP (m, n). Thus, the charge time of the left
pixel LP (m, n) is prolonged for enabling the left pixel LP
(m, n) to have enough time to be charged with sufficient
voltage. Thus, the under charged problem occurring to the
left pixel LP (m, n) in the conventional practice is resolved.
[0022] Furthermore, during the first phase of sub-scan-
ning, the thin film transistor of the right pixel, such as the
thin film transistor M2 of the right pixel RP (m, n), is turned
on, so the first pixel voltage originally inputted to the left
pixel LP is inputted to the right pixel RP. However, during
the second phase of sub-scanning, a proper second pixel
voltage is inputted to the right pixel RP. During the second
phase of sub-scanning, one of the two thin film transistors of
the left pixel LP, such as the thin film transistor M12 of the
left pixel LP (m, n) is turned on. In the same pixel, the other
thin film transistor, such as the thin film transistor M11 that
1s coupled to the thin film transistor M12, is turned off, so the
second pixel voltage to be inputted to the right pixel will not
be inputted to the left pixel LP by mistake. Thus, after the
scanning of the pixels in a row, the pixel voltage displayed
by each pixel in the row is a correct data.

[0023] After the scanning of the m” row pixel is com-
pleted, the pixels in the (m+1)* row are scanned. The
scanning of the (m+1)* row pixel is the same with the
scanning of the m” row pixel, and is not repeated here. Thus,
each row pixel is scanned one by one, and the driving circuit
is able to control each pixel of a display panel.

[0024] Besides, when the polarity of the pixel voltage
received by the left pixel LP is the same with the polarity of
the pixel voltage received by the right pixel RP, the present
embodiment of the invention will be most effective. Under
the circumstance that the charging polarity of the right pixel
RP is the same with the charging polarity of the left pixel LP,
when the left pixel LP is charged during the first time period
T1', the right pixel RP is charged at the same time to achieve
a predetermined voltage value. The pixel voltage received
by the left pixel LP and the pixel voltage received by the
right pixel RP are closer to each other when the polarity of
the left pixel LP is the same with the polarity of the right
pixel RP than when the polarity of the left pixel LP is not the
same with the polarity of the right pixel RP. Therefore,
during the second time period T2', the charge process only
needs to supply the shortage of the voltage to the right pixel
RP or discharge the right pixel RP to generate a slight
voltage drop such that the right pixel RP can achieve the
proper voltage value. Despite the right pixel RP has a shorter
duration of (charge time, the charge time is enough for the
right pixel RP to be charged to the proper voltage.
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[0025] Under the circumstance when the overall charge
time of the pixels in each row is fixed, that is, the sum of the
charge time T1'and T2' of FIG. 5 is equal to the charge time
T1 and T2 of FIG. 4, the present embodiment of the
invention resolves the under charged problem occurring to
the left pixel LP. According to the present embodiment of the
invention, without increasing the overall charge time of the
pixels in each row, both the left pixel LP and the right pixel
RP are charged to a proper pixel voltage capable of gener-
ating proper luminance.

[0026] As for the sequence of driving the left pixel LP and
the right pixel RP, either the right pixel RP is driven first or
the left pixel LP is driven first will do. Besides, the present
embodiment of the invention is also applicable to the
configuration in which the left pixel LP has one thin film
transistor while the right pixel RP has dual thin film tran-
sistors as long as the charge time of the dual thin-film-
transistor pixel is longer than the charge time of the single
thin-film-transistor pixel.

[0027] A method of driving a liquid crystal display panel
is disclosed in the above embodiment of the invention. By
adjusting the charge time of adjacent pixels which are
disposed in the same row and share the same data line, the
under charged pixels are compensated, such that the adjacent
pixels are all charged to a proper pixel voltage and that the
under changed problem occurring to the pixels of a conven-
tional liquid crystal display panel is resolved. The under
charged pixels will result in insufficient luminance and
deteriorate the image quality of the display. Meanwhile,
according to the invention, two pixels use only three thin
film transistors, such that a high aperture ratio is maintained.
[0028] While the invention has been described by way of
example and in terms of a preferred embodiment, it is to be
understood that the invention is not limited thereto. 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. A method of driving a liquid crystal display panel
comprising a first scan line, a second scan line, a data line,
a first pixel and a second pixel, the first pixel has a first
switch, a second switch and a first pixel electrode, the
second pixel having a third switch and a second pixel
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electrode, a first terminal of the first switch being coupled to
the data line, a control terminal of the first switch being
coupled to the second scan line, a first terminal of the second
switch being coupled to a second terminal of the first switch,
a control terminal of the second switch being coupled to the
first scan line, a second terminal of the second switch being
coupled to the first pixel electrode, a control terminal of the
third switch being coupled to the first scan line, a first
terminal of the third switch being coupled to the data line,
a second terminal of the third switch being coupled to the
second pixel electrode, the driving method comprising:
enabling the first scan line and the second scan line at the
same time and inputting a first pixel voltage to the data
line during a first time period, the first pixel voltage
being transmitted to the first pixel electrode and the
second pixel electrode at the same time, the first pixel
voltage corresponding to a first pixel data of the first
pixel; and

enabling the first scan line, disabling the second scan line,

and inputting a second pixel voltage to the data line
during a second time period, the second time period
being shorter than the first time period, the second pixel
voltage being transmitted to the second pixel electrode,
and the second pixel voltage corresponding to a second
pixel data of the second pixel.

2. The driving method according to claim 1, wherein the
polarity of the first pixel voltage is the same with the polarity
of the second pixel voltage.

3. The driving method according to claim 1, wherein the
first scan line of the display panel is substantially parallel to
and adjacent to the second scan line, the data line is
substantially perpendicular to the first scan line and the
second scan line.

4. The driving method according to claim 1, wherein the
first switch, the second switch and the third switch of the
display panel are thin film transistors (TFTs).

5. The driving method according to claim 4, wherein the
thin film transistor of the display panel is an N-type thin film
transistor.

6. The driving method according to claim 4, wherein the
thin film transistor of the display panel is a P-type thin film
transistor.
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