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(54) DISPLAY DEVICE AND ITS DRIVING METHOD

(57) A liquid crystal display device 1 groups video
signal lines SL1 to SLn every 12 video signal lines in
order of arrangement and drives video signal lines in each
group in a time division manner during a horizontal scan-
ning period. The order of driving video signal lines in each
group varies between an even frame and an odd frame,
and for each line, in one of the frames, even- �numbered
video signal lines are driven earlier and in the other one
of the frames, odd-�numbered video signal lines are driven

earlier. The first and last video signal lines to be driven
correspond to blue. Accordingly, the numbers of times
the video signal lines are influenced by push- �up are lim-
ited to two for the even frame and zero for the odd frame
and vice versa, whereby vertical streaks that occur at low
temperatures are prevented, and insufficient charge is
caused to occur only in video signal lines corresponding
to blue, which makes it difficult for humans to recognize
degradation in image quality due to insufficient charge.
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Description

TECHNICAL FIELD

�[0001] The present invention relates to a display de-
vice that performs color display by driving video signal
lines in a time division manner and a driving method
therefor.

BACKGROUND ART

�[0002] In display devices in recent years, an increase
in the definition of display images has proceeded. In ac-
tive matrix-�type display devices (e.g., active matrix-�type
liquid crystal display devices), such a number of signal
lines (scanning signal lines and video signal lines) that
is according to the resolution of display images is provid-
ed to a display panel. Hence, in the active matrix-�type
display devices, with an increase in the definition of dis-
play images, the number of signal lines that connect drive
circuits to signal lines on the display panel increases and
thus there is a need to arrange these signal lines in narrow
pitches. Particularly, in display devices that perform color
display, generally, the number of video signal lines is
larger than the number of scanning signal lines and thus
there is a need to arrange signal lines that connect a
video signal line drive circuit to video signal lines in nar-
rower pitches.
�[0003] To solve the above problem, a method (here-
inafter, referred to as video signal line time division drive)
is conventionally known in which video signal lines are
grouped every a video signal lines (a is an integer greater
than or equal to two) in order of arrangement, each group
is allotted one output terminal of a video signal line drive
circuit, and video signal lines in each group are driven in
a time division manner during a horizontal scanning pe-
riod (e. g. , Patent Document 1). In display devices that
perform video signal line time division drive, a video sig-
nal line selection circuit that switches which video signal
line a voltage outputted from a video signal line drive
circuit is to be applied to is provided between the video
signal line drive circuit and video signal lines. According-
ly, the number of signal lines that connect the video signal
line drive circuit to the video signal lines can be reduced
by 1/a.
�[0004] However, in display devices that perform video
signal line time division drive, streaks in a video signal
line direction (hereinafter, referred to as vertical streaks)
may occur on a display screen in a cycle of a video signal
lines. Fig. 7 is a diagram showing parasitic capacitances
that occur between video signal lines of a liquid crystal
display device. As shown in Fig. 7, two video signal lines
SLj and SLj+1 are capacitance-�coupled to each other
through two parasitic capacitances Csd1 and Csd2.
Thus, when, after applying a certain voltage to the video
signal line SLj, a voltage is applied to the video signal
line SLj+1 adjacent thereto, the voltage on the video sig-
nal line SLj is influenced thereby and thus fluctuates

(hereinafter, this phenomenon is referred to as "push-
up").
�[0005] The time when a video signal line is influenced
by push- �up is when the voltage on a video signal line
adjacent thereto is changed. When video signal lines in
a group are always sequentially driven from the left, a
video signal, line arranged in the leftmost position in the
group is influenced by push-�up twice during a horizontal
scanning period and pixel circuits connected to the video
signal line are also influenced by push- �up twice. On the
other hand, a video signal line arranged in the rightmost
position in the group is not influenced by push-�up and
pixel circuits connected to the video signal line are not
influenced by push- �up, either. As such, pixel circuits that
are likely to be influenced by push-�up are aligned in the
video signal line direction and pixel circuits that are not
influenced by push-�up are also aligned in the video signal
line direction and thus vertical streaks occur on a display
screen. The vertical streaks prominently appear when a
halftone solid screen (screen with uniform luminance) is
displayed.
�[0006] In view of the above, to prevent vertical streaks
in display devices that perform video signal line time di-
vision drive, a method of devising the order of driving
video signal lines in a group is considered. For example,
there is a method in which the order of driving video signal
lines in a group is reversed between an even frame and
an odd frame (see Fig. 5 which will be described later).
According to the method, all video signal lines in a group
are influenced by push-�up twice during a horizontal scan-
ning period in an even frame and an odd frame in all. By
thus equalizing the numbers of times video signal lines
are influenced by push-�up, between the video signal
lines, vertical streaks can be prevented to a certain ex-
tent.
�[0007] Also, Patent Document 2 discloses that the or-
der of driving video signal lines in a group is made variable
to prevent vertical streaks in a display device that per-
forms video signal line time division drive. This document
discloses that the order of driving four video signal lines
Si to Si+3 is switched in the manner shown in Figs. 8A
and 8B.�

[Patent Document 1] Japanese Patent Application
Laid-�Open No. 6-138851
[Patent Document 2] Japanese Patent Application
Laid-�Open No. 2003-58133

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

�[0008] However, in the method in which the order of
driving video signal lines in a group is reversed between
an even frame and an odd frame, vertical streaks may
occur on a display screen when the operating conditions
are severe. For example, in a liquid crystal display device,
the response speed of liquid crystal decreases at low
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temperatures and thus vertical streaks are likely to occur.
Hence, in a liquid crystal display device in which the order
of driving video signal lines in a group is reversed be-
tween an even frame and an odd frame, vertical streaks
that do not occur at normal temperature may occur at
low temperatures.
�[0009] Also, in display devices that perform video sig-
nal line time division drive, insufficient charge is likely to
occur in the first and last video signal lines to be driven
in a group. Hence, in the case of color display devices,
unless the order of driving video signal lines in a group
is determined taking into account that color display is
performed, insufficient charge occurs in video signal lines
corresponding to a plurality of colors, degrading the im-
age quality of a display screen. In Patent Document 2,
when the order of driving video signal lines in a group is
determined, the fact that color display is performed is not
taken into account.
�[0010] An object of the present invention is therefore
to prevent vertical streaks and degradation in image qual-
ity due to insufficient charge in a display device that per-
forms color display by driving video signal lines in a time
division manner.

MEANS FOR SOLVING THE PROBLEMS

�[0011] A first aspect of the present invention provides
a display device that performs color display by driving
video signal lines in a time division manner, the display
device including: a plurality of pixel circuits arranged side
by side in a first and a second direction, each alignment
of pixel circuits in the second direction corresponding to
any one of colors used for color display; a plurality of
scanning signal lines, each of which is connected in a
shared manner to pixel circuits aligned in the first direc-
tion; a plurality of video signal lines, each of which is
connected in a shared manner to pixel circuits aligned in
the second direction, the video signal lines being grouped
every predetermined number of video signal lines ac-
cording to order of arrangement; a scanning signal line
drive circuit for selecting the scanning signal lines; a video
signal line drive circuit for outputting to each group of the
video signal lines voltages to be applied to video signal
lines in the group, in a time division manner during a
horizontal scanning period; and a video signal line selec-
tion circuit for selecting one video signal line from each
group and providing voltages outputted from the video
signal line drive circuit, to the selected video signal lines,
respectively, wherein order of driving video signal lines
in each group varies between an even frame and an odd
frame, and for each line, in one of the frames, even-�num-
bered video signal lines in the group are driven earlier
than odd- �numbered video signal lines and in other one
of the frames, the odd- �numbered video signal lines in the
group are driven earlier than the even-�numbered video
signal lines and a last video signal line to be driven in the
group is a video signal line corresponding to a specific
color.

�[0012] In accordance with a second aspect of the
present invention, in the first aspect of the present inven-
tion, in addition to the last video signal line to be driven
in the group, a first video signal line to be driven in the
group is a video signal line corresponding to the specific
color.
�[0013] In accordance with a third aspect of the present
invention, in the first aspect of the present invention, the
order of driving video signal lines in the group is reversed
between the even frame and the odd frame.
�[0014] In accordance with a fourth aspect of the
present invention, in the first aspect of the present inven-
tion, the order of driving video signal lines in the group
varies between even lines and odd lines.
�[0015] In accordance with a fifth aspect of the present
invention, in the fourth aspect of the present invention,
the order of driving video signal lines in the group is re-
versed between the even frame and the odd frame.
�[0016] In accordance with a sixth aspect of the present
invention, in the fourth aspect of the present invention, a
result of adding up a drive order number for the even
lines in the even frame, a drive order number for the odd
lines in the even frame, a drive order number for the even
lines in the odd frame, and a drive order number for the
odd lines in the odd frame is same for all video signal
lines in the group.
�[0017] In accordance with a seventh aspect of the
present invention, in the fourth aspect of the present in-
vention, the last video signal line to be driven in the group
varies between a case of the even lines in the even frame,
a case of the odd lines in the even frame, a case of the
even lines in the odd frame, and a case of the odd lines
in the odd frame.
�[0018] In accordance with an eighth aspect of the
present invention, in the seventh aspect of the present
invention, in addition to the last video signal line to be
driven in the group, a first video signal line to be driven
in the group varies between the case of the even lines in
the even frame, the case of the odd lines in the even
frame, the case of the even lines in the odd frame, and
the case of the odd lines in the odd frame.
�[0019] In accordance with a ninth aspect of the present
invention, in the first aspect of the present invention, the
specific color is a color where it is most difficult for humans
to recognize a change in luminance among the colors
used for color display.
�[0020] In accordance with a tenth aspect of the present
invention, in the ninth aspect of the present invention, as
the pixel circuits, pixel circuits corresponding to red,
green, and blue are provided, and the specific color is
blue.
�[0021] In accordance with an eleventh aspect of the
present invention, in the first aspect of the present inven-
tion, as the pixel circuits, pixel circuits corresponding to
red, green, and blue are provided, the video signal lines
are grouped every 12 video signal lines, each group in-
cluding video signal lines R1 to R4 corresponding to red,
video signal lines G1 to G4 corresponding to green, and
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video signal lines B1 to B4 corresponding to blue and the
video signal lines being arranged in order of R1, G1, B1,
R2, G2, B2, R3, G3, B3, R4, G4, and B4, and 12 video
signal lines in each group are driven in order of B1, R1,
G2, R3, B3, G4, G1, R2, B2, G3, R4, and B4 for even
lines in the even frame and in order of B2, R2, G1, B4,
R4, G3, G2, B1, R1, G4, R3, and B3 for odd lines in the
even frame and in order reverse to that for the even frame,
for the odd frame.
�[0022] In accordance with a twelfth aspect of the
present invention, in the first aspect of the present inven-
tion, the pixel circuits each include a liquid crystal capac-
itance.
�[0023] A thirteenth aspect of the present invention pro-
vides a driving method for a display device that includes
a plurality of pixel circuits arranged side by side in a first
and a second direction of the present invention, each
alignment of pixel circuits in the second direction corre-
sponding to any one of colors used for color display; a
plurality of scanning signal lines, each of which is con-
nected in a shared manner to pixel circuits aligned in the
first direction; and a plurality of video signal lines, each
of which is connected in a shared manner to pixel circuits
aligned in the second direction, the video signal lines
being grouped every predetermined number of video sig-
nal lines according to order of arrangement, the driving
method including the steps of: selecting the scanning sig-
nal lines; outputting to each group of the video signal
lines voltages to be applied to video signal lines in the
group, in a time division manner during a horizontal scan-
ning period; and selecting one video signal line from each
group and providing voltages each outputted in a time
division manner, to the selected video signal lines, re-
spectively, wherein order of driving video signal lines in
each group varies between an even frame and an odd
frame, and for each line, in one of the frames, even-�num-
bered video signal lines in the group are driven earlier
than odd- �numbered video signal lines and in other one
of the frames, the odd- �numbered video signal lines in the
group are driven earlier than the even-�numbered video
signal lines and a last video signal line to be driven in the
group is a video signal line corresponding to a specific
color.

EFFECT OF THE INVENTION

�[0024] According to the first or thirteenth aspect of the
present invention, in a frame in which even-�numbered
video signal lines are driven earlier, the even-�numbered
video signal lines are influenced by push- �up twice during
a horizontal scanning period, and in a frame in which
odd-�numbered video signal lines are driven earlier, the
odd-�numbered video signal lines are influenced by push-
up twice during a horizontal scanning period. By thus
limiting the numbers of times video signal lines are influ-
enced by push-�up to two for an even frame and zero for
an odd frame and zero for the even frame and two for
the odd frame, occurrence of vertical streaks can be pre-

vented even when the operating conditions are severe,
e.g., at low temperatures. In addition, by making the last
video signal line to be driven in each group to be a video
signal line corresponding to a specific color, video signal
lines particularly where insufficient charge is likely to oc-
cur are limited to video signal lines corresponding to one
color, enabling to prevent degradation in image quality
due to insufficient charge.
�[0025] According to the second aspect of the present
invention, by making the first and last video signal lines
to be driven in each group to be video signal lines corre-
sponding to the specific color, video signal lines where
insufficient charge occurs are limited to video signal lines
corresponding to one color, enabling to prevent degra-
dation in image quality due to insufficient charge.
�[0026] According to the third aspect of the present in-
vention, by making the order of driving video signal lines
in each group to be reversed between an even frame and
an odd frame, the influences of push-�up received by the
video signal lines become symmetric in the group with
respect to a first direction. Accordingly, occurrence of
vertical streaks can be more effectively prevented.
�[0027] According to the fourth aspect of the present
invention, by switching the order of driving video signal
lines in each group between even lines and odd lines,
the influences of push-�up received by the video signal
lines are averaged between the lines, enabling to more
effectively prevent occurrence of vertical streaks.
�[0028] According to the fifth aspect of the present in-
vention, by making the order of driving video signal lines
in each group to be reversed between an even frame and
an odd frame and by switching the order of driving be-
tween even lines and odd lines, the influences of push-
up received by the video signal lines become symmetric
in the group with respect to the first direction and thus
are averaged between the lines. Accordingly, occurrence
of vertical streaks can be more effectively prevented.
�[0029] According to the sixth aspect of the present in-
vention, by making results of adding up drive order num-
bers of respective video signal lines in each group iden-
tical, the influences of push-�up received by the video sig-
nal lines in the group are averaged, enabling to more
effectively prevent occurrence of vertical streaks.
�[0030] According to the seventh aspect of the present
invention, by switching the last video signal line to be
driven in each group to another on a frame-�by- �frame ba-
sis and a line- �by-�line basis, video signal lines where in-
sufficient charge occurs are switched to another, ena-
bling to more effectively prevent degradation in image
quality due to insufficient charge.
�[0031] According to the eighth aspect of the present
invention, by switching the first and last video signal line
to be driven in each group to another on a frame-�by-�frame
basis and a line-�by- �line basis, video signal lines where
insufficient charge occurs are switched to another, ena-
bling to more effectively prevent degradation in image
quality due to insufficient charge.
�[0032] According to the ninth aspect of the present in-

5 6 



EP 2 166 533 A1

5

5

10

15

20

25

30

35

40

45

50

55

vention, since the last video signal line to be driven in
each group corresponds to a color where it is difficult for
humans to recognize a change in luminance, video signal
lines particularly where insufficient charge is likely to oc-
cur are limited to video signal lines corresponding to the
color where it is difficult for humans to recognize a change
in luminance. This can make it difficult for humans to
recognize degradation in image quality due to insufficient
charge.
�[0033] According to the tenth aspect of the present in-
vention, the color where it is most difficult for humans to
recognize a change in luminance among red, green, and
blue is blue and the last video signal line to be driven in
each group corresponds to blue. Thus, video signal lines
particularly where insufficient charge is likely to occur are
limited to video signal lines corresponding to blue where
it is difficult for humans to recognize a change in lumi-
nance. This can make it difficult for humans to recognize
degradation in image quality due to insufficient charge in
a display device that performs color display using an RGB
scheme by driving video signal lines in a time division
manner.
�[0034] According to the eleventh aspect of the present
invention, in a display device that performs color display
using an RGB scheme by driving, in a time division man-
ner, video signal lines which are grouped every 12 video
signal lines, vertical streaks and degradation in image
quality due to insufficient charge can be prevented.
�[0035] According to the twelfth aspect of the present
invention, in a liquid crystal display device that performs
color display by driving video signal lines in a time division
manner, vertical streaks and degradation in image quality
due to insufficient charge can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0036]

Fig. 1 is a block diagram showing a configuration of
a liquid crystal display device according to an em-
bodiment of the present invention.
Fig. 2 is an equivalent circuit diagram of a pixel circuit
of the liquid crystal display device shown in Fig. 1.
Fig. 3 is a diagram showing the order of driving video
signal lines in a group in the liquid crystal display
device shown in Fig. 1.
Fig. 4 is a timing chart of the liquid crystal display
device shown in Fig. 1.
Fig. 5 is a diagram showing the order of driving video
signal lines in a group in a liquid crystal display device
according to a first comparative example.
Fig. 6 is a diagram showing the order of driving video
signal lines in a group in a liquid crystal display device
according to a second comparative example.
Fig. 7 is a diagram showing parasitic capacitances
that occur between video signal lines of a liquid crys-
tal display device.
Fig. 8A is a diagram showing an example of switching

of the order of driving video signal lines in a group
in a conventional liquid crystal display device.
Fig. 8B is a diagram showing another example of
switching of the order of driving video signal lines in
a group in the conventional liquid crystal display de-
vice.

DESCRIPTION OF REFERENCE NUMERALS

�[0037]

1 liquid crystal display device
2 pixel array
3 scanning signal line drive circuit
4 video signal line drive circuit
5 and XR1 to XR4, XG1 to XG4, and XB1 to XB4
analog switch
6 switch control circuit
11 TFT
12 liquid crystal capacitance
13 auxiliary capacitance
Pij pixel circuit
GL1 to GLm scanning signal line
SL1 to SLn, R1 to R4, G1 to G4, and B1 to B4 video
signal line
CR1 to CR4, CG1 to CG4, and CB1 to CB4 switch
control signal
V1 to Vt analog voltage

BEST MODE FOR CARRYING OUT THE INVENTION

�[0038] Fig. 1 is a block diagram showing a configura-
tion of a liquid crystal display device according to an em-
bodiment of the present invention. A liquid crystal display
device 1 shown in Fig. 1 includes a pixel array 2, a scan-
ning signal line drive circuit 3, a video signal line drive
circuit 4, n analog switches 5, and a switch control circuit
6, and performs color display using an RGB scheme by
video signal line time division drive. In the following, it is
assumed that m is an integer greater than or equal to 2,
n is a multiple of 12, t is n/ �12, i is an integer between 1
and m, j is an integer between 1 and n, and k is an integer
between 1 and t.
�[0039] The pixel array 2 includes m scanning signal
lines GL1 to GLm, n video signal lines SL1 to SLn, and
(m x n) pixel circuits Pij arranged two- �dimensionally. The
scanning signal lines GL1 to GLm are arranged in parallel
to each other and the video signal lines SL1 to SLn are
arranged in parallel to each other so as to be orthogonal
to the scanning signal lines GL1 to GLm. A pixel circuit
Pij is arranged near an intersection of a scanning signal
line GLi and a video signal line SLj. Each pixel circuit Pij
corresponds to one pixel or display element. Each of the
scanning signal lines GL1 to GLm is connected in a
shared manner to pixel circuits Pij arranged in one same
row and each of the video signal lines SL1 to SLn is con-
nected in a shared manner to pixel circuits Pij arranged
in one same column.
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�[0040] Fig. 2 is an equivalent circuit diagram of a pixel
circuit Pij. The pixel circuit Pij includes, as shown in Fig.
2, a TFT (Thin Film Transistor) 11, a liquid crystal capac-
itance 12, and an auxiliary capacitance 13. A gate termi-
nal of the TFT 11 is connected to a scanning signal line
GLi, a source terminal is connected to a video signal line
SLj, and a drain terminal is connected to one electrode
of each of the liquid crystal capacitance 12 and the aux-
iliary capacitance 13. To the other electrodes of the liquid
crystal capacitance 12 and the auxiliary capacitance 13
are respectively applied a common electrode voltage
VCOM and an auxiliary capacitance voltage VCS.
�[0041] Pixel circuits Pij in each column correspond to
any one of red, green, and blue which are used for color
display. Pixel circuits (represented as R) in the first,
fourth, seventh,... columns correspond to red, pixel cir-
cuits (represented as G) in the second, fifth, eighth,...
columns correspond to green, and pixel circuits (repre-
sented as B) in the third, sixth, ninth,... columns corre-
spond to blue. As such, the pixel circuits Pij are arranged
side by side in a first direction (row direction) and a sec-
ond direction (column direction), and each alignment of
pixel circuits Pij in the second direction (a column of pixel
circuits) corresponds to any one of colors used for color
display.
�[0042] The scanning signal line drive circuit 3 selects
the scanning signal lines GL1 to GLm. More specifically,
the scanning signal line drive circuit 3 sequentially selects
one scanning signal line from among the scanning signal
lines GL1 to GLm every horizontal scanning period and
provides a select voltage (e.g., a high level) to the se-
lected scanning signal line and provides a non- �select
voltage (e.g., a low level) to the other scanning signal
lines. Accordingly, pixel circuits Pij arranged in one same
row are selected at one time.
�[0043] The video signal lines SL1 to SLn are grouped
every 12 video signal lines according to the order of ar-
rangement, whereby t (= n/�12) groups are formed. Here-
inafter, 12 video signal lines belonging to each group are
referred to as R1, G1, B1, R2, G2, B2, R3, G3, B3, R4,
G4, and B4 in order of arrangement. The video signal
lines R1 to R4 are video signal lines corresponding to
red, the video signal lines G1 to G4 are video signal lines
corresponding to green, and the video signal lines B1 to
B4 are video signal lines corresponding to blue.
�[0044] The video signal line drive circuit 4 outputs to
each group of the video signal lines SL1 to SLn voltages
to be applied to video signal lines in the group, in a time
division manner during a horizontal scanning period.
More specifically, the video signal line drive circuit 4 has
t (equal to the number of groups of video signal lines)
output terminals, and includes a register that stores at
least n video data units, a data selection circuit, and t D/A
converters (none of them is shown) . To the video signal
line drive circuit 4 are supplied n video data units Din per
horizontal scanning period from an external source. The
n video data units are stored in the register. The data
selection circuit performs a process of selecting t video

data units in predetermined order from among the n video
data units stored in the register, 12 times during a hori-
zontal scanning period. The t D/A converters each con-
vert one video data unit outputted from the data selection
circuit into an analog voltage. An analog voltage obtained
by a k- �th D/A converter is outputted from a k-�th output
terminal of the video signal line drive circuit 4 as an analog
voltage Vk.
�[0045] The analog switches 5 and the switch control
circuit 6 function as a video signal line selection circuit,
as shown below, that selects one video signal line from
each group and provides voltages outputted from the vid-
eo signal line drive circuit 4, to the selected video signal
lines, respectively.
�[0046] Twelve video signal lines R1 to R4, G1 to G4,
and B1 to B4 belonging to a k- �th group are associated
with the k-�th output terminal of the video signal line drive
circuit 4, and 12 analog switches 5 are provided there-
between. More specifically, one ends of the video signal
lines R1 to R4, G1 to G4, and B1 to B4 are respectively
connected to analog switches XR1 to XR4, XG1 to XG4,
and XB1 to XB4 and the other ends of the 12 analog
switches are all connected to the k-�th output terminal of
the video signal line drive circuit 4. One of the 12 analog
switches goes into a conduction state and an analog volt-
age Vk is provided to one of the 12 video signal lines
belonging to the k-�th group. Note that the analog switches
5 are formed by, for example, using TFTs on a liquid
crystal panel where the pixel array 2 is formed.
�[0047] The switch control circuit 6 outputs 12 switch
control signals CR1 to CR4, CG1 to CG4, and CB1 to
CB4 based on two control signals FP and LP. The control
signal FP is a signal indicating whether it is an even frame
or odd frame and changes between a high level and a
low level every frame period. The control signal LP is a
signal indicating whether it is an even line or odd line and
changes between a high level and a low level every hor-
izontal scanning period. The switch control signals CR1
to CR4, CG1 to CG4, and CB1 to CB4 are supplied to
control terminals of 12 analog switches XR1 to XR4, XG1
to XG4, and XB1 to XB4 provided to each group. In the
following, it is assumed that each analog switch 5 goes
into a conduction state when a corresponding switch con-
trol signal is at a high level and goes into a non-�conduction
state when the corresponding switch control signal is at
a low level.
�[0048] In the liquid crystal display device 1, one hori-
zontal scanning period is divided into 12 (equal to the
number of video signal lines in a group) small periods.
The switch control circuit 6 controls each of 12 switch
control signals CR1 to CR4, CG1 to CG4, and CB1 to
CB4 to go to a high level during only one small period in
a horizontal scanning period. For example, when the
switch control signal CR1 is at a high level, analog switch-
es XR1 provided to the respective groups go into a con-
duction state and thus the t output terminals of the video
signal line drive circuit 4 are electrically connected to vid-
eo signal lines R1 belonging to the respective groups. At
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this time, an analog voltage Vk is provided to a video
signal line R1 belonging to the k-�th group. As such, when
the switch control signal CR1 is at a high level, video
signal lines R1 (t video signal lines in total) belonging to
the respective groups are connected to the t output ter-
minals of the video signal line drive circuit 4 and driven
at one time by the video signal line drive circuit 4. Like-
wise, when the switch control signals CR2 to CR4, CG1
to CG4, and CB1 to CB4 are at a high level, video signal
lines R2 to R4, G1 to G4, and R1 to R4 belonging to the
respective groups are respectively driven at one time by
the video signal line drive circuit 4.
�[0049] The switch control circuit 6 switches the order
of bringing the switch control signals CR1 to CR4, CG1
to CG4, and CB1 to CB4 to a high level, based on the
control signals FP and LP. Thus, the order of driving 12
video signal lines in each group varies between the case
of even lines in an even frame, the case of odd lines in
the even frame, the case of the even lines in an odd
frame, and the case of the odd lines in the odd frame
(see Fig. 3 which will be described later).
�[0050] The control signals FP and LP are supplied not
only to the switch control circuit 6 but also to the video
signal line drive circuit 4. The data selection circuit in-
cluded in the video signal line drive circuit 4 selects,
based on the control signals FP and LP, t video data units
from among n video data units according to the order of
driving 12 video signal lines in a group.
�[0051] As such, the liquid crystal display device 1
groups the video signal lines SL1 to SLn every 12 video
signal lines according to the order of arrangement, allots
one output terminal of the video signal line drive circuit
4 to each group, and drives video signal lines in each
group in a time division manner during a horizontal scan-
ning period and switches the order of driving video signal
lines in each group in four ways based on control signals
FP and LP.
�[0052] Fig. 3 is a diagram showing the order of driving
video signal lines in a group in the liquid crystal display
device 1. As shown in Fig. 3, 12 video signal lines in a
group are driven in order of B1, R1, G2, R3, B3, G4, G1,
R2, B2, G3, R4, and B4 for even lines in an even frame
and driven in order of B2, R2, G1, B4, R4, G3, G2, B1,
R1, G4, R3, and B3 for odd lines in the even frame and
driven in the order reverse to that for the even lines in
the even frame, for the even lines in an odd frame and
driven in the order reverse to that for the odd lines in the
even frame, for the odd lines in the odd frame. Note that
since the order of driving video signal lines and the order
of writing voltages into pixel circuits are the same, it can
be said that Fig. 3 also represents the order of writing
voltages into pixel circuits.
�[0053] Fig. 4 is a timing chart of the liquid crystal display
device 1 for even lines in an even frame. As shown in
Fig. 4, the voltage on a scanning signal line GLi is a select
voltage (high level) over one horizontal scanning period
and the selection period of the scanning signal line GLi
is divided into 12 small periods, each having length T.

�[0054] During the first small period, a switch control
signal CB1 goes to a high level and thus an analog switch
XB1 among 12 analog switches provided to each group
goes into a conduction state. At this time, an analog volt-
age Vk to be written into a pixel circuit Pij connected to
a video signal line B1 belonging to the k-�th group and the
scanning signal line GLi is outputted from the k-�th output
terminal of the video signal line drive circuit 4. The analog
voltage Vk is applied to the video signal line B1 belonging
to the k-�th group through the analog switch XB1 provided
to the k-�th group. Likewise, during the 2nd to 12th small
periods, the analog voltage Vk is applied to video signal
lines R1, G2, R3, B3, G4, G1, R2, B2, G3, R4, and B4
belonging to the k-�th group, in this order.
�[0055] The analog voltages applied to the video signal
lines R1 to R4, G1 to G4, and B1 to B4 are respectively
written into pixel circuits Pij connected to the respective
video signal lines and the scanning signal line GLi, during
a period in which the voltage on the scanning signal line
GLi is at a high level. As such, for even lines in an even
frame, 12 video signal lines in each group are driven in
the order shown in Fig. 3 and analog voltages applied to
the 12 video signal lines are respectively written into 12
pixel circuits Pij.
�[0056] The liquid crystal display device 1 operates in
the same manner as that described above, for odd lines
in the even frame, the even lines in an odd frame, and
the odd lines in the odd frame, too. Note, however, that
12 video signal lines in a group are driven in the order
shown in Fig. 3.
�[0057] Effects of the liquid crystal display device 1 ac-
cording to the present embodiment will be described be-
low with reference to Figs. 3, 5, and 6. Here, the numbers
of times video signal lines are influenced by push-�up are
compared between the case of driving 12 video signal
lines in a group in the order shown in Fig. 3 (liquid crystal
display device 1), the case of driving in the order shown
in Fig. 5 (first comparative example), and the case of
driving in the order shown in Fig. 6 (second comparative
example). In these drawings and the following descrip-
tion, the fact that a video signal line is influenced by push-
up A times in an even frame and B times in an odd frame
is represented as "A/B".
�[0058] As described above, the time when a video sig-
nal line is influenced by push- �up is when the voltage on
a video signal line adjacent thereto (a left or right adjacent
video signal line) is changed. Note that a video signal
line arranged in the leftmost position in a group is influ-
enced by push- �up when the voltage on a video signal
line arranged in the rightmost position in a left adjacent
group is changed and a video signal line arranged in the
rightmost position in the group is influenced by push-�up
when the voltage on a video signal line arranged in the
leftmost position in a right adjacent group is changed.
�[0059] In the first comparative example shown in Fig.
5, 12 video signal lines in a group are driven sequentially
from the left for an even frame and driven sequentially
from the right for an odd frame. In this case, the numbers
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of times the video signal lines are influenced by push-�up
are as shown in the bottom section of Fig. 5. Specifically,
the number of times a video signal line R1 is influenced
by push- �up is 2/0 (two times in the even frame and zero
times in the odd frame), the number of times a video
signal line B4 is influenced by push-�up is 0/2 (zero times
in the even frame and two times in the odd frame), and
the numbers of times the other ten video signal lines are
influenced by push- �up are 1/1 (one time in the even frame
and one time in the odd frame).
�[0060] In the first comparative example, the numbers
of times the video signal lines are influenced by push-�up
are any one of 2/0, 1/1, and 0/2. By thus equalizing the
numbers of times the video signal lines are influenced
by push-�up, between the video signal lines, vertical
streaks can be prevented to a certain extent. However,
in the liquid crystal display device, charges in pixel circuits
become insufficient and the viscosity of liquid crystal in-
creases at low temperatures. Accordingly, a difference
in terms of appearance occurs in liquid crystal application
voltage between pixel circuits connected to a video signal
line influenced by push- �up 2/0 times and pixel circuits
connected to a video signal line influenced by push-�up
1/1 times. The difference appears on a display screen
as a difference in luminance between pixels and thus a
vertical streak occurs on the display screen. As such, in
the first comparative example, although vertical streaks
at room temperature can be prevented, vertical streaks
at low temperatures cannot be prevented.
�[0061] In the liquid crystal display device 1, 12 video
signal lines in a group are driven in the order shown in
Fig. 3. In this case, the numbers of times the 12 video
signal lines are influenced by push- �up are as shown in
the bottom section of Fig. 3. Specifically, for even lines,
the numbers of times odd-�numbered video signal lines
(video signal lines R1, B1, G2, R3, B3, and G4) in the
group are influenced by push-�up are 2/0 and the numbers
of times even-�numbered video signal lines (video signal
lines G1, R2, B2, G3, R4, and G4) in the group are influ-
enced by push-�up are 0/2. For odd lines, the numbers of
times the odd-�numbered video signal lines in the group
are influenced by push-�up are 0/2 and the numbers of
times the even-�numbered video signal lines in the group
are influenced by push-�up are 2/0.
�[0062] As such, in the liquid crystal display device 1,
the order of driving video signal lines in each group varies
between an even frame and an odd frame. For even lines,
in the odd frame, even-�numbered video signal lines in
the group are driven earlier than odd-�numbered video
signal lines and in the even frame, the odd-�numbered
video signal lines in the group are driven earlier than the
even-�numbered video signal lines. For odd lines, in the
even frame, the even-�numbered video signal lines in the
group are driven earlier than the odd-�numbered video
signal lines and in the odd frame, the odd-�numbered vid-
eo signal lines in the group are driven earlier than the
even-�numbered video signal lines.
�[0063] Thus, in a frame in which the even-�numbered

video signal lines are driven earlier, the even-�numbered
video signal lines are influenced by push- �up twice during
a horizontal scanning period, and in a frame in which the
odd-�numbered video signal lines are driven earlier, the
odd-�numbered video signal lines are influenced by push-
up twice during a horizontal scanning period. According-
ly, the numbers of times the video signal lines are influ-
enced by push- �up are limited to 2/0 and 0/2. Therefore,
unlike the first comparative example, even when the op-
erating conditions are severe, e.g., at low temperatures,
a difference in terms of appearance does not occur in
liquid crystal application voltage and thus occurrence of
vertical streaks can be prevented.
�[0064] Also, as shown in Fig. 3, since the order of driv-
ing video signal lines in a group is reversed between an
even frame and an odd frame and varies between even
lines and odd lines, the influences of push- �up received
by the video signal lines are symmetric with respect to
the row direction in the group and thus are averaged be-
tween the lines. Accordingly, occurrence of vertical
streaks can be more effectively prevented.
�[0065] In addition, in Fig. 3, a result of adding up a
drive order number for even lines in an even frame, a
drive order number for odd lines in the even frame, a
drive order number for the even lines in an odd frame,
and a drive order number for the odd lines in the odd
frame is the same. For example, when drive order num-
bers for the video signal R1 are added up, 2 + 9 + 11 +
4 = 26 and this result matches each of results of adding
up drive order numbers for the respective video signal
lines R2 to R4, G1 to G4, and B1 to B4. By thus making
the results of adding up drive order numbers of video
signal lines in a group identical, the influences of push-
up received by the video signal lines in the group are
averaged and thus occurrence of vertical streaks can be
more effectively prevented.
�[0066] In Fig. 3, the first and last video signal lines to
be driven are respectively B1 and B4 for even lines in an
even frame, B2 and B3 for odd lines in the even frame,
B4 and B1 for the even lines in an odd frame, and B3
and B2 for the odd lines in the odd frame. As such, the
first and last video signal lines to be driven in the group
are any of the video signal lines B1 to B4 corresponding
to blue.
�[0067] Generally, in display devices that perform video
signal line time division drive, insufficient charge is likely
to occur in the first and last video signal lines to be driven
in each group and insufficient charge is likely to occur
particularly in the last video signal line to be driven in the
group. The color where it is most difficult for humans to
recognize a change in luminance among red, green, and
blue is blue. Taking into account these points, in the liquid
crystal display device 1, the first and last video signal
lines to be driven in each group are determined to be any
of the video signal lines B1 to B4 corresponding to blue.
This can make it difficult for humans to recognize degra-
dation in image quality due to insufficient charge in a
liquid crystal display device that performs color display
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using an RGB scheme by driving video signal lines in a
time division manner.
�[0068] In addition, in Fig. 3, the first video signal line
to be driven in the group varies between the case of even
lines in an even frame, the case of odd lines in the even
frame, the case of the even lines in an odd frame, and
the case of the odd lines in the odd frame, and so does
the last video signal line to be driven in the group. By
thus switching the first and last video signal lines to be
driven in the group to another on a frame- �by-�frame basis
and a line-�by- �line basis, video signal lines where insuffi-
cient charge occurs are switched to another and thus
degradation in image quality due to insufficient charge
can be more effectively prevented.
�[0069] Note that, in the second comparative example
shown in Fig. 6, the numbers of times video signal lines
are influenced by push-�up are the same as those for the
case of the liquid crystal display device 1 (Fig. 3). How-
ever, since a video signal line R1 is driven last in a group
in some cases, insufficient charge is likely to occur par-
ticularly in the video signal line R1. Since insufficient
charge is likely to occur particularly in the video signal
line R1 corresponding to red where a change in lumi-
nance is easily recognized by humans, humans easily
recognize degradation in the image quality of a display
screen. In view of this, display devices in which the last
video signal line to be driven in each group is not a video
signal line corresponding to a specific color (here, blue)
are outside the scope of the present invention.
�[0070] Although, as an example of a display device
that performs color display by video signal line time divi-
sion drive, a liquid crystal display device that drives video
signal lines in the order shown in Fig. 3 has been de-
scribed so far, various display devices can be configured
by the same method. First, the order of driving 12 video
signal lines in each group may be arbitrary as long as
the numbers of times the video signal lines are influenced
by push-�up are 2/0 or 0/2 and the last video signal line
to be driven is a video signal line corresponding to blue.
In a display device of the present invention, the last video
signal line to be driven in each group should be a video
signal line corresponding to a specific color (e.g., blue)
and it is preferred that the first video signal line to be
driven in the group be a video signal line corresponding
to the specific color, which is, however, not necessarily
required. Also, instead of grouping the video signal lines
every 12 video signal lines, the video signal lines may be
grouped every s video signal lines (s is an integer greater
than or equal to two).
�[0071] Color display using a scheme other than an
RGB scheme may be performed by providing pixel cir-
cuits corresponding to, for example, white, cyan, and/or
magenta, in addition to pixel circuits corresponding to
red, green, and blue. In this case, the last (or the first and
last) video signal line (s) to be driven in each group should
be a video signal line corresponding to a color where it
is most difficult for humans to recognize a change in lu-
minance among colors used for color display. Pixel cir-

cuits may be arranged in a stripe-�like fashion or in a hon-
eycomb fashion as long as each alignment of pixel cir-
cuits in the second direction corresponds to any one of
colors used for color display. Also, display devices other
than liquid crystal display devices can be configured by
the same method.
�[0072] As described above, according to a liquid crys-
tal display device according to the present embodiment
and various display devices according to variants thereof,
when color display is performed by driving video signal
lines in a time division manner, vertical streaks and deg-
radation in image quality due to insufficient charge can
be prevented.

INDUSTRIAL APPLICABILITY

�[0073] A display device of the present invention pro-
vides an effect of preventing vertical streaks and degra-
dation in image quality due to insufficient charge and thus
can be used for various display devices such as liquid
crystal display devices.

Claims

1. A display device that performs color display by driv-
ing video signal lines in a time division manner, the
display device comprising:�

a plurality of pixel circuits arranged side by side
in a first and a second direction, each alignment
of pixel circuits in the second direction corre-
sponding to any one of colors used for color dis-
play;
a plurality of scanning signal lines, each of which
is connected in a shared manner to pixel circuits
aligned in the first direction;
a plurality of video signal lines, each of which is
connected in a shared manner to pixel circuits
aligned in the second direction, the video signal
lines being grouped every predetermined
number of video signal lines according to order
of arrangement;
a scanning signal line drive circuit for selecting
the scanning signal lines;
a video signal line drive circuit for outputting to
each group of the video signal lines voltages to
be applied to video signal lines in the group, in
a time division manner during a horizontal scan-
ning period; and
a video signal line selection circuit for selecting
one video signal line from each group and pro-
viding voltages outputted from the video signal
line drive circuit, to the selected video signal
lines, respectively, wherein
order of driving video signal lines in each group
varies between an even frame and an odd
frame, and for each line, in one of the frames,
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even-�numbered video signal lines in the group
are driven earlier than odd-�numbered video sig-
nal lines and in other one of the frames, the odd-
numbered video signal lines in the group are
driven earlier than the even-�numbered video
signal lines and a last video signal line to be
driven in the group is a video signal line corre-
sponding to a specific color.

2. The display device according to claim 1, wherein in
addition to the last video signal line to be driven in
the group, a first video signal line to be driven in the
group is a video signal line corresponding to the spe-
cific color.

3. The display device according to claim 1, wherein the
order of driving video signal lines in the group is re-
versed between the even frame and the odd frame.

4. The display device according to claim 1, wherein the
order of driving video signal lines in the group varies
between even lines and odd lines.

5. The display device according to claim 4, wherein the
order of driving video signal lines in the group is re-
versed between the even frame and the odd frame.

6. The display device according to claim 4, wherein a
result of adding up a drive order number for the even
lines in the even frame, a drive order number for the
odd lines in the even frame, a drive order number
for the even lines in the odd frame, and a drive order
number for the odd lines in the odd frame is same
for all video signal lines in the group.

7. The display device according to claim 4, wherein the
last video signal line to be driven in the group varies
between a case of the even lines in the even frame,
a case of the odd lines in the even frame, a case of
the even lines in the odd frame, and a case of the
odd lines in the odd frame.

8. The display device according to claim 7, wherein in
addition to the last video signal line to be driven in
the group, a first video signal line to be driven in the
group varies between the case of the even lines in
the even frame, the case of the odd lines in the even
frame, the case of the even lines in the odd frame,
and the case of the odd lines in the odd frame.

9. The display device according to claim 1, wherein the
specific color is a color where it is most difficult for
humans to recognize a change in luminance among
the colors used for color display.

10. The display device according to claim 9, wherein
as the pixel circuits, pixel circuits corresponding to
red, green, and blue are provided, and

the specific color is blue.

11. The display device according to claim 1, wherein
as the pixel circuits, pixel circuits corresponding to
red, green, and blue are provided,�
the video signal lines are grouped every 12 video
signal lines, each group including video signal lines
R1 to R4 corresponding to red, video signal lines G1
to G4 corresponding to green, and video signal lines
B1 to B4 corresponding to blue and the video signal
lines being arranged in order of R1, G1, B1, R2, G2,
B2, R3, G3, B3, R4, G4, and B4, and
12 video signal lines in each group are driven in order
of B1, R1, G2, R3, B3, G4, G1, R2, B2, G3, R4, and
B4 for even lines in the even frame and in order of
B2, R2, G1, B4, R4, G3, G2, B1, R1, G4, R3, and
B3 for odd lines in the even frame and in order re-
verse to that for the even frame, for the odd frame.

12. The display device according to claim 1, wherein the
pixel circuits each includes a liquid crystal capaci-
tance.

13. A driving method for a display device that includes
a plurality of pixel circuits arranged side by side in a
first and a second direction, each alignment of pixel
circuits in the second direction corresponding to any
one of colors used for color display; a plurality of
scanning signal lines, each of which is connected in
a shared manner to pixel circuits aligned in the first
direction; and a plurality of video signal lines, each
of which is connected in a shared manner to pixel
circuits aligned in the second direction, the video sig-
nal lines being grouped every predetermined
number of video signal lines according to order of
arrangement, the driving method comprising the
steps of: �

selecting the scanning signal lines;
outputting to each group of the video signal lines
voltages to be applied to video signal lines in the
group, in a time division manner during a hori-
zontal scanning period; and
selecting one video signal line from each group
and providing voltages each outputted in a time
division manner, to the selected video signal
lines, respectively, wherein order of driving vid-
eo signal lines in each group varies between an
even frame and an odd frame, and for each line,
in one of the frames, even-�numbered video sig-
nal lines in the group are driven earlier than odd-
numbered video signal lines and in other one of
the frames, the odd-�numbered video signal lines
in the group are driven earlier than the even-
numbered video signal lines and a last video sig-
nal line to be driven in the group is a video signal
line corresponding to a specific color.
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