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DISPLAY APPARATUS AND METHOD FOR
DRIVING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to display devices
which display images by charging pixels, such as an active
matrix liquid crystal display.

BACKGROUND ART

[0002] In an active matrix liquid crystal display which dis-
plays images by charging pixels through TFTs, some pixels
accumulating positive charge and the other pixels accumulat-
ing negative charge are mixed together on a display panel
when the display panel is driven by applying alternating volt-
age. Therefore, when the liquid crystal display turns OFF,
pixel electrode potential based on counter electrode potential
varies depending on the polarity of pixels, accumulating posi-
tive charge or negative charge, right before the turning OFF
the liquid crystal display device. This tends to cause a leakage
of electric charge to a data signal line from a group of pixels,
either accumulating positive or negative charge, which has
larger potential difference to a potential of data signal line
when the liquid crystal display turns OFF. As a result, voltage
applied to each of the pixels becomes ununiform, which may
cause degradation ofthe displayed image. Also, inthe process
of boot up after turning ON the display, electric charge is
accumulated to a pixel due to a potential generated in a video
signal line or a counter electrode until a logic of a driving
circuit is established in the liquid crystal display. This may
also cause the image degradation.

[0003] As a counter measure to this kind of problem, a
conventional configuration illustrated in FIG. 12 is proposed
(see Patent Document 1 as an example).

[0004] A liquid crystal display device 101 illustrated in
FIG. 12 includes a liquid crystal panel 102, a gate driver 103,
a source driver 104, a scan signal supply control circuit 105,
a data signal supply control circuit 106, and a pixel discharge
circuit 107.

[0005] The liquid crystal panel 102 is an active matrix
display panel including a plurality of scan signal lines GL (1),
GL(2),...,GL (n),...anda plurality of data signal lines SL
(1),SL (2),...,SL(N), ... provided so as to be intersected
with each other. In each intersection, a pixel PIX is provided.
The pixel PIX includes a TFT 1024, a liquid crystal capacitor
1020, and a storage capacitor 102¢. A gate terminal of the
TFT 102ais connected to a scan signal line GL corresponding
to the pixel PIX. One source/drain terminal of the TFT 1024
is connected to a data signal line SL corresponding to the
pixel PIX. The other source/drain terminal of the TFT 102a is
connected to a pixel electrode corresponding to the pixel PIX.
The liquid crystal capacitor 1025 and the storage capacitor
102¢ are connected to the pixel PIX between the pixel elec-
trode and a counter electrode COM so as to be parallel to each
other.

[0006] In the gate driver 103, in response to externally
supplied clock signals GCK 1, GCK 2, and a gate start pulse
GSP, an internal shift register and a logical circuit generate, at
each stage, a signal for producing a scan signal which is to be
supplied to a scan signal line GL. In the source driver 104, in
response to externally supplied clock signals SCK 1, SCK 2,
and a source start pulse signal SSP, an internal shift register
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generates, at each stage, a signal for producing a controlling
signal for an analogue switch B in a data signal supply control
circuit 106 (later described).

[0007] The scan signal supply control circuit 105 includes
a plurality of NAND circuits 105a-1, 105a-2, . . . , 105a-n,
which carry out a NAND operation between the scan signal
generated by the gate driver 103 and an externally supplied
discharge control signal DIS, provided corresponding to the
scan signal lines GL (1), GL (2), GL (n), . . ., respectively.
[0008] The datasignal supply control circuit 106 includes a
plurality of NAND circuits 106a-1, 1064-2, . . . , 1064-N,
which carry out a NAND operation between the signal gen-
erated by the source driver 104 and the externally supplied
discharge control signal DIS, provided corresponding to the
data signal lines SL (1), SL (2), . .., SL (N), . .. , respectively.
The data signal supply control circuit 106 includes a plurality
of CMOS analogue switches B1, B2, . . ., BN, . . . which
transform signals generated by NAND circuits 106a-1, 106a-
2,...,106a-N, . .. to control signals, respectively. To a gate
terminal of a p-channel type MOS transistor of the analogue
switch B, a signal generated by a corresponding NAND cir-
cuit 1064 is directly inputted. To a gate terminal of an n-chan-
nel type MOS transistor, a signal generated by a NAND
circuit 1064, which is level inverted by an inverters b (invert-
ersbl,b2,...,bN, ... corresponding to the NAND operation
circuits 106a-1, 106a-2, . . ., 106a-N, . . ., respectively), is
inputted. The analogue switches B1, B2, . .., BN, . . . are
provided corresponding to the data signal lines SL (1), SL (2),
..., SL(N),. .., respectively, so as to open and close the
connection between the data signal line SL and the video
signal line VSIG.

[0009] The pixel discharge circuit 107 includes CMOS
analogue switches A1,A2, ..., AN, ..., which are provided
corresponding to the data signal lines SL (1), SL (2), ...,SL
(N), .. ., respectively. As a control signal of the analogue
switch A, the discharge control signal DIS is used. To a gate
terminal of an n-channel type MOS transistor of the analogue
switch A, the discharge control signal DIS, which is level

inverted by an inverter a (inverters al, a2, . . . aN, . ..
corresponding to the data signal lines ST (1), SL (2), ...,SL
(N), . . ., respectively), is inputted. To a gate terminal of a

p-channel type MOS transistor, the discharge control signal
DIS is inputted directly.

[0010] Theliquid crystal display device 101 with the above
configuration, the discharge control signal DIS goes High
when the liquid crystal display device 101 is in normal opera-
tion. At this time, all the analogue switches A1, A2, .. . AN, .
.. turn OFF in union, and each of the analogue switches B1,
B2,...,BN,...in the data signal supply control circuit 106
turns ON sequentially because when the output signal from
the stage corresponding to the source driver 104 goes High,
the output signal from the corresponding NAND circuit 1064
goes Low. Then, the gate driver 103 outputs Low signal from
each of the stages sequentially, however, the NAND circuit
105a outputs High scan signal to the corresponding scan
signal line GL when the output signal from the stage corre-
sponding to the gate driver 103 goes Low. Accordingly, the
pixel PIX which has an ON state TFT 102a is charged by a
video signal supplied from the video signal line VSIG via a
closed analogue switch B. This realizes image display.
[0011] On the other hand, when the liquid crystal display
device 101 turns OFF or ON, the discharge signal DIS goes
Low right before the turning OFF or ON the display device.
Accordingly, all the NAND circuits in the data signal supply
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control circuit 106, 106a-1,106a-2, . .., 106a-N, output High
signal inunion, and all the analogue switches B1, B2, ..., BN,
... turn OFF inunion. Also, all the analogue switches in the
pixel discharge circuit 107, A1, A2, ..., AN, ..., tum ONin
union. Further, all the NAND circuits in the scan signal sup-
ply control circuit 105, 105¢-1, 1054-2, . . ., 105a-n, . . .,
output High signal in union, and all the TFTs 102q in the
pixels PIX turn ON in union.

[0012] This allows the pixels PIX to discharge all together
because the pixel electrode of each pixel PIX is connected to
the counter electrode COM (charge from the counter elec-
trode COM in other words). Therefore, each applied voltage
to the liquid crystal capacitor 1025 and to the storage capaci-
tor 102¢ of each pixel PIX becomes zero voltage. This can
prevent the image degradation when the liquid crystal display
device 101 turns ON or OFF.

[0013] [Patent Document 1] Japanese Unexamined Patent
Publication, Tokukai 2000-347627 (date of publication Dec.
15, 2000)

[0014] [Patent Document 2] Japanese Unexamined Patent
Publication, Tokukai 2004-45785 (date of publication Feb.
12, 2004)

DISCLOSURE OF INVENTION

[0015] However, the liquid crystal display device 101 with
the above conventional configuration requires a space for
NAND circuits 105a¢-1, 105a-2, . . ., 105a-n, . . . to prevent
degradation of displayed image when the display turns ON
and OFF. Therefore, it is a problem that there is a limitation in
downsizing of the liquid crystal display and efficient utiliza-
tion of the area.

[0016] The present invention is made in view of the forgo-
ing problem. Objects of the present invention are to realize ()
a display device, which can prevent the image degradation
when the display turns ON and OFF with use of a circuit
which does not hamper downsizing and efficient area utiliza-
tion, and (ii) a driving method the same.

[0017] To attain the object, a display device of the present
invention in which an active matrix display panel is driven by
a driving circuit with use of an output signal from a shift
register, the driving circuit including the shift register,
wherein the shift register includes stages connected in a cas-
cade fashion, each stage including an RS flip-flop in which an
active input to a set input terminal has a higher priority than an
active input to a reset input terminal, the RS flip-flop acting as
a data latch circuit; and the shift register performs: a first
mode of operation in which (i) a certain pulse is supplied to a
set input terminal of the RS flip-flop of a predetermined stage
among the stages, (ii) the certain pulse is passed sequentially
downstream through the predetermined stage and its subse-
quent stage(s) at timing indicated by timing signals for the
predetermined stage and its subsequent stage(s) and (iii) the
output signal is outputted sequentially from the predeter-
mined stage and its subsequent stage(s) as a pulse in response
to the timing signal; and a second mode of operation in which
all the output signals are set to be active in union by supplying
an active input to the set input terminal of the RS flip-flop in
first one of the stages.

[0018] According to the present invention, the normal dis-
play operation is able to be carried out by the sequential pulse
output in the first mode of operation with use of the RS
flip-flop in which an active input to a set input terminal has a
higher priority than an active input to a reset input terminal,
and the second mode of operation enables to output active
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signal in union with use of the feature in which an active input
to aset input terminal has a higher priority than an active input
to areset input terminal. For example, if the second mode of
operation is used in turning OFF a display device driven by
applying alternating voltage, it is possible to discharge pixels
and to offset positive charge and negative charge among pix-
els. On the other hand, if the second mode of operation is used
in turning ON a certain display device, it is possible to equal-
ize the amount of charge among pixels. Therefore, the second
mode of operation is capable of preventing the image degra-
dation in turning ON and OFF a display device without
installing extra circuits such as NAND circuits provided cor-
responding to respective outputs from the driving circuit.

[0019] As described above, the present invention realizes a
display device which can prevent the image degradation when
the display turns ON and OFF with use of a circuit which does
not hamper downsizing and efficient area utilization of the
display device.

[0020] To attain the object, a method for driving a display
device in which an active matrix display panel is driven by a
driving circuit with use of an output signal from a shift reg-
ister, the driving circuit including the shift resister having
stages connected in a cascade fashion, each stage including an
RS flip-flop in which an active input to a set input terminal has
a higher priority than an active input to a reset input terminal,
the RS flip-flop acting as a data latch circuit, the method
including;: performing a first mode of operation in which (i) a
certain pulse is supplied to a set input terminal of the RS
flip-flop of a predetermined stage among the stages, (ii) the
certain pulse is passed sequentially downstream through the
predetermined stage and its subsequent stage(s) at timing
indicated by timing signals for the predetermined stage and
its subsequent stage(s) and (iii) the output signal is outputted
sequentially from the predetermined stage and its subsequent
stage(s) as a pulse in response to the timing signal; and per-
forming a second mode of operation in which all the output
signals are set to be active in union by supplying an active
input to the set input terminal of the RS flip-flop in first one of
the stages.

[0021] According to the present invention, the normal dis-
play operation is able to be carried out by the sequential pulse
output in the first mode of operation with use of the RS
flip-flop in which an active input to a set input terminal has a
higher priority than an active input to a reset input terminal,
and the second mode of operation enables to output active
signal in union with use of the feature in which an active input
to aset input terminal has a higher priority than an active input
to a reset input terminal. For example, if the second mode of
operation is used in turning OFF a display device driven by
applying alternating voltage, it is possible to discharge pixels
and to offset positive charge and negative charge among pix-
els. On the other hand, if the second mode of operation is used
in turning ON a certain display device, it is possible to equal-
ize the amount of charge among pixels. Therefore, the second
mode of operation is capable of preventing the image degra-
dation in turning ON and OFF a display device without
installing extra circuits such as NAND circuits provided cor-
responding to respective outputs from the driving circuit.
[0022] As described above, the present invention realizes a
driving method of a display device which can prevent the
image degradation when the display turns ON and OFF with
use of a circuit which does not hamper downsizing and effi-
cient area utilization of the display device.
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[0023] Other objectives, characteristics, and advantages of
the present invention shall become clear according to the
following description. Also, benefits of the present invention
shall become clear according to the following description
with reference to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0024] FIG. 1 is a block diagram of a main part of a liquid
crystal display device according to an embodiment of the
present invention.

[0025] FIG.2 (a)isacircuit diagram illustrating a configu-
ration of a driving signal source processing circuit in the
liquid crystal display device in FIG. 1.

[0026] FIG. 2 (b) is a table of truth value for FIG. 2 (a).
[0027] FIG.3isablock diagram illustrating a configuration
of a gate driver in the liquid crystal display device in FIG. 1.
[0028] FIG. 4 (a) is a block diagram illustrating a configu-
ration of a shift register in the gate driver in FIG. 3 (a).
[0029] FIG. 4 (b) is a table of truth value for FIG. 4 (a).
[0030] FIG.5 (a)isacircuit diagram illustrating a configu-
ration of an RS flip-flop in the shift register in FIG. 4 (a).
[0031] FIG. 5 (b) is a table of truth value for FIG. 5 (a).
[0032] FIG. 61s a timing chart showing an operation of the
gate driver in FIG. 3 in the first mode of operation.

[0033] FIG. 7is a timing chart showing an operation of the
gate driver in FIG. 3 in the second mode of operation.
[0034] FIG. 8 is a block circuit diagram illustrating a con-
figuration of a source driver in the liquid crystal display
device 1in FIG. 1.

[0035] FIG.9isa timing chart showing an operation of the
source driver in FIG. 8 in the first mode of operation.

[0036] FIG.101satiming chart showing an operationof the
source driver in FIG. 8 in the second mode of operation.
[0037] FIG. 11 (a) is a block diagram of a modification
example of a modified driving circuit.

[0038] FIG.11 (b)is a waveform chart of a clock signal for
the driving circuit in FIG. 11 (a).

[0039] FIG. 12 is a circuit block diagram of a main part of
a conventional liquid crystal display device.

EXPLANATION OF REFERENCE NUMERALS

[0040] 1 liquid crystal display device (display device)
[0041] 2 liquid crystal panel (display panel)
[0042] 3 gatedriver (scan signal line driving circuit, driv-

ing circuit)
[0043] 4 source driver (data signal line driving circuit,
driving circuit)

BEST MODE FOR CARRYING OUT THE
INVENTION

[0044] The following description deals with more detailed
explanation of the present invention with reference to
embodiments and comparison examples. However, the
present invention is not limited to these embodiments and
examples.

[0045] One embodiment of the present invention is
described below with reference to FIG. 1 and FIG. 7.

[0046] A configuration of a liquid crystal display device
(display device) 1 of the embodiment of the present invention
is illustrated in FIG. 1. The liquid crystal display device 1
includes a liquid crystal panel 2, a gate driver 3, a source
driver 4, an analogue switch circuit 5, and driving signal
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source processing circuits 6 and 7. Note that the driving signal
source processing circuits 6 and 7 may be provided as a part
of the liquid crystal panel 2.

[0047] The liquid crystal display device 1 includes the lig-
uid crystal panel 2 which is driven by a dot inversion driving
in which each pixel PIX has a polarity of charge opposite to
that of a pixel PIX adjacently located up, down, right or left of
that pixel PIX, or is driven by a scan signal inversion driving
in which pixels PIX connected to one scan signal line and
pixels PIX connected to an adjacent scan signal line have
opposite polarities of charge.

[0048] Theliquid crystal panel 2 is an active matrix display
panel which includes a plurality of scan signal lines GL (1),
GL (2),...,GL (n),...,anda plurality of data signal lines
SL (1), SL(2),...,SL(N),...providedso as to be intersected
with each other. In each intersection, a pixel PIX is provided.
The pixel PIX includes a TFT 2a, a liquid crystal capacitor 25,
and a storage capacitor 2c. A gate terminal of the TFT 2a is
connected to a scan signal line GL corresponding to the pixel
PIX. One source/drain terminal of the TFT 2a is connected to
a data signal line SL corresponding to the pixel PIX, and the
other source/drain terminal of the TFT 24 is connected to the
pixel electrode of the pixel PIX. The liquid crystal capacitor
2b and the storage capacitor 2¢ are connected to the pixel PIX
between the pixel electrode and a counter electrode COM so
as to be parallel to each other.

[0049] Inthe gate driver (scan signal line driving circuit) 3,
in response to clock signals CK 11, CK 12 and a gate start
pulse SP 1 supplied from a driving signal source processing
circuit 6 (described later), an internal shift register or the
internal shift register in combination with a logical circuit
generate, at each stage, a scan signal which is to be supplied
to a scan signal line GL. Each of the clock signals (timing
signals) CK 11 and CK 12 has a different phase with each
other when the liquid crystal display 1 is in normal operation
as illustrated in FIG. 6 and is a binary periodic signal which
repeats to change the level periodically. Here is an example
that the High periods of both clock signals CK 11 and CK 12
are not overlapped each other. Also, the clock signals CK 11
and CK 12 are fixed at active level (High in this case) right
before turning OFF the liquid crystal display device 1 as
illustrated in FIG. 7. The start pulse SP1 has one pulse in
every certain period when the liquid crystal display device 1
is in normal operation as illustrated in FIG. 6. As for the start
pulse SP 1, the period is one vertical period. Further, the start
pulse SP1 is fixed at active level (High in this case) right
before turning OFF the liquid crystal display device 1 as
illustrated in FIG. 7.

[0050] Inthe source driver (data signal line driving circuit)
4, in response to clock signals CK 21, CSK 22, and a start
pulse signal SP 2 supplied from a driving signal source pro-
cessing circuit 7 (described later), an internal shift register
generates, at each stage, a control signal for an analogue
switch C provided in an analogue switch circuit 5 (described
later).

[0051] The analogue switch circuit 5 includes CMOS ana-
logue switches C1, C2, ... ,CN, ... provided corresponding
to the outputs from the stages of the source driver 4, respec-
tively. To a gate terminal of a p-channel type MOS transistor
of each analogue switch C, the output signal from the stage
corresponding to the source driver 4, which is level inverted
by an inverter ¢ (inverters c1, ¢2, . .. ¢N, . .. corresponding to
analogue switches C1, C2, CN, . .., respectively), is inputted.
To a gate terminal of an n-channel type transistor, the output
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signal from the stage corresponding to the source driver 4 is
directly inputted. Also, the analogue switches C1, C2, . . .,
CN, are provided corresponding to the data signal lines SL
(1), SL 2),...,SL(N),...,respectively so as to open and
close the corresponding connections between the data signal
lines SL and the video signal lines VSIG. Data signal is
supplied to the video signal line VSIG and is written into a
pixel PIX selected by the scan signal via a data signal line SL
which is connected to the closed analogue switch.

[0052] The driving signal source processing circuit 6 gen-
erates the clock signal CK 11 from the externally supplied
clock signal GCK 1 and the discharge control signal DIS, also
generates the clock signal CK 12 from the externally supplied
clock signal GCK 2 and the discharge control signal DIS,
further generates the start pulse SP1 from the externally sup-
plied gate start pulse GSP and the discharge control signal
DIS, and outputs each of the obtained signals to the gate
driver 3. The discharge control signal DIS is fixed at High
level when the liquid crystal display device 1 is in normal
operation, and is fixed at Low level right before turning OFF
the liquid crystal display device as illustrated in FIG. 7.
[0053] The driving signal source processing circuit 7 gen-
erates the clock signal CK 21 from the externally supplied
clock signal SCK 1, also generates the clock signal CK 22
from the externally supplied clock signal SCK 2, further
generates the start pulse SP 2 from the externally supplied
source start pulse SSP, and outputs each of the obtained
signals to the source driver 4.

[0054] Theexplanation of the discharge signal DIS is omit-
ted here because it is used in another configuration.

[0055] Note that it is possible to arrange the driving signal
source processing circuit 6 and the driving signal source
processing circuit 7 together in one place.

[0056] The configuration of the driving signal source pro-
cessing circuit 6 is illustrated in FIG. 2 (a).

[0057] The driving signal source processing circuit 6
includes CMOS analogue switches 61, 62, 63, inverters 64,
65, 66, and p-channel type MOS transistors 67, 68, 69.
[0058] The analogue switch 61 opens and closes the con-
nection between an input terminal of the clock signal GCK 1
and an output terminal of the clock signal CK 11. The ana-
logue switch 62 opens and closes the connection between an
input terminal of the clock signal GCK 2 and an output
terminal of the clock signal CK 12. The analogue switch 63
opens and closes the connection between an input terminal of
the gate start pulse GSP and an output terminal of the start
pulse SP 1. The discharge control signal DIS is used as a
control signal for each of the analogue switches 61 through
63. To a gate terminal of an n-channel type MOS transistor for
each of the analogue switches 61 though 63, the discharge
control signal DIS is directly inputted. To a gate terminal of a
p-channel type MOS transistor of the analogue switch 61, the
discharge control signal DIS, which is level inverted by the
inverter 64, is inputted. To a gate terminal of a p-channel type
MOS transistor of the analogue switch 62, the discharge
control signal DIS, which is level inverted by the inverter 65,
is inputted. To a gate terminal of a p-channel type MOS
transistor of the analogue switch 63, the discharge control
signal DIS, which is level inverted by the inverter 66, is
inputted.

[0059] A source of the MOS transistor 67 is connected to a
voltage source VDD, and a drain of the MOS transistor 67 is
connected to an output terminal of the clock signal CK 11. A
source of the MOS transistor 68 is connected to a voltage
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source VDD, and a drain of the MOS transistor 68 is con-
nected to an output terminal of the clock signal CK 12. A
source of the MOS transistor 69 is connected to a voltage
source VDD, and a drain of the MOS transistor 69 is con-
nected to an output terminal of the start pulse SP 1.

[0060] FIG. 2 (b) is a table of truth value showing which
signal is outputted as the clock signals CK 11, CK 12, and the
start pulse SP 1 when the discharge control signal DIS is
either High or Low. When the liquid crystal display device 1
is in normal operation, the discharge control signal DIS is
High, and the clock signal GCK 1 as the clock signal CK 11,
the clock signal GCK 2 as the clock signal CK 12, and the start
pulse GSP as the clock signal SP 1 are outputted, respectively.
Right before turning OFF the liquid crystal display device 1,
the discharge control signal DIS goes Low and the clock
signal CK 1, the clock signal CK 2, and the start pulse SP1 go
all High. Note that the analogue switches 61 through 63 may
have a level shift function.

[0061] Next, a configuration of the gate driver 3 is illus-
trated in FIG. 3.
[0062] The gate driver 3 is constituted by a shift register

including an inverter 41, and shift register stages SR 1, SR 2,
.. .. The shift register stages SR 1, SR 2, .. . constitute each
of the stages in the shift register. Each of the shift register
stages is connected in a cascade fashion from the first shift
register stage inthe order of SR 1to SR 2. .. . Each of the shift
register stages SR includes a shift signal input terminal 3B,
output terminals O, OB, a clock signal input terminal CK, a
reset input terminal R, and an initial reset input terminal INT.
The shift signal input terminal SB is a set input terminal of a
low active RS flip-flop (described later). The reset input ter-
minal R is a reset input terminal of the RS flip-flop. The clock
input terminals CK receive the clock signal CK 11 supplied
from the driving signal source processing circuit 6 in odd
number shift register stages (SR 1, SR 3, ... ), and receive the
clock signal CK 12 supplied from the driving signal source
processing circuit 6 in even number shift register stages (SR
2,SR4,...).

[0063] On receiving Low signal at the shift signal input
terminal SB, each of the shift register stages SR outputs the
signal applied to the clock input terminal CK as an output
signal OUT (OUT 1 is from the first stage, OUT 2 is from the
second stage, . . . ) from the output terminal O, and also
outputs the level inverted signal applied to the clock input
terminal CK from the output terminal OB. Each of the output
signals OUT is outputted to the gate signal line GL as a scan
signal supplied from the gate driver 3. The signal from the
output terminal OB is inputted to the shift signal input termi-
nal SB in the next shift register stage SR. Also, the signal from
the output terminal O in the next shift register stage SR is
inputted to the reset input terminal R.

[0064] The inverter 41 is provided in front of the first shift
register stage SR 1 for generating a level inverted signal of the
start pulse SP1 supplied from the driving signal source pro-
cessing circuit 6 and supplying the obtained level inverted
signal to the SB terminal in the first shift register stage SR 1.
[0065] Note that the gate driver 3 may have a configuration
such that the output signals OUT 1, OUT 2, . . . are further
inputted to the logical circuit for generating the scan signal.
[0066] Next, a configuration of each of the shift register
stages SR is illustrated in F1G. 4 (a).

[0067] The shift register stage SR includes an asynchro-
nous RS flip-flop 42, a CMOS analogue switch 43, an n-chan-
nel type MOS transistor 44, and an inverter 45.
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[0068] The RS flip-flop 42 is a data latch circuit for a shift
register stage SR which includes a set input terminal SB, an
output terminal Q. an input terminal QB, a reset input termi-
nal R, and an initial reset input terminal INI. The set input
terminal SB and the shift signal input terminal SB of'the shift
register stage SR are the same. Also, the reset input terminal
R and the initial reset input terminal INI equal to the reset
input terminal R and the initial reset input terminal INI of the
shift resister stage SR, respectively. Note that “set” means to
activate the signal of the output terminal Q.

[0069] The analogue switch 43 opens and closes the con-
nection among the clock signal input terminal CK, the output
terminal O of the shift register stage SR, and an input terminal
of the inverter 45. To a gate terminal of an n-channel type
MOS transistor of the analogue switch 43, the output signal
from the output terminal Q of the RS flip-flop 42 is inputted.
To a gate terminal of a p-channel type MOS transistor, the
output signal from the output terminal QB of the RS flip-flop
42 is inputted. The output terminal of the inverter 45 is the
output terminal OB of the shift register stage SR. A drain
terminal of the MOS transistor 44 is connected to the output
terminal O and the input terminal of the inverter 45, and a
source is connected to GND. To a gate terminal of the MOS
transistor 44, an output signal from the output terminal QB of
the RS flip-flop 42 is inputted.

[0070] FIG. 4 (b) shows truth values of output signals from
the output terminals O and OB in response to the input signal
to the shift signal input terminal (set input terminal) SB and
the input signal to the reset input terminal R.

[0071] TheRS flip-flop is designed such that an active input
to a set input terminal SB has a higher priority than an active
input to a reset terminal R. As shown in the table in FIG. 4 (b),
when the set input terminal SB receives Low, the output
terminal Q outputs High and the output terminal QB outputs
Low respectively, regardless of the input, either High or Low,
to the reset input terminal R (see FIG. 5 (b) described later).
As aresult, the output terminal O (O,, in the table) outputs an
input signal to the clock signal input terminal CK, and output
terminal OB (OB, in the table) outputs an inverted input
signal (CKB in the figure) to the clock signal input terminal
CK, respectively.

[0072] Further, when the set input terminal SB receives
High and the reset input terminal R receives High, the output
terminal Q outputs Low and the output terminal QB outputs
High, respectively (see FIG.5 (b) described later). As a result,
the output terminal O outputs Low and the output terminal
OB outputs High, respectively. When the set input terminal
SB receives High and the reset terminal R receives Low, the
previous state of the output terminal Q, Q,_;, is outputted
from the output terminal Q as it is (see FIG. 5 (b) described
later). Accordingly, if Q,,_; is Low as the first state, the previ-
ous state of output terminal O, O, _,, is Low. Therefore, the
output terminal O (O, ) outputs Low, and the output terminal
OB (OB, outputs High, respectively. Further, if Q,,_, is High
as the second state, the previous state of the output terminal O,
0,,.,, is in a state of outputting an input signal to the clock
signal input terminal CK (CK in the table). The output termi-
nal O (O,)) outputs an input signal to the clock signal input
terminal CK, and the output terminal OB (OB,,) outputs an
inverted input signal (CKB in the table) to the clock signal
input terminal CK, respectively.

[0073] Itis possible to replace the analogue switch 43 with
a circuit which has a level shifter or a logical circuit to obtain
the same logic.

May 14, 2009

[0074] Next, the configuration of the RS flip-flop 42 is
illustrated in FIG. 5 (a).

[0075] The RS flip-flop 42 includes MOS transistors 421
through 430. The MOS transistors 421, 424, 425, 428 are
p-channel type, and the MOS transistors 422, 423, 426, 427,
429, 430 are n-channel type.

[0076] A source terminal of the MOS transistor 421 is
connected to the voltage source VDD, and a drain terminal of
the MOS transistor 421 is connected to a drain terminal of the
MOS transistor 422. A source terminal of the MOS transistor
422 is connected to a drain terminal of the MOS transistor
423. Gate terminals of the MOS transistors 421 and 422 are
connected to the set input terminal SB. A source terminal of
the MOS transistor 423 is connected to GND. A gate terminal
ofthe MOS transistor 423 is connected to the reset terminal R.
[0077] A source terminal of the MOS transistor 424 is
connected to the voltage source VDD, and a drain terminal of
the transistor 424 is connected to a source terminal of the
transistor 425. A gate terminal of the MOS transistor 424 is
connected to the reset terminal R. A drain terminal of the
MOS transistor 425 is connected to a drain terminal of the
MOS transistor 426. A gate terminal of the MOS transistor
4251s connected to a gate terminal of the MOS transistor 426.
Also, a drain terminal of the MOS transistor 421 and a drain
terminal of the MOS transistor 425 are connected to each
other. A source terminal of the MOS transistor 426 is con-
nected to a drain terminal of the MOS transistor 427. A source
terminal of the MOS transistor 427 is connected to GND. A
gate terminal of the MOS transistor 427 is connected to the set
input terminal SB.

[0078] A source terminal of the MOS transistor 428 is
connected to the voltage source VDD, and a drain terminal of
the MOS transistor 428 is connected to a drain terminal of the
MOS transistor 429. A source terminal of the MOS transistor
429 is connected to GND. A drain terminal of the MOS
transistor 425 and a gate terminal of the MOS transistor 428,
and a gate terminal of the MOS transistor 429 are connected
to one another, and the connecting point is connected to the
output terminal Q. The gate terminals of the MOS transistors
425, 426 and the connecting point between the MOS transis-
tors 428,429 are connected to the output terminal QB. A drain
terminal of the MOS transistor 430 is connected to the output
terminal Q, and a source terminal of the MOS transistor 430
is connected to GND. A gate terminal of the MOS transistor
430 is connected to the initial reset terminal INL

[0079] FIG. 5(b)is atruth table for output signals from the
output terminal Q in response to an input signal to the set
input terminal SB and an input signal to the reset terminal.
FIG. 5 (b) is equivalent to FIG. 4 (5) described before, so the
explanation is omitted here. According to FIG. 5§ (a), the
reason why an active input to the set input terminal SB has a
higher priority to an active input to the reset terminal R is that
when gate terminals of the MOS transistors 421 and 422
receive Low, the MOS transistor 422 becomes OFF and does
not output Low to the output terminal Q, even though a gate
terminal of the MOS transistor 423 receives High.

[0080] The following description deals with an operation of
the gate driver 3 in the liquid crystal display device 1 with the
above stricture with reference to FIG. 6 and FIG. 7. F1G. 6 is
a timing chart of the liquid crystal display device 1 in normal
operation. This operation mode of the liquid crystal device 1
is called the first mode of operation. FIG. 7 is a timing chart
showing a state right before turning OFF the liquid crystal
display device 1. This operation mode of the liquid crystal
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device 1 is called the second mode of operation. The follow-
ing explains the second mode of operation with reference to
the FIG. 3.

[0081] At a timing A in FIG. 6, a signal inputted to the
initial reset terminal (INT, hereinafter)is set to be High and the
start pulse SP 1 is set to be Low. Therefore, the shift input
terminal SB of the shift register stage SR 1 receives High; the
output terminal O outputs Low; and the output terminal OB
outputs High. Likewise, when a shift signal input terminal SB
of the shift register stage SR 2 receives High and the signal
INIis High, the shift register stage SR 2 outputs Low from the
output terminal O and outputs High from the output terminal
OB. Therefore, all the output signals OUT 1, OUT 2, . . . go
Low and the initial reset of the gate driver 3 is carried out.
[0082] Next, at a timing B, the signal INI is set to be Low
and the start pulse SP 1 is set to be Low. At this time, because
the shift signal input terminal SB of the shift register stage SR
1 receives High and the reset terminal R receives Low, the
output terminal O outputs Low and the output terminal OB
outputs High. Accordingly, the shift signal input terminal SB
of the shift register stage SR 2 receives High, and the output
terminal O of the shift register stage SR 2 outputs Low. Thus,
the entire output signals OUT 1, OUT 2, . . . remain at Low
level.

[0083] Next, at a timing C, the start pulse SP 1 is set to be
High, and the signal input terminal SB of the shift register
stage SR 1 receives Low. Accordingly, the shift register stage
SR 1 outputs the clock signal CK 11 from the output terminal
O and outputs a level inverted signal of the clock signal CK 11
from the output terminal OB. Since the clock signal CK 11 is
Low at the timing C, the output signal OUT 1 is Low and the
output terminal OB outputs High. Thus, the entire output
signals OUT 1, OUT 2, . . . remain at Low level.

[0084] Next, at a timing D, the start pulse SP 1 remains at
High level, but the clock signal CK 11 goes High. Accord-
ingly, the shift register stage SR 1 outputs High from the
output terminal O, and outputs Low from the output terminal
OB. Therefore, the shift signal input terminal SB of'the shift
register stage SR 2 receives Low, and the shift register stage
SR 2 outputs the clock signal CK 12 from the output terminal
O and outputs a level inverted signal of the clock signal CK 12
from the output terminal OB. Since the clock signal CK 12 is
Low at the timing D, the shift register stage SR 2 outputs Low
from the output terminal O and outputs High from the output
terminal OB. Thus, the output signal OUT 1 goes High, and
the other output signals OUT 2, OUT 3, . .. go all Low.
[0085] Next, at a timing E, the start pulse SP 1 remains at
High level; the clock signal CK 11 is Low; and the clock
signal CK 12 goes High. Accordingly, the shift register stage
SR 1 outputs Low from the output terminal O, and outputs
High from the output terminal OB. Also, the shift signal input
terminal SB of the shift register stage SR 2 receives High, and
the reset terminal R receives Low. Since a state of the output
terminal O, O, , (the state right before the timing E), is in a
state of outputting the clock signal CK 12, astate of the output
terminal O, O, (the state at the timing F), becomes in a state
of outputting the clock signal CK 12, and a state of the output
terminal OB, OB,, (the state at the timing E), becomes in a
state of outputting a level inverted signal of the clock signal
CK 12. Thus, the entire output signals OUT 1, OUT 2, . . . go
Low.

[0086] In the duration from the timing D to a timing F at
which the clock signal CK 12 goes High, the start pulse SP 1
is set to be from High to Low. Accordingly, the shift signal
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input terminal SB of the shift register stage SR 1 receives
High and the reset terminal R receives Low. Since a state of
the output terminal O, O, _; (the state right before the start
pulse SP 1 goes Low), is in a state of outputting the clock
signal CK 11, a state of the output terminal O, O,, (the state
when the start pulse SP1 goes Low), becomes in a state of
outputting the clock signal CK 11, and a state of the output
terminal OB, OB, (the state when the start pulse SP 1 goes
Low), becomes in a state of outputting an inverted signal of
the clock signal CK 11. When the start pulse SP 1 goes Low,
the clock signal CK 11 is Low. Therefore, the shift register
stage SR 1 outputs Low from the output terminal O, and
outputs High from the output terminal OB. Accordingly, the
shift register stage SR 2 continues to output the clock signal
CK 12 from the output terminal O, and to be in a state of
outputting a level inverted signal of the clock CK 12 from the
output terminal OB. Therefore, in the duration from the tim-
ing D to the timing F, the shift register stage SR 1 outputs Low
from the output terminal O, and outputs High from the output
terminal OB. As a result, the entire output signals OUT 1,
OUT 2, ... remain at Low level. Note that the start pulse SP
1 may be set to be Low at the timing F.

[0087] Next, at the timing F, the clock signal CK 12 goes
High. The shift register stage SR 2 is still in a state where the
output terminal O outputs the clock signal CK 12 and the
output terminal OB outputs a level inverted signal of the clock
signal CK 12. Therefore, the shift register stage SR 2 outputs
High from the output terminal O, and outputs Low from the
output terminal OB. Accordingly, the reset terminal R of the
shift register stage SR 1 receives High, and the shift signal
input terminal SB continues to receive High. As a result, the
shift register stage SR 1 becomes in a state of reset, and
outputs Low from the output terminal O and outputs High
from the output terminal OB. Also, since the signal input
terminal SB of the shift register SR 3 receives Low, the shift
register stage SR 3 outputs the clock signal CK 11 from the
output terminal O and outputs a level inverted signal of the
clock signal CK 11 from the output terminal OB. Since the
clock signal CK 11 is Low at the timing F, the shift register
stage SR 3 outputs Low from the output terminal O and
outputs High from the output terminal OB. Thus, the output
signal OUT 2 goes High, and the other output signals OUT 1,
OUT 3,0UT 4, ... goall Low.

[0088] Next, at a timing G, the clock signal CK 12 goes
Low. The shift register stage SR 2 is still in a state where the
output terminal O outputs the clock signal CK 12 and the
output terminal OB outputs a level inverted signal of the clock
signal CK 12. Therefore, the shift register stage SR 2 outputs
Low from the output terminal O and outputs High from the
output terminal OB. Also, the shift signal input terminal SB of
the shift register stage SR 3 receives High, and the reset
terminal R receives Low. While a state of the output terminal
O of the shift register SR 3, O, , (the state right before the
timing G), is in a state of outputting the clock signal CK 11, a
state of the output terminal O, O,, (the state of the timing G),
becomes in a state of outputting the clock signal CK 11 and a
state of the output terminal OB, OB, (the state of the timing
G), becomes in a state of outputting a level inversion signal of
the clock signal CK 11. At the timing G, the clock signal CK
11 is Low, and the shift register stage SR 1 outputs Low form
the output terminal O and outputs High from the output ter-
minal OB. Thus, the entire output signals OUT1, OUT2, . ..
go Low.
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[0089] Next, at a timing H, the clock signal CK 11 goes
High. The shift register stage SR 3 is still in a state where the
output terminal O outputs the clock signal CK 11 and the
output terminal OB outputs a level inverted signal of the clock
signal CK 11. Therefore, the shift register stage SR 3 outputs
High from the output terminal O and outputs Low from the
output terminal OB. Accordingly, the reset terminal R of the
shift register stage SR 2 receives High, and the signal input
terminal SB of the shift register stage SR 2 continues to
receive High. Then, the shift register stage SR 2 becomesina
state of reset and outputs Low from the output terminal O and
outputs High from the output terminal OB. Thus, the output
signal OUT 3 goes High, and the other output signals OUT 1,
OUT 2,0UT 4. . .. go Low.

[0090] Inthe same way, High output signal OUT is output-
ted from the output signal OUT 1 sequentially. These output
signals OUT are not overlapped each other, and are provided
to the scan signal lines GL, GL (1), GL (2), . . . in this order as
High scan signals. The TFTs 2a in pixels PIX connected to a
scan signal line GL, which is provided High scan signal
become in a conducting state all at once, and the provided
video signal is written in the pixel electrode during this
period. The pixel PIX displays an image in such a manner that
the liquid crystal capacitor 25 and the storage capacitor 2¢ are
charged by a voltage corresponding to a potential difference
generated between a pixel electrode and a counter electrode.
The potential charged in the pixel PIX is maintained until the
next charge because the scan signal goes Low and discon-
nects the TFT 2a.

[0091] In the present embodiment, it is not necessary that
the start pulses SP 1 and SP 2 are supplied to the first shift
register stage SR 1 via the inverter 41 in the first mode of
operation. The start pulses SP 1 and SP 2 may be supplied to
the shift register stage SR 2 or later. Namely, when the start
pulses SP 1 and SP 2 are supplied to a certain shift register
stage SR, the output signal OUT is subsequently passed down
through the stages as a pulse downstreamly.

[0092] The following description deals with the operation
when the liquid crystal display device 1 turns OFF with
reference to the FIG. 7.

[0093] When the direction of turning OFF the liquid crystal
display 1 is provided to the liquid crystal display 1, or the
direction is generated in the liquid crystal display device 1,
the discharge control signal DIS is set to be Low ata timing A
which s set as a predetermined timing in FIG. 7. Accordingly,
the driving signal source processing circuit 6 with a configu-
ration illustrated in FIG. 2 (a) set the clock signals CK 11, CK
12, and the start pulse SP 1 to be fixed at High level.

[0094] As a result, the signal input terminals SB of all the
shift register stages SR 1, SR 2, . . . receive Low in FIG. 3.
Therefore, the entire output signals of the gate driver 3, OUT
1, OUT 2, . . . go High. This allows the TFTs 2a of all the
pixels PIX to be in a conducting state in union. Also, in the
case where the gate driver 3 includes logical circuits in com-
bination with the shift register with the above structure, all the
logical circuits receive the same logical input because the
output signals of all the shift registers go High all at once. This
allows the entire output signal of the logical circuits to go
High. Thus, it is possible to control the TFTs 2a of all the
pixels PIX to be in a conducting state because High scan
signal is supplied to all the scan signal lines GL.

[0095] When all the analogue switches C1, C2, .. . are set to
be OFF when the electrical power supply turns OFF, it is
possible to offset positive charge and negative charge among
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pixels which are connected to the same data signal line SL
because the liquid crystal display device 1 is dtiven by a dot
inversion driving or a scan signal line inversion driving. This
allows all the pixels PIX to shift to be OFF-state having
substantially equal display, as the counter electrode COM
shifts to be in no-voltage state. Thus, it is possible to prevent
the image degradation when the liquid crystal display device
1 turns OFF.

[0096] As above mentioned, it is possible to prevent the
image degradation when all the pixels are discharged in turn-
ing OFF the display without having circuits for discharging
and for preventing the image degradation which hamper
downsizing and efficient area utilization of the display device.
[0097] The following description deals with the configura-
tion of a liquid crystal display device 1 in which data signal
line inversion driving is carried out in such a manner that
pixels PIX connected to one data signal line and pixels PIX
connected to an adjacent data signal line have opposite polari-
ties of charge. Note that this configuration is applicable to the
dot inversion driving or a scan signal line inversion driving.

[0098] In the configuration for carrying out the data signal
line inversion driving illustrated in FIG. 1, the source driver 4
and the source driver 3 have the same configuration, and the
driving signal source processing circuit 7 and the driving
signal source processing circuit 6 have the same configura-
tion.

[0099] Asillustrated in FIG. 8, the source driver 4 is similar
to the source driver 3 illustrated in FIG. 3, except that the
input terminal of the clock signal CK 11 is replaced with the
input terminal of the clock signal CK 21; the input terminal of
the clock signal CK 12 is replaced with the input terminal of
the clock signal CK 22; and the input terminal of the start
pulse SP 1is replaced with the input terminal of the start pulse
SP 2. With this configuration, the output signals OUT 1, OUT
2,...,0UTn, ... are the control signals of the analogue
switches C1,C2,...,Cn,. .., respectively.

[0100] The driving signal source processing circuit 7 gen-
erates the clock signal CK 21 from the externally supplied
clock signal SCK 1 and the discharge control signal DIS, also
generates the clock signal CK 22 from the externally supplied
clock signal SCK 2 and the discharge control signal DIS,
further generates the start pulse SP 2 from the externally
supplied source start pulse SSP and the discharge control
signal DIS, and outputs each of the generated signals to the
source driver 4. The discharge control signal DIS is the same
signal which is used for the driving signal source processing
circuit 6.

[0101] Further, the configuration of the driving signal
source processing circuit 7 is similar to the configuration
illustrated in FIG. 2 (a), except that the clock signal GCK 1 is
replaced with the clock signal SCK 1; the clock signal GCK
2 is replaced with the clock signal SCK 2; the gate start pulse
GSP is replaced with the source start pulse SSP; the clock
signal CK 11 is replaced with the clock signal CK 21; the
clock signal CK 12 is replaced with the clock signal CK 22;
and the start pulse SP 1 is replaced with the start pulse SP 2.
[0102] FIG. 9 and FIG. 10 are timing charts explaining the
operation of the source driver 4 and are similar to the FIG. 6
and FIG. 7, respectively, except that the clock signal CK 11 is
replaced with the clock signal CK 21, the clock signal CK 12
is replaced with the clock signal CK 22, and the start pulse SP
1 is replaced with the start pulse SP 2.

[0103] Each of the clock signal (timing signal) CK 21 and
the clock signal (timing signal) CK 22 has an opposite phase
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when the liquid crystal display device 1 is in normal operation
as illustrated in FIG. 9, and is a binary periodic signal which
continues to change the level periodically. An example shows
the High period ofthe clock signal CK 21 and the High period
of the clock signal CK 22 are not overlapped each other. Also,
the clock signal CK 21 and the clock signal CK 22 are fixed at
active level (High) right before turning OFF the liquid crystal
display device 1 as illustrated in FIG. 10. The start pulse SP2
has one pulse in every certain period when the liquid crystal
display device 1isin normal operation as illustrated in FIG. 9.
As for the start pulse SP 2, the certain period is one vertical
period. Further, the start pulse SP 2 is fixed at active level
(High) right before turning OFF the liquid crystal display
device 1 as illustrated in FI1G. 10.

[0104] The operation of the source driver 4 illustrated in
FIG. 9 and FIG. 10 is same as the operation of the source
driver 3 illustrated in FIG. 6 and F1G. 7.

[0105] When the liquid crystal display device 1 turns OFF,
the entire output signals of the source driver 4, OUT 1, OUT
2, ... go High at the timing A. Accordingly, all the analogue

switches in the analogue switch circuit 5, C1, C2, . . . are
closed in union.
[0106] Therefore, it is possible to completely discharge all

the pixels PIX by supplying the same electric potential, which
the counter electrode COM has, to the video signal lines
VSIG, for example, by connecting the video signal line VSIG
with the counter electrode COM. By connecting the video
signal line VSIG with the counter electrode COM, when the
display turns OFF, as the counter electrode COM shifts to be
in no-voltage state such as GND, the potential of the pixel
electrode also shifts to be in no-voltage state. Accordingly,
zero voltage is applied to the liquid crystal in all the pixels
PIX. This allows avoiding the variation of voltages applied to
the liquid crystal and preventing the image degradation when
the liquid crystal display device 1 turns OFF, even though a
liquid crystal panel 2 is driven by applying alternating volt-
age.

[0107] As explained above, it is possible to realize the
display device whose pixels are discharged in turning OFF
the display device by the circuits which does not hamper the
downsizing and efficient area utilization.

[0108] Also, in the above example, the potential of the
counter electrode COM is applied to the video signal line
VSIG for discharging pixels PIX, however, the way is not
limited to this. It is possible to apply such a potential that the
threshold or lower voltage (voltage does not affect display) is
to be applied to the liquid crystal, to the video signal line
VSIG. This also prevents the image degradation when the
liquid crystal display device 1 turns OFF, because the image
display is not carried out.

[0109] Further, in FIG. 10, the entire output signals of the
source driver 4 and the entire output signals of the gate driver
3 are set to go High in union. In this case, it is possible to
discharge all the pixels PIX in union in the case where the
liquid crystal panel 2 is driven by any alternate current driving
methods, such as adot inversion driving, scan signal inversion
driving, data and signal inversion driving.

[0110] Further, as another configuration example utilizing
the offset of positive and negative potentials, it is possible to
disconnect the video signal lines VSIG from the data signal
suppliers and close all the analogue switches C1,C2, .. .. This
also allows positive and negative potential to be offset among
all the pixels PIX, and all the pixels PIX to shift to be in
off-state having substantially equal display when the counter
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electrode COM shifts to be in no-voltage state in the liquid
crystal display device 1 which is driven by any alternate
current driving methods, a dot inversion driving, a scan signal
line inversion driving, and a data signal inversion driving.
Therefore, this configuration also prevents the image degra-
dation when the liquid crystal display device 1 turns OFF.
[0111] Further, the above configurations for preventing the
image degradation in turning OFF the display device can be
also used as a configuration for preventing the image degra-
dation in turning ON the display device. Right after turning
ON the display device, the potentials of the video signal, the
counter electrode, Cs (storage capacitor) electrode are
unstable and unexpected potential is charged in pixels. This is
because a logical control of the circuit does not work properly
under the unstable circumstance during the boot-up, resulting
in that unnecessary potential flows into pixels from video
signal lines and potential difference is generated between the
counter electrode and the pixel electrode (accumulating
potential) due to the unstable counter electrode potential and
Cs electrode potential. This phenomenon becomes a cause of
the generation of noises in the display. As a counter measure,
it is useful to discharge potential by closing the switching
elements of the pixels immediately when the display turns
ON. It is such a quick discharge that people cannot recognize
as a display.

[0112] As one example method, it is useful that (i) right
after fixing the power supply voltage in turning ON the dis-
play device, activate the discharge control signal DIS as the
second mode of operation for discharging pixels, and then (ii)
inactive the discharging control signal DIS and shift to the
normal display. It is also useful that (i) the discharge control
signal DIS is activated in sync with turning ON the display
device as the second mode of operation and the active state of
the discharge control signal DIS is maintained until the logic
of the circuit in the panel is fixed after boot-up, and then (ii)
after fixing the power supply voltage, inactive the discharge
control signal and shift to the normal operation.

[0113] In these methods, the gate driver 3 outputs active
output signal to all the scan signal lines in response to the
active discharge control signal DIS, in the case where all the
analogue switches C1, C2, . . . open, between the pixels
connecting to the same data signals have averaged potential
and the amount of charge is substantially equalized among all
the pixels, and in the case where all the analogue switches C1,
C2, ... close in union, the amount of charge is substantially
leveled off among all the pixels. Namely, the potentials
among pixels are equalized in a display device. Therefore, the
unstable boot-up is avoidable, because unexpected display is
not produced even though a period after turning ON the
display and establishing the logic in the panel is prolonged.
This allows preventing the image degradation in turning ON
and OFF the display device without installing extra NAND
circuits corresponding to each output of the driving circuits.
[0114] As explained above, itis possible to realize a display
device which can prevent the image degradation when the
display turns ON and OFF with use ofa circuit which does not
hamper downsizing and efficient area utilization of the dis-
play device.

[0115] In all the above-mentioned configurations, the
polarity of the signal is one example and the present invention
is applicable to the inverted logic. For example, it is easy to
change the configuration to output the required polarity in the
logical circuit in which the clock signals GCK 1, GCK 2, SCK
1, and SCK 2 are inputted. Therefore, in the same way, the
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clock signals GCK 1, GCK 2, SCK 1, SCK 2, and the start
pulse signals SP 1, SP 2 may be fixed at Low level for
discharging the pixels PIX when the liquid crystal display 1
turns OFF. In this case, signal level is set to be Low in sync
with turning OFF the display device. This allows reducing the
electric power consumption right before turning OFF the
display device, and generating a signal by the action of turn-
ing OFF the display.

[0116] Also, itisnot necessary for the clock signals GCK 1,
GCK 2,SCK 1, SCK 2, and the start pulse SP 1, SP2, to have
the same polarity in turning OFF the liquid display device 1,
but is necessary to be active signals for equalizing the poten-
tial among pixels PIX.

[0117] Further, the liquid crystal display 1 may include a
precharge circuit for precharging the data signal lines, or a
discharge circuit 107 as illustrated in FIG. 12, and the pixels
PIX may be discharged via the pre-charge circuit or the dis-
charge circuit 107 as illustrated in FIG. 12 instead of dis-
charging via the analogue switch circuit 5.

[0118] Also, any signals can be used as a reset signal for the
RS flip-flops in the shift register.

[0119] Further, in the above configuration, the clock signal
(timing signal) was a two-phase signal, however, three or
more phase signal is also applicable to the present invention.
In general, timing signal is only necessary to be correspond-
ing to each of the shift register stages. The active periods of
the clock signals may be overlapped or may not be over-
lapped. Also, any timing signals are available which are
capable of the data transmission by the shift register in the
first mode of operation in the liquid crystal display device 1.
[0120] FIG. 11 (a) shows a configuration of a driving circuit
with use of a three-phase clock signals (timing signals) CK 1,
CK 2,and CK 3. The configuration in FIG. 3 allows the clock
signals in a certain phase sequence CK 3, CK 2, CK 1,CK 3,
CK2,...tobe applied to the clock signal input terminals CK
of the shift register stages SR 1, SR 2, SR 3, SR 4, SR 5, . . .
in this order.

[0121] FIG. 11 (b) shows wave structures of the clock sig-
nals CK 1, CK 2, and CK 3. Each of the clock signals CK 1,
CK 2, and CK 3 has a different phase in normal operation of
the liquid crystal display device 1 and is a binary periodic
signal which repeats to change the level periodically. This
example shows the High periods of the clock signals CK 1,
CK 2, and CK 3 are notoverlapped each other. Also, the clock
signals CK 1, CK 2, CK 3 are all fixed at active level (i.e.
High) right before turning OFF the liquid crystal display
device 1, same as the configurations in FIG. 7 and FIG. 10.
The start pulse SP is a signal equivalent to SP 1 and SP 2.
[0122] Note that the display device of the present invention
includes a scan signal line driving circuit having the driving
circuit. In the first mode of operation, the scan signal line
driving circuit may generate a scan signal from the output
signal, the scan signal including a pulse and being to be
provided to the scan signal lines sequentially. In the second
mode of operation, the scan signal line driving circuit may
generate a signal from the output signal, the signal including
apulse and being to be provided to all the scan signal lines in
union.

[0123] According to the invention, it is possible to offset
positive and negative potentials between pixels which are
connected to the same data signal lines with use of the second
mode of operation in truing OFF the display device driven by
applying alternating voltage. Therefore, the present invention
has an effect which is easy to prevent the image degradation
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in turning OFF the display device driven by a dot inversion
driving or a scan signal line inversion driving, and the circuit
for preventing the image degradation does not hamper down-
sizing and efficient area utilization.

[0124] Further, with use of the second mode of operation in
turning ON a certain display device, the potentials between
pixels connected to the same data signal lines are leveled off
and the charge amount of all the pixels become substantially
equal. Therefore, the present invention has an effect which is
easy to prevent the image degradation in turning ON a certain
display device and the circuit for preventing the image deg-
radation does not hamper downsizing and efficient area utili-
Zation.

[0125] Further, the display device of the present invention
includes a scan signal line driving circuit and a data signal line
driving circuit, both of which are having the driving circuit. In
the first mode of operation, the scan signal line driving circuit
may generate a scan signal from the output signal from the
shift register in the scan signal line driving circuit, the scan
signal including a pulse and being to be provided to the scan
signal lines sequentially, in the second mode of operation, the
scan signal line driving circuit may generate a signal from the
output signal from the shift register of the scan signal line
driving circuit, the signal including a pulse and being to be
provided to all the scan signal lines in union. In the first mode
of operation, the data signal line driving circuit may use the
output signal from the shift register in the data signal line
driving circuit, for providing the data signal from a video
signal line to each of the data signal lines sequentially, in the
second mode of operation, the data signal line driving circuit
may use the output signal from the shift register in the data
signal line driving circuit, for providing a same electric poten-
tial from the video signal line to all the data signal lines in
union.

[0126] According to the invention, the same electric poten-
tial is provided from the video signal line to all the pixels in
the second mode of operation. This allows all the pixels have
a substantially equalized applied voltage. Therefore, the
present invention has an effect which is easy to prevent the
image degradation in turning ON a certain display device and
the circuit for preventing the image degradation does not
hamper downsizing and efficient area utilization.

[0127] Further, the display device of the present invention
includes a scan signal line driving circuit and a data signal line
driving circuit, both of which are having the driving circuit.
The scan signal line driving circuit generates a scan signal
including a pulse and being to be provided to each of the scan
signal lines sequentially with use of the output signal from the
shift register in the scan signal line driving circuit in the first
mode of operation, and generates a signal including a pulse
and being to be provided to all the scan signal lines in union
with use of the output signal from the shift register in the scan
signal line driving circuit in the second mode of operation.
The data signal line driving circuit may use the output signal
from the shift register in the data signal line driving circuit for
providing the data signal from a video signal line to each of
the data signal lines sequentially in the first mode of opera-
tion, and may use the output signal from the shift register in
the data signal line driving circuit for disconnecting all the
data signal lines from the video signal line and for conducting
all the data signal lines with each other in the second mode of
operation.

[0128] According to the invention, if the second mode of
operation is used in turning OFF a display device driven by
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applying alternating voltage, it is possible to offset positive
and negative potentials ofall the pixels. Therefore, the present
invention has an effect which is easy to prevent the image
degradation in turning ON and OFF any display devices
driven by applying alternating voltage, and the circuit for
preventing the image degradation does not hamper downsiz-
ing and efficient area utilization.

[0129] Also, if the second mode of operation is used in
turning ON a certain display device, it is possible to level off
the amount of charge among all the pixels. Therefore, the
present invention has an effect which is easy to prevent the
image degradation in turning ON a certain display device, and
the circuit for preventing the image degradation does not
hamper downsizing and efficient area utilization.

[0130] The present invention is not limited to the above
embodiment. Wide variety of alteration is available within the
range defined in claims. Namely, any embodiments that will
be obtained by combining the technical means, which are
altered within the range defined in claims as needed, should
also be included in the technical scope of the present inven-
tion. For example, a liquid crystal display device is exempli-
fied as a display device of an embodiment of the present
invention. The present invention is not limited to the liquid
crystal display device, and is applicable to display devices
which display images by charging a pixel.

INDUSTRIAL APPLICABILITY

[0131] The present invention is useful for the liquid crystal
display device.

1. A display device in which an active matrix display panel
is driven by a driving circuit with use of an output signal from
a shift register, the driving circuit including the shift register,
wherein:

the shift register includes stages connected in a cascade

fashion, each stage including an RS flip-flop in which an

active input to a set input terminal has a higher priority
than an active input to a reset input terminal, the RS
flip-flop acting as a data latch circuit; and

the shift register performs:

a first mode of operation in which (1) a certain pulse is
supplied to a set input terminal of the RS flip-flop of a
predetermined stage among the stages, (ii) the certain
pulse is passed sequentially downstream through the
predetermined stage and its subsequent stage(s) at
timing indicated by timing signals for the predeter-
mined stage and its subsequent stage(s) and (iii) the
output signal is outputted sequentially from the pre-
determined stage and its subsequent stage(s) as a
pulse in response to the timing signal;

a second mode of operation in which all the output
signals are set to be active in union by supplying an
active input to the set input terminal ofthe RS flip-flop
in first one of the stages.

2. The display device as set forth in claim 1 comprising a
scan signal line driving circuit including the driving circuit,
wherein:

in the first mode of operation, the scan signal line driving

circuit generates a scan signal from the output signal, the

scan signal including a pulse and being to be provided to
the scan signal lines sequentially; and

in the second mode of operation, the scan signal line driv-

ing circuit generates a signal from the output signal, the

signal including a pulse and being to be provided to all
the scan signal lines in union.
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3. The display device as set forth in claim 1 comprising a
scan signal line driving circuit and a data signal line driving
circuit, both of which are including the driving circuit,
wherein:

in the first mode of operation, the scan signal line driving

circuit generates a scan signal from the output signal
from the shift register in the scan signal line driving
circuit, the scan signal including a pulse and being to be
provided to the scan signal lines sequentially;

in the second mode of operation, the scan signal line driv-

ing circuit generates a signal from the output signal from
the shift register of the scan signal line driving circuit,
the signal including a pulse and being to be provided to
all the scan signal lines in union; and

in the first mode of operation, the data signal line driving

circuit uses the output signal from the shift register in the
data signal line driving circuit, for providing the data
signal from a video signal line to each of the data signal
lines sequentially,

in the second mode of operation, the data signal line driving

circuit uses the output signal from the shift register in the
data signal line driving circuit, for providing a same
electric potential from the video signal lineto all the data
signal lines in union.

4. The display device as set forth in claim 1 comprising a
scan signal line driving circuit and a data signal line driving
circuit, both of which are including the driving circuit,
wherein:

in the first mode of operation, the scan signal line driving

circuit generates a scan signal including a pulse and
being to be provided to each of the scan signal lines
sequentially with use of the output signal from the shift
register in the scan signal line driving circuit,

in the second mode of operation, the scan signal line driv-

ing circuit generates a signal including a pulse and being
to be provided to all the scan signal lines in union with
use of the output signal from the shift register in the scan
signal line driving circuit; and

in the first mode of operation, the data signal line driving

circuit uses the output signal from the shift register in the
data signal line driving circuit for providing the data
signal from a video signal line to each of the data signal
lines sequentially,

inthe second mode of operation, the data signal line driving

circuit uses the output signal from the shift register in the
data signal line driving circuit for disconnecting all the
data signal lines from the video signal line and for con-
ducting all the data signal lines with each other.

5. A method for driving a display device in which an active
matrix display panel is driven by a driving circuit with use of
an output signal from a shift register, the driving circuit
including the shift resister having stages connected in a cas-
cade fashion, each stage including an RS flip-flop in which an
active input to a set input terminal has a higher priority than an
active input to a reset input terminal, the RS flip-flop acting as
a data latch circuit, the method comprising:

performing a first mode of operation in which (i) a certain

pulse is supplied to a set input terminal of the RS flip-
flop of a predetermined stage among the stages, (ii) the
certain pulse is passed sequentially downstream through
the predetermined stage and its subsequent stage(s) at
timing indicated by timing signals for the predetermined
stage and its subsequent stage(s) and (iii) the output
signal is outputted sequentially from the predetermined
stage and its subsequent stage(s) as a pulse in response to
the timing signal; and

performing a second mode of operation in which all the

output signals are set to be active in union by supplying
an active input to the set input terminal of the RS flip-flop
in first one of the stages.
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