AR O D 0 A 0 A R
US 20050007324A1
a9 United States

a» Patent Application Publication o) Pub. No.: US 2005/0007324 A1
Inada (43) Pub. Date: Jan, 13, 2005

(54) CIRCUIT AND METHOD FOR DRIVING A (532) US. Cl s 345/87
CAPACITIVE LOAD, AND DISPLAY DEVICE
PROVIDED WITH A CIRCUIT FOR DRIVING
A CAPACITIVE LOAD (57) ABSTRACT

(75) Tnventor: Ken Inada, Tokyo (JP)
A video signal line driving circuit includes, for each output

Correspondence Address: terminal TSj, a unit precharge circuit made of a capacitor
NIXON & VANDERHYE, PC Cpr and switches SWA1, SWA2, SWB1 and SWB2 for
1100 N GLEBE ROAD . . . .

STH FLOOR conne.ctlr.lg the capacitor Cpr in parallle to. a capacﬂwe load
ARLINGTON, VA 22201-4714 (US) of a liquid crystal panel. An OFF period in which first and

second output buffers are electrically disconnected from the

(73) Assignee: SHARP KABUSHIKI KAISHA, Osaka  video signal line is provided between a P period in which a
(P) positive voltage is to be applied from the first output buffer

1) Appl. No: 10/871,066 in the video signal line driving circuit to the video signal
lines (capacitive load) and an N period in which a negative

(22) Filed: Jun. 21, 2004 voltage is to be applied from the second output buffer. A first
and a second precharge period are set within this OFF
(30) Foreign Application Priority Data period. In the first precharge period, the capacitor Cpr is
Wl 82003 (IP) 2003-193775 connected in parallel to the capacitive load of the liquid
T TTTT W mmmmmmmmmmm—m—— - crystal panel, and in the second precharge period, the
Publication Classification capacitor Cpr is connected in parallel to the capacitive load
with an orientation that is opposite to the orientation in the
(B Int. CL7 oo sncssssns s sssnssssssen: G0IG 3/36 first precharge period.
,200
-
Q DA AD ,Da o
DV ol ' ' =
Mz | pe 22 DISPLAY =
S MEMORY cK P, E8
ADw 2| [REGISTE o5 LS5
20 o
4 |23 AD ¢ QL€
ZG 0 'y POLARITY |||¢p.¢n 2§
TIMING MEMORY | [SWITCHING| | |Sca.Scb_ 2
GENERATOR[™|CONTROL| |CONTROL =
54| CIRCUIT | [CIRCUIT

vH SY,VSY

To Scanning Signal Line
Driving Circuit



Patent Application Publication Jan. 13,2005 Sheet 1 of 10 US 2005/0007324 Al

Fig. 1A
200
| DISPLAY |Da,
DV —"IconTROL[ " 200
ADw —~1 CIRCUIT =
b VIDEO SIGNAL LINE
+—as1 5253 DRIVING CIRCUIT Sn
ASY K,SP,LS | | I . 1,4_5
VSY G
Z co—
1
<
~AZ = °
400 o
8% LIQUID CRYSTAL PANEL
pa
22
<=
(18
28
Gmlg— g
& 500
Fig. 18
,200
|
o DAAD Da o
Dv —+m1E ' DISPLAY ' =
Z _."_'.‘
g 22 MEMORY CKSP, 88
5 s 85
ADW —lo =2| [REGISTE o5 , >BH
20 0 o
Lo 3 33 ADr S
Z5 ¢ r POLARITY | [(¢p.¢n 28
TIMING MEMORY | [SWITCHING] | |Sca.Scb_ 2
GENERATOR[™|CONTROL| [CONTROL A
_| circuIT| |CIRCUIT
24 -
|

'HSY,VSY

A
To Scanning Signal Line
Driving Circuit




Patent Application Publication Jan. 13,2005 Sheet 2 of 10 US 2005/0007324 Al

Fig. 2
ST S2 S3 o o o
~Ls
CR
3 ) . s Epx | s Ex|
¢ oo [
fo - o &
62 S| Ee .
Cr (G
10 =5 |10 <
Ec c
G—t—t—-----
) ' ' ? \@9
Fig. 3 fgg'q
3}0 330 330 3?10 3?0 o
n
T e E M s
a) 3 '—5—
[
BI85 |8
= j|:|_ Q —
2 As Z 4 ol ,
o'l z2 (] © || O | |w
w |- <8 da |2 |el
ol I R O = O -2 DO )
Ctt 2 b > BT Fgs)
|2 ":""%""5"'8"':'"8“.LTsJ-
diy o L I_anTm

i | |
SPCK Da LS dp ¢n Sca Scb



Patent Application Publication Jan. 13,2005 Sheet 3 of 10 US 2005/0007324 Al

Fig. 4
T
) 41p

301

51 UNIT PRECHARGE CIRCUIT
SWp—~, Loj '

31n To Video Signal Line
{ SWN—=, of
I%Ag‘. Vn ne-41n Liquid Crystal Panel

/
7
énop Vr(=0) Sca Scb
' PRECHARGE
REFERENCE VOLTAGE
(COMMON ELECTRODE Ec)

OFF OFF
P period _period N period  pericd P period

Flg 54 oo _| | ;

Fig. 58 on _ |
7 &= Tlpr : &+ T2pr
F/g. 5 Sca ; [ ' !—li
' o oETT2 Tipr &) |
Fig. 5D s» — 1 T
Ve H Vot~ AVp
Flg. 5E si o TEIE L
‘(}‘n‘:::’:::::::::::::::J:':::J:-";“UAVn :‘.——,l-;r'r---vm
to T t3 t‘si u t‘ggtﬁi v

ta t4 t C tptioti



Patent Application Publication Jan. 13,2005 Sheet 4 of 10 US 2005/0007324 Al

—J DAC [V
31p ) ‘%p_h Lo 5';1 5':'01 .

Fig. 6A ot i {4

DAC |V 0? : “\SWZE L et
n i ' ' '
3In~ () 'ﬁ”— ST S 1
ECpr En ! | Ec-o-!
LA R S E
~1 ¥ ps 501
31 p ,
T ‘%—l L 9 L
Fig. 68 o :'é%v;'-"j"z"': ~sJ'---:J«~ﬁ g
: [ : ' + !
DAC : ué‘ : L il
31n— ) 41n SW1 E + Epi E IE
ECpr =~En { Ec-o-
: Vr (Ec) :

TET] s %

Fig. 6C

:SW2 i3 ! '

DAC ? : Uf ' L
3In~ 5 ALl A ! :- ! ;
p 1

PR
e H—@p_ /jw‘ Loj 91 ™

i4 : : R

DAC AN ) N ey
3~ 0 —E]‘ﬂ- A . I:
1Cpr ' : '

=—Ep + Ec

............



Patent Application Publication Jan. 13,2005 Sheet 5 of 10 US 2005/0007324 Al

Fig. 7
Vp
4
Y= ) Lo ,
N ? B, 3 R
6 5 i
SN :
n _—_
L , 2 :
V= : i
A T a
502
Fig. 8
Vp
5v+
+ o ~=1  LO 0 cccacaesscsss=s
SHP ? i L<° i ;
5 ! E
swnfj/ ;
an SWS— E (22— i
BV = | :
7T o
502
Fig. 9
Vp
5V_L 52 UNIT PRECHARGE CIRCUIT
+5V =~ —~ l: _____________
5 ? i e fod. TR
5 l L :
N~ L SWAT SWB1| : ;
Vn S NN L= !
[ H C1 : ' T E
-5V = 5 ; ; :
rr i T
Y !
SWB2 SWA? 502



US 2005/0007324 A1l

Patent Application Publication Jan. 13,2005 Sheet 6 of 10

9. 10

|2 T T T S R T A}
| T T Y O B B}
[ R R R A
| T T T T B B I
[ T T T R B B T
B R i I LIRS B S
[ T T S R N
[ T T T T T
B e el I Bl S
| T T S S A I |
LI R R I R N R )
4ol ot = - =
[N ' | T T T S R T A}
[ | [ T T S S O B I |
“=-r- LR R R R IR R
[ ' | I T I T S R
[ | [ T T U S O R I |
4-rF B b e Tl e Rl o e el o B
[ 1 [ T O O T B B I
[ ] [ T T R
a-rn R b bl e Rl S el
LI 1 [ T T T T O T Y}
LR 1 LI N I
atrv AT T TR
LI B | ] I T R A e )
Eord ' [ T S T R I |
e A TS rASTTATr T
[ ) [ T T A |
[ ] | S T L N I |
T ATFETTOTrITrE T AT
(] 1 [
[ [
AT ITETATC
[ e
- L
T 17 T T
[ [ ]
1t L |
)
t
1
)
'
J
¥
)

[ ]
LI I |
1 o]
[ )
LI )
L a_t
[v T e
1 [ I I R |
M
[ ' DI ) '
LI O A B R A |
Lo Ll
LI S I I S A |
LI U N I R A |
Lt 1Lt
Ly e
Frov oo b
| SO R IR N JO B
LI B | LI B B )
LI R R I I e |
N
w =} W =}
e ? 0T

[v] LN3HHNO

9.8 10.0

9.6

TIME [ms]

9.2

TATTAT AT T T TIT IO
RN [P [N | | (g (UG

1 ¥ 1 '
(O S I

STt Tttt T Tt T T ITTYITTYTTTVRCTTrTTOTrT T

S T P e N B i s e et B R S D e

10.0

9.8

9.6

L]
[ h <
L . |
1 1 1 1 9
) ] 1 1
F il o T
1 1 ] 1
L 1 O Y L
[) 1 [
t L} L]
i ) 1
7 ATy [ -
1} ) L] 1 1
I ST P S B T [y |
1] L} L] L} 1 l l ’ 9
' 1 11 LI | ¥ [}
[ 1 JPUJSY W I R A N DU A N
1 1 [} [ I | ] [}
) 1 11 LI | ) [}
| 1 J_pbro_va o Ld_
1 1 LI S B I B | [
L] 1 1] L L} L} L} L} 1 '
L 4 daptadoldaiar I Lo
1 L} L] L} 1 L} L} L} 1 L]
' ) [ I I R B I} o
. P 2
I5) o w =d
- ? T

o
[vl LN3YUNO

TIME [ms]

12

ig.

o
o
1 T Y ot 1
[ e e |
|- |- [ SR [Py W
[ [
L [ N I
- Laa A P S
[ [
[ [
d -Ldi_LJa_ 4+ -4
[ [ [ |
] e
i -r..Ll..lL Papuraa Lot
I e O
C e [
- Sl s Bl Bl el B T 1=+ -
[ [
[ A] ]
s Rl ol R Rl e T
[N [
1 L} L] 1 LI B } 1
B e e it b TS
Ll L} 1 1] L} ) [ I} 1
[ 1 1 o
B SrTTImras TS
[ R L2
e Vo [72]
B b e b TS
[ ] mm
Ll L} L] 1 ) ' L} L} L}
- “rIceraceT TETOTET
1 L} 1 ] L} L} 1 L} LI} L} E
IR L =
B TrITvreaTrrT TCTTTOAT -—
1 ) LI} L t ) [ | 1 L}
L “Wm a0 < —
I e B I.I._.I-Iﬁn_lou.
1 ' Vo
' ] o
B eI aTtr [l Tt
1 ) '
- g E ) [, O A T
i 1 i
' ' ' '
_ L L
T ] t 1 i
' ' ' ' 1
T S T R T s N
L} L} l L} + ) [ L} L} 9
' i [ 1 1
Lo_wdaLoo Ll Ld
1 I o [ [
] [ [ Cror e
La_L1 | S L Py E [ I Y G R
' v [ e
* L} L} L} 1 Ll 1 ) ] 1 ] Ll 1
LA_La__LJd_ RN U W [y Iy K iy N
' ' Vo U
[ [ [ N T S
=) 0 o 7 o®
1 © N T

[v] LN3HH2ND



US 2005/0007324 A1l

Patent Application Publication Jan. 13,2005 Sheet 7 of 10

0'S

[sw] 3wiL
0¥ 0€ 0 0l 0
A A A N N N | Y VAN O | N A A SN | R A IO
BTN | | O N | A |
T T T T T
A0 I Y A N ;:wf::_uom
T T T e Ty
IR R A AN AN AL SR I R
RVAEY SR TS 1 VI YT N N R | R
At A
N
B/ IS S S NN I AN SR S




Patent Application Publication Jan. 13,2005 Sheet 8 of 10

74A

Fig. 14B

Fig. 14C

VILLISTSSITIS SIS IS4 IS TS
LIS SLIILAI SIS IILS SIS
FLLLLLLLLLTTL L LIS LLLL LSS IT7
ILLIISIITI S SITTITLI LTSI,
ILLISTIIS VLSS SIS LTSS SIS
1S4 L L
SIS ISIISIASILII LS SIS IS LIS
o Ll e Ll il
LTS LLLLLALL VLA LIS ILLL LY
VLSS IILTISIIIIS LIS IIS SIS S
Ll
AL LILII LI TIS T SSL SIS S

SOURCE BUS LINES
(VIDEO SIGNAL LINES)

IEIRAESEIREIEIR SRR IE ML K 2

LLLLE L Ly 7.
LT L LI L L
SITLISSSTI STV ILLLI ST IS SISV S

LLLLLELLL L Ll
CTSIISLL S TSI IS SIS A SIS TS
s / Ll
ILITS LSS LA LSLLILS LA IS4 Y

VISSIISIITSISIIIIISIS. 3
Ll Ll il s

L L L
IITLITI SIS TTIII LI IS SIS AT,

Ll Ll

T

SOURCE BUS LINES
(VIDEO SIGNAL LINES)

FIHT AT FIFIFITIFITIF (FI+T

COMMON ELECTRODE  VIDEO SIGNAL LINE

' POTENTIAL
Vcom' ;

'POTENTIAL

i l Vs

=2
<——
e
RS
D
é—"_

T

1 ] I
' ¥

1
1
]
'
1
'
1
|
1
'
'
]
1
1
'
)

' VIDEO SIGNAL LINE
' | POTENTIAL !

- VOLTAGE
\ APPLIED TO
| LIQUID CRYSTAL

—VOLTAGE
APPLIED TO

T

COMMON ELECTRODE

1H
(ONE HORIZONTAL SCANNING PERIOD)

POTENTIAL

|
I
M [l

US 2005/0007324 A1l

LIQUID CRYSTAL



Patent Application Publication Jan. 13,2005 Sheet 9 of 10 US 2005/0007324 Al

Fig. 15 PRIOR ART

g
DAC
o 41p
SHP—~> S
} T toves
To Video Signal Line
921n SN~ l |eoof|gna i
I%Ag) 41n SWS—> Liquid Crystal Panel
S
¢n ép Vor cs
PRECHARGE
POWER SOURCE
OFF OFF
P period  Period N period p:enof P period
Fig. 164 ¢»_| || |
Fig. 16C ses7 o

Fig. 168 ¢n_ g i
n

Fig. 16D s; o L

0 T 12 3 4 TIME




Patent Application Publication Jan. 13,2005 Sheet 10 of 10  US 2005/0007324 A1l

PRIOR ART
Fig. 17A

PRIOR ART
Fig. 178

(+)
Seg

) %
COM

™

-
-

T

R
i

o]
>




US 2005/0007324 Al

CIRCUIT AND METHOD FOR DRIVING A
CAPACITIVE LOAD, AND DISPLAY DEVICE
PROVIDED WITH A CIRCUIT FOR DRIVING A
CAPACITIVE LOAD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C.
§119(a) upon Japanese Patent Application No. 2003-193775
titled “CIRCUIT AND METHOD FOR DRIVING
CAPACITIVE LOAD,” filed on Jul. 8, 2003, the content of
which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to driving circuits and
driving methods for driving a capacitive load, for example
a driving circuit for displaying an image by applying a
voltage to a capacitive load, such as an active-matrix liquid
crystal panel, as well as to display devices provided with
such a driving circuit.

[0004] 2. Description of the Related Art

[0005] Liquid crystal display devices display images by
applying a voltage corresponding to an input video signal to
each video signal line provided in a liquid crystal panel. That
is to say, to display images with the liquid crystal display
device, a capacitive load including, for example, the pixel
capacitance and the wiring capacitance of the liquid crystal
panel is driven by a driving circuit. Such liquid crystal
display devices, for example thin film transistor (TFT) based
active-matrix liquid crystal panels (in the following also
referred to as “TFT-LCD devices”), have the following
configuration.

[0006] The liquid crystal panel of a TFT-LCD device
(referred to as “TFT-LCD panel” below) includes a pair of
substrates opposing each other (referred to as “first and
second substrate” below). These substrates are fastened at a
certain distance (typically several um) from one another, and
a liquid crystal material is filled between the substrates,
forming a liquid crystal layer. At least one of these substrates
is transparent, and when performing transmissive display,
both substrates are transparent. TFT-LCDs are provided with
aplurality of scanning signal lines arranged in parallel on the
first substrate and a plurality of video signal lines intersect-
ing perpendicularly with the scanning signal lines. In cor-
respondence with each intersection of the scanning lines and
the video signal lines, a pixel electrode and a pixel TFT
serving as a switching element for electrically connecting
the pixel electrode to the video signal line passing through
that intersection are provided. The gate terminal of this pixel
TFT is connected to the scanning signal line passing through
this intersection, the source terminal is connected to the
video signal line passing through this intersection, and the
drain terminal is connected to the pixel electrode.

[0007] A common electrode serving as the opposing elec-
trode for the entire screen is disposed on the second substrate
opposing the first substrate. A common electrode driving
circuit applies a suitable potential to this common electrode.
Consequently, a voltage corresponding to the potential dif-
ference between the pixel electrode and the common elec-
trode is applied to the liquid crystal layer. The optical
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transmittance of the liquid crystal layer is controlled by this
applied voltage, so that it is possible to perform the desired
pixel display by application of a suitable voltage from the
video signal line.

[0008] Ordinary liquid crystal display devices, however,
are driven by AC driving in order to suppress deterioration
of the liquid crystal and sustain the display quality.
Examples of AC driving schemes are frame inversion driv-
ing, 1H inversion driving, source inversion driving, and dot
inversion driving. In frame inversion driving, the polarity of
the voltage applied to the liquid crystal is inverted at each
frame period of the video signal representing the image to be
displayed. In 1H inversion driving, the polarity of the
voltage applied to the liquid crystal is inverted at each
horizontal scanning period (and at each scanning signal line)
of the video signal, and the polarity is also inverted at each
frame period. In source inversion driving, the polarity of the
voltage applied to the liquid crystal is inverted at each
vertical line of the image to be displayed, that is, at each
video signal line of the liquid crystal panel, and the polarity
is also inverted at each frame period. In dot inversion
driving, the polarity of the voltage applied to the liquid
crystal is inverted at each scanning signal line and at each
video signal line, and the polarity is also inverted at each
frame.

[0009] For example, in 1H inversion driving, the polarity
of the applied voltage signal is inverted between positive
and negative at each frame period, and the polarity is also
inverted at each horizontal scanning period, as shown in
FIG. 14A. Usually, in order to perform such a polarity
inversion, the video signal lines are AC driven by the video
signal line driving circuit (also referred to as “source
driver”), and the common electrode is AC driven by the
common electrode driving circuit, as shown in FIG. 14B. If
also the common electrode is AC driven in this manner, then
the amplitude of the pulse wave voltage outputted from the
video signal line driving circuit is relatively small, for
example 5 V. On the other hand, if the potential Vcom of the
common electrode is fixed (i.e. DC driven), and 1H inver-
sion driving or dot inversion driving or the like is performed,
then the amplitude of the pulse wave voltage (video signal
line potential Vs) that is outputted from the video signal line
driving circuit is for example 10V, as shown in FIG. 14C,
and is about twice greater than when AC driving the com-
mon electrode. As a result, the power consumption of the
video signal line driving circuit becomes large.

[0010] On the other hand, the following two methods are
conceivable as methods to decrease the power consumption
in the above-described liquid crystal display device: A first
method is the method of performing precharging every time
the polarity of the voltage applied to the liquid crystal is
switched, and employs a circuit configuration as shown for
example in FIG. 15 for each output of the video signal line
driving circuit (see for example JP H07-134573A, and the
corresponding U.S. Pat. No. 5,929,847 (the content of this
U.S. patent is incorporated herein by reference)). With this
circuit configuration, a video signal line driving circuit
outputting a driving signal Sj to be applied to the video
signal lines is provided, for each output terminal TSj, with
a positive side switch SWP and a negative side switch SWN,
which are substantially reciprocally turned on and off in
order to invert the polarity of the voltage applied to the video
signal line. The positive side switch SWP is controlled by a
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positive voltage application control signal ¢p as shown in
FIG. 16A. When the positive voltage application control
signal ¢p is at high level (H level), then the positive side
switch SWP is turned on, and when the positive voltage
application control signal ¢p is at low level (L level), then
the positive side switch SWP is turned off. The negative side
switch SWN is controlled by a negative voltage application
control signal ¢n as shown in FIG. 16B. When the negative
voltage application control signal ¢n is at H level, then the
positive side switch SWN is turned on, and when the
negative voltage application control signal ¢n is at L level,
then the positive side switch SWN is turned off. Thus, the
positive side and negative side switches SWP and SWN
switch alternately between a period in which a positive
voltage is applied to the video signal line so that a positive
voltage is held by the pixel capacitance formed by the pixel
electrode and the common electrode (referred to as “P
period” below), and a period in which a negative voltage is
applied to the video signal line so that a negative voltage is
held by the pixel capacitance (referred to as “N period”
below), as shown in FIG. 16D. In addition, between the P
period and the N period, there is a period during which both
the positive side switch SWP and the negative side switch
SWN are turned off (both ¢p and ¢n are at L level), and the
output buffers 41p and 41rn of the video signal line driving
circuit are electrically disconnected from the video signal
line (this period is referred to as “OFF period” below), as
shown in FIGS. 16A and 16B.

[0011] In this first method, in addition to the positive side
switch SWP and the negative side switch SWN, a power
source referred to as “precharge power source” and a switch
SWS are provided. One end of the switch SWS is connected
to a suitable position on the signal line connecting the point
where the positive side switch SWP is connected to the
negative side switch SWN to the video signal line of the
liquid crystal panel, and the other end of the switch SWS is
connected to the precharge power source. This switch SWS,
which is turned on when the precharge control signal Scs
shown in FIG. 16C is at H level, and is turned off when the
precharge control signal Scs is at L level, operates in
synchronization with the positive side switch SWP and the
negative side switch SWN. That is to say, based on a
precharge control signal Scs, this switch SWS is turned on
within the OFF period that is inserted between the P period
and the N period, so that the video signal line is precharged
with the precharge power source. If the voltage Vpr of the
precharge power source is zero, which is precisely the mean
voltage value between the positive voltage and the negative
voltage outputted from the video signal line driving circuit,
that is, if the other side of the switch SWS is connected to
the common electrode of the liquid crystal panel, then the
voltage with which the output buffers 41p and 41n of the
video signal line driving circuit are to drive the video signal
line becomes about half of the voltage in the case that this
method is not employed, and the power consumption is
reduced accordingly. That is to say, By turning the switch
SWS on during the OFF period, for example the period of
transition from the P period to the N period, the potential of
the video signal line is precharged to an intermediate poten-
tial, and after that, a negative voltage is applied from a video
signal line driving circuit. Thus, the voltage with which the
output buffer 41#n of the video signal line driving circuit is

Jan. 13, 2005

to drive the video signal line becomes half the potential
change amount when switching polarities as shown in FIG.
16D.

[0012] In the second method for reducing the power
consumption in liquid crystal display devices, by forming a
closed loop including the static capacitance of the liquid
crystal (capacitance corresponding to the above-noted pixel
capacitance) in the period corresponding to the above-
described OFF period, the charge that has accumulated in
this liquid crystal static capacitance is discharged, and thus
a reduction of the power consumption is attained (see for
example JP S53-124098A and the corresponding U.S. Pat.
No. 4,196,432). FIGS. 17A and 17B show a simplified
equivalent circuit illustrating this second method. In this
second method, the liquid crystal static capacitance (LCD)
Co is charged as shown in FIG. 17A in the period corre-
sponding to the P period in the first method for example,
whereas in the period corresponding to the OFF period in the
first method, a closed loop including the liquid crystal static
capacitance Co is formed as shown in FIG. 17B, and the
charge that has accumulated in the liquid crystal static
capacitance Co is discharged. Thus, the liquid crystal driving
current is trimmed, and the power consumption of the liquid
crystal display device is reduced.

[0013] As explained above, with these first and second
conventional methods, a reduction of the power consump-
tion can be attained by reducing the changes of the video
signal line potential to be changed by the driving circuit.
However, the effect of these methods is confined to a
reduction of the power consumption based on making the
change of the video signal line potential to be changed by the
driving circuit half the potential change of the video signal
line during the time when the polarity is inverted, and a
further reduction of the power consumption could not be
attained.

SUMMARY OF THE INVENTION

[0014] Tt is thus an object of the present invention to
provide a driving circuit and a driving method for driving a
capacitive load by applying to the capacitive load a voltage
whose polarity is periodically inverted, as in a liquid crystal
display device, wherein the driving circuit and the driving
method can decrease the power consumption more than in
conventional methods.

[0015] In accordance with a first aspect of the present
invention, a driving circuit for driving a capacitive load by
applying to the capacitive load a voltage that corresponds to
an input signal and whose polarity is periodically inverted
comprises:

[0016] an output circuit for outputting the voltage
corresponding to the input signal and applying the
voltage corresponding to the input signal to the
capacitive load,

[0017] an open/close circuit for electrically discon-
necting the output circuit from the capacitive load for
a predetermined time interval in which the polarity
of the voltage applied to the capacitive load is
inverted;

[0018] a capacitor having a predetermined capaci-
tance; and
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[0019] a connection switching circuit for connecting
the capacitor for a first predetermined period within
an OFF period, which is the predetermined time
interval during which the output circuit is electrically
disconnected from the capacitive load, in parallel to
the capacitive load, and connecting the capacitor for
a second predetermined period after the first prede-
termined period within the OFF period in parallel to
the capacitive load with an orientation that is oppo-
site to the orientation in the first predetermined
period.

[0020] With this configuration, after the capacitive load
has been charged by the output circuit, the capacitor
becomes charged with the same potential and the same
polarity as the capacitive load by connecting the capacitor in
parallel to the capacitive load in a first predetermined period
within the OFF period during which the output circuit is
electrically disconnected from the capacitive load, and the
capacitive load becomes charged to the same potential as the
capacitor but at opposite polarity as in the first predeter-
mined period by connecting the capacitor in parallel to the
capacitive load but with opposite orientation in a second
predetermined period within the OFF period. Thus, in the
second predetermined period of the OFF period, the capaci-
tive load is precharged by the accumulated charge of the
capacitor, so that the potential change of the capacitive load
to be changed by the output circuit after the OFF period has
passed is decreased in accordance with the charge voltage of
the capacitor, and becomes less than half the potential
change of when inverting the polarity. As a result, better
results than in the conventional art can be attained with
regard to reducing the power consumption of the driving
circuit.

[0021] Ttis preferable that the connection switching circuit
connects the capacitor in parallel to the capacitive load with
the same orientation for the first predetermined period in a
second OFF period following a first OFF period as an
orientation of the second predetermined period in the first
OFF period, the first and second OFF periods each being the
predetermined time interval during which the output circuit
is electrically disconnected from the capacitive load.

[0022] With this configuration, the capacitor is connected
in parallel to the capacitive load with the same orientation in
the first predetermined period within a second OFF period as
an orientation of the second predetermined period in the first
OFF period, so that the capacitor, which is charged in the
second predetermined period within the first OFF period, is
further charged with the same polarity in the first predeter-
mined period within the second OFF period. Thus, the
accumulated charge in the capacitor rises as the polarity
inversion of the voltage applied to the capacitive charge is
repeated, so that the potential change of the capacitive load
that is to be changed by the output circuit becomes gradually
smaller. As a result, the power consumption of the driving
circuit can be reduced considerably.

[0023] In this driving circuit for driving a capacitive load,
it is preferable that the connection switching circuit com-
prises:

[0024] a first and a second switch that are turned on
during one of the first and second predetermined
periods and are turned off during the other of the first
and second predetermined periods;
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[0025] a third and a fourth switch that are turned off
during the one of the first and second predetermined
periods and are turned on during the other of the first
and second predetermined periods;

[0026] wherein one side of the capacitor is connected
via the first switch to one side of the capacitive load
and is connected via the fourth switch to a predeter-
mined precharge reference voltage; and

[0027] wherein the other side of the capacitor is
connected via the third switch to the one side of the
capacitive load and is connected via the second
switch to the predetermined precharge reference
voltage.

[0028] With this configuration, in one of the first and
second predetermined periods, the first switch inserted
between one side of the capacitor and one side of the
capacitive load is turned on and the second switch inserted
between the other side of the capacitor and the predeter-
mined precharge reference voltage is turned on, whereas in
the other of the first and second predetermined periods, the
fourth switch inserted between the one side of the capacitor
and the predetermined precharge reference voltage is turned
on and the third switch inserted between the other side of the
capacitor and the one side of the capacitive load is turned on.
Consequently, in the first predetermined period within the
OFF period during which the output circuit is electrically
disconnected from the capacitive load, the capacitor is
connected in parallel to the capacitive load, and in the
second predetermined period following thereafter, the
capacitor is connected in parallel to the capacitive load but
with opposite orientation. Thus, the potential change of the
capacitive load that is to be changed by the output circuit
becomes smaller, in accordance with the charge voltage of
the capacitor, and as a result, the power consumption of the
driving circuit can be reduced more than in the conventional
art.

[0029] In accordance with a second aspect of the present
invention, a display device for displaying an image repre-
sented by an input signal by applying to a capacitive load a
voltage that corresponds to the input signal and whose
polarity is periodically inverted, comprises:

[0030] an output circuit for outputting the voltage
corresponding to the input signal and applying the
voltage corresponding to the input signal to the
capacitive load,

[0031] an open/close circuit for electrically discon-
necting the output circuit from the capacitive load for
a predetermined time interval in which the polarity
of the voltage applied to the capacitive load is
inverted;

[0032] a capacitor having a predetermined capaci-
tance; and

[0033] a connection switching circuit for connecting
the capacitor for a first predetermined period within
an OFF period, which is the predetermined time
interval during which the output circuit is electrically
disconnected from the capacitive load, in parallel to
the capacitive load, and connecting the capacitor for
a second predetermined period after the first prede-
termined period within the OFF period in parallel to
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the capacitive load with an orientation that is oppo-
site to the orientation in the first predetermined
period.

[0034] With this configuration, as in the first aspect of the
present invention, the capacitive load is precharged by the
charge charged to the capacitor in the OFF period before the
output circuit applies a voltage to the capacitive load, so that
the potential change of the capacitive load to be changed by
the output circuit after the OFF period has passed is
decreased in accordance with the charge voltage of the
capacitor. As a result, the power consumption of the driving
circuit can be decreased more than in the conventional art.

[0035] The display device may further comprise:
[0036] a plurality of video signal lines;
[0037] a plurality of scanning signal lines intersect-

ing with the plurality of video signal lines;

[0038] a scanning signal line driving circuit for gen-
erating a plurality of scanning signals for selectively
driving the plurality of scanning signal lines and
applying the plurality of scanning signals respec-
tively to the plurality of scanning signal lines; and

[0039] a plurality of pixel formation portions
arranged in a matrix in correspondence with inter-
sections of the video signal lines and the scanning
signal lines;

[0040] wherein each pixel formation portion com-
prises:
[0041] a switching element that is turned on and

off by the scanning signal applied by the scanning
signal line driving circuit to the scanning signal
line passing through the corresponding intersec-
tion;

[0042] a pixel electrode that is connected via the
switching element to the video signal line passing
through the corresponding intersection; and

[0043] a common electrode that is shared by the
plurality of pixel formation portions and that is
arranged such that a predetermined capacitance is
formed between the common electrode and the
pixel electrode;

[0044] wherein the capacitive load is formed by the
video signal lines, the pixel electrodes and the com-
mon c¢lectrode; and

[0045] wherein the output circuit applies a voltage
corresponding to the input signal to each of the video
signal lines; and

[0046] wherein the capacitor and the connection
switching circuit are provided for each of the video
signal lines.

[0047] With this configuration, a capacitor and a connec-
tion switching circuit are provided for the capacitive load
formed by the video signal lines as well as the pixel
electrode and the common electrode, and the capacitive load
is precharged by the capacitor and the connection switching
circuit in the OFF period, so that, of the potential changes of
the video signal lines at the time the polarity of the voltage
applied to the capacitive load is inverted, the potential
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change to be changed by the output circuit becomes smaller
in accordance with the charge voltage of the capacitor. Thus,
the power consumption of the driving circuit of the video
signal lines in a liquid crystal display device or the like can
be reduced more than in the conventional art.

[0048] In accordance with a third aspect of the present
invention, a driving method for driving a capacitive load by
applying with an output circuit to the capacitive load a
voltage that corresponds to an input signal and whose
polarity is periodically inverted comprises:

[0049] a voltage application step of applying to the
capacitive load a voltage corresponding to the input
signal,

[0050] a disconnection step of electrically discon-
necting the output circuit from the capacitive load for
a predetermined time interval in which the polarity
of the voltage applied to the capacitive load is
inverted;

[0051] a first connection step of connecting a capaci-
tor having a predetermined capacitance for a first
predetermined period within an OFF period, which is
the predetermined time interval during which the
output circuit is electrically disconnected from the
capacitive load, in parallel to the capacitive load; and

[0052] a second connection step of connecting the
capacitor for a second predetermined period after the
first predetermined period within the OFF period in
parallel to the capacitive load with an orientation that
is opposite to the orientation in the first predeter-
mined period.

[0053] These and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0054] FIG. 1A is a block diagram showing the configu-
ration of a liquid crystal display device in accordance with
an embodiment of the present invention.

[0055] FIG. 1B is a block diagram showing the configu-
ration of a display control circuit in this embodiment.

[0056] FIG. 2 is a circuit diagram showing the configu-
ration of a pixel formation portion (four pixels) of a liquid
crystal panel in this embodiment.

[0057] FIG. 3 is a block diagram showing the configura-
tion of a video signal line driving circuit in this embodiment.

[0058] FIG. 4 is a circuit diagram showing a portion
(corresponding to one video signal line) of the DA conver-
sion circuit, the output circuit and the precharge circuit of the
video signal line driving circuit in this embodiment.

[0059] FIGS. 5A to 5E are signal waveform diagrams
illustrating the operation of the video signal line driving
circuit in this embodiment.

[0060] FIGS. 6A to 6D are equivalent circuit diagrams
illustrating the operation of the video signal line driving
circuit in this embodiment.
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[0061] FIG. 7 is acircuit diagram showing a circuit model
used for the simulation of the driving of a video signal line
in a first conventional example of a liquid crystal display
device.

[0062] FIG. 8 is a circuit diagram showing a circuit model
used for the simulation of the driving of a video signal line
in a second conventional example of a liquid crystal display
device.

[0063] FIG.9 is acircuit diagram showing a circuit model
used for the simulation of the driving of the video signal line
according to the above-noted embodiment.

[0064] FIG. 10 is a waveform diagram showing the con-
sumption current in a simulation of the driving of a video
signal line according to the first conventional example.

[0065] FIG. 11 is a waveform diagram showing the con-
sumption current in a simulation of the driving of a video
signal line according to the second conventional example.

[0066] FIG. 12 is a waveform diagram showing the con-
sumption current in a simulation of the driving of a video
signal line according to the above-noted embodiment.

[0067] FIG. 13 is a waveform diagram showing the volt-
age applied to the capacitive load in a simulation of the
driving of a video signal line according to the above-noted
embodiment.

[0068] FIG. 14A is a schematic diagram illustrating the
1H inversion driving method in a liquid crystal display
device.

[0069] FIGS. 14B and 14C are voltage waveform dia-
grams illustrating the 1H inversion driving method in a
liquid crystal display device.

[0070] FIG. 15 is a circuit diagram illustrating a first
conventional method for reducing the power consumption in
a liquid crystal display device.

[0071] FIGS. 16A to 16D are signal waveform diagrams
illustrating the first conventional method.

[0072] FIGS.17A ad 17B are circuit diagrams illustrating
a second conventional method for reducing the power con-
sumption in a liquid crystal display device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0073] The following is a description of embodiments of
the present invention, with reference to the accompanying
drawings.

[0074]

[0075] FIG. 1A is a block diagram showing the configu-
ration of a liquid crystal display device according to an
embodiment of the present invention. This liquid crystal
display device includes a display control circuit 200, a video
signal line driving circuit 300, a scanning signal line driving

circuit 400, and an active matrix-type liquid crystal panel
500.

[0076] The liquid crystal panel 500, which serves as the
display portion in this liquid crystal display device, com-
prises a plurality of scanning signal lines Lg, which respec-
tively correspond to the horizontal scanning lines in an
image represented by image data Dv received from an

1.1 Overall Configuration and Operation
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external CPU or the like, a plurality of video signal lines Ls
intersecting with the plurality of scanning signal lines Lg,
and a plurality of pixel formation portions that are provided
in correspondence to the intersections of the plurality of
scanning signal lines Lg and the plurality of video signal
lines Ls. These pixel formation portions are arranged in a
matrix, and each of the pixel formation portions has in
principle the same configuration as the pixel formation
portions in conventional active matrix-type liquid crystal
panels. That is to say, each of the pixel formation portions
is made of a TFT 10 serving as a switching element, a pixel
electrode Epx, a common electrode Ec, and a liquid crystal
layer, as shown in FIG. 2. The source terminal of the TFT
10 is connected to the video signal line Ls passing through
the corresponding intersection CR, and the gate terminal of
the TFT 10 is connected to the scanning signal line Lg
passing through the corresponding intersection CR. The
pixel electrode Epx is connected to the drain electrode of the
TFT 10. The common electrode Ec serves as the opposing
electrode, which is shared by the plurality of pixel formation
portions. The liquid crystal layer is shared by the plurality of
pixel formation portions and is sandwiched between the
pixel electrode Epx and the common electrode Ec. The pixel
electrode Epx, the common electrode Ec and the liquid
crystal layer sandwiched between them form a pixel capaci-
tance Cp.

[0077] In this embodiment, image data (in a narrow sense)
representing an image to be displayed on the liquid crystal
panel 500 and data determining the timing of the display
operation (for example data indicating the frequency of the
display clock) (referred to as “display control data” in the
following) are sent from the CPU of an external computer or
the like to the display control circuit 200 (in the following,
the data Dv sent from the outside are referred to as “image
data in a broad sense”). That is to say, the external CPU or
the like supplies the image data (in the narrow sense) and the
display control data, which together constitute the image
data Dv in the broad sense, as well as address signals ADw
to the display control circuit 200, and the image data in the
narrow sense and the display control data are respectively
written into a display memory and a register (described
later) in the display control circuit 200.

[0078] Based on the display control data written into the
register, the display control circuit 200 generates a display
clock signal CK, a horizontal synchronization signal HSY, a
vertical synchronization signal VSY, a start pulse signal SP,
and a latch strobe signal LS. Moreover, the display control
circuit 200 reads out the image data that have been written
into the display memory by the external CPU or the like, and
outputs it as a digital image signals Da. The display control
circuit 200 also generates a positive voltage application
control signal ¢p and a negative voltage application control
signal ¢n, which are control signals for periodically invert-
ing the polarity of the voltage applied to the liquid crystal in
the liquid crystal panel 500, as well as a first precharge
polarity control signal Sca and a second precharge polarity
control signal Scb, which are control signals for controlling
the precharge polarity, as described later. Thus, of the signals
generated by the display control circuit 200, the clock signal
CK, the start pulse signal SP, the latch strobe signal LS, the
digital image signal Da, the positive and negative voltage
application control signals ¢p and ¢n, and the first and
second precharge polarity control signals Sca and Scb are
supplied to the video signal line driving circuit 300, and the
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horizontal synchronization signal HSY and the vertical
synchronization signal VSY are supplied to the scanning
signal line driving circuit 400. It should be noted that the
following explanations are for an image display with 64 gray
levels, but the number of gray levels is not limited to this. If
the number of gray levels is 64 as in the present embodi-
ment, then the digital image signal Da is a 6-bit signal.

[0079] As noted above, the data representing the image to
be displayed on the liquid crystal panel 500 are supplied
pixel for pixel as the digital image signal Da to the video
signal line driving circuit 300, together with the clock signal
CK as the signal indicating the timing, the start pulse signal
SP, the latch strobe signal LS, the positive and negative
voltage application control signal ¢p and ¢n, and the first
and second precharge polarity control signals Sca and Scb.
Based on these signals CK, SP, LS, ¢p, ¢n, Sca and Scb, the
video signal line driving circuit 300 generates video signals
S1 to Sn for driving the liquid crystal panel 500 (referred to
as “driving video signals” in the following), and applies
these driving video signals S1 to Sn to the plurality of (n)
video signal lines Ls of the liquid crystal panel 500, respec-
tively.

[0080] Based on the horizontal synchronization signal
HSY and the vertical synchronization signal VSY, the scan-
ning signal line driving circuit 400 generates scanning
signals G1 to Gm to be respectively applied to the plurality
of (m) scanning signal line Lg in order to select the scanning
signal lines Lg of the liquid crystal panel 500 one after the
other for one horizontal scanning period each. The applica-
tion to the scanning signal lines Lg of the active scanning
signal for selecting all of the scanning signal lines one by
one is carried out in repetition with one vertical scanning
period as the period.

[0081] In the liquid crystal panel 500, the video signal line
driving circuit 300 applies the driving video signals S1 to Sn
based on the digital image signals Da in the above-describe
manner to the n video signal lines Ls, and the scanning
signal line driving circuit 400 applies the scanning signals
G1 to Gm to the m scanning signal lines Lg. Thus, the TFTs
10 connected to each of the scanning signal lines Lg are
turned on when the scanning signal Gi (with i=1 . . . m)
applied to that scanning signal line Lg is active, and are
turned off when that scanning signal Gi is inactive. More-
over, a driving video signal Sj (j=1 . . . n) applied to the video
signal line Ls connected to the source terminal of each the
TFTs 101s applied as the voltage signal to the pixel electrode
Epx connected to the drain electrode of that TFT that is on.
After that, when that TFT is turned off, a voltage corre-
sponding to the potential difference between the pixel elec-
trode Epx and the common electrode Ec is held by the pixel
capacitance Cp formed by the pixel electrode Epx and the
common electrode Ec. Thus, a voltage corresponding to the
difference between the potential of the pixel electrode Epx
given by the driving video signals S1 to Sn and the potential
of the common electrode Ec given by the predetermined
power source circuit is applied to the liquid crystal layer of
the liquid crystal panel 500, and the transparency of the
liquid crystal layer is controlled by this applied voltage.
Thus, the liquid crystal panel 500 displays the image rep-
resented by the image data Dv obtained from the external
CPU. It should be noted that in the present embodiment, a
fixed potential is applied to the common electrode Ec (in the
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following, this fixed potential is assumed to be the ground
level (0)), but the present invention is not limited to this (see
modified examples below).

[0082]

[0083] FIG. 1B is a block diagram showing the configu-
ration of the display control circuit 200 in the above-
described liquid crystal display device. This display control
circuit 200 includes an input control circuit 20, a display
memory 21, a register 22, a timing generator 23, a memory
control circuit 24, and a polarity switching control circuit 25.

[0084] The address signals ADw and signals representing
the image data Dv in a broad sense (in the following, also
these signals are denoted as “Dv”) that this display control
circuit 200 receives from the external CPU or the like are
inputted into the input control circuit 20. Based on the
address signals ADw, the input control circuit 20 divides the
image data Dv in a broad sense into image data DA and
display control data Dc. Then, signals representing the
image data DA (in the following, also these signals are
denoted as “DA”) are supplied to the display memory 21
together with address signals AD based on the address
signals ADw, so that the image data DA are written into the
display memory 21, and the display control data Dc are
written into the register 22. The display control data Dc
comprise timing information that specifies the frequency of
the clock signal CK and the horizontal scanning period and
the vertical scanning period for displaying the image repre-
sented by the image data Dv.

[0085] Based on the display control data held in the
register 22, the timing generator 23 generates the clock
signal CK, the horizontal synchronization signal HSY, the
vertical synchronization signal VSY, the start pulse signal SP
and the latch strobe signal LS. It should be noted that in this
embodiment, the driving video signals S1 to Sn that are
outputted from the video signal line driving circuit 300 are
switched at each horizontal scanning period. In correspon-
dence thereto, also the pulse repeat period of the start pulse
signal SP and the latch strobe signal LS supplied to the video
signal line driving circuit is one horizontal scanning period.
Moreover, the timing generator 23 generates a timing signal
for operating the display memory 21 and the memory
control circuit 24 in synchronization with the clock signal
CK.

[0086] The memory control circuit 24 generates address
signals ADr for reading out, of the image data DA that are
inputted from outside and stored in the display memory 21
via the input control circuit 20, the data representing the
image to be displayed on the liquid crystal panel 500. The
memory control circuit 24 also generates a signal for con-
trolling the operation of the display memory 21. The address
signals ADr and the control signal are given to the display
memory 21, and thus, the data representing the image to be
displayed on the liquid crystal panel 500 is read out as the
digital image signal Da from the display memory 21, and are
outputted from the display control circuit 200. As mentioned
above, the digital image signal Da is supplied to the video
signal line driving circuit 300.

[0087] Based on the horizontal synchronization signal
HSY and the vertical synchronization signal VSY, the polar-
ity switching control circuit 25 generates the positive and
negative voltage application control signals ¢p and ¢n, and

2 Display Control Circuit
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the first and second precharge polarity control signals Sca
and Scb. Here, the positive voltage application control signal
¢p is at H level in the period in which a voltage with positive
polarity is to be outputted from (the output buffer of) the
video signal line driving circuit 300, and is at T level at all
other times, whereas the negative voltage application control
signal ¢n is at H level in the period in which a voltage with
negative polarity is to be outputted from (the output buffer
of) the video signal line driving circuit 300, and is at L level
at all other times.

[0088] Moreover, the first and second precharge polarity
control signals Sca and Scb are control signals for switching
the orientation of a precharge capacitor, which is connected
in parallel to the load capacitance within the liquid crystal
panel 500 during the OFF period described below. The
precharge capacitor is constituted by a first electrode Ep and
asecond electrode En, arranged in opposition to one another.
The first precharge polarity control signal Sca is at H level
during the period in which the precharge capacitor is to be
connected in parallel to the load capacitance in such an
orientation that the first electrode Ep (in the present embodi-
ment this is the electrode with the higher potential) is
connected to the video signal line Ls in the liquid crystal
panel 500, and is at I1level at all other times. Conversely, the
second precharge polarity control signal Scb is at H level
during the period in which the precharge capacitor is to be
connected in parallel to the load capacitance in such an
orientation that the second electrode En (in the present
embodiment this is the electrode with the lower potential) of
the precharge capacitor is connected to the video signal line
Ls in the liquid crystal panel 500, and is at L level at all other
times.

[0089] 3 Video Signal Line Driving Circuit

[0090] FIG. 3 is a block diagram showing the configura-
tion of the video signal line driving circuit 300 in the
above-described liquid crystal display device. This video
signal line driving circuit 300 includes a shift register 310,
a sample-and-hold circuit 320, a DA conversion circuit 330,
an output circuit 340, and a precharge circuit 350. The shift
register 310 has the same number of stages as there are
output terminals TS1, TS2, . . ., TSn, that is, the same
number as there are video signal lines Ls in the liquid crystal
panel 500. The sample-and-hold circuit 320 outputs digital
image signals dl, d2, . . . dn that are 6-bit signals and
respectively correspond to the output terminals TS1, TS2, .
.. TSn. The DA conversion circuit 330 converts the digital
image signals d1, d2, . . . dn into analog signals. Based on
these analog signals, the output circuit 340 generates driving
video signals S1, S2, . . ., Sn that are to be outputted from
the output terminals TS1, TS2, . . ., TSn. The precharge
circuit 350 is for reducing the driving capability that is
required from this output circuit 340.

[0091] In the video signal line driving circuit 300 with this
configuration, the start pulse signal SP and the clock signal
CK are inputted into the shift register 310, which transfers
one pulse included in the start pulse signal SP successively
from the input terminal to the output terminal in each
horizontal scanning period, based on the signals SP and CK.
In correspondence with this transfer, sampling pulses are
successively inputted into the sample-and-hold circuit 320.
The sample-and-hold circuit 320 samples and holds the
digital image signals Da from the display control circuit 200
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at the timings of these sampling pulses, latches them with
the latch strobe signal LS, and holds them for one horizontal
scanning period each. The held digital image signals Da are
outputted from the sample-and-hold circuit 320 as 6-bit
internal image signals d1, d2, . . . dn. These internal image
signals d1, d2, . . . dn are inputted into the DA conversion
circuit 330. The DA conversion circuit 330 converts the
internal image signals d1, d2, . . ., dn into analog signals of
two types, namely of positive polarity and negative polarity.
The output circuit 340 performs an impedance conversion,
for example with a voltage follower, of these positive and
negative polarity analog signals, and generates voltages
whose polarity is inverted at predetermined periods as the
driving video signals S1, S2, . . ., Sn.

[0092] Before the output circuit 340 applies a voltage to
each of the video signal lines Ls, the precharge circuit 350
preliminarily charges the load capacitance including the
wiring capacitance of the video signal lines Ls and the pixel
capacitance in the liquid crystal panel 500 every time the
polarity of this applied voltage is inverted, in order to reduce
the driving capability that is required from the output circuit
340.

[0093] 4 Configuration of Main Portions of the Video
Signal Line Driving Circuit

[0094] FIG. 4 is a circuit diagram showing a portion
(corresponding to one output terminal TSj) of the DA
conversion circuit 330, the output circuit 340 and the pre-
charge circuit 350 of the video signal line driving circuit 300
shown in FIG. 3, that is, the portion (referred to below as
“unit driving circuit”) 301 corresponding to one video signal
line Ls.

[0095] For each output terminal TSj, the DA conversion
circuit 330 is provided with a positive polarity DA converter
31p converting the digital signal dj, which is the internal
image signal corresponding to the output terminal TSj, to a
positive voltage Vp, which is an analog voltage of positive
polarity, and a negative polarity DA converter 31x convert-
ing the digital signal dj to a negative voltage Vn, which is an
analog voltage of negative polarity.

[0096] For each output terminal TSj, the output circuit 340
is provided with a voltage follower serving as a positive
polarity output buffer 41p, a voltage follower serving as a
negative polarity output buffer 41n, a positive side switch
SWP whose one side is connected to the output terminal of
the positive polarity output buffer 41p, and a negative side
switch SWN whose one side is connected to the output
terminal of the negative polarity output buffer 41x. The other
sides of the positive side switch SWP and the negative side
switch SWN are connected to each other. This connection
point corresponds to the output terminal of the output circuit
340 and is connected by an output signal line Loj to the
output terminal TS;.

[0097] The positive side switch SWP, which is controlled
by the positive voltage application control signal ¢p shown
in FIG. 5A, is turned on when the positive voltage appli-
cation control signal ¢p is at H level, and is turned off when
the positive voltage application control signal ¢p is at L
level. The negative side switch SWN, which is controlled by
the negative voltage application control signal ¢n shown in
FIG. 5B, is turned on when the negative voltage application
control signal ¢n is at H level, and is turned off when the
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negative voltage application control signal ¢n is at L level.
With these positive and negative side switches SWP and
SWN, a P period, which is the period in which a positive
voltage Vp is outputted as the driving video signal Sj from
the output terminal TSj, is alternated with an N period,
which is the period in which a negative voltage Vn is
outputted as the driving video signal Sj from the output
terminal TSj, as shown in FIG. SE. The P period and the N
period in this embodiment are substantially equivalent to
one horizontal scanning period, but between the P period and
the N period, a period in which both the positive side switch
SWP and the negative side switch SWN are turned off as
shown in FIGS. 5A and 5B (both ¢p and ¢n are at L level)
and the output circuit 340 (output buffers 41p and 41r) of the
video signal line driving circuit 300 is electrically separated
from the video signal lines Ls within the liquid crystal panel
500 is provided as the OFF period. Thus, the positive side
switch SWP and the negative side switch SWN together
constitute a switching circuit, or an open/close circuit elec-
trically connecting or disconnecting the output buffers 41p
and 41n to/from the video signal line Ls to realize the P
period, the N period and the OFF period.

[0098] The precharge circuit 350 is provided with one unit
precharge circuit 51 for each output terminal TSj. As shown
in FIG. 4, this unit precharge circuit 51 is connected to a
suitable position on the output signal line Loj linking the
output terminal TS} to the point where the positive side
switch SWP is connected to the negative side switch SWN.
The unit precharge circuit 51 is made of a precharge
capacitor Cpr, a precharge reference voltage supply element,
a first switch SWAI1, a second switch SWA2, a third switch
SWBI, and a fourth switch SWB2. The precharge capacitor
CPr is made of a first electrode Ep and a second electrode
En, which are arranged in opposition to one another. The
precharge reference voltage supply element supplies a pre-
charge reference voltage Vr, which is an intermediate volt-
age between the positive and the negative voltage to be
applied to the video signal lines Ls of the liquid crystal panel
500. One side of the first switch SWA1 is connected to the
output signal line Loj, and the other side of the first switch
SWAL is connected to the first electrode Ep of the precharge
capacitor Cpr. One side of the second switch SWA2 is
connected to the precharge reference voltage supply ele-
ment, and the other side of the second switch SWA2 is
connected to the second electrode En of the precharge
capacitor Cpr. One side of the third switch SWB1 is con-
nected to the output signal line Loj, and the other side of the
third switch SWBI is connected to the second electrode En
of the precharge capacitor Cpr. One side of the fourth switch
SWB2 is connected to the precharge reference voltage
supply element, and the other side of the fourth switch
SWB32 is connected to the first electrode Ep of the precharge
capacitor Cpr. In this unit precharge circuit 51, the switches
SWA1, SWA2, SWB1 and SWB2 constitute a connection
switching circuit for controlling the parallel switching of the
precharge capacitor Cpr with respect to the capacitive load
in the liquid crystal panel 500. It should be noted that in this
embodiment, the common electrode Ec is used as a pre-
charge reference voltage supply element, and the precharge
reference voltage Vr is at the ground level “0”. Therefore, in
this embodiment, no precharge power source is necessary,
but it is also possible to provide a precharge power source
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as the precharge reference voltage supply element, and to
take the voltage of this power source as the precharge
reference voltage Vr.

[0099] In this unit precharge circuit 51, the first switch
SWAL and the second switch SWA2, which are both con-
trolled by the first precharge polarity control signal Sca
shown in FIG. 5C, operate in synchronization, and are
turned on when the first precharge polarity control signal Sca
is at H level and are turned off when the first precharge
polarity control signal Sca is at L level. Moreover, the third
switch SWBI1 and the fourth switch SWB2, which are both
controlled by the second precharge polarity control signal
Scb shown in FIG. 3D, operate in synchronization, and are
turned on when the second precharge polarity control signal
Scb is at H level and are turned off when the second
precharge polarity control signal Scb is at L level. Conse-
quently, when the first precharge polarity control signal Sca
is at H level and the second precharge polarity control signal
Scb is at L level, the first electrode Ep of the precharge
capacitor Cpr is connected to the output signal line Loj, and
the second electrode En is connected to the common elec-
trode Ec serving as the precharge reference voltage supply
element. On the other hand, when the first precharge polarity
control signal Sca is at L level and the second precharge
polarity control signal Scb is at H level, then the first
electrode Ep of the precharge capacitor Cpr is connected to
the common electrode Ec serving as the precharge reference
voltage supply element, and the second electrode En is
connected to the output signal line Loj. Moreover, when
both the first and the second precharge polarity control
signals Sca and Scb are at L level, then the precharge
capacitor Cpr is electrically separated from the output signal
line Loj (video signal line Ls).

[0100] 5 Driving Method

[0101] Referring to FIGS. 5A to 5E and 6A to 6D, the
following is a description of a method for driving the liquid
crystal display device according to this embodiment. It
should be noted that the driving of the scanning signal lines
Lg of the liquid crystal panel 500 in this embodiment is the
same as the driving of typical scanning signal lines in
conventional active-matrix liquid crystal panels, so that
further explanations thereof have been omitted. The follow-
ing explanations relate to the driving of video signal lines Ls
of the liquid crystal panel 500. Moreover, in the following,
the potential of the common electrode Ec is fixed, and as
noted above, the common electrode Ec functions as the
precharge reference voltage supply element. The precharge
reference voltage Vr is “0”.

[0102] FIGS. 6A to 6D are figures illustrating the opera-
tion during the various periods of a unit driving circuit 301
for one video signal line Ls, and schematically show an
equivalent circuit (referred to as “unit load circuit” below)
501 representing the capacitive load of the liquid crystal
panel 500 corresponding to one video signal line Ls con-
nected to the unit driving circuit 301, as well as the con-
figuration of this unit driving circuit 301. In the FIGS. 6A
to 6D, the positive side switch SWP and the negative side
switch SWN in the unit driving circuit 301 shown in FIG.
4 are replaced by one equivalent selection switch SW1, and
the unit precharge circuit 51 is replaced by an equivalent
circuit in which the switch SW2 and the precharge capacitor
Cpr are connected in series. Moreover, the unit load circuit
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501 models the capacitive load of the liquid crystal panel
500 corresponding to one video signal line Ls, and is made
of a load resistance R whose one side is connected to the
output signal line Loj of the unit driving circuit 301, and a
load capacitance C whose one side is connected to the other
side of the load resistance R and whose other side is
connected to the common electrode Ec. It should be noted
that the capacitance of the precharge capacitor Cpr is set to
be sufficiently larger than the value of this load capacitance
C.

[0103] In the P period in which the positive voltage
application control signal ¢p is at H level and the negative
voltage application control signal ¢n is at L level (see FIGS.
5A and 5B), the selection switch SW1 connects the positive
polarity output buffer 41p to the output signal line Loj of the
unit driving circuit 301, as shown in FIG. 6A. This output
signal line Loj is connected to the video signal line Ls of the
liquid crystal panel 500, so that the positive voltage Vp that
is outputted from the positive polarity output buffer 41p is
applied as the driving video signal Sj to the unit load circuit
501, that is, to the capacitive load, and the load capacitance
C is charged such that the video signal line Ls assumes a
positive potential. In this P period, the switch SW2 in the
unit precharge circuit 51 is off, and the precharge capaci-
tance Cpr is electrically separated from the output signal line
Loj, so that the precharge capacitor Cpr is neither charged
nor discharged.

[0104] In the OFF period, in which the positive voltage
application control signal ¢p and the negative voltage appli-
cation control signal ¢n are both at L level (see FIGS. SA
and 5B), the output signal line Loj of the unit driving circuit
301 and the video signal line Ls connected thereto are
electrically disconnected by the selection switch SW1 from
the positive polarity output buffer 41p and the negative
polarity output buffer 415, as shown in FIGS. 6B and 6C.
Moreover, this OFF period includes two periods in which
only either one of the first precharge polarity control signal
Sca and the second precharge polarity control signal Scb is
at H level (the carlier one of these two periods is referred to
as the “first precharge period” and the later one of these two
periods is referred to as the “second precharge period”).

[0105] During the OFF period t1-t6 shown in FIG. 5A, in
a first precharge period T1pr=t2-t3, in which the first pre-
charge polarity control signal Sca is at H level and the
second precharge polarity control signal Scb is at L. level, the
switch SW2 within the unit precharge circuit 51 is on, the
first electrode Ep of the precharge capacitor Cpr is connected
to the output signal line Loj, and the second electrode En is
connected to the common electrode Ec, as shown in FIG.
6B. Consequently, in the first precharge period T1pr=t2-t3,
the charge accumulated in the load capacitor C is moved to
the precharge capacitor Cpr, and the potential of the load
capacitor as well as the potential of the (first electrode Ep of
the) precharge capacitor Cpr take on the same positive
potential Vpl (<Vp) during the period t2-t4 as shown in
FIG. 5E.

[0106] After this, also in a second precharge period T2pr=
t4-t5, in which the first precharge polarity control signal Sca
is at L 1evel and the second precharge polarity control signal
Scb is at H level, the switch SW2 within the unit precharge
circuit 51 is on, and the precharge capacitor Cpr is connected
to the output signal line Loj as shown in FIG. 6C, but
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different from the first precharge period Tl1pr=t2-t3, the
second electrode En is connected to the output signal line
Loj, and the first electrode Ep is connected to the common
electrode Ec. That is to say, the precharge capacitor Cpr is
connected in parallel to the capacitive load (the unit load
circuit 501) in opposite orientation than in the first precharge
period T1pr=t2-t3. Thus, the load that has accumulated in
the load capacitance C is moved to the precharge capacitor
Cpr, the load capacitance C is charged in the opposite
reaction, and the potential of the load capacitance C and the
potential of the (second electrode En of the) precharge
capacitor Cr take on the same negative potential Vnl (with
[Vnl|<|Vn|) in the period t4-t6 as shown in FIG. 5E.

[0107] Inthe N period t6-t7, in which the positive voltage
application control signal ¢p is at L level and the negative
voltage application control signal ¢n is at H level (see FIGS.
5A and 5B), the selection switch SW1 connects the negative
polarity output buffer 41# to the output signal line Loj of the
unit driving circuit 301, as shown in FIG. 6D. The output
signal line Loj is connected to the video signal line Ls of the
liquid crystal panel 500, so that the negative voltage Vn that
is outputted from the negative polarity output buffer 41x is
applied as the driving video voltage Sj to the unit load circuit
501, that is, to the capacitive load, and the capacitive load C
is charged such that the video signal line Ls takes on a
negative potential. The change of the video signal line Sj
(the potential of the output signal line Loj) at this time, that
is, the potential change AVn that the negative polarity output
buffer 417 is supposed to change is|Vn-Vnl| (sce FIG. 5E),
and is by the charge voltage [Vnl| at the precharge capacitor
Cpr smaller than that of the conventional method of reduc-
ing the power consumption with, for example, the circuit
configuration shown in FIG. 15. It should be noted that in
the N period, the switch SW2 in the unit precharge circuit 51
is off, and the precharge capacitor Cpr is electrically dis-
connected from the output signal line Loj, so that the
precharge capacitor Cpr is neither charged nor discharged.

[0108] After this N period t6-t7 has passed, the device
returns to the OFF period t7-t12, but at the first precharge
period T1pr=t8-t9 in this OFF period (7-t12, the first pre-
charge polarity control signal Sca is at Llevel and the second
precharge polarity control signal Scb is at H level. Conse-
quently, as shown in FIG. 6C, the precharge capacitor Cpr
is connected in parallel to the capacitive load (unit load
circuit 501) with such an orientation that the second elec-
trode En having negative potential is connected to the output
signal line Loj. That is to say, the precharge capacitor Cpr is
connected in parallel to the capacitive load with the same
orientation as in the second precharge period T2pr in the
OFF period t1-t6 of the previous cycle. Thus, by moving the
charge that has been accumulated in the precharge capacitor
Cpr that has been already charged with negative polarity to
the load capacitance C, the charging with negative polarity
is further advanced, and the potential of the load capacitance
C and the potential of the (second electrode En of the)
precharge capacitance Cpr take on the same negative poten-
tial Vnl' (with [Vnl|<[Vn]) in the period t8-t10 as shown in
FIG. 5E.

[0109] After that, also in the second precharge period
T2pr=t10-t11, in which the first precharge polarity control
signal Sca is at H level and the second precharge polarity
control signal Scb is at L level, the switch SW2 within the
unit precharge circuit 51 is on, and the precharge capacitor
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Cpr is connected to the output signal line Loj. However,
different to the first precharge period T1pr=t8-t9, the first
electrode Ep having positive potential is connected to the
output signal line Loj, and the second electrode En is
connected to the common electrode Ec, as shown in FIG.
6B. That is to say, the precharge capacitor Cpr is connected
in parallel to the capacitive load (unit load circuit 501) with
the opposite orientation as in the first precharge period
T1pr=t8-t9. Thus, the charge that has accumulated in the
precharge capacitor Cpr is moved to the load capacitance C,
and after the load capacitance C that has been charged with
negative polarity is discharged, it is charged with opposite
polarity, and the potential of the load capacitance C and the
potential of the (first electrode Ep of the) precharge capaci-
tance Cpr take on the same positive potential Vpl' (with
[VpL'|<[Vp|) in the period t10-t12 as shown in FIG. SE.

[0110] After this (from the time t12 onward), the device
advances again to the P period, in which the positive voltage
application control signal ¢p is at H level and the negative
voltage application control signal ¢n is at L level (see FIGS.
5A and 5B), the selection switch SW1 connects the output
signal line Loj of the unit driving circuit 301 to the positive
polarity output buffer 41p, as shown in FIG. 6A. Since the
output signal line Loj is connected to the video signal line Ls
of the liquid crystal panel 500, the positive voltage Vp that
is outputted from the positive polarity output buffer 41p is
applied as the driving video signal Sj to the unit load circuit
501, that is, to the capacitive load, and the load capacitance
C is charged such that the video signal line Ls assumes a
positive potential. The change of the video signal line Sj (i.c.
of the potential of the output signal line Loj) at this time, that
is, the potential change AVp that the positive polarity output
butfer 41p is supposed to change is Vp-Vpl' (see FIG. SE),
and is by the charge voltage Vpl' at the precharge capacitor
Cpr smaller than that of the conventional method of reduc-
ing the power consumption with the circuit configuration
shown in FIG. 15.

[0111] Inthe above-described embodiment, an OFF period
is provided between the P period in which a positive voltage
is applied to the video signal line Is and the N period in
which a negative voltage is applied to the video signal line
Ls. This OFF period is a period for inverting the polarity of
the voltage applied to the video signal line Ls, and includes
a first precharge period Tlpr and a second precharge period
T2pr. In the first precharge period Tlpr, the precharge
capacitor Cpr is connected in parallel to the unit load circuit
501, which is the capacitive load per video signal line of the
liquid crystal panel 500. Thus, the charge is moved between
the load capacitance C and the precharge capacitor Cpr, and
the load capacitance C and the precharge capacitor Cpr take
on a state in which they are charged to the same potential and
the same polarity. In the subsequent second precharge period
T2pr, the precharge capacitor Cpr is connected in parallel to
the capacitive load with an orientation that is opposite from
that of the first precharge period Tlpr, and thus, the charge
is moved between the load capacitance C and the precharge
capacitor Cpr, and the load capacitance C and the precharge
capacitor Cpr take on a state in which they are charged to the
same potential at a polarity that is opposite from that in the
first precharge period Tlpr. Then, at the P period or the N
period after this OFF period, a voltage Vp or Vn of the same
polarity as the charge voltage of the load capacitance at this
second precharge period T2pr is applied to the capacitive
load by the positive polarity buffer 41p or the negative
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polarity buffer 41xn of the video signal line driving circuit
300 via the video signal line Ls.

[0112] As was mentioned above, in the first precharge
period Tlpr of the OFF period t7-t12 after the negative
polarity output buffer 41n has applied the negative voltage
Vn to the capacitive load (after the N period 16-t7), the
precharge capacitor Cpr is connected in parallel to the
capacitive load in the same orientation as the orientation of
the second precharge period T2pr in the OFF period t1-t6 of
the previous cycle (see FIGS. 5C and 5D). Thus, with this
embodiment, in the first precharge period T1pr of each OFF
period, the precharge capacitor Cpr is connected in parallel
to the capacitive load at the same orientation as in the second
precharge period T2pr of the OFF period of the previous
cycle. Thus, as the polarity inversion of the voltage applied
to the capacitive load is repeated, the accumulated charge
amount of the precharge capacitor Cpr increases. As a result,
the change of the video signal line potential that is to be
changed by the output circuit (output buffers 41p and 41x)
becomes gradually smaller. However, as is also shown by
the results of the following simulation, the change of the
video signal line potential to be changed by the output circuit
asymptotically approaches a predetermined value (see FIG.
13). This means, that the accumulated charge of the pre-
charge capacitor Cpr increases and asymptotically
approaches the predetermined value, as the polarity inver-
sion of the voltage applied to the capacitive load is repeated.

[0113]

[0114] As described above, when driving the liquid crystal
panel 500 according to the present embodiment, the change
AVp or AVn of the video signal line potential to be changed
by the output circuit 340 (the positive polarity or negative
polarity output buffers 41p and 41r) of the video signal line
driving circuit 300 is lowered in accordance with the charge
voltage portion |[Vpl| or [Vnl| ([Vpl| or [Vnl]) at the
precharge capacitor Cpr, and as a result, the power con-
sumption for driving the video signal line Ls of the liquid
crystal panel 500 can be reduced. In order to determine more
specifically the reduction effect on the change AVp or AVn
of the video signal line potential to be changed by this video
signal line driving circuit 300 as well as the reduction effect
on the power consumption, the inventors performed a simu-
lation by numerical calculation of the driving of the video
signal lines in two conventional examples and in the present
embodiment. Referring to FIGS. 7 to 13, the following is an
explanation of this simulation. It should be noted that in the
following, the operation of the video signal line driving
circuit when driving the capacitive load per video signal line
of the liquid crystal panel is simulated, and this capacitive
load is expressed by a circuit 502 in which a resistance R2
of 10 €2 and a capacitor corresponding to a load capacitance
C2 of 0.5 uF are connected in series (referred to as “CR load
circuit” below).

[0115] FIG. 7 is a circuit diagram showing a circuit model
used for the simulation of the driving of the video signal line
in a first conventional example of a liquid crystal display
device. In this circuit model, the video signal line driving
circuit includes a power source with a positive voltage
Vp=+5V, a power source with a negative voltage Vp=-5V,
a positive side switch SWP whose one side is connected to
the power source of the positive voltage Vp, and a negative
side switch SNP whose one side is connected to the power

6 Simulation of the Video Signal Line Driving
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source of the negative voltage Vn. The other side of the
positive side switch SWP is connected to the other side of
the negative side switch SNP, and the point of this connec-
tion is connected to via the output signal line Lo to the CR
load circuit 502. In this circuit model, when the positive side
switch SWP and the negative side switch SWN are recip-
rocally turned on and off, a voltage with a periodically
inverting polarity is applied to the CR load circuit 502.

[0116] FIG. 10is a diagram of the simulation result for the
case that the positive side switch SWP and the negative side
switch SWN are reciprocally turned on and off such that the
polarity of the voltage applied to the CR load circuit 502 is
inverted every 0.2 ms. FIG. 10 shows the current supplied
from the (output buffer of the) video signal line driving
circuit to the CR load circuit 502 in this case, or in other
words, the consumption current id. According to FIG. 10,
the peak value of the consumption current id in the first
conventional example is about 960 mA.

[0117] FIG. 8 is a circuit diagram showing a circuit model
used for the simulation of the driving of the video signal line
in a second conventional example of a liquid crystal display
device. In this circuit model, the video signal line driving
circuit includes a power source with a positive voltage
Vp=+5V, a power source with a negative voltage Vp=-5V,
a positive side switch SWP and a negative side switch SNP,
as in the configuration of the first conventional example, and
in addition thereto a switch SWS whose one side is con-
nected to the output signal line Lo connecting the video
signal line driving circuit 300 and the load circuit 502, and
whose other side is grounded.

[0118] FIG. 11 is a diagram of the simulation result for the
case that the positive side switch SWP and the negative side
switch SWN in this circuit model are substantially recipro-
cally turned on and off such that the polarity of the voltage
applied to the CR load circuit 502 is inverted every 0.2 ms,
and shows the consumption current id that is supplied from
the signal line driving circuit to the CR load circuit 502 in
this case. It should be noted that, as shown in FIGS. 16A
and 16B, an OFF period in which both the positive side
switch SWP and the negative side switch SWN are off is
provided between the periods in which the positive side
switch SWP is on and the periods in which the negative side
switch SWN is on. The charge accumulated in the load
capacitance C2 is discharged by turning the switch SWS on
during this OFF period. According to FIG. 11, which shows
the simulation results for this circuit model, the peak value
of the consumption current id in this second conventional
example is about 480 mA.

[0119] FIG. 9 s a circuit diagram showing a circuit model
used for the simulation of the driving of the video signal line
according to the present embodiment. In this circuit model,
the video signal line driving circuit includes a power source
with a positive voltage Vp=+5 V, a power source with a
negative voltage Vp=-5V, a positive side switch SWP and
anegative side switch SNP, as in the configuration of the first
conventional example, and in addition thereto a unit pre-
charge circuit 52, which is connected to the output signal
line Lo connecting the video signal line driving circuit and
the CR load circuit 502. This unit precharge circuit 52
corresponds to the unit precharge circuit 51 shown in FIG.
4, and except for the fact that the precharge capacitor is
denoted by the reference symbol “C1” and the precharge
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reference voltage Vr is denoted as the ground potential “0,”
it is the same as the unit precharge circuit 51 in FIG. 4, so
that like structural elements are denoted by like reference
symbols, and further explanations are omitted.

[0120] In this circuit model, the positive side switch SWP
and the negative side switch SWN are substantially recip-
rocally turned on and off, such that the polarity of the voltage
applied to the CR load circuit 502 is inverted substantially
every 0.2 ms, but as shown in FIGS. 5A and 5B, an OFF
period in which both the positive side switch SWP and the
negative side switch SWN are off is provided between the
period in which the positive side switch SWP is on (P period
in which ¢p is at H level) and the period in which the
negative side switch SWN is on (N period in which ¢n is at
H level). Moreover, the first switch SWA1 and the second
switch SWA2 in the unit precharge circuit 52 operate in
synchronization, and are both controlled by the first pre-
charge polarity control signal Sca shown in FIG. 5C. Also
the third switch SWB1 and the fourth switch SWB2 in the
unit precharge circuit 52 operate in synchronization, and are
controlled by the second precharge polarity control signal
Scb shown in FIG. 3D. With this circuit model, the driving
of the video signal lines in the present embodiment already
explained with reference to FIGS. 5A to SE and 6A to 6D
was simulated. It should be noted that with this simulation,
the capacitance of the precharge capacitor C1 was set to 10
uFE, but this value is merely an example, and generally, a
value that is suitable with regard to the effects of the present
invention, such as lowering the power consumption of the
video signal line driving circuit 300, is chosen in consider-
ation of the load capacitance C2.

[0121] FIGS. 12 and 13 are diagrams showing the results
of the simulation for driving the video signal lines in the
present embodiment. FIG. 12 shows the current supplied
from the power source with the positive voltage Vp or the
power source with the negative voltage Vn corresponding to
the output buffer of the video signal line driving circuit to the
CR load circuit 502, or in other words, the consumption
current id. FIG. 13 shows the voltage applied to the load
capacitance C2 (referred to as “load capacitance voltage” in
the following). The voltage changes shown in FIG. 13
correspond to the potential changes of the video signal line
Ls, and as can be seen by comparison with FIG. 5E, AVp
shown in FIG. 13 is the change of the load capacitance
voltage due to the current supplied from the power source
with the voltage Vp=+5V to the CR load circuit 502,
whereas AVn shown in FIG. 13 is the change of the load
capacitance voltage due to the current (negative current)
supplied from the power source with the voltage Vn=-5V to
the CR load circuit 502. In the simulation, these voltage
changes AVp and AVn decrease over time after the operation
of the circuit in FIG. 9 starts, and asymptotically approach
a predetermined value. For example, after 5 ms, the voltage
changes AVp and AVn become about a third of the potential
change [Vp-Vn|=10 V at the polarity inversion of the
voltage applied to the CR load circuit 502. Accordingly, also
the consumption current id is reduced, and the peak of the
consumption current id becomes about 330 mA, as shown in
FIG. 12.

[0122] Now, the power consumption P per single output of
the video signal line driving circuit can be expressed in a
simple model by the following relation:

P~f-c-V?
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[0123] Here, f denotes the frequency, ¢ denotes the load
capacitance driven by the video signal line driving circuit,
and V denotes the driving voltage. Consequently, as a result
of the simulation shown in FIGS. 10 to 13, it can be seen that
with the present embodiment, the power consumption of the
video signal line driving circuit 300 can be reduced signifi-
cantly compared to the conventional art (first conventional
example and second conventional example).

[0124]

[0125] As described above, in the present embodiment,
OFF periods in which the output buffers (output circuit 340)
in the video signal line driving circuit 300 are electrically
disconnected from the video signal lines Ls are provided
between the P periods in which a positive voltage is to be
applied and the N periods in which negative voltage is to be
applied to the liquid crystal panel 500 serving as the capaci-
tive load, and a precharge capacitor Cpr is connected to each
of the output signal lines Loj in a first precharge period T1pr
and a second precharge period T2pr within these OFF
periods (see FIGS. 4, 5C and 5D). Moreover, by connecting
a precharge capacitor Cpr in parallel to the capacitive load
for each of the video signal lines s of the liquid crystal
panel 500 in the first precharge period Tlpr, the load
capacitance C and the precharge capacitor Cpr assume a
state in which they are charged to the same potential and the
same polarity, and by connecting the precharge capacitor
Cpr in the following second precharge period T2pr in
parallel to the capacitive load at an orientation that is
opposite to the orientation in the first precharge period Tlpr,
the load capacitance C and the precharge capacitor Cpr take
on a state in which they are charged to the same potential and
a polarity that is opposite to the polarity in the first precharge
period T1pr (see FIGS. 6B and 6C). That is to say, since the
capacitance of the precharge capacitor Cpr is larger than the
load capacitance C, the polarity of the voltage applied to the
load capacitance C in the second precharge period T2pr is
inverted. Due to this operation of the precharge circuit 350
(the unit precharge circuit 51) in the OFF period, the changes
AVp and AVn in the video signal line potential that are to be
changed by the positive polarity and negative polarity output
buffers 41p and 41n of the video signal line driving circuit
300 are reduced in accordance with the charge voltage at the
precharge capacitor, and become less than half the change
amount [Vp-Vn| of the video signal line potential at the time
of polarity inversion (FIG. SE). As a result, the power
consumption of the video signal line driving circuit 300 can
be reduced more than in the conventional art. And according
to the above-described simulation results, the potential
changes AVp and AVn of the video signal lines Ls that are
to be changed by the output circuit (output buffers) of the
video signal line driving circuit 300 can be reduced to about
15 of the changes in the video signal line potential at the time
of the polarity inversion of the voltage applied to the
capacitive load of the liquid crystal panel 500 (see FIG. 13).
This means, that a considerable reduction of the power
consumption in the video signal line driving circuit 300 is
possible.

[0126] Moreover, with the present embodiment as
described above, different from conventional configurations
using a precharge power source (see FIGS. 15 and 16A to
16D or JP H07-134573A and the corresponding U.S. Pat.
No. 5,929,847), the precharge capacitor Cpr is charged in
accordance with the charge voltage (corresponding to the

7 Advantageous Effects
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pixel value) of the load capacitance C in the liquid crystal
panel 500. Next, the polarity of the corresponding charge
voltage at the precharge capacitor Cpr is inverted, and the
load capacitance C is precharged with the charge voltage
after the inversion. Consequently, with this embodiment, the
precharge voltage, which is the voltage applied by the
precharge capacitor Cpr to the video signal line Ls in the
second precharge period, is automatically adjusted in accor-
dance with the display content (pixel value). Therefore,
different from the conventional technology, in which the
precharge voltage is fixed, a situation in which the precharge
voltage takes on a value that is unsuitable for the display
content is avoided. Moreover, in this embodiment, a pre-
charge power source is not necessary, so that there is also the
advantage over the conventional configuration shown in
FIGS. 15 and 16A to 16D that there is no power consump-
tion due to the precharge power source.

[0127]

[0128] In the above-described embodiment, a unit pre-
charge circuit 51 is provided for each output terminal TS;j
(=1, 2, . . ., n) within the video signal line driving circuit
300. But instead, it is also possible to provide a unit
precharge circuit 51 for each video signal line Ls in the
liquid crystal panel 500.

[0129] Moreover, in the above-described embodiment, the
common electrode Ec of the liquid crystal panel 500 is at a
fixed potential (ground level), but instead, the common
electrode Ec may also be configured to be AC driven as
shown in FIG. 14B. Also with this configuration, due to the
operation of the precharge circuit 350 (unit precharge circuit
51) the changes AVp and AVn of the video signal line
potential to be changed by the positive polarity output buffer
41p and the negative polarity output buffer 41x of the video
signal line driving circuit 300 become smaller in accordance
with the charge voltage at the precharge capacitor Cpr, and
the same effects as in the above-described embodiment, such
as a reduction of the power consumption of the video signal
line driving circuit 300, can be attained.

[0130] Furthermore, the above-described embodiment
relates to a liquid crystal display device and a circuit for
driving the same, but the present invention is not limited to
this, and the present invention can be equally applied to
driving circuits of other display devices or devices other
than display devices, provided they are driving circuits
driving a capacitive load by applying to that capacitive load
a voltage corresponding to an input signal while periodically
inverting the polarity of this voltage. Moreover, also in this
case, the amplitude of the driving voltage of this driving
circuit is substantially reduced in accordance with the charge
voltage at the precharge capacitor, so that the same effects as
in the above-described embodiment, such as a reduction in
the power consumption of the driving circuit, can be
attained.

[0131] While the invention has been described in detail,
the foregoing description is in all aspects illustrative and not
restrictive. It is understood that numerous other modifica-
tions and variations can be devised without departing from
the scope of the invention.

8 Modification Examples

What is claimed is:
1. A driving circuit for driving a capacitive load by
applying to the capacitive load a voltage that corresponds to
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an input signal and whose polarity is periodically inverted,
the driving circuit comprising:

an output circuit for outputting the voltage corresponding
to the input signal and applying the voltage correspond-
ing to the input signal to the capacitive load;

an open/close circuit for electrically disconnecting the
output circuit from the capacitive load for a predeter-
mined time interval in which the polarity of the voltage
applied to the capacitive load is inverted,

a capacitor having a predetermined capacitance; and

a connection switching circuit for connecting the capaci-
tor for a first predetermined period within an OFF
period, which is the predetermined time interval during
which the output circuit is electrically disconnected
from the capacitive load, in parallel to the capacitive
load, and connecting the capacitor for a second prede-
termined period after the first predetermined period
within the OFF period in parallel to the capacitive load
with an orientation that is opposite to the orientation in
the first predetermined period.

2. The driving circuit according to claim 1, wherein the
connection switching circuit connects the capacitor in par-
allel to the capacitive load with the same orientation for the
first predetermined period in a second OFF period following
a first OFF period as an orientation of the second predeter-
mined period in the first OFF period, the first and second
OFF periods each being the predetermined time interval
during which the output circuit is electrically disconnected
from the capacitive load.

3. The driving circuit according to claim 2, wherein the
capacitor has a capacitance that is larger than the capacitance
of the capacitive load such that the polarity of the voltage
applied to the load capacitance is inverted in the second
predetermined period within each OFF period.

4. The driving circuit according to claim 1, wherein the
connection switching circuit comprises:

a first and a second switch that are turned on during one
of the first and second predetermined periods and are
turned off during the other of the first and second
predetermined periods;

a third and a fourth switch that are turned off during the
one of the first and second predetermined periods and
are turned on during the other of the first and second
predetermined periods;

wherein one side of the capacitor is connected via the first
switch to one side of the capacitive load and is con-
nected via the fourth switch to a predetermined pre-
charge reference voltage; and

wherein the other side of the capacitor is connected via the
third switch to the one side of the capacitive load and
is connected via the second switch to the predetermined
precharge reference voltage.

5. Adisplay device for displaying an image represented by
an input signal by applying to a capacitive load a voltage that
corresponds to the input signal and whose polarity is peri-
odically inverted, the display device comprising:

an output circuit for outputting the voltage corresponding
to the input signal and applying the voltage correspond-
ing to the input signal to the capacitive load;
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an open/close circuit for electrically disconnecting the
output circuit from the capacitive load for a predeter-
mined time interval in which the polarity of the voltage
applied to the capacitive load is inverted,

a capacitor having a predetermined capacitance; and

a connection switching circuit for connecting the capaci-
tor for a first predetermined period within an OFF
period, which is the predetermined time interval during
which the output circuit is electrically disconnected
from the capacitive load, in parallel to the capacitive
load, and connecting the capacitor for a second prede-
termined period after the first predetermined period
within the OFF period in parallel to the capacitive load
with an orientation that is opposite to the orientation in
the first predetermined period.

6. The display device according to claim 5, further com-

prising;

a plurality of video signal lines;

a plurality of scanning signal lines intersecting with the
plurality of video signal lines,

a scanning signal line driving circuit for generating a
plurality of scanning signals for selectively driving the
plurality of scanning signal lines and applying the
plurality of scanning signals respectively to the plural-
ity of scanning signal lines; and

a plurality of pixel formation portions arranged in a
matrix in correspondence with intersections of the
video signal lines and the scanning signal lines;

wherein each pixel formation portion comprises:

a switching element that is turned on and off by the
scanning signal applied by the scanning signal line
driving circuit to the scanning signal line passing
through the corresponding intersection;

a pixel electrode that is connected via the switching
element to the video signal line passing through the
corresponding intersection; and

a common electrode that is shared by the plurality of
pixel formation portions and that is arranged such
that a predetermined capacitance is formed between
the common electrode and the pixel electrode;

wherein the capacitive load is formed by the video signal
lines, the pixel electrodes and the common electrode;
and

wherein the output circuit applies a voltage corresponding
to the input signal to each of the video signal lines; and

wherein the capacitor and the connection switching circuit
are provided for each of the video signal lines.
7. The display device according to claim 5,

wherein the connection switching circuit connects the
capacitor in parallel to the capacitive load with the
same orientation for the first predetermined period of a
second OFF period following a first OFF period as an
orientation of the second predetermined period in the
first OFF period, the first and second OFF periods each
being the predetermined time interval during which the
output circuit is electrically disconnected from the
capacitive load.
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8. The display device according to claim 7, wherein the
capacitor has a capacitance that is larger than the capacitance
of the capacitive load such that the polarity of the voltage
applied to the load capacitance is inverted in the second
predetermined period within each OFF period.

9. The display device according to claim 5, wherein the
connection switching circuit comprises:

a first and a second switch that are turned on during one
of the first and second predetermined periods and are
turned off during the other of the first and second
predetermined periods;

a third and a fourth switch that are turned off during the
one of the first and second predetermined periods and
are turned on during the other of the first and second
predetermined periods;

wherein one side of the capacitor is connected via the first
switch to one side of the capacitive load and is con-
nected via the fourth switch to a predetermined pre-
charge reference voltage; and

wherein the other side of the capacitor is connected via the
third switch to the one side of the capacitive load and
is connected via the second switch to the predetermined
precharge reference voltage.

10. A driving method for driving a capacitive load by
applying with an output circuit to the capacitive load a
voltage that corresponds to an input signal and whose
polarity is periodically inverted, the driving method com-
prising:

a voltage application step of applying to the capacitive
load a voltage corresponding to the input signal;
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a disconnection step of electrically disconnecting the
output circuit from the capacitive load for a predeter-
mined time interval in which the polarity of the voltage
applied to the capacitive load is inverted,

a first connection step of connecting a capacitor having a
predetermined capacitance for a first predetermined
period within an OFF period, which is the predeter-
mined time interval during which the output circuit is
electrically disconnected from the capacitive load, in
parallel to the capacitive load; and

a second connection step of connecting the capacitor for
a second predetermined period after the first predeter-
mined period within the OFF period in parallel to the
capacitive load with an orientation that is opposite to
the orientation in the first predetermined period.

11. The driving method according to claim 10, wherein
the capacitor is connected in parallel to the capacitive load
with the same orientation for the first predetermined period
in a second OFF period following a first OFF period as an
orientation of the second predetermined period in the first
OFF period, the first and second OFF periods each being the
predetermined time interval during which the output circuit
is electrically disconnected from the capacitive load.

12. The driving method according to claim 11, wherein
the capacitor has a capacitance that is larger than the
capacitance of the capacitive load such that the polarity of
the voltage applied to the load capacitance is inverted in the
second predetermined period within each OFF period.
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