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(57) ABSTRACT

In a display device using an RGB time division drive system
in which RGB data to be supplied to display pixels of three
colors RGB are subjected to time-division multiplexing and
input to a liquid crystal panel unit, (1) data are input to the
liquid crystal panel unit alternately in the order of RGB and
BGR every line signal, and a selection signal SC which is in
the on-state at a break of one line period is kept in the
on-state until the next line period. In addition, (2) over a
partial non-display period in partial display, selection signals
SA., SB and SC are always in the off-state and an equalize
signal EQG is in the on-state.

MAIN
s 2
/ 1?0

IR

~14 119

SYSTEM INTERFACE
112

MEMORY WRITE

CONTROLLER DISPLAY

[}

DATA REGISTER
13
TIMING GENERATOR

i

115JMEMORY READ

MEMORY

101
GONTROLLER

TIME-DIVISION| - 117
) v W

wom<
oom<

om<
TOO<

[ COLUMNVO

DRO |

ow

LTAGE QUTPUT UNIT

1

DBn 131

102

NN

121

-

3

123

H-122

i~ —u-;'F

i
il
h

!

so

o

=

ROW
DRIVER

Rl oo

R A B [ [

ove m4

H

G B

124




100

F-Q

MEMORY

US 2007/0091050 A1
MAIN

CPU

FIG.1

VCC

Patent Application Publication Apr. 26,2007 Sheet 1 of 11

— [N]
—— o 40|
S S e
— - - =
M~ & B W mw_
-~ bl 3 3 _
o zE | S TR o -
= NN =
Y gz |88 SR el M al e o - e S
o= Lof — B e I e e e oS -3 ]
=z : L H I s g
Q= L G._I_ G aae .l_ S l < .'l_ (SN
' 1 _._M.._U i Lo 3 e O P e ha
S Mice
4MR mm = = m L l TR lnl_—l [= = . I_HI:IR rnl_T ! ese :l_nl)—l mr
-| o [Ce) 1 S O e O B, e e [8 B, f
=R EREE : : : : “
mo mnn “” /w . . . I . ©
SEl|I=EE|l — H H _ H H <A
Mm w o L _m A1 1_ B.T_ O ... |_ B_l_ m! esee .1._ mMrl.
Lo||l=g| € | |& _ AL ALV S 3 —F
<O
r%v nnn nUU |=H»_|_T Gml_ T (& PP LH‘TG T_nl_T (O] eee gl_ﬂl_T m:ﬂ./_f
= WO hY gl Lo b Loty Lt — A
o | — Il T . =="nl1"-"" ==
o e NAV% P AN c H P H o H ! see H m
= E2] &S 1 4 e f 4 g &
— | x| oz = i L 2 AT S Y S 2 hak,
SIEREREIRE = Rl
/R gd-l/m mG = AN 1_ T B.l_—H_I_T D Lo T_ T o l_ﬁlT m! =2ee 1.*nl_ m/_lrp
= ) L Y W —m L= 3 Ltk b - A
ZEE TS 0 H H H H Holig
= o 5 ] =L 1_ o 1_ G bus l_ S 1_ (D} sse .L Ay
= |< o all /N -4
= = (<) (] Il = * —3 3 4|_|
o 5 & | TR P el = e
nV\w o o 1|WJ .r|_| al = ene rLl 1 H - H N —
. SR it mut et utll ) NS I
>OQ =
wo &
wm A v ey
W< \J L
=l EZ o= 5z
=1 =0 . — o
R OS=Z 8z
AN am>S woo
>wow
>w o
>woam
e S T oo

.




Patent Application Publication Apr. 26,2007 Sheet 2 of 11 US 2007/0091050 A1

FIG.2

FRAME SIGNALJ-I H —|

LINESIGNAL"’Iu“”Hn“ N"""""ﬂ
MsiGNAL | |

e e

]

r 1

LINE SIGNAL _ﬂ ” n n ” ”

DIVISION - —

SIGNAL D1

DIVISION
SIGNAL D2

DIVISION
L SIGNAL D3

DISPLAY MEMORY
OUTPUT R DATA R1 R2 R3 R4 R5 R6 R7
DISPLAY MEMORY
OUTPUT G DATA G1 G2 G3 G4 G5 G6 |G7

DISPLAY MEMORY
OUTPUT B DATA B1 B2 B3 B4 B5 B6 B7

TIMING GENERATOR OUTPUT SIGNALS

TIME-DIVISION R|G|B
MULTIPLEXED DATA

_.
rm
(N
n D

-
w o
[~ )
&~
N
&
(22 B s
¥
[S;Rus)
[e>Reu])
YO

v
~D

SELECTION SIGNAL SA |

SELECTION SIGNAL SB

SELECTION SIGNALSC !

R COLUMN DRIVE SIGNAL Ri R3 Rs  )R6IR7
GCOLUMNDRVESIGNAL i\ G1 \ G2 X Gs__ X G4 X Gs X GB§ )
B COLUMN DRIVE SIGNAL B2 B4 B6,

FIRST ROW
DRIVE SIGANL

SECOND ROW
DRIVE SIGANL

EQG

VEQR

VEQG

i

VEQB




Patent Application Publication Apr. 26,2007 Sheet 3 of 11

LINE SIGNAL

DIVISION SIGNAL
GENERATION CLOCK

DIVISION SIGNAL D1
DIVISION SIGNAL D2

DIVISION SIGNAL D3

SELECTION SIGNAL SA
SELECTION SIGNAL 8B
SELECTION SIGNAL SC

COLUMN DRIVE SIGNAL

FIRST ROW
DRIVE SIGANL

SECOND ROW
DRIVE SIGANL

NON-DISPLAY START
ROW DRIVE SIGNAL

NON-DISPLAY PERIOD
ROW DRIVE SIGNAL

NON-DISPLAY END
ROW DRIVE SIGNAL

EQG
VEQR

VEQG
VEQB

A

FIG.3A

/

r

DISPLAY
PERIOD

%F
=

)
-

US 2007/0091050 A1

ONE FRAME
NON-DISPLAY PERIOD

—»-~+—DISPLAY PERIOD —»=

N S

:1
]
i

1

—

B

DISPLAY REGION

NON-DISPLAY REGION

DISPLAY REGION

FIG.3B




Patent Application Publication Apr. 26,2007 Sheet 4 of 11 US 2007/0091050 A1

FIG.4

) [}
-ONE FRAME >
!

g'ES;lgl\)Y — =« NON-DISPLAY PERIOD—s--=—DISPLAY PERIOD —-

—F

LINE SIGNAL

r
]
i
%

DIVISION SIGNAL
GENERATION CLOCK

:

TR AR AI

DIVISION SIGNAL D1

]

DIVISION SIGNAL D2

L
-

DIVISION SIGNAL D3

=

SELECTION SIGNAL SA

— L
-
e

o
]
|
|
]

SELECTION SIGNAL SB

i
L
-

SELECTION SIGNAL SC

COLUMN
DRIVE SIGNAL

FIRST ROW
DRIVE SIGANL

SECOND ROW
DRIVE SIGANL

e
%

NON-DISPLAY START
ROW DRIVE SIGNAL

NON-DISPLAY PERICD
ROW DRIVE SIGNAL

NON-DISPLAY END
ROW DRIVE SIGNAL




Patent Application Publication Apr. 26,2007 Sheet 5 of 11 US 2007/0091050 A1

112
DATA REGISTER
- 501 —~{NON-DISPLAY START ADDRESS |
503
{
502 | NON-DISPLAY END ADDRESS PARTIAL DISPLAY START 1
! 507 113
, 525
505 506 { 5
L1 —R a 45——0-
COMPARATOR| [COMPARATOR S Q-
| | 510 E
| S !
COUNTER 504
R
G
i B
! D2
||__521 522 523 b3
i DIVISION SIGNAL GENERATION
' SHIFT REGISTER 509 520 | &
. ) L ogl
i — o !
| = (Y
[ [ ‘ e
! 59 | 1
B Ri— |
Pl T i
i1 | 513 514 515 516 517 518 5
i 3 DIVISION SIGNAL GENERATION SHIFT REGISTER |

TIMING GENERATOR |




Patent Application Publication Apr. 26,2007 Sheet 6 of 11 US 2007/0091050 A1

TIMING GENERATOR QUTPUT SIGNALS

<

(" FRAME SIGNAL | —| '|

FIG.6

LINE SIGNAL H ﬂ n " " ” " " " ” "
MSlGNALLwM

-t

=0
—

_____________

Pyl N | /N N
e, T TL TLTL T LT
e, L T L T T T T 1

=
it i m i e
g | [ 1 JL JL T TL T
T R R

]
]
]
]
]

oot e [ R R2 R3 R4 RS R6 R7
DISPLAY MEMORY
DISPLAY MEMORY
DISPLAY MEWOE B1 B2 B3 B4 85 B6 B7
TIME-DIVISION
rlale|rla|B8[r[a|8[r]c|s[r]alB8][Rr]G[8[R[a]B
M
MATPLEXED S T 7 20 2 2| al3l3|alalal5|5]5]6|6]6(7]7]7
SELECTION
SIS LML LM LT

Im - |
BT P ML L L LT
B M T T T LT

8%‘(’)%8&"‘“— 0 R Y R | R3 ) R4 Y R | R6 | R7
DAvESIGNAL L) G N G2 ) G3 J 64 [ G5: ) G6 ) G7

B COLUMN :
DRIVE SIGNAL Y81 B 183 JB4 YB3  )XB6 {7

EQG

VEQR

VEQG

VEQB




Patent Application Publication Apr. 26,2007 Sheet 7 of 11

.
FRAME SIGNAL -|

FIG.7

US 2007/0091050 A1

LINE SIGNAL

M SIGNAL

LINE SIGNAL ]

Ry

DIVISION SIGNAL -

4 GENERATION

CLOCK
CLOCK

DISPLAY PERIOD

i NON-DISPLAY PERIOD_

EQUALIZING |
OUTPUTDD |

DIVISION SIGNAL D1

TIMING GENERATOR OUTPUT SIGNALS

=

| DISPLAY
PERICD

[
DIVISION SIGNAL D2 i |—| ’—| |—I I_I

leVISION SIGNAL D3

OUTPUT OF
SHIFT REGISTER 513 __]

QUTPUT OF
SHIFT REGISTER 514

OUTPUT OF
SHIFT REGISTER 515 _!

OQUTPUT OF
SHIFT REGISTER 516

OUTPUT OF
SHIFT REGISTER 517

QUTPUT OF
SHIFT REGISTER 518

OUTPUT
OF SRLATCH 511

OUTPUT OF OR 519

OUTPUT
OF SRLATCH 512

DISPLAY MEMORY

OUTPUT R DATA R1

R R4

DISPLAY MEMORY

OUTPUT G DATA G1

G2 G4

DISPLAY MEMORY

OUTPUT BDATA B

B2 B4

TIME-DIVISION
MULTIPLEXED DATA | 1

—_

[poRus)
h-Xep]
N> 0
w0
w
E- e
)
& 1

IIOII

—_

EQG

SELECTION SIGNAL SA

SELECTION SIGNAL 5B

=

e
[

SELECTION SIGNAL SC —|

R COLUMN

DRIVESIGNAL X

Rl s

R1 |l0ll

G COLUMN

X

DRIVE SIGNAL

Gl X G2 ) G3 ) G4

IIOH

B COLUMN

B2 B4 0"

DRIVE SIGNAL



100

US 2007/0091050 A1

MAN
MEMORY |~ 2

CPU

1

FIG.8

VCC

Patent Application Publication Apr. 26,2007 Sheet 8 of 11

..I
-1 2 S
p=
] f) O _
~ 5 m
YW — « w i
o 39 | Ex = 9 8 “
= ol -~ - M~
N BY | |2 M Lo DI NS S 1 |
Lomd = I E|lres w !
o8 o RN o [ N A ! |
< 4 bt & wi= fan] ety 11 © =1 _RWL. i !
— —_ ML e 1 t !
hewl et =2 ! i L [ I I [ ! i
rE - = — ﬂ_||a||| - T r m
2 el letgli® 30 - O Y o T
c wil o oo|zaln T i d 1 i [
i H
WL [ g ~— H 1 " 1 ' !
= o = =2 H ! - 5 DN ISR SV I | A I I
53| 8| 5l [ s s s e e e e e e s
SE| ISE|l lw |12 = S ol A ot oee [ Sl AH el s R
el IE5| e | |E Sy ,._ &) & & i "
o wo _A|n w —I >~ L Lbw_ [0 O [y =
=0 o [=Y] T ) | T T |
=0 o w ~l R P 2T s S TR o o1 ais B0
>Leke =3 1 ! (8 [ty o | S g +
ZErE T Dpaerilynsl Hheg T
— H Iy 1 H i1 1
o b e = S R L el el L et 8
fmAU(Inn..lm Lm = Sets | ol ! [ S gt (v | S gl i
e eSS |2 3 TS Sy iy 7O Yy s iy
] w M y W ra] ". oy m! *** - 0 i om!
[ G} ] I e [y T I O T S B B oy Yot Clte] s St e S b o et bk ook fosaetonded i h
|z o 1% AR = AR AR AR ;
= © R _ o} ol oY !
i} _A|n (D] ol Tl . { [ Ly o f ] oy .2 = |
= = [ (2] i ] W= )
w -3 = e if! ¥ — 1 ! ~— ! —
2 & |= = = L ER T rn._T R“._rﬁ_l ) et
(2] = il - LUy - Ly "o [N Tl Hl
fm s —== ——— B B [Py Sp— 1
[ v e s o S i = -
] —
oo = SN2 2l wle
vl o Mo~
w0 N A [+ ] s o
[ar] NO A L
S D@ — =>
ha [a al>d o <C =
i &3 2F
=a bk =
OD= =
oW Yelt) T T T T T
=>woo 1
>woo i
>Wwom !
I

IIIIIIIIIIIIIIIIIII ——— _—— ———m e m——————————————— =]




Patent Application Publication Apr.

FRAME SIGNAL_I_I

26,2007 Sheet 9 of 11 US 2007/0091050 A1

FIG.9

__

LINE SIGNAL H Il

!
1
]
MSIGNAL | !
1

LINE SIGNAL

DIVISION SIGNAL D1

DIVISION SIGNAL D2

DIVISION SIGNAL D3

TIMING GENERATOR OUTPUT SIGNALS

DIVISION SIGNAL D4
DIVISION SIGNAL DS

- DIVISION SIGNAL D6

]
¥

DISPLAY
MEMORY OUTPUT R1 DATA

R21 R31

DISPLAY

G21 G31

MEMORY OUTPUT G1 DATA
DISPLAY
MEMORY QUTPUT B1 DATA
DISPLAY

B21 B31

R22 R32

MEMORY OUTPUT R2 DATA
DISPLAY

G22 G32

MEMORY QUTPUT G2 DATA
DISPLAY
.MEMORY OUTPUT B2 DATA

B22 B32

TIME-DIVISION
MULTIPLEXED DATA

= o

21

22122 3 32

SELECTION SIGNAL SA

SELECTION SIGNAL SB

SELECTION SIGNAL SC

L]

SELECTION SIGNAL SD

SELECTION SIGNAL SE

SELECTION SIGNAL SF

R1 COLUMN DRIVE SIGNAL

G1 COLUMNDRIVESIGNAL |

Bf COLUMN DRIVE SIGNAL 1

R2 COLUMN DRIVE SIGNAL

G2 COLUMN DRIVE SIGNAL

B2 COLUMN DRIVE SIGNAL

FIRST ROW DRIVE SIGANL

SECOND
ROW DRIVE SIGANL




Patent Application Publication Apr. 26,2007 Sheet 10 of 11 US 2007/0091050 A1

FIG.10

- ONE FRAME »
<———DISPLAY PERIOD — :H—’SON'D'SPLAY —wi—DISPLAY PERIOD —»
1 1
]

ERIOD !
I
LINE SIGNAL ] ﬂ ] ] ” ﬂ
DIVISION SIGNAL D1 [ _ nl M B I o o R
DIVISION SIGNALD2 | [ r M n M
DIVISION SIGNALD3 | M M m i
DIVISION SIGNAL D4 1 M Ny
DIVISION SIGNAL D5 o N
DIVISION SIGNAL D6 1 _ M
DISPLAY
MEMORY OUTPUT R1 DATA | R11 Ra1 Rn1 Rm1 Rft | RN
DISPLAY
, :
MEELOARYY OUTPUT B1 DATA Bl B21 Bn1 g E Bm1 Bf1 B11
]
JEUORY OLTPUT RDATA R12 R22 Rn2 Rm2 Rf2 | R
MEMORY QUTPUT GaDATA | _Gf2 | G2 | (Gn2 Gm2 GR__ |G
DISPLAY
MEMORY OUTPUT B2 DATA L_B"2 822 Bn2 Bm2 Bz |82
: RGBIRGBBGREBGIR  [BldR RlGB BlGR(BIGR(RGE
L'MLET%XS('S{)"DATA W11l [2]2l2lefel2 nﬁ‘n e m AGRHARGATE
1}11[olalolalolollsjt] |kt bl ___LLLelobliltl]slils
' i R'G B
SELECTION SIGNAL SA H I— |_ PR |
SELECTION SIGNAL SB ﬂ H ‘] —L l
=
SELECTION SIGNAL SC _I f H |—

SELECTION SIGNAL SD |_

SELECTION SIGNAL SE I |

ml

SELECTION SIGNAL SF

RT COLUMN DRIVE SIGNAL rtt L JCRa Rmf R
GI COLUMNDRVESIGNAL §_ G11 ) Gei_ Janf [ am1 611
B1COLUMNDRIVESIGNAL | B11 f B2t YBnt : B ) Bi
R2COLUMNDRVESIGNAL | A12 ) R22 ] JRre2) Riz

G2 COLUMN DRIVE SIGNAL G22 Gi2

B2 COLUMN DRIVE SIGNAL B2? BI2

FIRST ROW DRIVE SIGANL | |
SECOND
ROW DRIVE SIGANL —,—‘_

EQG

VEQR
VEQG -
VEQB

BF12 |7

I
]
1
1
]
T
I
!
T
T
1
1
T
:
]
b
|
|
1
——

RSP VR S,
1
1
]



Patent Application Publication Apr. 26,2007 Sheet 11 of 11

LINE SIGNAL

DIVISION SIGNAL D1
DIVISION SIGNAL D2

DIVISION SIGNAL D3

DISPLAY
MEMORY OUTPUT R DATA
DISPLAY
MEMORY QUTPUT G DATA
DISPLAY
MEMORY OUTPUT B DATA

TIME-DIVISION
MULTIPLEXED DATA

SELECTION SIGNAL SA
SELECTION SIGNAL SB
SELECTION SIGNAL SC
SELECTION SIGNAL SD
SELECTION SIGNAL SE

SELECTION SIGNAL SF

R1 COLUMN DRIVE SIGNAL
G1 COLUMN DRIVE SIGNAL
B1 COLUMN DRIVE SIGNAL
R2 COLUMN DRIVE SIGNAL
G2 COLUMN DRIVE SIGNAL
B2 COLUMN DRIVE SIGNAL

FIRST ROW DRIVE SIGANL

SECOND ROW DRIVE SIGANL

EQG
VEQR

VEQG
VEQB

1

lg———————

I

FIG.

DISPLAY PERIOD

|

11

NON-DISPLAY

|

US 2007/0091050 A1

PERICD !

___ﬂ

-

iy ] a T
1 i
Ri R2 0" i
G G2 0"
B1 B2 0" ]
R[G] B [B[G] R : "
it 1 Jelef @ ; 0 !
al | 1
] [ | | )
| i
B I i
L [ |
— | — %
Ri X R . [
X G @
Y Bt [ B2 )
Ri X R i B 1
a1 & !
X Bt} B2 i




US 2007/0091050 A1

DISPLAY DEVICE

INCORPORATION BY REFERENCE

[0001] The present application claims priority from Japa-
nese application serial no. 2005-306003 filed on Oct. 20,
2005, the content of which is hereby incorporated by refer-
ence into this application.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to display devices
with low power consumption. In particular, the present
invention relates to display devices using liquid crystal
elements, EL elements or plasma.

[0003] In small-sized liquid crystal displays used in
mobile phones or the like, it is important to hold down the
power consumption to a small value. In a system proposed
in JP-A-2003-5727, therefore, it is attempted to reduce
power consumption by displaying only a part of the liquid
crystal display and preventing other parts from being dis-
played at the time of waiting. Hereafter, such a system in
which only a part of the display is displayed is referred to as
partial display. In JP-A-2003-5727, the drive frequency per
frame is lowered and the power consumption is lowered by
dividing scanning of the non-display parts into several
frames.

[0004] On the other hand, TFTs (Thin Film Transistors)
are typically used in the small-sized liquid crystal displays
currently used in mobile phones. As a conventional TFT
material, amorphous silicon is used. Although amorphous
silicon has a merit that the manufacturing cost is low, its
electron mobility is slow. Therefore, an external LSI is used
for the liquid crystal drive circuit. In recent years, LTPS
(Low Temperature Poly Silicon) having great electron
mobility has been developed, and it has become possible to
take the drive circuit and so on into a liquid crystal panel. In
a system proposed in U.S. Pat. No. 6,801,194 (JP-A-2002-
215118), therefore, the number of components is reduced
and the cost is reduced by taking a scanning line drive circuit
into the liquid crystal panel.

[0005] Furthermore, in a system proposed in JP-A-2003-
255904, signals supplied to liquid crystal elements of three
colors RGB (Red, Green and Blue) are input to the liquid
crystal panel in a time division manner and the cost is
reduced by thus reducing the number of connection wires.
Hereafter, this system is referred to as RGB time division
drive.

[0006] By introducing this RGB time division drive, how-
ever, an RGB distribution switch for distributing a signal
supplied from one signal line in a liquid crystal panel to
signal lines connected to liquid crystal elements respectively
of R, G and B becomes necessary. Since this RGB distri-
bution switch is operated in a horizontal period, power
consumption is high. Therefore, even the partial display for
reducing the power consumption has a problem that power
consumption in the LTPS-TFT liquid crystal panel in which
the RGB time division drive is adopted becomes greater than
in the amorphous silicon TFT liquid crystal panel in which
the RGB time division drive is not adopted.

[0007] In a technique proposed in JP-A-2003-029715 to
solve the problem, power consumption is reduced in the
partial display by turning on all RGB distribution switches

Apr. 26,2007

when a signal is input to the non-display part and eliminating
variations among control signals to the RGB distribution
switches.

[0008] Furthermore, introduction of the RGB time divi-
sion drive poses a problem that the electric charge quantities
leaked from respective signal lines become uneven and
flicker is generated. In a technique proposed in U.S. Patent
Publication No. 2005/156862 (JP-A-2005-195703) to solve
this problem, application order of the display signal voltage
to respective signal lines is inverted every horizontal period.

[0009] Furthermore, in a system proposed in U.S. Patent
Publication No. 2003/179335 (JP-A-2003-222891), an
equalizer circuit is provided to improve the voltage writing
efficiency on the drain signal line and reduce the power
dissipation caused by reduction in the driver output load.

SUMMARY OF THE INVENTION

[0010] The technique proposed in JP-A-2003-029715 has
a problem that reduction of power consumption of an
amplifier for driving a signal line is not taken into consid-
eration and the power consumption cannot be reduced very
much. The technique proposed in U.S. Patent Publication
No. 2005/156862 has a problem that reduction of power
consumption is not taken into consideration and the power
consumption cannot be reduced very much.

[0011] In order to solve the problems, an object of the
present invention is to reduce power consumption in a
display device using an LTPS-TFT liquid crystal panel with
the RGB time division drive introduced therein.

[0012] The object is achieved by the present invention as
described hereafter. The order of the RGB selection signals
for selecting RGB distribution switches is changed every
horizontal period, for example, from RGB to BGR. In
addition, at a break of one horizontal period, a selection
signal selected lastly, for example, a B selection signal is
kept in the selected state to lower the frequency of the B
selection signal. As a result, low power consumption is
achieved.

[0013] The object is achieved by the present invention as
described hereafter. At the time of signal input for the
non-display part in the partial display, voltage writing into
the drain signal lines is conducted with all RGB distribution
switches in the off-state and an equalizer circuit in the
on-state, and power supplies for amplifiers for driving the
drain signal lines are disconnected. As a result, lower power
consumption is achieved.

[0014] As heretofore described, the power consumption of
the display device can be reduced by lowering the frequency
of the selection signals supplied to the RGB distribution
switches, even in display devices using an LTPS-TFT liquid
crystal panel.

[0015] The present invention can be embodied by only
changing the order of inputting the RGB selection signals
input to the liquid crystal panel. In the partial display,
therefore, there is an effect that the position and range of the
display part and the non-display part in the liquid crystal
panel can be changed freely.

[0016] Other objects, features and advantages of the
invention will become apparent from the following descrip-
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tion of the embodiments of the invention taken in conjunc-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a block diagram showing a configuration
of first and second embodiments of a display device accord-
ing to the present invention;

[0018] FIG. 2 is a timing chart showing operation con-
ducted at the time of ordinary display in the first embodi-
ment;

[0019] FIGS. 3A and 3B are a timing chart showing
operation conducted at the time of partial display in the first
embodiment, and a related diagram, respectively;

[0020] FIG. 4 is a timing chart showing operation con-
ducted at the time of partial display in the first embodiment;

[0021] FIG.5is a detailed block diagram of parts of a data
register and a timing generator in the second embodiment,

[0022] FIG. 6 is a timing chart showing operation con-
ducted at the time of ordinary display in the second embodi-
ment;

[0023] FIG. 7 is a timing chart showing operation con-
ducted at the time of partial display in the second embodi-
ment;

[0024] FIG. 8 is a block diagram showing a configuration
of third and fourth embodiments of a display device accord-
ing to the present invention;

[0025] FIG. 9 is a timing chart showing operation con-
ducted at the time of ordinary display in the third and fourth
embodiments;

[0026] FIG. 10 is a timing chart showing operation con-
ducted at the time of eight-color partial display in the third
embodiment; and

[0027] FIG. 11 is a timing chart showing operation con-
ducted at the time of eight-color partial display in the fourth
embodiment.

DESCRIPTION OF THE EMBODIMENTS
(First Embodiment)

[0028] Hereafter, a first embodiment of the present inven-
tion will be described. FIG. 1 is a block diagram of a display
device in the present embodiment. Reference numeral 100
denotes a display device, 101 a column driver, 102 a panel
unit, and 103 a power supply unit.

[0029] In the column driver 101 shown in FIG. 1, refer-
ence numeral 111 denotes a system interface, 112 a data
register, 113 a timing generator, 114 a memory write con-
troller, 115 a memory card controller, 116 a column voltage
generator, 117 a time-division multiplexer, 118 a column
voltage output unit, and 119 a display memory.

[0030] In the panel unit 102 shown in FIG. 1, reference
numeral 121 a distributor, 122 a pixel unit, 123 a row driver,
and 124 an equalizer circuit. These are, for example, low
temperature polysilicon TFT elements, and formed inte-
grally on a glass substrate.
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[0031] In the distributor 121 in this panel unit 102, refer-
ence numerals 1214, 1215 and 1216 denote TFT elements.
In the equalizer circuit 124, reference numerals 1241 to 1249
denote TFT elements.

[0032] In the pixel unit 122 in the panel unit 102, a
three-terminal switching element is formed at each of inter-
sections of a plurality of row electrodes and a plurality of
column electrodes. A first terminal of the switching element
is connected to a row electrode. A second terminal is
connected to a column electrode. A third terminal is con-
nected to one end of a liquid crystal layer and retained
capacitance which is not illustrated. The other end of the
liquid crystal layer is connected to a common electrode 131.

[0033] Each of display elements driven by the pixel unit
122 is, for example, liquid crystal of TN type. Display is
conducted by applying a predetermined voltage level. Dis-
play data input to the display device is 8-bit digital data for
each of R (red), G (green) and B (blue). However, the
number of bits for each color is not restricted to this.

[0034] The column driver 101 and the power supply unit
103 may be formed of a single-chip LSI. As a matter of fact,
the column driver 101 and the power supply unit 103 are
formed of a single-chip LSI in many cases.

[0035] Operation conducted in the display device shown
in FIG. 1 will now be described with reference to FIG. 2.
First, operation of the column driver 101 will now be
described.

[0036] Control data for controlling operation of the dis-
play device is supplied from a CPU 1 which is an external
device to the column driver 101 via a system bus 3. Display
data, and data concerning its display position, the number of
drive lines, the frame frequency and so on are included in the
control data.

[0037] The system interface 111 writes control data into an
address in the data register 112 specified by the CPU 1.
Various control data stored in the data register 112 are output
to respective blocks. For example, the display data is output
to the display memory 119, the display position data is
output to the memory write controller 114, and the data
concerning the number of drive lines, the frame frequency
and so on is output to the timing generator 113.

[0038] The memory write controller 114 decodes the dis-
play position data, and selects a bit line and a word line in
the display memory 119 associated with the decoded display
position data. Concurrently therewith, the memory write
controller 114 outputs the display data from the data register
112 to the display memory 119, and completes write opera-
tion.

[0039] The timing generator 113 generates a timing signal
group shown in FIG. 2 by itself on the basis of drive
information supplied from the data register 112, and outputs
the timing signal group to the memory read controller 115,
the time-division multiplexer 117 and the column voltage
output unit 118.

[0040] The memory read controller 115 decodes a signal
output by the timing generator 113, and selects a pertinent
word line in the display memory 119. In this operation, one
row is selected successively, beginning with a word line
associated with stored display data of head row on the
screen. After a final row, return to the head line is conducted
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and the operation is repeated. Concurrently with the selec-
tion operation of the word line, display data associated with
one row are successively output from data lines of the
display memory 119 in bulk. Word line changeover timing
is synchronized to a line signal supplied from the timing
generator 113. Selection timing of the word line associated
with the head row is synchronized to a frame signal supplied
from the timing generator 113.

[0041] The time-division multiplexer 117 conducts time-
division multiplexing on display data associated with one
line supplied from the display memory 119. In this opera-
tion, each period of the line signal is divided into three parts
by using division signals D1 to D3 shown in FIG. 2 supplied
from the timing generator 113, and display data output from
the display memory 119 are output as R data, G data and B
data. At this time, the order of the R data, G data and B data
is interchanged every line as indicated by time-division
multiplexed data shown in FIG. 2. In other words, if the data
are output in the order of RGB in a certain line, the data are
output in the order of BGR in the next line. The data are
output in the order of RGB in the further next line. The order
of the R data, G data and B data is thus interchanged every
line.

[0042] The column voltage generator 116 is a block for
generating a column voltage required to convert time-
division multiplexed data to a voltage level. In this block, a
voltage associated with each digital data which is display
data is generated. For example, since display data is repre-
sented by using 8 bits in the present embodiment, it becomes
one of 256 kinds of data. In this block, 256 kinds of voltage
ranging from V0 to V256 are produced by dividing a
reference voltage with resistors. Here, V0 is a voltage
associated with data 0, and V256 is a voltage associated with
data 255.

[0043] The column voltage output unit 118 is a block
which selects one level from among 256 kinds of column
voltage according to an M signal supplied from the timing
generator 113 and the time-division multiplexed data,
enhances drive capability at the level by using an incorpo-
rated amplifier, and outputs the level. The M signal is a
square wave of 50% duty which is used by the LCD to
switch the polarity of the display driver voltage to ensure
that there is no DC component applied across the L.C cell.
The amplifiers are provided for each of column drive signals
DRO to DRm, and their power consumption is very large
because a DC current must be let flow through each of them
stationarily.

[0044] Operation of the panel unit 120 will now be
described. The pixel unit 122 includes three-terminal TFT
elements, a liquid crystal layer, and retained capacitances. A
drain terminal of each three-terminal TFT element is con-
nected to a column electrode. A gate terminal is connected
to a row electrode. A source terminal is connected to the
liquid crystal layer and a retained capacitance which is not
illustrated. There is a common electrode on the opposite side
of the liquid crystal layer from the row and column elec-
trodes. The common electrode is electrically connected to
the liquid crystal layer. In addition, the other terminal of the
retained capacitance is connected to an electrode called
storage line which is not illustrated. In order to implement
this configuration, for example, the column electrodes, the
row electrodes and the storage lines are formed in a matrix
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form on an inner surface of one of two transparent substrates
which retain the liquid crystal layer and the common elec-
trode is formed on an inner surface of the other transparent
substrate. By the way, this circuit configuration of pixels is
a configuration of the so-called Cst structure. However, a
configuration of the so-called Cadd structure in which the
other terminal of the retained capacitance is connected to a
row electrode of a previous stage may also be used.

[0045] The distributor 121 is a block which distributes
(demultiplexes) the column voltage supplied from the col-
umn driver 101 and outputs the distributed column voltage
to column electrodes in the pixel unit 122. The distributor
121 can be implemented by using a circuit configuration
including switches of the TFT elements 1216, 1215 and
1214. As for the operation, selection signals SA, SB and SC
shown in FIG. 2 are supplied to distribution control lines
1213, 1212 and 1211, respectively. In a state in which a
selection signal is at a high level (also referred to as “H”
hereafter), the switch turns on, and a column voltage is
applied to the column electrode. By the way, the selection
signals SA to SC are supplied from the power supply unit
103 which will be described later. The distributor in the
present embodiment will be described supposing that the
distributor is a switch circuit in which one TFT element is
used as each switch. However, each switch in the switch
circuit is not restricted to this, but it may be a switch formed
of a combination of at least two MOS transistors such as
CMOS ftransistors, or a switch having any other configura-
tion, as long as it is a switch capable of transferring a voltage
level.

[0046] The row driver 123 applies an “H” row voltage to
a head row electrode in synchronism with the frame signal
transferred from the timing generator 113 in the column
driver 101. Thereafter, the row driver 123 successively
applies the “H” row voltage to the row electrode of the next
stage in synchronism with the transferred line signal. By the
way, the operation of the row driver 123 can be implemented
easily by using a shift register circuit.

[0047] The equalizer circuit 124 includes the TFT ele-
ments 1241 to 1249. When an equalizing signal (hereafter
“EQG signal”) supplied from the power supply unit 103 is
“H,” a VEQR signal is supplied to a column electrode
connected to liquid crystal elements of the R color, a VEQG
signal is supplied to a column electrode connected to liquid
crystal elements of the G color, and a VEQB signal is
supplied to a column electrode connected to liquid crystal
elements of the B color. At the time of ordinary display in
the present embodiment, the EQG signal is always kept at a
low level (also referred to as “L” hereafter) and the column
electrodes are intercepted from the VEQR, VEQG and
VEQB signals.

[0048] Operation of the power supply unit 103 will now be
described. The power supply unit 103 generates a common
voltage VCOM which is applied to the common electrode
131, a storage voltage applied to a storage line which is not
illustrated, clocks ¢1 and ¢2 input to the row driver 123, a
shift register start signal ¢N for the row driver 123, the
selection signals SA to SC, the EQG signal, and the VEQR,
VEQG and VEQB signals.

[0049] First, in generation of the common voltage VCOM,
the power supply unit 103 converts the M signal transferred
from the timing generator 113 to a level required for liquid
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crystal drive, and outputs a resultant signal. The conversion
is conducted so as to typically make the common voltage
VCOM larger in amplitude than the column voltage. Since
the polarity of the voltage applied to the liquid crystal is the
polarity of the column voltage seen from the common
voltage, the polarity of the voltage applied to the liquid
crystal is inverted according to the M signal. Although the
M signal shown in FIG. 2 is associated with the frame
inversion drive, the period of the M signal is not restricted
to this.

[0050] As for the storage voltage, the M signal transferred
from the timing generator 113 is converted to the same level
as the common voltage and a resultant signal is output. Since
the common electrode is connected directly to the liquid
crystal element and wired widely in a plane form, noise
easily gets on the common electrode. As for the storage line,
wiring is divided from row to row and it is connected to large
retained capacitance, resulting in stability. The storage line
has a function of stabilizing the liquid crystal display.

[0051] The clocks ¢1 and ¢2 input to the row driver 123
are two-phase clocks inverted by the line signal transferred
from the timing generator 113. The “H” level of the two-
phase clocks is equal to the “H” level of the gate signal. The
“L” level of the two-phase clocks is equal to the “L” level
of the gate signal. The shift register start signal ¢IN is a
signal which is synchronized to the frame signal transferred
from the timing generator 113 and which becomes “H”
during only one period of the two-phase clocks ¢1 and ¢2.

[0052] The selection signals SA to SC are generated on the
basis of the division signals D1 to D3. It is supposed that the
“H” of the selection signals SA to SC is a voltage level
which turns on the TFT elements 1214, 1215 and 1216 in the
distributor 121 and the “L” of the selection signals SA to SC
is a voltage level which turns off the TFT elements 1214,
1215 and 1216. The selection signals SA to SC have
waveforms shown in FIG. 2. If the column voltage is applied
in the order of RGB in a first row (a certain row), therefore,
the column voltage is applied in the order of BGR in a
second row (the next row). In other words, a column selected
lastly in a certain row is selected first in the next row. A
selection signal which is “H” at a break between rows
remains “H.” It remains “H” until the first column selection
is finished in the next row.

[0053] In this way, operation is conducted in the order of
RGB,BGR, RGB,. . .. . At the time of the ordinary operation,
therefore, the operation frequency of the selection signals
SA and SC becomes half as compared with the case where
operation is conducted in the order of RGB, RGB, RGB, . .
. . On the whole, therefore, the frequency of the selection
signals can be made equal to %;. The power charged and
discharged by the TFT elements in the distributor 121 can be

reduced to %.

[0054] Besides such operation, the power supply unit 103
generates power supply voltages required for the display
device according to the present invention, and outputs them
to respective blocks. The power supply unit 103 can be
implemented by using, for example, means for boosting a
power supply voltage supplied from the outside and means
for adjusting the boosted voltage. It is supposed that voltage
adjustment control information is transferred from the data
register 112 in the column driver 101.

[0055] Operation of the present embodiment on the wait-
ing screen, i.e., in the partial display will now be described
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with reference to FIGS. 3A and 3B and FIG. 4. The partial
display is a system in which a part of the display device is
in the non-display state and the power consumption is held
down. In the present embodiment, the display screen is
divided into three parts in the longitudinal direction as
shown in FIG. 3B. A central part is used as a non-display
region. Upper and lower parts are used as display regions.
The display device in the present embodiment conducts the
operation shown in FIG. 3A once in the first frame and the
operation shown in FIG. 4 (n-1) times, and then repeats these
operations.

[0056] First, the CPU 1 writes a non-display region start
row number and a non-display region end row number into
a non-display start address register and a non-display end
address register incorporated in the data register 112 via the
system interface 111. Thereafter, the CPU 1 sets a display
start register incorporated in the data register 112 to a start
state. If the display start register is set to the start state, the
timing generator 113 starts counting in a counter incorpo-
rated therein. The counter is reset by the frame signal, and
the count in the counter increases by one each time the line
signal goes high. When the value in the counter is lower than
a value set in the partial non-display start address register,
the ordinary operation is conducted.

[0057] If the value in the counter incorporated in the
timing generator 113 has become equal to the value in the
non-display start address register, the timing generator 113
causes the division signals D1, D2 and D3 to go low in the
first frame. Concurrently therewith, the timing generator 113
turns off power supplies for amplifiers in the column voltage
output unit 118 and thereby prevents stationary currents
from flowing to the amplifiers. The timing generator 113
causes the equalize signal EQG supplied to the equalizer
circuit 124 to go high and fixes the VEQR., VEQG and
VEQB signals to the potential level of the common electrode
or a column voltage associated with “0.” By doing so, the
charging and discharging power becomes the lowest and it
becomes possible to hold down the power dissipation to the
minimum. Since the number of amplifiers is 240 in a panel
unit having a QVGA size and 480 in a panel unit having a
VGA size, the stationary currents of these amplifiers are
reduced. In addition, since only three amplifiers in the power
supply unit 103 for driving the VEQR, VEQG and VEQB
signals are brought into the operation state, the power
consumption can be reduced remarkably.

[0058] At this time, a row drive signal is output to each
row as shown in FIG. 3A. As aresult, a color associated with
a voltage of low power dissipation, such as “black,” is
written into the non-display part. Here, the color written in
differs depending upon the system of the liquid crystal, and
it is not especially restricted.

[0059] If the value in the counter incorporated in the
timing generator 113 has become equal to the value in the
partial non-display end address register, the timing generator
113 turns on power supplies for the amplifiers in the column
voltage output unit 118, and prepares for the ordinary
operation. Furthermore, the timing generator 113 causes the
input signal EQG of the equalizer circuit 124 to go low and
returns the division signal D1, D2 and D3 to the waveforms
in the ordinary operation.

[0060] Operation conducted in the second frame to the nth
frame will now be described. The counter incorporated in
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the timing generator 113 is reset by the frame signal. The
count in the counter increases by one each time the line
signal goes high. If the value in the counter is lower than the
value set in the partial non-display start address register, the
ordinary operation is conducted.

[0061] If the value in the counter incorporated in the
timing generator 113 has become equal to the value in the
non-display start address register, the timing generator 113
causes the division signals D1, D2 and D3 to go low.
Concurrently therewith, the timing generator 113 turns off
power supplies for amplifiers in the column voltage output
unit 118 and thereby prevents stationary currents from
flowing to the amplifiers. The timing generator 113 causes
the equalize signal EQG supplied to the equalizer circuit 124
to go high and fixes the VEQR, VEQG and VEQB signals
to the potential level of the common electrode or a column
voltage associated with “0.” By doing so, the charging and
discharging power becomes the lowest and it becomes
possible to hold down the power dissipation to the mini-
mum. At this time, the row drive signal is not output to each
row during a non-display period as shown in FIG. 4. By
doing so, the charging and discharging power of the row
drive signal can be reduced remarkably. Since only the same
color is written during the non-display period, there is no
problem in display even if writing is thus conducted once
every several frames.

[0062] In this way, operation is conducted in the order of
RGB, BGR, RGB, . . . . In the display part of the partial
display, therefore, the operation frequency of the selection
signals SA and SC becomes half as compared with the case
where operation is conducted in the order of RGB, RGB,
RGB, . . . . On the whole, therefore, the frequency of the
selection signals can be made equal to %:. The power charged
and discharged by the TFT elements in the distributor 121
can be reduced to %5. In the non-display part of the partial
display, the operation frequency of the selection signals SA,
SB and SC becomes “0.” In this way, the frequency can be
made remarkably low. In the non-display part, the power
consumption can be held down remarkably by turning off
power supplies for a large number of amplifiers and fixing
the column electrodes to the potential level of the common
electrode or the column voltage associated with “0” by using
the equalizer circuit.

(Second Embodiment)

[0063] A second embodiment of the present invention will
now be described with reference to FIGS. 1, 5, 6 and 7. The
present embodiment differs from the first embodiment in
that the order of time-division multiplexed data is definite as
represented by RGB, RGB . . . as shown in FIG. 6 at the time
of the ordinary operation. In addition, the present embodi-
ment differs from the first embodiment in that line inversion
is conducted, i.e., the potential level at the common elec-
trode is inverted in phase every line at the time of the
ordinary operation as shown in FIG. 6 and frame inversion
is conducted, i.e., the potential level at the common elec-
trode is inverted in phase every frame at the time of the
partial display as shown in FIG. 7.

[0064] FIG. 1 was used in the description of the first
embodiment. However, FIG. 1 is a block diagram which can
be applied to the present embodiment as well. Unless
otherwise stated in the ensuing description, each circuit has
the same function and conducts the same operation as that in
the first embodiment.
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[0065] FIG. 5isa block diagram showing a part of the data
register 112 and the timing generator 113 in the present
embodiment in detail. Reference numeral 501 denotes a
non-display start address register for storing a non-display
region start row number at the time of the partial display, 502
a non-display end address register for storing a non-display
region end row number at the time of the partial display, 503
a partial display start register for indicating a partial display
start state, and 504 a counter. Reference numerals 505 and
506 denote comparators, and 507, 511 and 512 SR latches.
Reference numeral 508 denotes a time division signal gen-
eration shift register for ordinary display, 509 a time division
signal generation shift register for partial display, and 510 a
selector. Reference numerals 513 to 518 and 521 to 523
denote 1-bit shift registers, 519 and 524 OR circuits, and 520
and 525 AND circuits.

[0066] At the time of ordinary display, the partial display
start register 503 shown in FIG. 5 has a value “0” and the
selector 510 selects outputs of the time division signal
generation shift register for ordinary display and outputs
them to the division signals D1, D2 and D3. In the time
division signal generation shift register for ordinary display
508, only a leftmost 1-bit shift register 521 is set to “H” and
center and rightmost 1-bit shift registers 522 and 523 are set
to “L.” Shift operation is conducted by a division signal
generation clock having a period obtained by dividing one
period of the line signal into three equal parts. As a result,
division signals D1, D2 and D3 shown in FIG. 6 are
generated.

[0067] Selection signals SA, SB and SC shown in FIG. 6
are generated in the power supply unit 103 on the basis of
the division signals D1, D2 and D3. The selection signals
SA, SB and SC are formed to have shorter “H” time periods
than those of the division signals D1, D2 and D3. An R
column drive signal, a G column drive signal and a B
column drive signal are fixed by the selection signals SA, SB
and SC going low, respectively. Thereafter, the row drive
signal goes low. Therefore, all of three colors R, G and B are
written under the same condition of voltage applied to the
liquid crystal elements. Even in the case of multi-gray scale
display having 256 gray scale levels for each of R, G and B,
therefore, color deviation by R, G and B is eliminated,
resulting in beautiful display.

[0068] At the time of ordinary display, the partial display
start register 503 has a value “0” and an equalize output DO
of the AND circuit 525 goes low. The EQG signal is formed
on the basis of the output D0. At the time of the ordinary
display, the EQG signal is always kept at “L..” Therefore, the
column electrodes are disconnected from the VEQR, VEQG
and VEQB signals.

[0069] At the time of the partial display, eight-color dis-
play is conducted with two gray scale levels, i.e., two colors
for each of R, G and B, and power supplied to a circuit for
generating voltages of half tone (V1 to V254) incorporated
in the column voltage generator 116 is disconnected, in order
to reduce the power consumption. Hereafter, conducting the
eight-color display with two colors for each of R, G and B
at the time of the partial display is referred to as eight-color
partial display.

[0070] The operation of the eight-color partial display will
now be described with reference to FIGS. 5 and 7. In this
partial display, the display screen is partitioned into three
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blocks in the longitudinal direction as shown in FIG. 3B. A
center block is used as a non-display region, and upper and
lower blocks are used as display regions.

[0071] At the time of the eight-color partial display, the
partial display start register 503 has a value “1” and the
selector 510 selects outputs of the division signal generation
shift register for partial display 509 and outputs them as the
division signals D1, D2 and D3. The AND circuit 525
outputs an output of the SR latch 507 as the equalize output
Do.

[0072] In the division signal generation shift register for
partial display 509, only the leftmost 1-bit shift register 513
is set to “H” and 1-bit shift registers 514 to 518 are set to “L”
by the frame signal. The 1-bit shift registers 513 to 518
conduct shift operation according to a division signal gen-
eration clock generated so as to have a period obtained by
dividing the period of the line signal into three equal parts.
The SR latch 511 is an SR latch which is set to “H” when
the 1-bit shift register 513 or 518 is “H” and reset to “L”
when the 1-bit shift register 514 is “H.” The SR latch 512 is
an SR latch which is set to “H” when the 1-bit shift register
515 is “H” and reset to “L” when the 1-bit shift register 517
is “H.” The counter 504 is an increment counter which is set
to 1 by the frame signal and incremented by one each time
the line signal is input. A value in the counter 504 represents
a row number which is currently subjected to writing. The
comparator 505 compares the value in the counter 504 with
a value in the non-display end address register 502. The
comparator 505 outputs “H” only when they coincide with
each other, and outputs “L.”” when they do not coincide with
each other. The comparator 506 compares the value in the
counter 504 with a value in the non-display start address
register 501. The comparator 506 outputs “H” only when
they coincide with each other, and outputs “L”” when they do
not coincide with each other. As a result, the RS latch 507
outputs “L” at its output Q and outputs “H” at its inverted
output Q at the time of display row writing in the partial
display. The RS latch 507 outputs “H” at its output Q and
outputs “L” at its inverted output Q at the time of non-
display row writing.

[0073] Since the start row of the frame is a display row, the
inverted output Q of the RS latch 507 goes high. Therefore,
outputs of the AND circuit 520 become the outputs of the
time division signal generation shift register for partial
display 509. The outputs of the selector 510 become division
signals D1, D2 and D3 indicated in a display period shown
in FIG. 7. The selection signals SA, SB and SC are formed
in the power supply unit 103 on the basis of the division
signals D1, D2 and D3.

[0074] The selection signals SA, SB and SC are formed to
have shorter “H” time periods than those of the division
signals D1, D2 and D3. In this case, the selection signal SA
or SC is “H” when the row drive signal goes low. Strictly
speaking, since the states of the column drive signal lines of
the three colors R, G and B do not coincide, color deviations
depending on R, G and B appear. Since eight-color display
is conducted at the time of the partial display and only the
lowest gray scale level and the highest gray scale level are
used, however, some color deviation causes no anxiety and
no problem is posed.

[0075] Since the start row of the frame is a display row, the
Q output of the RS latch 507 goes low and the equalize
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output DO of the AND circuit 525 goes low. The EQG signal
formed in the power supply unit 103 on the basis of the
output DO also goes low. Therefore, the column electrodes
are disconnected from the VEQR, VEQG and VEQB sig-
nals.

[0076] If writing into the display rows advances and the
value in the counter 504 coincides with the value in the
non-display start address register 501, the comparator 506
outputs “H” and consequently the inverted output Q goes
low. Therefore, the output of the AND circuit 520 goes low.
Accordingly, the division signals D1, D2 and D3 output
from the selector 510 are fixed to “L” as indicated in the
non-display period in FIG. 7.

[0077] Since the output Q of the SR latch 507 goes high,
the equalize output D0 of the AND circuit 525 goes high.
The output DO is fixed to “H” as indicated in the non-display
period in FIG. 7. The EQG signal formed in the power
supply unit 103 on the basis of the output D0 also goes high.
Therefore, the VEQR, VEQG and VEQB signals are applied
to the column electrodes.

[0078] While the EQG signal is “H,” the power supply
unit 103 fixes voltages of the VEQR, VEQG and VEQB
signals to a value which minimizes the power consumption,
such as the potential level of the common voltage VCOM.
The VEQR, VEQG and VEQB signals may be at a signal
level associated with “0” as long as it is a value at which
power is not consumed as far as possible. Therefore, the
column electrodes assume a value at which the power
consumption is minimized, such as the potential level of the
common voltage VCOM. The column voltage output umt
118 turns off power supplies for amplifiers incorporated
therein and thereby prevents stationary current from flowing
to the amplifiers, while the equalize output D0 is “H.” If
writing into the display rows advances and the value in the
counter 504 coincides with the value in the non-display end
address register 502, the comparator 505 outputs “H.”
Therefore, the output Q of the SR latch 507 goes low and the
inverted output Q goes high. Accordingly, the division
signals D1, D2 and D3 output from the selector 510 become
the outputs of the time division signal generation shift
register for partial display 509. The division signals D1, D2
and D3 have waveforms indicated in the display period in
FIG. 7. The column voltage output unit 118 turns on power
supplies for amplifiers incorporated therein and returns to
the operation in the display period.

[0079] In this way, operation is conducted in the order of
RGB, BGR, RGB, . . . . In the display period of the partial
display, therefore, the operation frequency of the selection
signals SA and SC becomes half as compared with the case
where operation is conducted in the order of RGB, RGB,
RGB, . . . . In the non-display period, the operation fre-
quency of the selection signals SA, SB and SC becomes “0.”
In this way, the frequency can be made remarkably low, and
consequently the power consumption can be held down
remarkably. In addition, since the power supplies for ampli-
fiers which need stationary currents and consume high
power can be turned off, the power consumption can be
reduced further remarkably. Furthermore, in the partial
display, the division positions in the longitudinal direction
can be set freely from the CPU, resulting in a display device
which is convenient in use.
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(Third Embodiment)

[0080] A third embodiment of the present invention will
now be described with reference to FIGS. 8, 9 and 10. The
present embodiment differs from the first and second
embodiments in that data corresponding to six columns are
subjected to time-division multiplexing and input as the
time-division multiplexed data and a column voltage on one
wire 1s connected to six column electrodes via six distribu-
tion switches.

[0081] FIG. 8isa block diagram of a display device in the
present embodiment. In the distributor 121 on the liquid
crystal panel unit 102, switch circuits 721, 722 and 723 for
converting one signal supplied from the column voltage
output unit 118 to six column drive signals are provided.
Since these switch circuits have the same configuration, the
switch circuit 721 will now be described as a representative
one. One signal supplied from the column drive circuit 101
is connected to switches 701, 702, 703, 704, 705 and 706.
These switches are switches which are in the on-state when
distribution control lines 711, 712, 713, 714, 715 and 716 are
“H,” respectively. The switches 701, 702, 703, 704, 705 and
706 supply column drive signals to pixels in B2, G2,R2, B1,
G1 and R1 columns, respectively.

[0082] In the present embodiment, signals on a first col-
umn of R, a first column of G, a first column of B, a second
column of R, a second column of G and a second column of
B are time-division multiplexed as a column drive signal
DRO, and a resultant signal is input to the liquid crystal
panel unit. In the same way, signals on a third column and
a fourth column of R, G and B are time-division multiplexed
as a column drive signal DR1 and a resultant signal is input
to the liquid crystal panel unit. Signals on a (2m+1)st
column and a (2m+2) nd column of R, G and B are
time-division multiplexed as a column drive signal DRm
and a resultant signal is input to the liquid crystal panel unit.

[0083] Operation conducted at the time of the ordinary
display will now be described with reference to FIG. 9. The
display memory 119 in FIG. 8 outputs data corresponding to
one row to the time-division multiplexer 117 in synchronism
with the line signal. With reference to FIG. 9, especially
operation of the first column and the second column will be
described.

[0084] In FIG. 9, R11 denotes a value to be written into a
first row of an R1 column. In the same way, R12 denotes a
value to be written into the first row of an R2 column, and
R21 denotes a value to be written into a second row of the
R1 column.

[0085] Data in the first row are output simultaneously.
Therefore, the time-division multiplexer 117 time-divides
R11, G11, B11, R12, G12 and B12 in accordance with
division signals D1 to D6 generated by the timing generator
113, and generated time-division multiplexed data. The
time-division multiplexed data is converted to column volt-
ages by the column voltage output unit 118, and output as the
column drive signals DRO to DRm.

[0086] The power supply unit 103 generates selection
signals SA to SF on the basis of the division signals D1 to
D6. When the selection signal SA is “H,” the switch 706 is
in the on-state. At that time, the column voltage has a value
associated with R11. Therefore, the column voltage R11 is
written into the R1 column. In the same way, G11, B11, R12,
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(G12 and R12 are written into the G1 column, B1 column, R2
column, G2 column and R2 column, respectively. After a
drive signal for the last B2 column is fixed, a row drive
signal for the first row goes low. Column voltages associated
with R11, G11, B11, R12, G12 and B12 are written into
liquid crystal pixels in the R1th, G1th, B1th, R2th, G2th and
B2th columns of the first row, respectively.

[0087] Owing to such a configuration, the number of wires
between the column driver 101 and the liquid crystal panel
unit 102 can be reduced to half in the liquid crystal device
in the present embodiment as compared with the liquid
crystal display devices in the first and second embodiments.
The cost is thus reduced.

[0088] Operation conducted at the time of eight-color
partial display will now be described with reference to FIG.
10. In the display period, the display memory 119 in FIG. 8
outputs data corresponding to one row to the time-division
multiplexer 117 in synchronism with the line signal. Data in
the first row are output simultaneously. Therefore, the time-
division multiplexer 117 time-divides R11, G11, B11, R12,
(12 and B12 in accordance with the division signals D1 to
D6 generated by the timing generator 113, and thereby
generates time-division multiplexed data. At this time, the
division signals D1 to D6 have waveforms shown in FIG.
10. In the first row, therefore, the time-division multiplexed
data is time-division multiplexed in the order of R11, G11,
B11, R12, G12 and B12. In the second row, the time-division
multiplexed data is time-division multiplexed in the order of
B22, G22, R22, B21, G21 and R21.

[0089] The selection signals SA to SF are generated on the
basis of the division signals D1 to D6, and the selection
signals SA to SF have waveforms shown in FIG. 10. When
column voltages associated with R11, G11, B11, R12, G12
and B12 are written into the R1th, G1th, B1th, R2th, G2th
and B2th columns, respectively, therefore, the row drive
signal for the first row goes low. Accordingly, column
voltages associated with R11, G11, B11, R12, G12 and B12
are written into liquid crystal pixels in the R1th, G1th, B1th,
R2th, G2th and B2th columns of the first row, respectively.
As for the second row, the row drive signal for the second
row goes low. when column voltages associated with R21,
G21, B21, R22, G22 and B22 are written into the Rlth,
G1th, B1th, R2th, G2th and B2th columns, respectively.
Accordingly, column voltages associated with R21, G21,
B21, R22, G22 and B22 are written into liquid crystal pixels
in the R1th, G1th, B1th, R2th, G2th and B2th columns of the
second row, respectively.

[0090] The present embodiment has heretofore described.
In the first row, the selection signal SF for driving the B2
column goes high lastly and the column voltage is distrib-
uted to the B2 column lastly. Thereafter, in the second row,
the selection signal SF goes high first and the column
voltage is distributed to the B2 column first.

[0091] In the second row, the selection signal SA for
driving the R1 column goes high lastly and the column
voltage is distributed to the R1 column lastly. Thereafter, in
the third row, the selection signal SA goes high first and the
column voltage is distributed to the R1 column first.

[0092] In this way, a column which has received distribu-
tion lastly in a certain row receives distribution first in the
next row. During the change of the row, the selection signal
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is kept at “H.” Therefore, the drive frequency of the selec-
tion signals SA and SF can be reduced to half. As a result,
the charging and discharging power of the selection signals
SA and SF can be reduced to approximately half. Further-
more, in the present embodiment as well, the level of the
selection signals SA to SF are fixed to “L” in the non-display
period and consequently the drive frequency in the non-
display period can be made “0” in the same way as the first
and second embodiments. Furthermore, in the non-display
period, the EQG signal of the equalizer circuit is set to “H”
and the power supplies for the amplifiers in the column
voltage output unit can be turned off. Therefore, the power
consumption can be reduced remarkably.

[0093] In the present embodiment, the selection signal
goes high in the order of SA, SB, SC, SD, SE and SF in an
odd-numbered row, whereas the selection signal goes high in
the order of SF, SE, SD, SC, SB and SA, i.e., in the reversed
order in an even-numbered row. For example, it is apparent
that similar effects can be obtained even if the selection
signal goes high in the odd-numbered row in the order of
SA, SB, SC, SD, SE and SF and the selection signal goes
high in the even-numbered row in the order of SF, SB, SC,
SD, SE and SA. Selection orders other than the first and the
last columns do not give any restriction to the present
invention. The number of time divisions is 3 in the first and
second embodiments, and 6 in the third embodiment. How-
ever, the number of time divisions may not be a multiple of
3. It is apparent that the same effects can be obtained even
if a different number is used, by first giving distribution to
a column which has received distribution lastly in a certain
row, in the next row. Therefore, the number of time divisions
does not give any restriction to the present invention.
Whatever integer the number of time divisions is, the present
invention can be applied.

(Fourth Embodiment)

[0094] A fourth embodiment of the present invention will
now be described with reference to FIGS. 8, 9 and 11. FIG.
8 is a block diagram of the present embodiment in the same
way as the third embodiment. In the present embodiment,
the operation shown in FIG. 9 is conducted at the time of
ordinary display in the same way as the third embodiment.
In the present embodiment, operation shown in FIG. 11 is
conducted at the time of eight-color partial display.

[0095] In the eight-color partial display in the present
embodiment, display is conducted at a resolution of ¥ in
both the longitudinal and lateral directions. For example, if
high definition display with VGA (640 pixelsx480 pixels) is
conducted at the time of the ordinary display, QVGA (320
pixelsx240 pixels) display is conducted at the time of the
eight-color partial display. Such lowered definition is con-
ducted by writing the same value into two pixels in the
longitudinal direction and two pixels in the lateral direction,
1.e., four pixels in total.

[0096] First, the display memory 119 in FIG. 8 outputs
data to be written into the first row and the second row to the
time-division multiplexer 117. The timing generator 113
generates division signals D1, D2 and D3 shown in FIG. 11.

[0097] At the time of writing into the first row, one line
period is divided into three parts. A first period obtained by
dividing into three parts is set to an “H” period of the
division signal D1, a second period is set to an “H” period
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of the division signal D2, and a third period is set to an “H”
period of the division signal D3. Time-division multiplexed
data is generated on the basis of the division signals D1, D2
and D3 as shown in FIG. 11. Selection signals SA to SF are
generated on the basis of the division signals D1, D2 and D3.
The same signal is output as selection signals SA and SD.
The same signal is output as selection signals SB and SE.
The same signal is output as selection signals SC and SF. As
a result, the same column voltage is written into the R1
column and the R2 column. The same column voltage is
written into the G1 column and the G2 column. The same
column voltage is written into the B1 column and the B2
column. After respective column voltages are fixed, a first
row drive signal goes low. A column voltage R1 is written
into the R1 column and the R2 column of the first row of
liquid crystal pixels. A column voltage G1 is written into the
G1 column and the G2 column of the first row of liquid
crystal pixels. A column voltage B1 is written into the Bl
column and the B2 column of the first row of liquid crystal
pixels.

[0098] At the time of writing into a second row, output
data of the display memory 119 and the division signals D1,
D2 and D3 do not change and potentials of the selection
signals SA to SF are maintained. As a result, potentials of the
column drive signals of liquid crystal elements R1, G1, B1,
R2, G2 and B2 do not change. A second row drive signal
goes low. A column voltage R1 is written into the R1 column
and the R2 column of the second row of liquid crystal pixels.
A column voltage G1 is written into the G1 column and the
G2 column of the second row of liquid crystal pixels. A
column voltage B1 is written into the B1 column and the B2
column of the second row of liquid crystal pixels.

[0099] At the time of writing into a third row, one line
period is divided into three parts. A first period obtained by
dividing into three parts is set to an “H” period of the
division signal D3, a second period is set to an “H” period
of the division signal D2, and a third period is set to an “H”
period of the division signal D1. Time-division multiplexed
data is generated in the order of B2, G2 and R2 as shown in
FIG. 11 on the basis of the division signals D1, D2 and D3.
The selection signals SA to SF are generated on the basis of
the division signals D1, D2 and D3. The same signal is
output as selection signals SA and SD. The same signal is
output as selection signals SB and SE. The same signal is
output as selection signals SC and SF. As a result, the same
column voltage is written into the R1 column and the R2
column. The same column voltage is written into the G1
column and the G2 column. The same column voltage is
written into the B1 column and the B2 column. After
respective column voltages are fixed, a third row drive signal
goes low. A column voltage R2 is written into the R1 column
and the R2 column of the third row of liquid crystal pixels.
A column voltage G2 is written into the G1 column and the
G2 column of the third row of liquid crystal pixels. A column
voltage B2 is written into the B1 column and the B2 column
of the third row of liquid crystal pixels.

[0100] Operation is conducted as heretofore described. In
the eight-color partial display, therefore, the operation fre-
quency of the selection signals SB and SE becomes half as
compared with that at the time of the ordinary display shown
in FIG. 8. The operation frequency of the selection signals
SA., SC, SD and SF becomes a quarter as compared with that
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at the time of the ordinary display. Since the operation
frequency can be reduced remarkably, the power consump-
tion can be lowered.

[0101] In the display period of the eight-color partial
display in the present embodiment, “H” in the row drive
signal is input at different timing row by row. Alternatively,
the time of “H” may be lengthened to twice and “H” in the
row drive signal for two rows may be input simultaneously.
The input system of the row drive signal is not especially
restricted.

[0102] As heretofore described in the present embodi-
ment, the present system can also be applied to a display
method in which the same data is written into a plurality of
rows and write data is changed every plural rows. A column
which has received distribution lastly in a row in which
display is changed over receives distribution first in the next
row in which the display is changed over. In addition, at the
time of row changeover or in a row in which the display is
not changed over, the potentials of the selection signals are
maintained.

[0103] Heretofore, the embodiments of the present inven-
tion have been described by taking TN liquid crystal and the
LTPS-TFT as an example. However, it is a matter of course
that the embodiments can be applied to display devices
using other liquid crystal systems, such as IPS liquid crystal
and OCB liquid crystal, or other display principles such as
OLED, as long as they are display devices in which display
signals to display pixels are time-division multiplexed,
input, distributed, written and displayed.

[0104] Tt should be further understood by those skilled in
the art that although the foregoing description has been
made on embodiments of the invention, the invention is not
limited thereto and various changes and modifications may
be made without departing from the spirit of the invention
and the scope of the appended claims.

1. A display device comprising:

pixels formed by forming a common electrode on an inner
surface of one of two substrates disposed so as to be
opposed to each other across a liquid crystal layer,
forming a plurality of row electrodes and a plurality of
column electrodes intersecting each other on an inner
surface of the other of the two substrates, forming
three-terminal switching elements respectively at intet-
sections of the row electrodes and the column elec-
trodes, connecting a first terminal of each of the switch-
ing elements to one of the row electrodes, connecting
a second terminal of the switching element to one of
column electrodes, connecting a third terminal of the
switching element to one end of the liquid crystal layer
and a retained capacitance, and connecting the other
end of the liquid crystal layer to the common electrode;

a column drive circuit for converting display data input
from an external device to a column voltage, generating
a display synchronizing signal for liquid crystal drive,
conducting time-division multiplexing on column volt-
ages associated with one row in accordance with the
display synchronizing signal, and outputting resulting
time-division multiplexed column voltages;

a distributor circuit for distributing the time-division
multiplexed column voltages supplied from the column
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drive circuit and outputting the distributed column
voltages to the column electrodes;

an equalizer circuit connected to column electrodes dis-
posed across pixels from the distributor circuit;

a row drive circuit for outputting row voltages to the row
electrodes row by row in accordance with the display
synchronizing signal, in order to control turning on/off
of the switching elements; and

a power supply circuit for outputting the display synchro-
nizing signal to the row drive circuit, outputting a
common voltage to the common electrode, and output-
ting selection signals to the distributor circuit,

wherein

the external device sets a display period or a non-display
period in the column drive circuit and the power supply
circuit by taking a row as unit, and the power supply
circuit keeps the selection signals to be output to the
distributor circuit in an off-state and keeps an equaliz-
ing signal to be output to the equalizer circuit in an
on-state, over the non-display period.

2. The display device according to claim 1, wherein

the distributor circuit comprises a plurality of switching
elements controlled to turn on or off by the selection
signals,

over the non-display period, the distributor circuit keeps
the switching elements therein in an off-state by using
the selection signals,

the equalizer circuit comprises a plurality of switching
elements controlled to turn on or off by the equalizing

signal,

over the non-display period, the equalizer circuit keeps
the switching elements therein in an off-state by using
the equalizing signal.

3. The display device according to claim 2, wherein a
potential supplied from the equalizer circuit to the column
electrodes is a potential of the common voltage or a potential
corresponding to gradation ¢.

4. A display device comprising:

pixels formed by forming a common electrode on an inner
surface of one of two substrates disposed so as to be
opposed to each other across a liquid crystal layer,
forming a plurality of row electrodes and a plurality of
column electrodes intersecting each other on an inner
surface of the other of the two substrates, forming
three-terminal switching elements respectively at inter-
sections of the row electrodes and the column elec-
trodes, connecting a first terminal of each of the switch-
ing elements to one of the row electrodes, connecting
a second terminal of the switching element to one of
column electrodes, connecting a third terminal of the
switching element to one end of the liquid crystal layer
and a retained capacitance, and connecting the other
end of the liquid crystal layer to the common electrode;

a column drive circuit for converting display data input
from an external device to a column voltage, generating
a display synchronizing signal for liquid crystal drive,
conducting time-division multiplexing on column volt-
ages associated with one row in accordance with the
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display synchronizing signal, and outputting resulting
time-division multiplexed column voltages;

a distributor circuit for distributing the time-division
multiplexed column voltages supplied from the column
drive circuit and outputting the distributed column
voltages to the column electrodes:

arow drive circuit for outputting row voltages to the row
electrodes row by row in accordance with the display
synchronizing signal, in order to control turning on/off
of the switching elements; and

a power supply circuit for outputting the display synchro-
nizing signal to the row drive circuit, outputting a
common voltage to the common electrode, and output-
ting selection signals to the distributor circuit,

wherein the selection signals supplied from the power
supply circuit to the distributor circuit do not change in
level, until a column electrode selected lastly for an
arbitrary row electrode is selected first for next row
electrode.
5. The display device according to claim 4, further com-
prising a changeover function for changing over the follow-
ing cases A and B:

case A: when the selection signals are not changed in
level, display is conducted with a small number of gray
scale levels,

case B: when the selection signals are changed in level,
display is conducted with a large number of gray scale
levels.

6. A display device comprising:

pixels formed by forming a common electrode on an inner
surface of one of two substrates disposed so as to be
opposed to each other across a liquid crystal layer,
forming a plurality of row electrodes and a plurality of
column electrodes intersecting each other on an inner
surface of the other of the two substrates, forming
three-terminal switching elements respectively at inter-
sections of the row electrodes and the column elec-
trodes, connecting a first terminal of each of the switch-
ing elements to one of the row electrodes, connecting
a second terminal of the switching element to one of
column electrodes, connecting a third terminal of the
switching element to one end of the liquid crystal layer
and a retained capacitance, and connecting the other
end of the liquid crystal layer to the common electrode;

a column drive circuit for converting display data input
from an external device to a column voltage, generating
a display synchronizing signal for liquid crystal drive,
conducting time-division multiplexing on column volt-
ages associated with one row in accordance with the
display synchronizing signal, and outputting resulting
time-division multiplexed column voltages;

distributor circuit for distributing the time-division
multiplexed column voltages supplied from the column
drive circuit and outputting the distributed column
voltages to the column electrodes;

a row drive circuit for outputting row voltages to the row
electrodes row by row in accordance with the display
synchronizing signal, in order to control turning on/off
of the switching elements; and
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a power supply circuit for outputting the display synchro-
nizing signal to the row drive circuit, outputting a
common voltage to the common electrode, and output-
ting selection signals to the distributor circuit,

wherein
the display data is changed over every plural rows, and

the selection signals output from the power supply circuit
to the distributor circuit do not change in level until a
column electrode selected lastly with an arbitrary row
electrode is selected first with next row electrode.

7. A display device comprising:
a plurality of row electrodes;

a plurality of column electrodes intersecting the row
electrodes;

display elements arranged in the intersections; and

a distributor circuit for selecting column electrodes by
using a division unit obtained by dividing the column
electrodes into a plurality of parts,

wherein

the distributor circuit successively selects respective col-
umn electrodes with a division unit in accordance with
a plurality of selection signals, and

the selection signals do not change in level until a column
electrode selected lastly with an arbitrary row electrode
is selected first with next row electrode.

8. The display device according to claim 7, wherein over
a non-display period in partial display, the selection signals
are kept in an off-state.

9. A display device comprising:

pixels formed so as to be associated with intersections of
a plurality of row electrodes and a plurality of column
electrodes formed so as to intersect each other;

a column drive circuit for converting display data input
from an external device to a column voltage, generating
a display synchronizing signal for liquid crystal drive,
conducting time-division multiplexing on column volt-
ages associated with one row in accordance with the
display synchronizing signal, and outputting resulting
time-division multiplexed column voltages;

distributor circuit for distributing the time-division
multiplexed column voltages supplied from the column
drive circuit and outputting the distributed column
voltages to the column electrodes;

an equalizer circuit connected to column electrodes dis-
posed across pixels from the distributor circuit;

a row drive circuit for outputting row voltages to the row
electrodes row by row in accordance with the display
synchronizing signal, in order to control turning on/off
of the switching elements; and

a power supply circuit for outputting the display synchro-
nizing signal to the row drive circuit, outputting a
common voltage to the common electrode, and output-
ting selection signals to the distributor circuit,
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wherein

the external device sets a display period or a non-display
period in the column drive circuit and the power supply
circuit by taking a row as unit, and

the power supply circuit keeps the selection signals to be
output to the distributor circuit in an off-state and keeps
an equalizing signal to be output to the equalizer circuit
in an on-state, over the non-display period.

10. A display device comprising:

pixels formed so as to be associated with intersections of
a plurality of row electrodes and a plurality of column
electrodes formed so as to intersect each other;

a column drive circuit for converting display data input
from an external device to a column voltage, generating
a display synchronizing signal for liquid crystal drive,
conducting time-division multiplexing on column volt-
ages associated with one row in accordance with the
display synchronizing signal, and outputting resulting
time-division multiplexed column voltages;
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a distributor circuit for distributing the time-division
multiplexed column voltages supplied from the column
drive circuit and outputting the distributed column
voltages to the column electrodes;

a row drive circuit for outputting row voltages to the row
electrodes row by row in accordance with the display
synchronizing signal, in order to control turning on/off
of the switching elements; and

a power supply circuit for outputting the display synchro-
nizing signal to the row drive circuit, outputting a
common voltage to the common electrode, and output-
ting selection signals to the distributor circuit,

wherein the selection signals output from the power
supply circuit to the distributor circuit do not change in
level, until a column electrode selected lastly for an
arbitrary row electrode is selected first for next row
electrode.
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