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DISPLAY DEVICE

INCORPORATION BY REFERENCE

The present application claims priority from Japanese
application serial no. 2005-306003 filed on Oct. 20, 2005, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

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.

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 con-
sumption by displaying only a part of the liquid crystal dis-
play and preventing other parts from being displayed 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.

On the other hand, TFTs (Thin Film Transistors) are typi-
cally 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 devel-
oped, 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 num-
ber of components is reduced and the cost is reduced by
taking a scanning line drive circuit into the liquid crystal
panel.

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 sys-
tem is referred to as RGB time division drive.

By introducing this RGB time division drive, however, 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 distribution 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 divi-
sion drive is adopted becomes greater than in the amorphous
silicon TFT liquid crystal panel in which the RGB time divi-
sion drive is not adopted.

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

Furthermore, introduction of the RGB time division 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
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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.

Furthermore, in a system proposed in U.S. Patent Publica-
tion No. 2003/179335 (JP-A-2003-222891), an equalizer cir-
cuit 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

The technique proposed in JP-A-2003-029715 has a prob-
lem that reduction of power consumption of an amplifier for
driving a signal line is not taken into consideration and the
power consumption cannot be reduced very much. The tech-
nique 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.

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.

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 addi-
tion, 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.

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 con-
sumption is achieved.

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.

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.

Other objects, features and advantages of the invention will
become apparent from the following description of the
embodiments of the invention taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a configuration of first
and second embodiments of a display device according to the
present invention;

FIG. 2 is a timing chart showing operation conducted at the
time of ordinary display in the first embodiment;

FIGS. 3A and 3B are a timing chart showing operation
conducted at the time of partial display in the first embodi-
ment, and a related diagram, respectively;

FIG. 4 is a timing chart showing operation conducted at the
time of partial display in the first embodiment;
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FIG. 5is a detailed block diagram of parts of a data register
and a timing generator in the second embodiment,

FIG. 6 is a timing chart showing operation conducted at the
time of ordinary display in the second embodiment;

FIG. 7 is a timing chart showing operation conducted at the
time of partial display in the second embodiment;

FIG. 8 is a block diagram showing a configuration of third
and fourth embodiments of a display device according to the
present invention;

FIG. 9 is a timing chart showing operation conducted at the
time of ordinary display in the third and fourth embodiments;

FIG. 10 is a timing chart showing operation conducted at
the time of eight-color partial display in the third embodi-
ment; and

FIG. 11 is a timing chart showing operation conducted at
the time of eight-color partial display in the fourth embodi-
ment.

DESCRIPTION OF THE EMBODIMENTS
First Embodiment

Hereatfter, a first embodiment of the present invention 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.

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

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 integrally on a glass
substrate.

In the distributor 121 in this panel unit 102, reference
numerals 1214, 1215 and 1216 denote TFT elements. In the
equalizer circuit 124, reference numerals 1241 to 1249 denote
TFT elements.

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

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. Display 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.

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.

Operation conducted in the display device shown in FIG. 1
will now be described with reference to FIG. 2. First, opera-
tion of the column driver 101 will now be described.

Control data for controlling operation of the display 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
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concerning its display position, the number of drive lines, the
frame frequency and so on are included in the control data.

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.

The memory write controller 114 decodes the display posi-
tion 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 operation.

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.

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 and the operation is
repeated. Concurrently with the selection operation of the
word line, display data associated with one row are succes-
sively 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 tim-
ing of the word line associated with the head row is synchro-
nized to a frame signal supplied from the timing generator
113.

The time-division multiplexer 117 conducts time-division
multiplexing on display data associated with one line sup-
plied from the display memory 119. In this operation, 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 dis-
play 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 multi-
plexed 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.

The column voltage generator 116 is a block for generating
a column voltage required to convert time-division multi-
plexed data to a voltage level. In this block, a voltage associ-
ated with each digital data which is display data is generated.
For example, since display data is represented 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 resis-
tors. Here, V0 is a voltage associated with data 0, and V256 is
a voltage associated with data 255.

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 incorporated 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
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driver voltage to ensure that there is no DC component
applied across the LC cell. The amplifiers are provided for
each of column drive signals DR0O to DRm, and their power
consumption is very large because a DC current must be let
flow through each of them stationarily.

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 connected 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 com-
mon electrode on the opposite side of the liquid crystal layer
from the row and column electrodes. The common electrode
is electrically connected to the liquid crystal layer. In addi-
tion, the other terminal of the retained capacitance is con-
nected to an electrode called storage line which is not illus-
trated. In order to implement this configuration, for example,
the column electrodes, the row electrodes and the storage
lines are formed in a matrix form on an inner surface of one of
two transparent substrates which retain the liquid crystal
layer and the common electrode 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 capaci-
tance is connected to a row electrode of a previous stage may
also be used.

The distributor 121 is a block which distributes (demulti-
plexes) the column voltage supplied from the column 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 sup-
posing 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 transistors, or a switch having any other configu-
ration, as long as it is a switch capable of transferring a
voltage level.

The row driver 123 applies an “H” row voltage to a head
row electrode in synchronism with the frame signal trans-
ferred 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.

The equalizer circuit 124 includes the TFT elements 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.”
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hereafter) and the column electrodes are intercepted from the
VEQR, VEQG and VEQB signals.

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 ¢pIN for the row driver 123, the selection
signals SA to SC, the EQG signal, and the VEQR, VEQG and
VEQB signals.

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 crystal
drive, and outputs a resultant signal. The conversion is con-
ducted so as to typically make the common voltage VCOM
larger in amplitude than the column voltage. Since the polar-
ity of the voltage applied to the liquid crystal is the polarity of
the column voltage seen from the common voltage, the polar-
ity 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.

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 func-
tion of stabilizing the liquid crystal display.

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 ¢pIN is a signal which
is synchronized to the frame signal transferred from the tim-
ing generator 113 and which becomes “H” during only one
period of the two-phase clocks ¢1 and ¢2.

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.

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 opera-
tion is conducted in the order of RGB,RGB,RGB, .. .. Onthe
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 %4.

Besides such operation, the power supply unit 103 gener-
ates 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 imple-
mented by using, for example, means for boosting a power
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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.

Operation of the present embodiment on the waiting
screen, i.e., in the partial display will now be described 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.

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 incorporated
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.

If the value in the counter incorporated in the timing gen-
erator 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 flow-
ing 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 discharg-
ing power becomes the lowest and it becomes possible to hold
down the power dissipation to the minimum. Since the num-
ber 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.

At this time, a row drive signal is output to each row as
shown in FIG. 3A. As a result, 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.

If the value in the counter incorporated in the timing gen-
erator 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. Further-
more, 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.

Operation conducted in the second frame to the nth frame
will now be described. The counter incorporated in the timing
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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 opera-
tion is conducted.

If the value in the counter incorporated in the timing gen-
erator 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 sig-
nal 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. 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.

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 opera-
tion is conducted in the order of RGB,RGB,RGB, .. .. Onthe
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 24. In
the non-display part of the partial display, the operation fre-
quency 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 associ-
ated with “0” by using the equalizer circuit.

Second Embodiment

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 repre-
sented by RGB,RGB . . . as shown in FIG. 6 at the time of the
ordinary operation. In addition, the present embodiment dif-
fers from the first embodiment in that line inversion is con-
ducted, i.e., the potential level at the common electrode is
inverted in phase every line at the time of the ordinary opera-
tion as shown in FIG. 6 and frame inversion is conducted, i.e.,
the potential level at the common electrode is inverted in
phase every frame at the time of the partial display as shown
in FIG. 7.

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 embodi-
ment.

FIG. 5 is a 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
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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 compara-
tors, and 507,511 and 512 SR latches. Reference numeral 508
denotes a time division signal generation 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 regis-
ters, 519 and 524 OR circuits, and 520 and 525 AND circuits.

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.

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. There-
fore, 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.

At the time of ordinary display, the partial display start
register 503 has a value “0” and an equalize output D0 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.

At the time of the partial display, eight-color display 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 ot halftone (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.

The operation of the eight-color partial display will now be
described with reference to FIGS. § and 7. In this partial
display, the display screen is partitioned into three 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.

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 sig-
nals D1, D2 and D3. The AND circuit 525 outputs an output
of the SR latch 507 as the equalize output DO.

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
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operation according to a division signal generation 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 “LL”” 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 whichis setto 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 compara-
tor 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 com-
parator 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.

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.

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 SCis “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.

Since the start row of the frame is a display row, the Q
output of the RS latch 507 goes low and the equalize output
D0 of the AND circuit 525 goes low. The EQG signal formed
in the power supply unit 103 on the basis of the output D0 also
goes low. Therefore, the column electrodes are disconnected
from the VEQR, VEQG and VEQB signals.

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.

Since the output Q of the SR latch 507 goes high, the
equalize output DO 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. There-
fore, the VEQR, VEQG and VEQB signals are applied to the
column electrodes.

While the EQG signal is “H,” the power supply unit 103
fixes voltages of the VEQR, VEQG and VEQB signals to a
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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 con-
sumed as far as possible. Therefore, the column electrodes
assume a value at which the power consumption is mini-
mized, such as the potential level of the common voltage
VCOM. The column voltage output unit 118 turns off power
supplies for amplifiers incorporated therein and thereby pre-
vents 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.

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 opera-
tionis conducted in the order of RGB, RGB, RGB, . ... Inthe
non-display period, the operation frequency of the selection
signals SA, SB and SC becomes “0.” In this way, the fre-
quency can be made remarkably low, and consequently the
power consumption can be held down remarkably. In addi-
tion, since the power supplies for amplifiers which need sta-
tionary 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.

Third Embodiment

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 multi-
plexed data and a column voltage on one wire is connected to
six column electrodes via six distribution switches.

FIG. 8 is a 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.

In the present embodiment, signals on a first column 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
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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.

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.

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.

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 gener-
ated time-division multiplexed data. The time-division mul-
tiplexed data is converted to column voltages by the column
voltage output unit 118, and output as the column drive sig-
nals DRO to DRm.

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, 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.

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.

Operation conducted at the time of eight-color partial dis-
play 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 mul-
tiplexer 117 time-divides R11, G11, B11, R12, G12 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 multi-
plexed 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.

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,
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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 volt-
ages associated with R21, G21, B21, R22, G22 and B22 are
written into the R1th, G1th, B1th, R2th, G2th and B2th col-
umns, respectively. Accordingly, column voltages associated
withR21,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.

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 distributed 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.

In the second row, the selection signal SA for driving the
R1 column goes high lastly and the column voltage is distrib-
uted 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.

In this way, a column which has received distribution lastly
in a certain row receives distribution first in the next row.
During the change of the row, the selection signal is kept at
“H.” Therefore, the drive frequency of the selection signals
SA and SF can bereduced to half. As a result, the charging and
discharging power of the selection signals SA and SF can be
reduced to approximately half. Furthermore, 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 conse-
quently the drive frequency in the non-display period can be
made “0” in the same way as the first and second embodi-
ments. Furthermore, in the non-display period, the EQG sig-
nal ofthe 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.

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 num-
ber of time divisions is 3 in the first and second embodiments,
and 6 in the third embodiment. However, 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

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 opera-
tion shown in FIG. 9 is conducted at the time of ordinary
display in the same way as the third embodiment. In the
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present embodiment, operation shown in FIG. 11 is con-
ducted at the time of eight-color partial display.

In the eight-color partial display in the present embodi-
ment, display is conducted at a resolution of %2 in both the
longitudinal and lateral directions. For example, if high defi-
nition display with VGA (640 pixelsx480 pixels) is con-
ducted at the time of the ordinary display, QVGA (320 pix-
elsx240 pixels) display is conducted at the time of the eight-
color partial display. Such lowered definition is conducted by
writing the same value into two pixels in the longitudinal
direction and two pixels in the lateral direction, i.e., four
pixels in total.

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.

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 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 gener-
ated 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 aresult, 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 respec-
tive 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 B1 column and the B2 column
of'the first row of liquid crystal pixels.

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.

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 gener-
ated 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
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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.

Operation is conducted as heretofore described. In the
eight-color partial display, therefore, the operation frequency
of the selection signals SB and SE becomes halfas 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 at the time of
the ordinary display. Since the operation frequency can be
reduced remarkably, the power consumption can be lowered.

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.

As heretofore described in the present embodiment, 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 main-
tained.

Heretofore, the embodiments of the present invention 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, distrib-
uted, written and displayed.

It 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.

The invention claimed is:

1. A display device comprising:

a pixel unit 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 intersec-
tions of the row electrodes and the column electrodes,
connecting a first terminal of each of the switching ele-
ments 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,
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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 mul-
tiplexed column voltages supplied from the column
drive circuit and outputting the distributed column volt-
ages 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 com-
mon voltage to the common electrode, and outputting
selection signals to the distributor circuit,

wherein a first column electrode selected lastly in a frame,
when a selection signal is in a selection state, for an
arbitrary row electrode is selected first for a next row
electrode in said frame and the first column electrode
selected lastly in said frame for the arbitrary row elec-
trode is kept selected, and the selection signal remains in
said selection state, until a different second column elec-
trode is selected for the next row electrode in said frame,
wherein said frame comprises a period from a frame
signal to a next frame signal.

2. The display device according to claim 1, further com-
prising a changeover function for changing over the following
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.

3. A display device comprising:

a pixel unit 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 intersec-
tions of the row electrodes and the column electrodes,
connecting a first terminal of each of the switching ele-
ments 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, conducting time-divi-
sion multiplexing on column voltages associated with
one row in accordance with the display synchronizing
signal, and outputting resulting time-division multi-
plexed column voltages;

a distributor circuit for distributing the time-division mul-
tiplexed column voltages supplied from the column
drive circuit and outputting the distributed column volt-
ages 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 com-
mon voltage to the common electrode, and outputting
selection signals to the distributor circuit,

wherein:

the display data is changed over every plural rows, and

a first column electrode selected lastly in a frame, when a
selection signal is in a selection state, for an arbitrary
row electrode is selected first for a next row electrode in
said frame and the first column electrode selected lastly
in said frame for the arbitrary row electrode is kept
selected, and the selection signal remains in said selec-
tion state, until a different second column electrode is
selected for the next row electrode in said frame,
wherein said frame comprises a period from a frame
signal to a next frame signal.

4. A display device comprising:

a plurality of row electrodes;

a plurality of column electrodes intersecting the row elec-
trodes;

display elements arranged in the intersections of the row
electrodes and the column electrodes; 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 the division unit in accordance with
a plurality of selection signals, and

a first column electrode selected lastly in a frame, when a
selection signal is in a selection state, for an arbitrary
row electrode is selected first for a next row electrode in
said frame and the first column electrode selected lastly
in said frame for the arbitrary row electrode is kept
selected, and the selection signal remains in said selec-
tion state, until a different second column electrode is
selected for the next row electrode in said frame,
wherein said frame comprises a period from a frame
signal to a next frame signal.
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5. The display device according to claim 4, wherein over a

non-display period in partial display, the selection signals are
kept in an off-state.

6. A display device comprising:

a pixel unit formed so as to be associated with switching
elements formed respectively at intersections of a plu-
rality of row electrodes and a plurality of column elec-
trodes, and a common electrode;

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

a distributor circuit for distributing the time-division mul-
tiplexed column voltages supplied from the column
drive circuit and outputting the distributed column volt-
ages 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 com-
mon voltage to the common electrode, and outputting
selection signals to the distributor circuit,

wherein a first column electrode selected lastly in a frame,
when a selection signal is in a selection state, for an
arbitrary row electrode is selected first for a next row
electrode in said frame and the first column electrode
selected lastly in said frame for the arbitrary row elec-
trode is kept selected, and the selection signal remains in
said selection state, until a different second column elec-
trode is selected for the next row electrode in said frame,
wherein said frame comprises a period from a frame
signal to a next frame signal.
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