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Adata line drive circuit for a liquid crystal display comprises
76) Toventor: Hiroshi Tsuchi. Tokvo (TP a selection circuit 20 receiving from a D/A converter 16 a
(76) Inventor iroshi Tsuchi, Tokyo (IP) plurality of voltages V1 to V3 corresponding to data lines
Correspondence Address: 301 to 303 of the liquid crystal display, for outputting a
YOUNG & THOMPSON selected one of the received voltages, an analog buffer 22A
745 SOUTH 23RD STREET 2ND FLOOR connected to an output of the selection circuit, a distribution
ARLINGTON. VA 22202 circuit 24 receiving an output of the analog buffer for
’ selectively distributing the output of the analog buffer to a
. selected one of the data lines, and a precharge circuit 26 for
(21)  Appl. No. 09/986,937 precharging each of the data lines to either VDD or VSS in
(22) Filed: Nov. 13, 2001 accordance with at least the most significant bit of the
’ Y corresponding digital data, during a precharge period at the
(30) Foreign Application Priority Data beginning of each scan line selection period. During a first
writing period succeeding to the precharge period, a voltage
Nov. 10, 2000 (JP) oo 2000-343562 VI corresponding to the data line 301 is supplied to the
analog buffer 22A, and the output of the analog buffer is
Publication Classification supplied to the data line 301. During a succeeding and
second writing period, a voltage V2 corresponding to the
(51) Int. CL7 s G0IG 3/36 data line 302 is supplied to the analog buffer 22A, and the
(52) US. Cl oo 345/92 output of the analog buffer is supplied to the data line 302.
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DATA LINE DRIVE CIRCUIT FOR PANEL
DISPLAY

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a data line drive
circuit for a panel display, and more specifically to a panel
display data line drive circuit capable of driving, with a low
power consumption, a panel display typified by a liquid
crystal display such as a TFT-LCD (thin film transistor
driven liquid crystal display) and an active matrix drive type
organic EL display.

[0002] At present, liquid crystal displays are widely used
in various fields. When the liquid crystal display is incor-
porated into a portable instrument, it is demanded to make
a power consumption of the portable instrument as small as
possible, in order to allow to unintermittently utilize the
portable instrument with no necessity of an electric charg-
ing. As one means for achieving this demand, a power
consumption of the liquid crystal display is required to be
reduced to a minimum. For this purpose, various power
saving approaches have been proposed, and some of them
has been reduced into practice.

[0003] Aliquid crystal display incorporated in a hand-held
type portable instrument such as a PDA, a portable game
instrument and a portable telephone has a relatively small
display screen size and correspondingly a small number of
pixels. In the case of driving a small-size TFT-LCD panel
having a relatively small number of pixels, a horizontal scan
frequency is low and a load capacitance of the TFT-LCD
panel is also small. Therefore, in a power consumption of a
data line driving circuit for the liquid crystal display, a static
consumed electric power of an output buffer takes a large
proportion.

[0004] In brief, the power consumption of the data line
driving circuit for the TFT-LCD panel is divided into an
electric power for charging a data line in the TFT-LCD
panel, and an electric power consumed by the data line
driving circuit itself. In the case of the small-size TFT-LCD
panel having a relatively small number of pixels, since a
load capacitance of the data line is small, the electric power
for charging the data line is correspondingly small. As a
result, the proportion of the electric power consumed by the
data line driving circuit itself to a whole power consumption
of the data line driving circuit for the TFT-LCD panel, is
large. In addition, the proportion of the static consumed
electric power of the output buffer to the electric power
consumed by the data line driving circuit itself is large. A
similar problem occurs in a data line driving circuit config-
ured to drive a data line in accordance with a gray-scale
voltage in a small display panel such as an active matrix
drive type organic EL display, other than the liquid crystal
display.

[0005] Here, examining a prior art data line driving circuit
for a liquid crystal display, JP-A-07-013528 and JP-A-07-
104703 propose to drive the LCD panel in a time division
manner. However, this structure is intended to reduce the
number of external interconnections between the LCD panel
and a column driver circuit discrete therefrom.

[0006] Furthermore, the data line driving circuits of these
patent publications are constructed to simultaneously and
once precharge all data lines to a fixed voltage correspond-
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ing to for example a high level, before each data line is
driven to a designated drive voltage, and thereafter to
discharge each precharged data line to the designated drive
voltage. This is based on a recognition that a discharging
time of the data line is shorter than a charging time of the
data line. This procedure can make it possible to shorten a
time required for driving the data line to the designated drive
voltage. However, since all the data lines are simultaneously
precharged to the fixed voltage corresponding to for
example the high level regardless of the designated drive
voltage, when the designated drive voltage is near to a low
level, there is possibility that the time required for driving to
the designated drive voltage is rather longer than the case of
driving to the designated drive voltage with no precharging.

[0007] Alternatively, JP-A-07-173506 proposes to supply
an output of a digital-to-analog converter to the data line in
a time division manner. However, this structure is intended
to prevent the scale-up of the whole data line drive circuit
occurring with increase in the number of pixels, and to
reduce the power consumption.

[0008] Furthermore, JP-A-07-173506 proposes, as a sec-
ond invention, to precharge the data lines to a maximum
drive voltage when the drive output voltage is not smaller
than an intermediate drive voltage, and to a minimum drive
voltage when the drive output voltage is not larger than an
intermediate drive voltage. However, it does not disclose a
specific method for selecting the precharge voltage.

[0009] In addition, JP-A-11-119741 proposes to precharge
one of adjacent data lines to a maximum drive voltage, and
then, to drive the precharged data line to a designated drive
voltage by use of an operational amplifier having a high
current drawing capacity, and further, to precharge the other
of the adjacent data lines to a minimum drive voltage, and
then, to drive the precharged data line to a designated drive
voltage by use of an operational amplifier having a high
current supplying capacity, so that a voltage variation
between opposing electrodes can be suppressed, and a
display unevenness is reduced. According to this disclosed
invention, each data line is ceaselessly precharged to either
one fixed voltage of the maximum drive voltage and the
minimum drive voltage, regardless of a designated drive
voltage to be applied to the data line concerned.

[0010] None of the above mentioned prior art examples is
intended to reduce the static consumed electric power in the
output buffer in the data line drive circuit for the liquid
crystal display. Accordingly, heretofore, there is no data line
drive circuit for the liquid crystal display, which reduces the
power consumption of the liquid crystal display, by reducing
the static consumed electric power in the output buffer in the
data line drive circuit for the liquid crystal display.

BRIEF SUMMARY OF THE INVENTION

[0011] Accordingly, it is an object of the present invention
to provide a data line drive circuit for a panel display,
capable of driving the panel display with a reduced power
consumption, by reducing the static consumed electric
power in the output buffer in the data line drive circuit for
the panel display such as a liquid crystal display.

[0012] According to a first aspect of the present invention,
there is provided a data line drive circuit for a panel display,
comprising a sclection means receiving a plurality of volt-
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ages corresponding to each plurality of data lines, of a
number of data lines of the panel display, analog buffers each
provided in common for a plurality of data lines, for
receiving and outputting the voltage alternatively selected
by the selection means, a distribution means receiving an
output of each analog buffer for selectively distributing the
output of the analog buffer to a selected one of the plurality
of data lines, a precharge means provided for each of the
plurality of data lines, for precharging a corresponding data
line to either a high drive voltage or a low drive voltage, in
accordance with at least the most significant bit signal of a
digital data corresponding to the corresponding data line,
and a control means for controlling the selection means, the
distribution means and the precharge means, wherein each
scan line selection period includes a precharge period and a
plurality of writing periods succeeding to the precharge
period, and during the precharge period, the control means
controls the distribution means to separate the output of the
analog buffers from all the data lines, and activates ecach
precharge means to precharge all the data lines, and during
the plurality of writing periods, the control means inacti-
vates each precharge means and controls the selection means
and the distribution means in such a manner that during a
first writing period of the plurality of writing periods, the
voltage corresponding to a first data line of the plurality of
data lines is supplied to the analog buffer and the output of
the analog buffer is supplied to the first data line, and during
a second writing period of the plurality of writing periods,
the voltage corresponding to a second data line of the
plurality of data lines is supplied to the analog buffer and the
output of the analog buffer is supplied to the second data
line.

[0013] According to a second aspect of the present inven-
tion, there is provided a data line drive circuit for a panel
display in which a digital data of one scan line is divided into
P blocks, where P is an integer larger than 1, and similarly,
anumber of data lines are divided into P blocks, the data line
drive circuit comprising a first data latch for latching at least
the most significant bit signal of the digital data of one block
of the P blocks, in units of a block, a second data latch for
latching the digital data of one block of the P blocks, in units
of a block, a D/A converter receiving the digital data
outputted from the second data latch for generating a cor-
responding analog gray-scale voltage, analog buffers each
provided in common to P data lines, for receiving the analog
gray-scale voltage outputted from the D/A converter to
output the analog gray-scale voltage, a distribution means
receiving an output of the analog buffer to alternatively
distribute the output of the analog buffer to a selected one of
the P data lines, a precharge means provided for each of the
number of data lines, for precharging the corresponding data
line to either a high drive voltage or a low drive voltage in
accordance with at least the most significant bit signal of the
digital data corresponding to the corresponding data line,
and a control means for controlling the first and second data
latches, the distribution means and the precharge means,
wherein during a first period of each scan line selection
period, the control means controls the precharge means to
precharge each of the data lines in a first block to either a
high drive voltage or a low drive voltage in accordance with
at least the most significant bit signal of the digital data of
the first block, latched in the first data latch, and during a
second period of each scan line selection period, the control
means controls the distribution means to supply the data
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lines in the first block with a voltage which is obtained by
D/A converting the digital data of the first block held in the
second data latch by action of the D/A converter and
supplying the output of the D/A converter through the
analog buffer, and also the control means controls the
precharge means to precharge each of the data lines in a
second block to either a high drive voltage or a low drive
voltage in accordance with at least the most significant bit
signal of the digital data of the second block, latched in the
first data latch, and further, during a third period of each scan
line selection period, the control means controls the distri-
bution means to supply the data lines in the second block
with a voltage which is obtained by D/A converting the
digital data of the second block held in the second data latch
by action of the D/A converter and supplying the output of
the D/A converter through the analog buffer.

[0014] In the P blocks of the digital data of one scan line,
a first block consists of one item of digital data for every P
items of digital data counted from a first item of digital data
in the digital data of one scan line, and a second block
consists of one item of digital data for every P items of
digital data counted from a second item of digital data in the
digital data of one scan line. In this case, in the P blocks of
data lines in the number of data lines, a first block consists
of one data line for every P data lines counted from a first
data line in the number of data lines, and a second block
consists of one data line for every P data lines counted from
a second data line in the number of data lines. However, the
manner of allocating the digital data and the data lines into
the P blocks, is in now way limited to the above mentioned
manner, but it would be apparent to persons skilled in the art
that various manner could be considered.

[0015] According to the present invention, it is no longer
necessary to provide one analog buffer for each data line of
a number of data lines in the panel display. Therefore, if one
analog buffer is provided for each two data lines, the number
of analog buffers can be halved. If one analog buffer is
provided for each three data lines, the number of analog
buffers can be reduced to one third. Furthermore, if one
analog buffer is provided for each P data lines, the number
of analog buffers can be reduced to lip.

[0016] The analog buffer ordinarily needs a steady idling
current (static consumed electric current) for maintaining the
operation. Therefore, since the number of analog buffers is
reduced, the power consumption can be reduced by the total
static consumed electric current of the omitted analog buff-
ers, and further, the required area can be correspondingly
reduced.

[0017] In addition, if the analog buffer is constituted of the
data line drive circuit disclosed by the inventor of this
application in Japanese Patent Application No. Heisei
11-145768, a high speed operation is possible even if the
idling current of the analog buffer itself is reduced. Accord-
ingly, it is possible to realize the analog buffer having a
further reduced power consumption.

[0018] Furthermore, if the precharging is carried out with-
out exception before the gray-scale voltage is outputted, the
analog buffer must carry out the precharging and the out-
putting of the gray-scale voltage in each one scan line
selection period. If this operation is carried out in a time
division manner for a plurality of data lines, it becomes
necessary to carry out the precharging a plurality of times.
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In the present invention, however, the precharging and the
outputting of the gray-scale voltage are made independent of
each other, and the precharging required for a plurality of
data lines is carried out simultaneously, and only the out-
putting of the gray-scale voltage is carried out in a time
division manner. Alternatively, both the precharging and the
outputting of the gray-scale voltage are carried out in a time
division manner, but only the precharging for the data lines
of the first block is carried out independently, the precharg-
ing for the data lines of the second and succeeding blocks is
carried out in parallel at the same time as the outputting of
the gray-scale voltage to the data lines of a just preceding
block is carried out. Thus, not only the precharge period but
also the gray-scale voltage outputting periods can be elon-
gated in comparison with the case that one data line driving
composed of the precharging and the outputting of the
gray-scale voltage is carried out in a simple time division
manner.

[0019] In addition, the precharge voltage of each data line
is determined by a polarity signal and the most significant bit
signal of the digital data indicating an output gray-scale
voltage to be written into the data line concerned. When the
gray-scale voltage to be written is higher than a median
gray-scale voltage, a high drive voltage is selected, and
when the gray-scale voltage to be written is lower than the
median gray-scale voltage, a low drive voltage is selected.
However, if the median gray-scale voltage is greatly sepa-
rated from a central value in a range of a drive voltage, the
precharge voltage is determined in view of factors including
higher place bit signals, so that it becomes near to the central
value in the range of the drive voltage. Thus, when the
analog buffer outputs the analog gray-scale voltage, the
width pulled up by the analog buffer supplying an electric
charge to the data line and the width pulled down by the
analog buffer drawing an electric charge from the data line,
can be made to about a half of a voltage difference between
the high drive voltage and the low drive voltage, with the
result that the time required for writing the analog gray-scale
voltage to the data line can be shortened.

[0020] Here, under an ordinary practice, the drive voltage
does not beyond the range of a power supply voltage.
Therefore, the “high drive voltage” and the “low drive
voltage” as mentioned above ordinarily become a maximum
value VDD and a minimum value VSS of the power supply
voltage, respectively. However, the “high drive voltage”
may be slightly lower than the maximum value VDD of the
power supply voltage, and the “low drive voltage” may be
slightly higher than the minimum value VSS of the power
supply voltage. In addition, the precharge voltage can be
constituted of a plurality of voltages including the maximum
value VDD and the minimum value VSS of the power
supply voltage. In this case, the precharge voltage is selected
on the basis of the digital signal of high place bits including
the most significant bit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a block diagram of a common-inversion
driving type data driver embodying the data line drive circuit
in accordance with the present invention,

[0022] FIG.2 is a timing chart illustrating the operation of
the data line drive circuit shown in FIG. 1;
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[0023] FIG. 3 is a circuit diagram of the analog buffer and
the precharge circuit, which are constructed on the basis of
the drive circuit disclosed in Japanese Patent Application
No. Heisei 11-145768;

[0024] FIG. 4 is a timing chart illustrating an operation of
the circuit shown in FIG. 3;

[0025] FIG. 5 is a block diagram illustrating a modifica-
tion of the embodiment shown in FIG. 1;

[0026] FIG. 6 is a block diagram illustrating another
modification of the embodiment shown in FIG. 1;

[0027] FIG. 7 is a block diagram illustrating still another
modification of the embodiment shown in FIG. 1,

[0028] FIG. 8 is a timing chart illustrating an operation of
the data line drive circuit shown i FIG. 7; and

[0029] FIG. 9 is a circuit illustrating the simplest pixel
stricture of an active matrix type organic EL display.

DETAILED DESCRIPTION OF THE
INVENTION

[0030] Now, embodiments of the present invention
applied to a liquid crystal display will be described with
reference to the accompanying drawings.

[0031] Referring to FIG. 1, there is shown a block dia-
gram of a common-inversion driving type data driver
embodying the data line drive circuit in accordance with the
present invention. As shown in FIG. 1, the data line drive
circuit in accordance with the present invention for use in a
TFT-LCD display includes a shift register 10 receiving a
clock CLK for generating a timing for capturing data, a data
register 12 receiving a serially transmitted digital data to
sequentially capture the same in response to the timing given
from the shift register 10, the data register 12 outputting the
captured data in parallel, a data latch 14 for latching the data
outputted in parallel from the data register 12, a D/A
converter 16 receiving the data outputted in parallel from the
data latch 14, and a gray-scale voltage generating circuit 18
for supplying gray-scale voltages to the D/A converter 16.

[0032] Furthermore, the data line drive circuit includes a
selection circuit (switch circuit) 20 receiving outputs of the
D/A converter 16, an analog buffer group 22 receiving
outputs of the switch circuit 20, a distribution circuit (switch
circuit) 24 receiving outputs of the analog buffer group 22
for connecting each of the outputs of the analog buffer group
22 to a corresponding data line 30: (i=1 to K) of a TFT array
(pixel array) 28 of the TFT-LCD, and a precharge circuit 26
for precharging each data line 30i to either a maximum drive
voltage VDD or a minimum drive circuit VSS. Here, the
data lines 30i (i=1 to K) are located in the order to 301, 302,
303, 304, . . ., 30K. Accordingly, the data line 302 is located
between the data line 301 and the data line 303, adjacent to
the data line 301 and the data line 303.

[0033] Inthe TFT array 28 of the TFT-LCD, a number of
pixel electrodes are arranged to constitute a number of rows
and a number of columns. Each pixel capacitance 32 is
formed by a liquid crystal material sandwiched between
each pixel electrode and an opposing electrode. The pixel
electrode of each pixel capacitance 32 is connected to a drain
of an associated switching transistor (AFT) 34. A gate of the
switching transistors 34 in each row is connected to a
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corresponding a row selection line 36, and a source of the
switching transistors 34 in each column is connected to a
corresponding data line (column selection line) 30i. The row
selection line 36 is selectively driven by a row selection
driver (not shown). In addition, the opposing electrode is
supplied with a common voltage Vcom which is inverted in
accordance with a polarity signal POL.

[0034] Now, the construction of the selection circuit 20,
the analog buffer group 22 and the distribution circuit 24 will
be described with reference to one analog buffer 22A.

[0035] In the shown embodiment, the outputs of the D/A
converter 16 are grouped into units each consisting of three
outputs in the selection circuit 20, so that each three outputs
are alternatively connected to one analog buffer within the
analog buffer group 22 by action of three switches. An
output V1 of the D/A converter 16 corresponding to the data
line 301 is connected to an input of the analog buffer 22A
through a switch 201 within the selection circuit 20. An
output V2 of the D/A converter 16 corresponding to the data
line 302 is connected to the input of the analog buffer 22A
through a switch 202 within the selection circuit 20. In
addition, an output V3 of the D/A converter 16 correspond-
ing to the data line 303 is connected to the input of the
analog buffer 22A through a switch 203 within the selection
circuit 20. For example, assuming that “K” data lines exist,
three outputs of the D/A converter 16 corresponding to the
data line 30(3j-2), the data line 30(3j-1) and the data line
30(3)), are alternatively connected to an input of one analog
buffer by action of the selection circuit 20. Here, j=1 to M
(where M=K/3, and if K/3 is not an integer, M is an integer
obtained by rounding up a value less than a decimal point of
K/3). Incidentally, if K/3 is. not an integer, there does not
exist (3j-1) and/or (3j) which are larger than “K”.

[0036] In the distribution circuit 24, an output of the
analog buffer 22A is connected through a switch 241 to the
data line 301, through a switch 242 to the data line 302 and
through a switch 243 to the data line 303. Therefore, an
output of one analog buffer alternatively receiving through
the selection circuit 20 the three outputs of the D/A converter
16 corresponding to the data line 30(3j-2), the data line
30(3j-1) and the data line 30(3j), is selectively connected to
one of the data line 30(3j-2), the data line 30(3j-1) and the
data line 30(3j), by action of the distribution circuit 24.

[0037] A switch group in the selection circuit 20 and a
switch group in the distribution circuit 24 are on-off con-
trolled by a control circuit 40. Specifically, the switch
20(3j-2) and the switch 24(3j-2) (for example, the switch
201 and the switch 241) are controlled by a switch control
signal S1 supplied from the control circuit 40, so as to be
brought together into either an ON condition or an OFF
condition. In addition, the switch 20(3j-1) and the switch
24(3j-1) (for example, the switch 202 and the switch 242)
are controlled by a switch control signal S2 supplied from
the control circuit 40, so as to be brought together into either
an ON condition or an OFF condition. Similarly, the switch
20(3j) and the switch 24(3j) (for example, the switch 203
and the switch 243) are controlled by a switch control signal
S3 supplied from the control circuit 40, so as to be brought
together into either an ON condition or an OFF condition.

[0038] In the precharge circuit 26, each data line 301 (i=1
to K) is connected to either the maximum drive voltage
VDD or the minimum drive voltage VSS by action of the
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associated switch 267 (i=1 to K). The switch 26/ can assume
three different conditions, namely, a condition of connecting
the date line 30 to the maximum drive voltage VDD,
another condition of connecting the date line 30i to the
minimum drive voltage VSS and still another condition of
separating the data line 30i from both the maximum drive
voltage VDD and the minimum drive voltage VSS. Each
switch 26i is controlled by a precharge signal SO supplied
from the control circuit 40, the plurality signal POL for
controlling the common inversion driving, and the most
significant bit signal D0: (i=1 to K) of the digital data which
is supplied from the data latch 14 to the D/A converter 16
and which corresponds to the data line corresponding to the
switch 26i. Specifically, when the precharge signal S0 is
active, the switch 26i connects the data line 307 to either the
maximum drive voltage VDD or the minimum drive voltage
VSS in accordance with the most significant bit signal D0Z
of the digital data and the plurality signal POL. When the
precharge signal S0 is inactive, the switch 26i separates the
data line 30i from both the maximum drive voltage VDD
and the minimum drive voltage VSS regardless of the most
significant bit signal D0: of the digital data and the polarity
signal POL. Incidentally, in this embodiment, it has been
described that only the most significant bit signal D0 of the
digital data is used for controlling each switch 26i. However,
it is possible that a plurality of most significant bits including
the most significant bit, of the digital data, can be used for
controlling each switch 26i.

[0039] In addition, the polarity signal PLO is further
supplied to the gray-scale voltage generating circuit 18 so
that the whole of the gray-scale voltages are inverted in
response to inversion of the common voltage Vecom. In this
control of the common inversion driving, the voltage value
outputted to the data line for the same digital data changes
dependently upon the polarity signal. Since the common
inversion driving itself in the liquid crystal display is well
known to persons skilled in the art, the description of the
common inversion driving including the polarity signal POL
is limited to a minimum degree in this specification.

[0040] Now, an operation of the data line drive circuit
shown in FIG. 1 will be described with reference to FIG. 2
which is a timing chart illustrating the operation of the data
line drive circuit shown in FIG. 1. FIG. 2 illustrate the
output of the analog buffer in a non-inversion drive condi-
tion in which the polarity signal PLO is “1” (high level) and
the output of the analog buffer in an inversion drive condi-
tion in which the polarity signal PLO is “0” (low level).
However, the operation in the non-inversion drive condition
in which the polarity signal PLO is “1” (high level) will be
first described. Incidentally, in the non-inversion drive con-
dition in which the polarity signal PLO is “1” (high level),
the common voltage Veom is equal to the minimum drive
voltage VSS, and in the inversion drive condition in which
the polarity signal PLO is “0” (low level), the common
voltage Veom is equal to the maximum drive voltage VDD.

[0041] All data outputted during one scan line (gate line)
selection period, is supplied from the data register 12 to the
data latch 14 and is latched in the data latch 14. “K” items
of digital data latched in the data latch 14 and corresponding
to one scan line, are converted into “K” analog voltages Vi
(i=1 to K) in the D/A converter 16 receiving the gray-scale
voltages from the gray-scale voltage generating circuit 18.
When the polarity signal PLO is “1” (high level) and the
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common-inversion driving is in the non-inversion drive
condition, the gray-scale voltage generating circuit 18 out-
puts to the D/A converter 16 the gray-scale voltages having
such a relation that the minimum value of the digital data
corresponds to the minimum drive voltage VSS and the
maximum value of the digital data corresponds to the
maximum drive voltage VDD. Accordingly, as shown in
FIG. 2, when the most significant bit of the digital data is
“17, for example when D01=1, the analog voltage V1 is not
less than an intermediate voltage Vm. When the most
significant bit of the digital data is “0”, for example when
D02=0 and D03=0, the analog voltages V2 and V3 are less
than the intermediate voltage Vm. Here, the intermediate
voltage Vm is a voltage near to a median of a drive voltage
range, and may be equal to a median gray-scale voltage.

[0042] On the other hand, a (N)th gate signal is activated
by the row selection driver (not shown) so that a (N)th row
selection line 36 is selectively driven to turn on all the
switching transistors 34 of the (N)th row, having a gate
connected to the (N)th row selection line 36. The other
switching transistors 34 are maintained in the OFF condi-
tion.

[0043] 1In the case that one analog buffer is provided for
each three data lines as shown in FIG. 1, each scan line
selection period is divided into one precharge period and
three writing periods as shown in FIG. 2. Therefore, for
simplification of the description, only parts relating to the
data lines 301 to the data line 303 will be described, since
an operation of parts relating to the data line 304 and
succeeding data lines could be understood from the opera-
tion of the parts relating to the data lines 301 to the data line
303.

[0044] As seen from FIG. 2, a first period of the one scan
line selection period is the precharge period. During the
precharge period, the control signal 40 activates the pre-
charge signal SO and maintains the switch control signals S1,
S2 and S3 in an inactive condition. As a result, in accordance
with the polarity signal POL and the most significant bit
signal DO0i of the digital data for the respective data lines
supplied though the D/A converter 16, the precharge circuit
26 connects the data lines 30i to either the maximum drive
voltage VDD or the minimum drive voltage VSS, so that the
data lines 30¢ are precharged.

[0045] As mentioned above, when the polarity signal POL
indicates the non-inversion drive condition, for example
when the most significant bit signal D01 of the digital data
corresponding to the data line 301 is “1”, namely, when the
analog voltage V1 obtained by the D/A conversion of the
same digital data is not less than the intermediate voltage
Vm between the maximum drive voltage VDD and the
minimum drive voltage VSS, the switch 261 in the pre-
charge circuit 26 is connected to the maximum drive voltage
VDD so that the data line 301 is precharged to the maximum
drive voltage VDD. In addition, when the most significant
bit signal D02 of the digital data corresponding to the data
line 302 is “0”, namely, when the analog voltage V2
obtained by the D/A conversion of the same digital data is
less than the intermediate voltage Vm between the maxi-
mum drive voltage VDD and the minimum drive voltage
VSS, the switch 262 in the precharge circuit 26 is connected
to the minimum drive voltage VSS so that the data line 302
is precharged to the minimum drive voltage VSS. Further-
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more, when the most significant bit signal D03 of the digital
data corresponding to the data line 303 is “0”, the switch 263
in the precharge circuit 26 is connected to the minimum
drive voltage VSS so that the data line 303 is precharged to
the minimum drive voltage VSS. In this manner, during the
precharge period, each of all the data line 301 to the data line
30K is precharged to either the maximum drive voltage
VDD or the minimum drive voltage VSS, which is near to
an analog voltage Vi to be written into the data line con-
cerned.

[0046] During the three writing periods succeeding to the
precharge period, the control circuit 40 maintains the pre-
charge signal in the inactive condition and sequentially
activates the switch control signals S1, S2 and S3, as shown
in FIG. 2. As a result, after the precharging has been
completed, all the data lines 305 are separated from both the
maximum drive voltage VDD and the minimum drive
voltage VSS, so that it becomes possible to write an analog
voltage Vi obtained by the D/A conversion of the digital
data.

[0047] In afirst writing period succeeding to the precharge
period, the control circuit 40 activates the switch control
signal S1 and maintains the switch control signals S2 and S3
in the inactive condition. As a result, the switch 201 of the
selection circuit 20 and the switch 241 of the distribution
circuit 24 are brought into a closed condition, and the
switches 202 and 203 and the switches 242 and 243 are
maintained in an open condition. Accordingly, the analog
voltage V1 obtained by converting the digital data corre-
sponding to the data line 301 by action of the D/A converter
16, is applied to the analog buffer 22A, and the output of the
analog buffer 22A is connected through the switch 241 to the
data line 301, so that the output gray-scale voltage V1 is
written into the data line 301.

[0048] In the above mentioned example, the data line 301
is precharged to the maximum drive voltage VDD, and
therefore, since the analog voltage V1 obtained from the
D/A conversion of the digital data corresponding to the data
line 301 is not less than the intermediate voltage Vm
between the maximum drive voltage VDD and the minimum
drive voltage VSS, the analog buffer 22A draws or dis-
charges an electric charge from the data line 301 precharged
to the maximum drive voltage VDD, so that the output
gray-scale voltage V1 is written into the data line 301.

[0049] 1In a second writing period, the control circuit 40
inactivates the switch control signal S1, and activates the
switch control signal S2, and further maintains the switch
control signal S3 in the inactive condition. As a result, the
switch 201 and the switch 241 are brought into an open
condition, and the switch 202 and the switch 242 are brought
into a closed condition, and the switch 203 and the switch
243 are maintained in an open condition. Accordingly, the
analog voltage V2 obtained by converting the digital data
corresponding to the data line 302 by action of the D/A
converter 16, is applied to the analog buffer 22A, and the
output of the analog buffer 22A is connected through the
switch 242 to the data line 302, so that the output gray-scale
voltage V2 is written into the data line 302.

[0050] In the above mentioned example, the data line 302
is precharged to the minimum drive voltage VSS, and
therefore, since the analog voltage V2 obtained from the
D/A conversion of the digital data corresponding to the data
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line 302 is less than the intermediate voltage Vm between
the maximum drive voltage VDD and the minimum drive
voltage VSS, the analog buffer 22A supplies an electric
charge to the data line 302 precharged to the minimum drive
voltage VSS, so that the output gray-scale voltage V2 is
written into the data line 302.

[0051] In a third writing period, the control circuit 40
maintains the switch control signal S1 in the inactive con-
dition, and inactivates the switch control signal S2, and
further activates the switch control signal S3. As a result, the
switch 201 and the switch 241 are maintained in the open
condition, and the switch 202 and the switch 242 are brought
into an open condition, and the switch 203 and the switch
243 are brought into a closed condition. Accordingly, the
analog voltage V3 obtained by converting the digital data
corresponding to the data line 303 by action of the D/A
converter 16, is applied to the analog buffer 22A, and the
output of the analog buffer 22A is connected through the
switch 243 to the data line 303, so that the output gray-scale
voltage V3 is written into the data line 303.

[0052] Inthe above mentioned example, the data line 303
is precharged to the minimum drive voltage VSS, and
therefore, since the analog voltage V3 obtained from the
D/A conversion of the digital data corresponding to the data
line 303 is less than the intermediate voltage Vm between
the maximum drive voltage VDD and the minimum drive
voltage VSS, the analog buffer 22A supplies an electric
charge to the data line 303 precharged to the minimum drive
voltage VSS, so that the output gray-scale voltage V3 is
written into the data line 303.

[0053] As shown in FIG. 2, in a next scan line selection
period, by action of the row selection driver (not shown), the
(N)th gate signal is inactivated and a (N+1)th gate signal is
activated so that a (N+1)th row selection line 36 is selec-
tively driven. During the scan line selection period of this
case, the precharge signal SO and the switch control signals
S1, S2 and S3 are controlled by the control circuit 40,
similarly to the above case.

[0054] In the above mentioned operation example, the
polarity signal POL is “1” (high level) and the common-
inversion driving is in the non-inversion drive condition.
Next, explanation will be made on the case in which the
polarity signal POL is “0” (low level) and the common-
inversion driving is in the inversion condition. In this case,
the common voltage Vcom' is the maximum drive voltage
VDD and the gray-scale voltage generating circuit 18 out-
puts to the D/A converter 16 the gray-scale voltages which
are obtained by inverting the whole of the gray-scale volt-
ages mentioned above to the effect that the minimum value
of the digital data corresponds to the maximum drive voltage
VDD and the maximum value of the digital data corresponds
to the minimum drive voltage VSS. Accordingly, as shown
in FIG. 2, when the most significant bit of the digital data
is “17, for example when D01=1, the analog voltage V1'is
less than an intermediate voltage Vm'. When the most
significant bit of the digital data is “0”, for example when
D02=0 and D03=0, the analog voltages V2' and V3' are not
less than the intermediate voltage Vm'. In addition, when the
most significant bit D01 of the digital data corresponding to
the data line 301 was “1”, the analog voltage V1' obtained
from the D/A conversion of the digital data is less than the
intermediate voltage Vm' between the maximum drive volt-
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age VDD and the minimum drive voltage VSS, and there-
fore, the switch 261 of the precharge circuit 26 is connected
to the minimum drive voltage VSS, so that the data line 301
is precharged to the minimum drive voltage VSS. When the
most significant bit D02 of the digital data corresponding to
the data line 302 was “0”, the analog voltage V2' obtained
from the D/A. conversion of the digital data is not less than
the intermediate voltage Vm' between the maximum drive
voltage VDD and the minimum drive voltage VSS, and
therefore, the switch 262 of the precharge circuit 26 is
connected to the maximum drive voltage VDD, so that the
data line 302 is precharged to the maximum drive voltage
VDD. Furthermore, when the most significant bit D03 of the
digital data corresponding to the data line 303 was “0”, the
switch 263 of the precharge circuit 26 is connected to the
maximum drive voltage VDD, so that the data line 303 is
precharged to the maximum drive voltage VDD. When the
polarity signal POL is “0” (low level) and the common-
inversion driving is in the inversion condition, the operation
other than the above mentioned operation is the same as that
in the operation when the polarity signal POL is “1” (high
level) and the common-inversion driving is in the non-
inversion drive condition, and therefore, explanation will be
omitted.

[0055] The analog buffer is ordinarily required to flow a
steady idle current (static consumed electric current) for
maintaining the operation. By the number of the analog
buffers, the consumed electric power can be reduced by the
static consumed electric current of the omitted analog buff-
ers. For example, when one horizontal line includes 240
pixels, there are 240 data lines. If one analog buffer is
provided for each one data line, 240 analog buffers are
required. In the above mentioned embodiment, however,
since one analog buffer is provided in common for each
three data lines, it is sufficient if 80 analog buffers are
provided.

[0056] Accordingly, it would be apparent to persons
skilled in the art that the embodiment shown in FIG. 1 can
be modified so that one analog buffer is provided for each
plurality of data lines excluding each three data lines. In
addition, such a modification can be easily realized by the
persons skilled in the art on the basis of the explanation of
the above mentioned embodiment. For example, if one
analog buffer is provided for each two data lines, it is
sufficient if 120 analog buffers are provided for the 240 data
lines. If one analog buffer is provided for each four data
lines, it is sufficient if 60 analog buffers are provided for the
240 data lines.

[0057] As mentioned above, if one analog buffer is pro-
vided in common for each plurality of data lines, the static
consumed electric current of all the analog buffers can be
greatly reduced, with the result that a consumed electric
power of the data line drive circuit can be correspondingly
greatly reduced. In addition, with reduction of the number of
the analog buffers, a required area can be reduced.

[0058] In the above mentioned embodiment, in the first
and precharge period of each scan line selection period, all
the data lines are precharged together. On the other hand,
during the three writing periods succeeding to the precharge
period in each scan line selection period, an analog gray-
scale voltage is sequentially outputted from one analog
buffer to the three data lines in a time division manner. In
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this method, the proportion of the precharge period occupied
in one scan line selection period can be reduced in com-
parison with the case that each scan line selection period is
so divided that the precharging is carried out just before each
writing period. As a result, the length of each writing period
within one scan line selection period can be ensured suffi-
ciently, and if necessary, not only each writing period but
also the precharge period can be elongated.

[0059] Furthermore, in the precharge period of each scan
line selection period, the precharge circuit simultaneously
precharges all the data lines to either the maximum drive
voltage VDD or the minimum drive voltage VSS. The
precharge voltage is determined for each data line on the
basis of the polarity signal POL and the most significant bit
signal (D01 to DOK) of the digital data representative of the
output gray-scale voltage to be written to the corresponding
data line. Thereafter, during the three continuous writing
periods succeeding to the precharge period, the analog
gray-scale voltage is sequentially outputted from one analog
buffer to the three data lines in a time division manner.
Therefore, the width of the voltage pulled up by supplying
the electric charge to the data line by action of the analog
buffer, and the width of the voltage pulled down by drawing
or discharging the electric charge from the data line by
action of the analog buffer, can be reduced to a half or less
of the voltage difference between the maximum drive volt-
age VDD and the minimum drive voltage VSS, with the
result that the time for writing the analog gray-scale voltage
to the data line can be reduced.

[0060] Moreover, in the above mentioned embodiment,
the precharge period is provided in each scan line selection
period, so that not only all the data lines but also each pixel
capacitance connected to the selected scan line are pre-
charged alternatively. Because, for example, when the data
line is precharged to the maximum drive voltage VDD
during the precharge period and then is written with the
gray-scale voltage by drawing the electric charge from the
data line by action of the analog buffer to pull down the
voltage during the writing period, an analog buffer having a
high current drawing capacity and a low current supplying
capacity, cannot precisely write the gray-scale voltage to the
pixel capacitance unless the pixel capacitance is precharged
to a voltage near to the gray-scale voltage to be written.
Accordingly, by providing the precharge period in each scan
line selection period and by alternatively precharging not
only all the data lines but also each pixel capacitance
connected to the selected scan line, even if an analog buffer
has an current drawing capacity and a current supplying
capacity which are different from each other, it is possible to
precisely and quickly write the analog gray-scale voltage to
each pixel capacitance during the writing period.

[0061] In the embodiment shown in FIG. 1, since the
analog gray-scale voltage is sequentially outputted to adja-
cent data lines 1n a time division manner, an interconnection
area can be reduced in comparison with a conventional
multiplex system. In addition, since all the digital data of one
scan line is fetched in the data latch, it is unnecessary to
rearrange the data.

[0062] Furthermore, since each data line is alternatively
precharged to either the maximum drive voltage VDD or the
minimum drive voltage VSS in accordance with the analog
gray-scale voltage to be actually written to the data line
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concerned, when an analog gray-scale voltage not less than
the intermediate voltage Vm between the maximum drive
voltage VDD and the minimum drive voltage VSS is actu-
ally written to the date line, it is resultantly necessary to
draw or discharge the electric charge from the data line
precharged to the maximum drive voltage VDD. Therefore,
if the analog buffer is constituted of a drive circuit having a
high current drawing capacity, it is possible to quickly pull
down from the maximum drive voltage VDD to the analog
gray-scale voltage. On the other hand, when an analog
gray-scale voltage less than the intermediate voltage Vm
between the maximum drive voltage VDD and the minimum
drive voltage VSS is actually written to the date line, it is
resultantly necessary to supply the electric charge to the data
line precharged to the minimum drive voltage VSS. There-
fore, if the analog buffer is constituted of a drive circuit
having a high current supplying capacity, it is possible to
quickly pull up from the minimum drive voltage VSS to the
analog gray-scale voltage.

[0063] Accordingly, by providing a drive circuit having a
high current drawing capacity and a drive circuit having a
high current supplying capacity in parallel as the analog
buffer, and alternatively using the drive circuit having the
high current drawing capacity and the drive circuit having
the high current supplying capacity, it is possible to further
quickly write the analog gray-scale voltage to each data line.

[0064] Here, if the drive circuit proposed by the inventor
of this application in Japanese Patent Application No. Heisel
11-145768 is used as the analog buffer constituted by
providing a drive circuit having a high current drawing
capacity and a drive circuit having a high current supplying
capacity in parallel, it is possible to reduce the static
consumed electric current of the analog buffer itself.

[0065] FIG. 3 is a circuit diagram of the analog buffer and
the precharge circuit, which are constructed on the basis of
the drive circuit disclosed in Japanese Patent Application
No. Heisei 11-145768. FIG. 3 shows a part corresponding to
the analog buffer 22A and switch 261, 262 and 263 shown
in FIG. 1. The shown circuit includes a drive circuit 100
having a high current supplying capacity and a driver circuit
200 having a high current drawing capacity.

[0066] In order to precharge an output terminal T2 con-
nected to the data line 304, each switch 26: in the precharge
circuit 26 includes a switch 112 connected between an
output terminal T2 and a low power supply voltage VSS
(minimum drive voltage VSS), and another switch 212
connected between the output terminal T2 and a high power
supply voltage VDD (maximum drive voltage VDD). The
switch 112 is paired with the drive circuit 100 in operation,
and the switch 212 is paired with the drive circuit 200 in
operation.

[0067] In the drive circuit 100, in order to precharge a
common gate of NMOS transistors 101 and 102, a switch
111 is connected between VDD and the common gate of the
transistors 101 and 102. A drain of the transistor 101 is
connected through a constant current source 103 to VDD,
and also connected to the gate of the transistor 101 itself. A
switch 121 is connected between a source of the transistor
101 and an input terminal T1 connected to a corresponding
output terminal of the selection circuit 20, in order to be able
to shut off a drain-source current of the transistor 101. A
constant current source 104 and a switch 122 are connected
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in series between the input terminal T1 and VSS. A source
of the transistor 102 is connected to an output terminal T3
of the analog buffer 22A. A switch 123 is connected between
VDD and a drain of the transistor 102 in order to be able to
shut off a drain-source current of the transistor 102. A
constant current source 105 and a switch 124 are connected
in series between the output terminal T3 and VSS. Here, it
is assumed that a current equally controlled by the constant
current sources 103 and 104 is “I11” and a current controlled
by the constant current source 105 is “I13”.

[0068] In the drive circuit 200, in order to precharge a
common gate of PMOS transistors 251 and 252, a switch
211 is connected between VSS and the common gate of the
transistors 251 and 252. A drain of the transistor 251 is
connected through a constant current source 253 to VSS, and
also connected to the gate of the transistor 251 itself. A
switch 221 is connected between a source of the transistor
251 and the input terminal T1 in order to be able to shut off
a drain-source current of the transistor 251. A constant
current source 254 and a switch 122 are connected in series
between the input terminal T1 and VDD. A source of the
transistor 252 is connected to the output terminal T3 of the
analog buffer 22A. A switch 223 is connected between VSS
and a drain of the transistor 252 in order to be able to shut
off a drain-source current of the transistor 252. A constant
current source 255 and a switch 224 are connected in series
between the output terminal T3 and VDD. Here, it is
assumed that a current equally controlled by the constant
current sources 253 and 254 is “I121” and a current controlled
by the constant current source 255 is “123”.

[0069] In the circuit shown in FIG. 3, an operation and a
non-operation of the switches 112 and 212 and th drive
circuits 100 and 200 are controlled by the most significant
bit signal D0i of the digital data, the polarity signal POL and
the switch control signals S01, S02, S03, S1, S2 and S3
supplied form the control circuit 40.

[0070] As mentioned above, the operation period of the
switch 26i is controlled by the precharge signal S0, and
which of the switches 112 and 212 should be closed, is
controlled by the polarity signal POL and the most signifi-
cant bit signal DO:. For this purpose, the polarity signal POL
and the most significant bit signal D0i are supplied to an
exclusive-OR circuit, so that an output of the exclusive-OR
circuit controls which of the switches 112 and 212 should be
closed. For example, the polarity signal POL and the most
significant bit signal D01 are supplied to a two-input exclu-
sive-OR circuit 501, so that an output of the exclusive-OR
circuit 501 controls which of the switches 112 and 212 in the
switch circuit 261 should be closed. The polarity signal POL
and the most significant bit signal D02 are supplied to a
two-input exclusive-OR circuit 502, so that an output of the
exclusive-OR circuit 502 controls which of the switches 112
and 212 in the switch circuit 262 should be closed. The
polarity signal POL and the most significant bit signal D03
are supplied to a two-input exclusive-OR circuit 503, so that
an output of the exclusive-OR circuit 503 controls which of
the switches 112 and 212 in the switch circuit 263 should be
closed.

[0071] In the analog buffer 22A, on the other hand, which
of the drive circuit 100 and the drive circuit 200 should be
operated is controlled by the polarity signal POL and the
most significant bit signal D0i. However, since the analog
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buffer 22A is driven in a time division manner, the most
significant bit signal D01 is supplied to one input of a
two-input exclusive-OR circuit 400 through a switch 401
on-off controlled by the switch control signal S1, and the
most significant bit signal D02 is supplied to the one input
of the two-input exclusive-OR circuit 400 through a switch
402 on-off controlled by the switch control signal S2, and
also, the most significant bit signal D03 is supplied to the
one input of the two-input exclusive-OR circuit 400 through
a switch 403 on-off controlled by the switch control signal
S3. In addition, the polarity signal POL is supplied to the
other input of the two-input exclusive-OR circuit 400.
Which of the drive circuit 100 and the drive circuit 200
should be operated is controlled by an output of the two-
input exclusive-OR circuit 400.

[0072] Thus, if a relatively high gray-scale voltage Vin is
inputted, during the outputting period of the gray-scale
voltage, the drive circuit 200 is put into an operating
condition, and all the switches in the drive circuit 100 are
maintained in an OFF condition so that the drive circuit 100
is maintained in a non-operable condition. On the other
hand, if a relatively low gray-scale voltage Vin is inputted,
during the outputting period of the gray-scale voltage, the
drive circuit 100 is put into an operating condition, and all
the switches in the drive circuit 200 are maintained in an
OFF condition so that the drive circuit 200 is maintained in
a non-operable condition.

[0073] As mentioned above, one of the drive circuit 100
and the drive circuit 200 is put in the operating condition,
and the switches within the drive circuit 100 or 200 put in
the operating condition are controlled by the switch control
signals SO1, S02 and S03. The switches 111 and 211 are
controlled by the switch control signal S01, and the switches
121, 122, 221 and 222 are controlled by the switch control
signal S02, and the switches 123, 124, 223 and 224 are
controlled by the switch control signal S03.

[0074] FIG. 4 is a timing chart illustrating an operation of
the circuit shown in FIG. 3. In FIG. 4, one scan line
selection period is divided into a precharge period P (time t0
to t1), a first writing period (time t1 to t4), a second writing
period (time t4 to t7) and a third writing period (time t7 to
t10).

[0075] The polarity signal POL is inverted each one scan
line selection period, but does not change during each one
scan line selection period. Here, it is assumed that, in a first
scan line selection period shown in FIG. 4, the polarity
signal POL indicates the non-inversion drive condition. In
the precharge period, the precharge signal S0 is activated,
and all the switch control signals S01, S02, S03, S1, S2 and
S3 are maintained in an inactive condition. Accordingly, all
the switches within the drive circuits 100 and 200 are
maintained in an OFF condition during the precharge period.

[0076] Here, as mentioned above, it is assumed that the
most significant bit signal D01 of the digital data corre-
sponding to the data line 301 is “1”, the most significant bit
signal D02 of the digital data corresponding to the data line
302 is “0” and the most significant bit signal D03 of the
digital data corresponding to the data line 303 is “0”. As a
result, when the most significant bit signal D01 is “1”, since
the analog voltage obtained from the D/A conversion of the
digital data must be not less than the intermediate voltage
Vm between the maximum drive voltage VDD and the
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minimum drive voltage VSS, the switch circuit 261 is so
operated that the switch 212 is turned on and the switch 112
is turned off so as to precharge the data line 301 to the
maximum drive voltage VDD. When the most significant bit
signal D02 is “0”, since the analog voltage obtained from the
D/A conversion of the digital data must be less than the
intermediate voltage Vm between the maximum drive volt-
age VDD and the minimum drive voltage VSS, the switch
circuit 262 is so operated that the switch 112 is turned on and
the switch 212 is turned off so as to precharge the data line
302 to the minimum drive voltage VSS. Similarly, when the
most significant bit signal D03 is “0”, since the analog
voltage obtained from the D/A conversion of the digital data
must be less than the intermediate voltage Vm between the
maximum drive voltage VDD and the minimum drive
voltage VSS, the switch circuit 263 is so operated that the
switch 112 is turned on and the switch 212 is turned off so
as to precharge the data line 303 to the minimum drive
voltage VSS.

[0077] During the three writing periods (time t1 to t10)
succeeding to the precharge period, the precharge signal SO
is maintained in an inactive condition, and the switch control
signals are activated or inactivated as follows: Accordingly,
during the three writing periods (time tl to t10), the pre-
charge circuit is maintained in the non-operable condition so
that the switches 112 and 212 are maintained in the OFF
condition.

[0078] During the first writing period (time tl to t4), as
shown in FIG. 2, the switch control signal S1 is activated,
and the switch control signals S2 and S3 are maintained in
an inactive condition. As a result, the switches 201 and 241
are closed, and furthermore, the switch 401 is closed, so that
the most significant bit signal D01 of the digital data
corresponding to the data line 301 is supplied to the exclu-
sive-OR circuit 400 as a selection signal for selectively
putting one of the drive circuits 100 and 200 into the
operating condition. In the above mentioned example, since
the most significant bit signal D01 of the digital data
corresponding to the data line 301 is “1”, the drive circuit
200 is selected, so that during the period of the time t1 to 4,
the switches 211, 221, 222, 223 and 224 are controlled as
shown in FIG. 4, and on the other hand, all the switches 111,
112, 121, 122, 123 and 124 are maintained in the OFF
condition.

[0079] At the time t1, the switch 211 is closed in accor-
dance with the switch control signal S01, so that the com-
mon gate voltage V20 of the transistors 251 and 252 is
precharged to the voltage VSS. At the time 2, the switch 211
is opened in accordance with the switch control signal S01,
so that the precharging of the voltage V20 is completed.
After the time (2, the switches 221 and 222 are put into the
closed condition in accordance with the switch control
signal S02, so that the voltage V20 is caused to change to a
voltage which is shifted from the input voltage Vin by a
gate-source voltage Vgs251(121) of the transistor 251, with
the result that it becomes stable with V20=Vin+
Vgs251(121). Here, Vgs251(121) is the gate-source voltage
when the drain current is 121.

[0080] After the time t3, the switches 223 and 224 are put
in a closed condition in accordance with the switch control
signal S03. As a result, the output voltage Vout of the data
line 301 connected through the switch 241 to the source of

Jan. 9, 2003

the transistor 252 and precharged to the voltage VDD during
the precharge period (time t0 to t1), changes to a voltage
which is shifted from the voltage V20 by a gate-source
voltage Vgs252(123) of the transistor 252, so that it becomes
stable with Vout=V20-Vgs252(123). Here, Vgs252(123) is
the gate-source voltage when the drain current is 123.

[0081] Accordingly, if the currents 121 and 123 are so
controlled that both Vgs251(121) and Vgs252(123) are nega-
tive and equal, the output voltage Vout becomes equal to the
input voltage Vin, as seen from the above referred two
equations. At this time, in addition, the range of the output
voltage becomes VSS-Vgs252(123) = Vout=VDD.

[0082] At the time t4 where the first writing period ter-
minates, the switches 221, 222, 223 and 224 are opened in
accordance with the switch control signals S02 and S03.

[0083] During the second writing period (time t4 to t7), as
shown in FIG. 2, the switch control signal S2 is activated,
and the switch control signals S1 and S3 are maintained in
an inactive condition. As a result, the switches 202 and 242
are closed, and furthermore, the switch 402 is closed, so that
the most significant bit signal D02 of the digital data
corresponding to the data line 302 is supplied to the exclu-
sive-OR circuit 400 as a selection signal for selectively
putting one of the drive circuits 100 and 200 into the
operating condition. In the above mentioned example, since
the most significant bit signal D02 of the digital data
corresponding to the data line 302 is “0”, the drive circuit
100 is selected, so that during the period of the time t4 to t7,
the switches 111, 112, 121, 122, 123 and 124 are controlled
as shown in FIG. 4, and on the other hand, all the switches
211, 221, 222, 223 and 224 are maintained in the OFF
condition.

[0084] At the time 4, the switch 111 is closed in accor-
dance with the switch control signal S01, so that a common
gate voltage V10 of the transistors 101 and 102 is pre-
charged to the voltage VDD. At the time t5, the switch 111
is opened in accordance with the switch control signal S01,
so that the precharging of the voltage V10 is completed.
After the time t5, the switches 121 and 122 are put into the
closed condition in accordance with the switch control
signal S02, so that the voltage V10 is caused to change to a
voltage which is shifted from the input voltage Vin by a
gate-source voltage Vgs101(I11) of the transistor 101, with
the result that it becomes stable with V10=Vin
+Vgs101(111). Here, Vgs101(I11) is the gate-source voltage
when the drain current is I11.

[0085] After the time t6, the switches 123 and 124 are put
in a closed condition in accordance with the switch control
signal S03. As a result, the output voltage Vout of the data
line 302 connected through the switch 242 to the source of
the transistor 102 and precharged to the voltage VSS during
the precharge period (time t0 to t1), changes to a voltage
which is shifted from the voltage V10 by a gate-source
voltage Vgs102(I13) of the transistor 102, so that it becomes
stable with Vout=V10-Vgs102(113). Here, Vgs102(113) is
the gate-source voltage when the drain current is 113.

[0086] Accordingly, if the currents 111 and I13 are so
controlled that both Vgs101(I11) and Vgs102(I13) are posi-
tive and equal, the output voltage Vout becomes equal to the
input voltage Vin, as seen from the above referred two
equations. At this time, in addition, the range of the output
voltage becomes VSS= Vout=VDD-Vgs102(113).
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[0087] At the time t7 where the second writing period
terminates, the switches 121, 122, 123 and 124 are opened
in accordance with the switch control signals S02 and S03.

[0088] During the second writing period (time t7 to t10),
as shown in FIG. 2, the switch control signal S3 is activated,
and the switch control signals S1 and S2 are maintained in
an inactive condition. As a result, the switches 203 and 243
are closed, and furthermore, the switch 403 is closed, so that
the most significant bit signal D03 of the digital data
corresponding to the data line 303 is supplied to the exclu-
sive-OR circuit 400 as a selection signal for selectively
putting one of the drive circuits 100 and 200 into the
operating condition. In the above mentioned example, since
the most significant bit signal D03 of the digital data
corresponding to the data line 303 is “0”, the drive circuit
100 is selected, so that during the period of the time t7 to t10,
the switches 111, 112, 121, 122, 123 and 124 are controlled
as shown in FIG. 4, and on the other hand, all the switches
211, 221, 222, 223 and 224 are maintained in the OFF
condition.

[0089] At the time t7, the switch 111 is closed in accor-
dance with the switch control signal S01, so that the com-
mon gate voltage V10 of the transistors 101 and 102 is
precharged to the voltage VDD. At the lime t8, the switch
111 is opened in accordance with the switch control signal
501, so that the precharging of the voltage V10 is completed.
After the time (8, the switches 121 and 122 are put into the
closed condition in accordance with the switch control
signal S02, so that the voltage V10 is caused to change to a
voltage which is shifted from the input voltage Vin by a
gate-source voltage Vgs101(I11) of the transistor 101, with
the result that it becomes stable with V10=Vin+
Vgs101(111).

[0090] After the time 9, the switches 123 and 124 are put
in a closed condition in accordance with the switch control
signal S03. As a result, the output voltage Vout of the data
line 303 connected through the switch 243 to the source of
the transistor 102 and precharged to the voltage VSS during
the precharge period (time t0 to t1), changes to a voltage
which is shifted from the voltage V10 by a gate-source
voltage Vgs102(113) of the transistor 102, so that it becomes
stable with Vout=V10-Vgs102(I113). As mentioned above, if
the currents I11 and 113 are so controlled that both
Vgs101(111) and Vgs102(113) are positive and equal, the
output voltage Vout becomes equal to the input voltage Vin.

[0091] At the time t10 where the third writing period
terminates, the switches 121, 122, 123 and 124 are opened
in accordance with the switch control signals S02 and S03.
After the time t10, a next one scan line selection period
starts, and an operation similar to the above mentioned
operation is carried out. A first operation of the next scan line
selection period is a precharge period (110 to t11).

[0092] Thus, if the relatively low gray-scale voltage is
smaller than {VDD-Vgs102(113)}, and if the relatively high
gray-scale voltage is larger than {VSS-Vgs252(123)}, the
range of the output voltage can be made equal to the range
of the power supply voltage.

[0093] Each of the drive circuits 100 and 200 mentioned
above utilizes a source follower operation of a transistor and
is combined with the precharge circuits for the gate voltages
VIO and V20. Thus, even if an idling current of the drive
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circuits 100 and 200 is suppressed at a low value, a high
speed operation becomes possible. Namely, both a low
power consumption and a high speed operation becomes
possible. In other words if each analog buffer included in the
analog buffer group 22 is constructed of the combination of
the drive circuits 100 and 200, it is possible to realize a data
line drive circuit having a further reduced electric power
consumption.

[0094] Incidentally, in the analog buffer shown in FIG. 3,
if the constant current sources 253, 254, 103 and 104 have
a sufficiently large current capacity, the switches 211 and 111
can be omitted.

[0095] FIG. 5 shows a modification of the embodiment
shown in FIG. 1. In FIG. 5, elements which are the same as
those shown in FIG. 1 are given with the same reference
numbers, and explanation will be omitted.

[0096] In the modification shown in FIG. 5, a frame
memory 50 is provided in place of the shift register 10 and
the data register 12 shown in FIG. 1. A digital data to be
displayed is supplied to the frame memory 50, and stored at
a location designated to an address. The digital data is read
out from the location designated by an address, so that a
digital data corresponding to each scan line is sequentially
outputted from the frame memory 50 to the data latch 14 and
then held in the data latch 14. In the other points, the
modification shown in FIG. 5 is the same as the embodiment
shown in FIG. 1. Therefore, a further explanation will be
omitted. In the modification shown in FIG. 5, in addition, if
each analog buffer included in the analog buffer group 22 is
constructed of the combination of the drive circuits 100 and
200 shown in FIG. 3, it is possible to realize a data line drive
circuit having a further reduced electric power consumption.

[0097] FIG. 6 shows another modification of the embodi-
ment shown in FIG. 1. In FIG. 6, clements which are the
same as those shown in FIG. 1 are given with the same
reference numbers, and explanation will be omitted. Inci-
dentally, for simplification of the description, parts pertain-
ing to the data line 301 to the data line 303 will be mainly
described. Parts pertaining to the data line 304 and succeed-
ing data lines would be understandable to persons skilled in
the art from the description of the parts pertaining to the data
line 301 to the data line 303.

[0098] The modification shown in FIG. 6 is characterized
in that the output of the data latch 14 is sequentially supplied
in a time division manner controlled by the switch control
signals S1 to S3, to the D/A converter and the analog buffer
group 22, so that each three data lines are driven in the time
division manner. With this arrangement, the circuit scale of
the D/A converter can be reduced.

[0099] Similarly to the embodiment shown in FIG. 1, cach
switch 267 in the distribution circuit 26 is controlled by the
most significant bit signal D0 of the digital data outputted
from the data latch 14 and corresponding to the correspond-
ing data line. However, the selection circuit 20 is located
between the data latch 14 and a D/A converter 16A, and
outputs to the D/A converter 16A, a digital data correspond-
ing to each data line (D01 to DS5; in the case that the digital
data of each pixel is composed of 6 bits). As mentioned
above, since the digital data is outputted in parallel from the
data latch 14, when the digital data is composed of 6 bits,
each switch 207 in the selection circuit 20 is constituted of
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six switches located in parallel, but is represented by one
switch for simplification of the drawing.

[0100] For example, the digital data D01 to D51 corre-
sponding to the data line 301, the digital data D02 to D52
corresponding to the data line 302, and the digital data D03
to D53 corresponding to the data line 303, are supplied in a
time division manner to the same D/A converting circuit
16B within the D/A converter 16A through the switch 201,
through the switch 202 and through the switch 203, respec-
tively. Accordingly, the circuit scale of the D/A converter
16A can be reduced to one third of that of the D/A converter
16 in the embodiment shown in FIG. 1. Accordingly, the
modification shown in FIG. 6 can reduce not only the
number of the analog buffers but also the number of the D/A
converting circuits, and therefore, can further reduce a
required area in comparison with the embodiment shown in
FIG. 1.

[0101] An output of the D/A converting circuit 16B within
the D/A converter 16A is connected to the input of the
analog buffer 22A. In addition, the most significant bit signal
DO0: of the digital data corresponding to each data line is
supplied from the data latch 14 to the precharge circuit 26.

[0102] Now, an operation of the modification shown in
FIG. 6 different from that of the embodiment shown in FIG.
1 will be described with reference to the timing chart of FIG.
2.

[0103] All the data outputted during the one scan line (gate
line) selection period is supplied from the data register 12 to
the data latch 14 and latched in the data latch 14. The latched
digital data of the one scan line is selected, one for each three
data lines, by action of the switches in the selection circuit
20, and the selected digital data is supplied to the D/A
converter 16A. Each digital data is converted into an analog
voltage Vi (i=1 to K) in the D/A converter 16A.

[0104] On the other hand, a (N)th gate signal is activated
by a row selection driver (not shown) so that a (N)th row
selection signal 36 is selectively driven, and therefore, all
the switching transistors 34 having the gate connected to the
(N)th row selection signal 36 are put into an ON condition,
and the switching transistors 34 in the other rows are
maintained in an OFF condition.

[0105] When one analog buffer is provided for each three
data lines as shown in FIG. 6, each one scan line selection
period includes one precharge period and three writing
periods. Therefore, for simplification of the description, only
parts pertaining to the data line 301 to the data line 303 will
be described, and parts pertaining to the data line 304 and
succeeding data lines would be understandable to persons
skilled in the art from the description of the parts pertaining
to the data line 301 to the data line 303.

[0106] As shown in FIG. 2, the first period of each one
scan line selection period is the precharge period, during
which the control circuit 40 activates the precharge signal SO
and maintains the switch control signals S1, S2 and S3 in an
inactive condition. As a result, the precharge circuit 26
connects the data line 30i to either the maximum drive
voltage VDD or the minimum drive voltage VSS, in accor-
dance with the most significant bit signal D0 of the digital
data received from the data latch 14 and corresponding to the
data line 30%, so that the data line 30i is precharged. If it is
assumed that the polarity signal POL is indicative of the
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non-inversion driving, for example, when the most signifi-
cant bit signal D01 of the digital data corresponding to the
data line 301 is “17, the switch 261 in the precharge circuit
26 precharges the data line 301 to the maximum drive
voltage VDD. When the most significant bit signal D02 of
the digital data corresponding to the data line 302 is “0”, the
switch 262 in the precharge circuit 26 precharges the data
line 302 to the minimum drive voltage VSS. In addition,
when the most significant bit signal D03 of the digital data
corresponding to the data line 303 is “0”, the switch 263 in
the precharge circuit 26 precharges the data line 303 to the
minimum drive voltage VSS. Thus, during the precharge
period, each of the data line 301 to the data line 30K is
precharged to one of the maximum drive voltage VDD and
the minimum drive voltage VSS, which is near to the analog
voltage to be written into the data line concerned.

[0107] During the three writing periods succeeding to the
precharge period, as shown in FIG. 2, the control circuit 40
maintains the precharge signal SO in the inactive condition
but sequentially alternatively activates the switch control
signals S1, S2 and S3. As a result, after the completion of the
precharging, all the data line 301 to the data line 30K are
separated from both the maximum drive voltage VDD and
the minimum drive voltage VSS, so that it becomes possible
to write the analog voltage obtained from the D/A conver-
sion of the digital data.

[0108] In the first writing period succeeding to the pre-
charge period, the control circuit 40 activates the switch
control signal S1 and maintains the switch control signals S2
and S3 in the inactive condition. As a result, the switch 201
of the selection circuit 20 and the switch 241 of the distri-
bution circuit 24 are brought into a closed condition, and the
switches 202 and 203 and the switches 242 and 243 are
maintained in an open condition. The digital data D01 to
D51 corresponding to the data line 301 is supplied from the
data latch 14 through the switch 201 to the corresponding
D/A converting circuit 16B within the D/A converter 16A,
so that the analog voltage VI obtained by converting the
digital data corresponding to the data line 301 by action of
the D/A converting circuit 16B, is applied to the analog
buffer 22A, and the output of the analog buffer 22A is
connected through the switch 241 to the data line 301, so that
the output gray-scale voltage V1 is written into the data line
301.

[0109] In the above mentioned example, the data line 301
is precharged to the maximum drive voltage VDD, and
therefore, since the analog voltage Vi obtained from the D/A
conversion of the digital data corresponding to the data line
301 is not less than the intermediate voltage Vm between the
maximum drive voltage VDD and the minimum drive
voltage VSS, the analog buffer 22A draws or discharges an
electric charge from the data line 301 precharged to the
maximum drive voltage VDD, so that the output gray-scale
voltage V1 is written into the data line 301.

[0110] In the second writing period, the control circuit 40
inactivates the switch control signal S1, and activates the
switch control signal S2, and further maintains the switch
control signal S3 in the inactive condition. As a result, the
switch 201 and the switch 241 are brought into an open
condition, and the switch 202 and the switch 242 are brought
into a closed condition, and the switch 203 and the switch
243 are maintained in an open condition. Accordingly, the
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digital data D02 to D52 corresponding to the data line 302
is supplied from the data latch 14 through the switch 202 to
the corresponding D/A converting circuit 16B within the
D/A converter 16A, so that the analog voltage V2 obtained
by converting the digital data corresponding to the data line
302 by action of the D/A converting circuit 16B, is applied
to the analog buffer 22A, and the output of the analog buffer
22 A is connected through the switch 242 to the data line 302,
so that the output gray-scale voltage V2 is written into the
data line 302.

[0111] In the above mentioned example, the data line 302
is precharged to the minimum drive voltage VSS, and
therefore, since the analog voltage V2 obtained from the
D/A conversion of the digital data corresponding to the data
line 302 is less than the intermediate voltage Vm between
the maximum drive voltage VDD and the minimum drive
voltage VSS, the analog buffer 22A supplies an electric
charge to the data line 302 precharged to the minimum drive
voltage VSS, so that the output gray-scale voltage V2 is
written into the data line 302.

[0112] In the third writing period, the control circuit 40
maintains the switch control signal S1 in the inactive con-
dition, and inactivates the switch control signal S2, and
further activates the switch control signal S3. As a result, the
switch 201 and the switch 241 are maintained in the open
condition, and the switch 202 and the switch 242 are brought
into an open condition, and the switch 203 and the switch
243 are brought into a closed condition. Accordingly, the
digital data D03 to D53 corresponding to the data line 303
is supplied from the data latch 14 through the switch 203 to
the corresponding D/A converting circuit 16B within the
D/A converter 16A, so that the analog voltage V3 obtained
by converting the digital data corresponding to the data line
303 by action of the D/A converting circuit 16B, is applied
to the analog buffer 22A, and the output of the analog buffer
22A1s connected through the switch 243 to the data line 303,
so that the output gray-scale voltage V3 is written into the
data line 303.

[0113] In the above mentioned example, the data line 303
is precharged to the minimum drive voltage VSS, and
therefore, since the analog voltage V3 obtained from the
D/A conversion of the digital data corresponding to the data
line 303 is less than the intermediate voltage Vm between
the maximum drive voltage VDD and the minimum drive
voltage VSS, the analog buffer 22A supplies an electric
charge to the data line 303 precharged to the minimum drive
voltage VSS, so that the output gray-scale voltage V3 is
written into the data line 303.

[0114] As shown in FIG. 2, in a next scan line selection
period, by action of the row selection driver (not shown), the
(N)th gate signal is inactivated and a (N+1)th gate signal is
activated so that a (N+1)th row selection line 36 is selec-
tively driven. During the scan line selection period of this
case, the precharge signal SO and the switch control signals
S1, S2 and S3 are controlled by the control circuit 40,
similarly to the above case.

[0115] In addition, in the modification shown in FIG. 6, if
each analog buffer in the analog buffer group 22 is consti-
tuted of the combination of the drive circuits 100 and 200
shown in FIG. 3, it is possible to realize the data line drive
circuit having a further reduced electric power consumption.
[0116] FIG. 7 shows still another modification of the
embodiment shown in FIG. 1. In FIG. 7, elements which are
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the same as those shown in FIGS. 1 and 6 are given with
the same reference numbers, and explanation will be omit-
ted. Incidentally, for simplification of the description, parts
pertaining to the data line 301 to the data line 303 will be
mainly described. Parts pertaining to the data line 304 and
succeeding data lines would be understandable to persons
skilled in the art from the description of the parts pertaining
to the data line 301 to the data line 303.

[0117] The modification shown in FIG. 7 is characterized
in that the digital data is captured in the time division
manner from the stage in which the digital data is captured
from the data register. Namely, all the digital data outputted
during one scan line selection period is divided into a
plurality of blocks (three blocks in the example shown in
FIG. 7), and the digital data is sequentially captured from
the data register in units of block. Accordingly, since all the
digital data corresponding to one scan line is not captured
from the data register, it is not possible to precharge all the
data lines together. Therefore, the data latch is divided into
two data latch stages, so that when one data latch stage
outputs the digital data of one block, the other data latch
stage outputs the most significant bit signal of the digital
data of a next block for the purpose of precharging the data
lines corresponding to the digital data of the next block.

[0118] Accordingly, in the case that all the digital data
outputted during one scan line selection period is divided
into three blocks, of the digital data corresponding to one
scan line, the digital data (D01 to D51 and others) corre-
sponding to the data lines 30(3j-2) (j=1 to K/3) one for
every three data lines counted from the first data line 301, is
latched from a data register 12A to a data latch 14A at the
beginning of the precharge period. At the beginning of the
first writing period succeeding to the precharge period, of
the digital data corresponding to one scan line, the digital
data (D02 to D52 and others) corresponding to the data lines
30(3j-1) one for every three data lines counted from the
second data line 302, is latched from the data register 12A
to the data latch 14A. At the beginning of the second writing
period succeeding to the first writing period, of the digital
data corresponding to one scan line, the digital data (D03 to
D53 and others) corresponding to the data lines 30(3j) one
for every three data lines counted from the third data line
303, is latched from the data register 12A to the data latch
14A.

[0119] Furthermore, at the beginning of the first writing
period succeeding to the precharge period, of the digital data
corresponding to one scan line, the digital data (D01 to D51
and others) corresponding to the data lines 30(3j-2) one for
every three data lines counted from the first data line 301, is
latched from the data register 12A to a data latch 14B. At the
beginning of the second writing period succeeding to the
first writing period, of the digital data corresponding to one
scan line, the digital data (D02 to D52 and others) corre-
sponding to the data lines 30(3j-1) one for every three data
lines counted from the second data line 302, is latched from
the data register 12A to the data latch 14B. At the beginning
of the third writing period succeeding to the second writing
period, of the digital data corresponding to one scan line, the
digital data (D03 to D53 and others) corresponding to the
data lines 30(3j) one for every three data lines counted from
the third data line 303, is latched from the data register 12A
to the data latch 14B.
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[0120] Thus, each of the data latch 14A and the data latch
14B holds the digital data of the corresponding block during
a period expressed by {one horizontal scan period/(number
of blocks+1)}. In the modification shown in FIG. 7, there-
fore, a shift register 10A and a data register 12A are
sufficient if they have one third of the capacity of the shift
register 10 and the data register 12 in the embodiment shown
in FIG. 1. The storage capacity of each of the data latch 14A
and the data latch 14B is reduced to one third of that of the
data latch 14 in the embodiment shown in FIG. 1. Therefore,
the total storage capacity of the data latch 14A and the data
latch 14B is reduced to two thirds of that of the data latch 14
in the embodiment shown in FIG. 1. Accordingly, the
modification shown in FIG. 7 can reduce the number of the
analog buffers and the D/A converting circuits but also the
total storage capacity of the data latch, with the result that
the required area can be further reduced in comparison with
the modification shown in FIG. 6.

[0121] Each digital data outputted from the data latch 14B
is supplied to the corresponding D/A converting circuit (16B
and others) within the D/A converter 16A.

[0122] Within the distribution circuit 26, each switch 26i
is controlled by the most significant bit signal DO0i of the
digital data held in the data latch 14A, the plurality signal
POL, the precharge signal SO and the switch control signals
$1 and S2. The operation period of the switch 261 connected
to the data line 301 is determined by the precharge signal SO,
and the switch 261 is connected to either the maximum drive
voltage VDD or the minimum drive voltage VSS during the
operation period in accordance with the most significant bit
signal D01 of the corresponding digital data and the plurality
signal POL. The operation period of the switch 262 con-
nected to the data line 302 is determined by the switch
control signal S1, and the switch 262 is connected to either
the maximum drive voltage VDD or the minimum drive
voltage VSS during the operation period in accordance with
the most significant bit signal D02 of the corresponding
digital data and the plurality signal POL. The operation
period of the switch 263 connected to the data line 303 is
determined by the switch control signal S2, and the switch
263 is connected to either the maximum drive voltage VDD
or the minimum drive voltage VSS during the operation
period in accordance with the most significant bit signal D03
of the corresponding digital data and the plurality signal
POL.

[0123] Now, an operation of the modification shown in
FIG. 7 different from the operation of the embodiment
shown in FIG. 1 will be described with reference to a timing
chart of FIG. 8.

[0124] In the case that one analog buffer is provided for
each three data lines, each one scan line (gate line) selection
period is divided into four continuous periods as shown in
FIG. 8. For considering in comparison with the operation of
the embodiment shown in FIG. 1, the first period of the four
continuous periods is called the precharge period, and the
remaining three continuous periods are called the writing
period. In addition, for simplification of the description, only
parts pertaining to the data line 301 to the data line 303 will
be described. Parts pertaining to the data line 304 and
succeeding data lines would be understandable to persons
skilled in the art from the description of the parts pertaining
to the data line 301 to the data line 303.
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[0125] During one scan line (gate line) selection period, a
(N)th gate signal is activated by the row selection driver (not
shown) so that a (N)th row selection line 36 is selectively
driven to turn on all the switching transistors 34 of the (N)th
row, having a gate connected to the (N)th row selection line
36. The other switching transistors 34 are maintained in the
OFF condition.

[0126] At the beginning of the precharge period, of the
digital data outputted during one scan line (gate line) selec-
tion period, the digital data corresponding to the data lines
30(3j-2) one for every three data lines counted from the data
line 301 (D01 to D51 for the data line 301) is latched from
the data register 12A to the data latch 14A.

[0127] Furthermore, during the precharge period, the con-
trol circuit 40 activates the precharge signal SO and main-
tains the switch control signals S1, S2 and S3 in the inactive
condition, as shown in FIG. 8. As a result, the precharge
circuit 26 connects the data line 301 to either the maximum
drive or the minimum drive voltage VSS in accordance with
the polarity signal POL and the most significant bit signal
DO1 of the digital data received from the data latch 14A and
corresponding to the data line 301, so that the data line 301
is precharged. For example, if the most significant bit signal
D01 of the digital data corresponding to the data line 301 is
“1”, the switch 261 in the precharge circuit 26 precharges the
data line 301 to the maximum drive voltage VDD.

[0128] At the beginning of the first writing period suc-
ceeding to the precharge period, of the digital data outputted
during one scan line (gate line) selection period, the digital
data corresponding to the data lines 30(3j<1) one for every
three data lines counted from the data line 302 (D02 to D52
for the data line 302) is latched from the data register 12A
to the data latch 14A. In addition, of the digital data
outputted during one scan line (gate line) selection period,
the digital data corresponding to the data lines 30(3j-2) one
for every three data lines counted from the data line 301
(D01 to D51 for the data line 301) is latched from the data
latch 14A to the data latch 14B.

[0129] Furthermore, during the first writing period, the
control circuit 40 activates the switch control signal S1 and
maintains the precharge signal SO and the switch control
signals S2 and S3 in the inactive condition, as shown in FIG.
8. As a result, the precharge circuit 26 connects the data line
302 to either the maximum drive voltage VDD or the
minimum drive voltage VSS in accordance with the polarity
signal POL and the most significant bit signal D02 of the
digital data received from the data latch 14A and corre-
sponding to the data line 302, so that the data line 302 is
precharged. Since the polarity signal POL indicates the
non-inversion driving during this one scan line selection
period as mentioned above, for example, if the most sig-
nificant bit signal D02 of the digital data corresponding to
the data line 302 is “0”, the switch 262 in the precharge
circuit 26 precharges the data line 302 to the minimum drive
voltage VSS.

[0130] On the other hand, after the completion of the
precharging, the data line 301 is separated from both the
maximum drive voltage VDD and the minimum drive
voltage VSS, so that it become possible to write the analog
voltage obtained from the D/A conversion of the digital data.

[0131] The control circuit 40 activates the switch control
signal S1 and maintains the switch control signals S2 and S3
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in the inactive condition. Therefore, the switch 241 of the
distribution circuit 24 is brought into a closed condition, and
the switches 242 and 243 are maintained in an open condi-
tion. Accordingly, the digital data D01 to D51 corresponding
to the data line 301 is supplied from the data latch 14B to the
D/A converting circuit 16B within the D/A converter 16A,
and the analog voltage V1 obtained by converting the digital
data corresponding to the data line 301 by action of the D/A
converting circuit 16B, is applied to the analog buffer 22A,
and furthermore, the output of the analog buffer 22A is
connected through the switch 241 to the data line 301, so that
the output gray-scale voltage V1 is written into the data line
301.

[0132] In the above mentioned example, the data line 301
is precharged to the maximum drive voltage VDD, and
therefore, since the analog voltage V1 obtained from the
D/A conversion of the digital data corresponding to the data
line 301 is not less than the intermediate voltage Vm
between the maximum drive voltage VDD and the minimum
drive voltage VSS, the analog buffer 22A draws or dis-
charges an electric charge from the data line 301 precharged
to the maximum drive voltage VDD, so that the output
gray-scale voltage V1 is written into the data line 301.

[0133] At the beginning of the second writing period
succeeding to the first writing period, of the digital data
outputted during one scan line (gate line) selection period,
the digital data corresponding to the data lines 30(3j) one for
every three data lines counted from the data line 303 (D03
to D33 for the data line 303) is latched from the data register
12A to the data latch 14A. In addition, of the digital data
outputted during one scan line (gate line) selection period,
the digital data corresponding to the data lines 30(3j-1) one
for every three data lines counted from the data line 301
(D02 to D52 for the data line 302) is latched from the data
latch 14A to the data latch 14B.

[0134] Furthermore, during the second writing period, the
control circuit 40 activates the switch control signal S2 and
maintains the precharge signal SO and the switch control
signals S1 and S3 in the inactive condition, as shown in FIG.
8. As a result, the precharge circuit 26 connects the data line
303 to either the maximum drive voltage VDD or the
minimum drive voltage VSS in accordance with the polarity
signal POL and the most significant bit signal D03 of the
digital data received from the data latch 14A and corre-
sponding to the data line 303, so that the data line 303 is
precharged. Since the polarity signal POL indicates the
non-inversion driving during this one scan line selection
period as mentioned above, for example, if the most sig-
nificant bit signal D03 of the digital data corresponding to
the data line 303 is “0”, the switch 263 in the precharge
circuit 26 precharges the data line 303 to the minimum drive
voltage VSS.

[0135] On the other hand, after the completion of the first
writing period, the data line 302 is separated from both the
maximum drive voltage VDD and the minimum drive
voltage VSS, so that it become possible to write the analog
voltage obtained from the D/A conversion of the digital data.

[0136] The control circuit 40 activates the switch control
signal S2 and maintains the switch control signals S1 and S3
in the inactive condition. Therefore, the switch 242 of the
distribution circuit 24 is brought into a closed condition, and
the switches 241 and 243 are maintained in an open condi-
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tion. Accordingly, the digital data D02 to D52 corresponding
to the data line 302 is supplied from the data latch 14B to the
D/A converting circuit 16B within the D/A converter 16A,
and the analog voltage V2 obtained by converting the digital
data corresponding to the data line 302 by action of the D/A
converting circuit 16B, is applied to the analog buffer 22A,
and furthermore, the output of the analog buffer 22A is
connected through the switch 242 to the data line 302, so that
the output gray-scale voltage V2 is written into the data line
302.

[0137] In the above mentioned example, the data line 302
is precharged to the minimum drive voltage VSS, and
therefore, since the analog voltage V2 obtained from the
D/A conversion of the digital data corresponding to the data
line 302 is less than the intermediate voltage Vm between
the maximum drive voltage VDD and the minimum drive
voltage VSS, the analog buffer 22A supplies an electric
charge to the data line 302 precharged to the minimum drive
voltage VSS, so that the output gray-scale voltage V2 is
written into the data line 302.

[0138] At the beginning of the third writing period suc-
ceeding to the second writing period, of the digital data
outputted during one scan line (gate line) selection period,
the digital data corresponding to the data lines 30(3j) one for
every three data lines counted from the data line 303 (D03
to D53 for the data line 303) is latched from the data latch
14A to the data latch 14B. On the other hand, no digital data
is supplied from the data register 12A to the data latch 14A.

[0139] Furthermore, during the third writing period, the
control circuit 40 activates the switch control signal S3 and
maintains the precharge signal SO and the switch control
signals S1 and S2 in the inactive condition. Therefore, the
switch 241 is maintained in the open condition, the switch
242 is brought into the open condition, and the switch 243
is brought into the closed condition. Accordingly, the digital
data D03 to D53 corresponding to the data line 303 is
supplied from the data latch 14B to the D/A converting
circuit 16B within the D/A converter 16A, and the analog
voltage V3 obtained by converting the digital data corre-
sponding to the data line 303 by action of the D/A converting
circuit 16B, is applied to the analog buffer 22A, and fur-
thermore, the output of the analog buffer 22A is connected
through the switch 243 to the data line 303, so that the output
gray-scale voltage V3 is written into the data line 303.

[0140] In the above mentioned example, the data line 303
is precharged to the minimum drive voltage VSS, and
therefore, since the analog voltage V3 obtained from the
D/A conversion of the digital data corresponding to the data
line 303 is less than the intermediate voltage Vm between
the maximum drive voltage VDD and the minimum drive
voltage VSS, the analog buffer 22A supplies an electric
charge to the data line 302 precharged to the minimum drive
voltage VSS, so that the output gray-scale voltage V3 is
written into the data line 303.

[0141] As shown in FIG. 8, in a next scan line selection
period, by action of the row selection driver (not shown), the
(N)th gate signal is inactivated and a (N+1)th gate signal is
activated so that a (N+1)th row selection line 36 is selec-
tively driven. During the scan line selection period of this
case, the precharge signal SO and the switch control signals
S1, S2 and S3 are controlled by the control circuit 40,
similarly to the above case.
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[0142] As mentioned above, the modification shown in
FIG. 7 is different from the embodiments shown in FIGS.
1, 5 and 6 in that one of the maximum drive voltage VDD
and the minimum drive voltage VSS near to the analog
output gray-scale voltage to be written to each data line is
actually precharged to the data line concerned, during the
period just before the period in which the analog output
gray-scale voltage is written into the data line concerned.

[0143] In the modification shown in FIG. 7, the digital
data of one scan line is divided into the three blocks, and a
number of data lines are divided into “P” blocks. However,
the digital data of one scan line can be divided into “P”
blocks other than the three blocks (where P is an integer
larger than 1), and a number of data lines can be divided into
a plurality of blocks other than the three blocks. Specifically,
a first block of the digital data of one scan line divided into
the “P”) blocks consists of one for every “P” items of digital
data counted from the first item of digital data of the digital
data of one scan line. A second block of the digital data of
one scan line divided into the “P” blocks consists of one for
every “P” items of digital data counted from the second item
of digital data of the digital data of one scan line, and so on.
In addition, a first block of data lines of the data lines divided
into the “P” blocks consists of one for every “P” data lines
counted from the first data line. A second block of data lines
of the data lines divided into the “P” blocks consists of one
for every “P” data lines counted from the second data line,
and so on.

[0144] Furthermore, the first data latch 14A latches the
digital data divided into the “P” blocks, in units of a block,
and the second data latch 14B also latches the digital data
divided into the “P” blocks, in units of a block. Each analog
buffer in the analog buffer group 22 is provided in common
to “P” adjacent data lines, and the distribution circuit 26
connects the output of each analog buffer to a selected one
of each “P” adjacent data lines.

[0145] Incidentally, the one scan line (gate line) selection
period is divided into the four continuous periods as shown
in FIG. 8. However, the four continuous periods can have
equal time lengths, but only the first period used for only the
precharging may be shortened in comparison with the
remaining three periods.

[0146] In addition, in the modification shown in FIG. 7, if
each analog buffer in the analog buffer group 22 is consti-
tuted of the combination of the drive circuits 100 and 200
shown in FIG. 3, it is possible to realize the data line drive
circuit having a further reduced electric power consumption.

[0147] In the modifications shown in FIGS. §, 6 and 7,
one analog buffer is provided for each three data lines,
similarly to the embodiment shown in FIG. 1. However, it
would be apparent to persons skilled in the art that one
analog buffer can be provided for each plurality of data lines
excluding each three data lines, similarly to the embodiment
shown in FIG. 1. In addition, such modification can be
easily realized by persons skilled in the art on the basis of the
above mentioned description.

[0148] The embodiment shown in FIG. 1 and the modi-
fications shown in FIGS. 5, 6 and 7 can be formed on a
single integrated circuit.

[0149] In addition, in the embodiment shown in FIG. 1
and the modifications shown in FIGS. 5, 6 and 7, the high
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power supply voltage VDD (maximum drive voltage VDD)
and the low power supply voltage VSS (minimum drive
voltage VSS) are used as the precharge voltage. However,
the precharge voltage is in no way limited to only two
voltages. It could be easily understood to persons skilled in
the art that three or more different precharge voltages can be
prepared. For example, it is possible to prepare three or four
precharge voltages and to selectively precharge the data
lines to one of the precharge voltages. In this case, it could
be easily understood to persons skilled in the art that the
selection of the precharge voltage can be determined by the
most significant bit signal and the next most significant bit
signal in the data register.

[0150] Furthermore, in the embodiment shown in FIG. 1
and the modifications shown in FIGS. 5, 6 and 7, the
precharge voltages were two voltages which are an upper
limit voltage of the gray-scale voltages for driving the data
line (namely, maximum drive voltage VDD) and a lower
limit voltage of the gray-scale voltages for driving the data
line (namely, minimum drive voltage VSS). However, when
the precharge voltages are constituted of two voltages which
are a high drive voltage and a low drive voltage, the high
drive voltage and the low drive voltage are not necessarily
limited to the upper limit voltage and the low limit voltage
of the gray-scale voltages for driving the data line. The high
drive voltage and the low drive voltage can be determined in
view of not only the simplification of the circuit construction
but also the shortening of the longest time in the charging/
discharging times to various designated gray-scale voltages.
For example, when the analog buffer having the current
drawing capacity and the current supplying capacity equal to
each other, the high drive voltage and the low drive voltage
can be respectively set to three fourths and one fourth of
{upper limit voltage minus lower limit voltage} of the
gray-scale voltage.

[0151] Here, when the analog buffer is constituted of a
combination of a drive circuit having a high current drawing
capacity and another drive circuit having a high current
supplying capacity, since the drive circuit having the high
current drawing capacity has a current supplying capacity
which is certainly inferior to the current drawing capacity
thereof, and since the drive circuit having the high current
supplying capacity has a current drawing capacity which is
certainly inferior to the current supplying capacity thereof,
the high drive voltage and the low drive voltage can be
respectively set to a voltage slightly lower than the upper
limit voltage of the gray-scale voltage and a voltage slightly
higher than the low limit voltage of the gray-scale voltage.

[0152] Incidentally, in the embodiment shown in FIG. 1
and the modifications shown in FIGS. 5 and 6, the pre-
charging is carried out after the scan line is selected, namely,
all the TFT switching transistors connected to the selected
scan line are put into the ON condition. Namely, the capaci-
tance of the data line precharged includes the pixel capaci-
tance. However, if the capacitance of the data line is
sufficiently large in comparison with the pixel capacitance so
that the change of the potential of the data line caused when
the pixel is connected to the data line by the data line
selecting operation is negligible, it is possible to precharge
the data line before the data line selecting operation.

[0153] All of the embodiment shown in FIG. 1 and the
modifications shown in FIGS. § and 6 are an example in
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which the data line drive circuit in accordance with the
present invention is applied to the common-inversion driv-
ing type data driver. However, it would be apparent to
persons skilled in the art that the data line drive circuit in
accordance with the present invention can be applied to
other types of the data line drive circuit for the liquid crystal
display. In the case that it is unnecessary to supply the
polarity signal POL to the gray-scale voltage generating
circuit 18, it would be also apparent to persons skilled in the
art that the precharge voltage is determined by only the most
significant bit signal of the digital data, and an alternative of
the drive circuit 100 and the drive circuit 200 shown in FIG.
3 is also determined by only the most significant bit signal
of the digital data.

[0154] FIG. 9 is a circuit illustrating the simplest pixel
structure of an active matrix type organic EL display. The
data line drive circuit in accordance with the present inven-
tion can be applied to the active matrix type organic EL
display having such a pixel structure. In FIG. 9, a gray-scale
voltage is applied from a data line through a transistor MP1
to a gate of a transistor MP2 and is held at the gate of the
transistor MP2. A current modulated by the gray-scale
voltage flows through the transistor MP2 into an organic
light emitting diode OLED, which constitutes a pixel, so that
the organic light emitting diode OLED emits a light amount
corresponding to the gray-scale voltage (current modulation
system). The data line drive circuit in accordance with the
present invention can be used a data line driver for supplying
the gray-scale voltage to the gate of the transistor MP2 of
each pixel. However, the organic EL display does not require
the polarity inversion which is required in the liquid crystal
display. A fundamental structure of the active matrix type
organic EL display is disclosed by R. M. A. Dawson et al.,
“4.2 Design of an Improved Pixel for a Polysilicon Active-
Matrix Organic LED Display”, SID 98 DIGEST, pp 11-14,
and therefore, a detailed explanation will be omitted.

[0155] As mentioned above, according to the present
invention, in the data line drive circuit for the panel display,
since one analog buffer is provided in common for each
plurality of data lines of a number of data lines in the panel
display, the number of analog buffers can be reduced to a
half or less. The analog buffer ordinarily needs a steady
idling current (static consumed electric current) for main-
taining the operation. Therefore, since the number of analog
buffers is reduced, the power consumption of the data line
drive circuit can be reduced by the total static consumed
electric current of the omitted analog buffers, and further, the
required area can be correspondingly reduced.

[0156] In addition, if the analog buffer is constituted of the
data line drive circuit disclosed by the inventor of this
application in Japanese Patent Application No. Heisei
11-145768, a high speed operation is possible even if the
idling current of the analog buffer itself is reduced. Accord-
ingly, it is possible to realize the analog buffer having a
further reduced power consumption.

[0157] As mentioned above, according to the present
invention, since the precharge period which never overlap in
time with the period for writing an analog gray-scale voltage
is only the precharge period which is provided at the
beginning of each scan line selection period, not only the
precharge period but also the writing periods which are
allocated in a time division manner within each scan line
selection period, can be made sufficiently long.
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1. A data line drive circuit for a panel display, comprising
a selection means receiving a plurality of voltages corre-
sponding to each plurality of data lines, of a number of data
lines of the panel display, analog buffers each provided in
common for a plurality of data lines, for receiving and
outputting the voltage alternatively selected by said selec-
tion means, a distribution means receiving an output of each
analog buffer for selectively distributing the output of the
analog buffer to a selected one of said plurality of data lines,
a precharge means provided for each of said plurality of data
lines, for precharging a corresponding data line to either a
high drive voltage or a low drive voltage, in accordance with
at least the most significant bit signal of a digital data
corresponding to said corresponding data line, and a control
means for controlling said selection means, said distribution
means and said precharge means, wherein each scan line
selection period includes a precharge period and a plurality
of writing periods succeeding to the precharge period, and
during said precharge period, said control means controls
said distribution means to separate the output of said analog
buffers from all said data lines, and activates each precharge
means to precharge all said data lines, and during said
plurality of writing periods, said control means inactivates
cach precharge means and controls said selection means and
said distribution means in such a manner that during a first
writing period of said plurality of writing periods, the
voltage corresponding to a first data line of said plurality of
data lines is supplied to the analog buffer and the output of
the analog buffer is supplied to said first data line, and during
a second writing period of said plurality of writing periods,
the voltage corresponding to a second data line of said
plurality of data lines is supplied to the analog buffer and the
output of the analog buffer is supplied to said second data
line.

2. A data line drive circuit for a panel display, claimed in
claim 1 wherein said analog buffer comprises a first drive
circuit having a high current drawing capacity and a second
drive circuit having a high current supplying capacity, which
are located in parallel to each other, and when said analog
buffer outputs an analog gray-scale voltage to the data line
precharged to said high drive voltage, said first drive circuit
is put into an operating condition and said second drive
circuit is maintained in a non-operable condition, and when
said analog buffer outputs an analog gray-scale voltage to
the data line precharged to said low drive voltage, said
second drive circuit is put into an operating condition and
said first drive circuit is maintained in a non-operable
condition.

3. A data line drive circuit for a panel display, claimed in
claim 2 wherein said first drive circuit includes a first PMOS
transistor having a drain and a gate connected in common,
a second PMOS transistor having a gate connected to said
gate of said first PMOS transistor and a source connected to
the output of said analog buffer, a first switch connected
between the common-connected gates of said first and
second PMOS transistors and said low drive voltage, a first
constant current source connected between said drain of said
first PMOS transistor and said low drive voltage, a second
switch connected between an input of said analog buffer and
a source of said first PMOS transistor, a third switch
connected between the input of said analog buffer and said
high drive voltage, a fourth switch connected a drain of said
second PMOS transistor and said low drive voltage, and a
second constant current source and a fifth switch connected
in series between the source of said second PMOS transistor
and said high drive voltage, and when said first drive circuit
is in the operating condition, said first to fifth switches are



US 2003/0006955 Al

controlled in such a manner that from a condition that all of
said first to fifth switches are in an open condition, first, said
first switch is closed to precharge the common-connected
gates of said first and second PMOS transistors to said low
drive voltage, and then, after said first switch is opened, said
second and third switches are closed, and thereafter, said
fourth and fifth switches are closed.

4. A data line drive circuit for a panel display, claimed in
claim 3 wherein said second drive circuit includes a first
NMOS transistor having a drain and a gate connected in
common, a second NMOS transistor having a gate con-
nected to said gate of said first NMOS transistor and a source
connected to the output of said analog buffer, a sixth switch
connected between the common-connected gates of said first
and second NMOS transistors and said high drive voltage, a
third constant current source connected between said drain
of said first NMOS transistor and said high drive voltage, a
seventh switch connected between the input of said analog
buffer and a source of said first MOS transistor, an eighth
switch connected between the input of said analog buffer and
said low drive voltage, a ninth switch connected a drain of
said second NMOS transistor and said high drive voltage,
and a fourth constant current source and a tenth switch
connected in series between the source of said second
NMOS transistor and said low drive voltage, and when said
second drive circuit is in the operating condition, said sixth
to tenth switches are controlled in such a manner that from
a condition that all of said sixth to tenth switches are in an
open condition, first, said sixth switch is closed to precharge
the common-connected gates of said first and second NMOS
transistors to said high drive voltage, and then, after said
sixth switch is opened, said seventh and eighth switches are
closed, and thereafter, said ninth and tenth switches are
closed.

5. A data line drive circuit for a panel display, claimed in
claim 1, further including a data latch for holding a digital
data of one scan line, and a D/A converter receiving the
digital data of one scan line from said data latch to D/A
convert the received digital data for generating a corre-
sponding analog gray-scale voltage, and wherein said selec-
tion means receives the analog gray-scale voltages outputted
from said D/A converter and corresponding to said plurality
of data lines, to supply a selected one of said analog
gray-scale voltages to said analog buffer.

6. A data line drive circuit for a panel display, claimed in
claim 5 wherein said analog buffer comprises a first drive
circuit having a high current drawing capacity and a second
drive circuit having a high current supplying capacity, which
are located in parallel to each other, and when said analog
buffer outputs an analog gray-scale voltage to the data line
precharged to said high drive voltage, said first drive circuit
is put into an operating condition and said second drive
circuit is maintained in a non-operable condition, and when
said analog buffer outputs an analog gray-scale voltage to
the data line precharged to said low drive voltage, said
second drive circuit is put into an operating condition and
said first drive circuit is maintained in a non-operable
condition.

7. A data line drive circuit for a panel display, claimed in
claim 6 wherein said first drive circuit includes a first PMOS
transistor having a drain and a gate connected in common,
a second PMOS transistor having a gate connected to said
gate of said first PMOS transistor and a source connected to
the output of said analog buffer, a first switch connected
between the common-connected gates of said first and
second PMOS transistors and said low drive voltage, a first
constant current source connected between said drain of said
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first PMOS transistor and said low drive voltage, a second
switch connected between an input of said analog buffer and
a source of said first PMOS transistor, a third switch
connected between the input of said analog buffer and said
high drive voltage, a fourth switch connected a drain of said
second PMOS transistor and said low drive voltage, and a
second constant current source and a fifth switch connected
in series between the source of said second PMOS transistor
and said high drive voltage, and when said first drive circuit
is in the operating condition, said first to fifth switches are
controlled in such a manner that from a condition that all of
said first to fifth switches are in an open condition, first, said
first switch is closed to precharge the common-connected
gates of said first and second PMOS transistors to said low
drive voltage, and then, after said first switch is opened, said
second and third switches are closed, and thereafter, said
fourth and fifth switches are closed.

8. A data line drive circuit for a panel display, claimed in
claim 7 wherein said second drive circuit includes a first
NMOS transistor having a drain and a gate connected in
common, a second NMOS transistor having a gate con-
nected to said gate of said first NMOS transistor and a source
connected to the output of said analog buffer, a sixth switch
connected between the common-connected gates of said first
and second NMOS transistors and said high drive voltage, a
third constant current source connected between said drain
of said first NMOS transistor and said high drive voltage, a
seventh switch connected between the input of said analog
buffer and a source of said first MOS transistor, an eighth
switch connected between the input of said analog buffer and
said low drive voltage, a ninth switch connected a drain of
said second NMOS transistor and said high drive voltage,
and a fourth constant current source and a tenth switch
connected in series between the source of said second
NMOS transistor and said low drive voltage, and when said
second drive circuit is in the operating condition, said sixth
to tenth switches are controlled in such a manner that from
a condition that all of said sixth to tenth switches are in an
open condition, first, said sixth switch is closed to precharge
the common-connected gates of said first and second NMOS
transistors to said high drive voltage, and then, after said
sixth switch is opened, said seventh and eighth switches are
closed, and thercafter, said ninth and tenth switches are
closed.

9. A data line drive circuit for a panel display, claimed in
claim 1, further including a data latch for holding a digital
data of one scan line, and a D/A converter receiving the
digital data for generating a corresponding analog gray-scale
voltage, and wherein said selection means receives the
digital data supplied from said data latch and corresponding
to said plurality of data lines, respectively, to supply a
selected one of the received digital data to said D/A con-
verter, and said D/A converter receives said digital data
supplied from said selection means to D/C convert the
received digital data for generating a corresponding analog
gray-scale voltage.

10. A data line drive circuit for a panel display, claimed in
claim 9 wherein said analog buffer comprises a first drive
circuit having a high current drawing capacity and a second
drive circuit having a high current supplying capacity, which
are located in parallel to each other, and when said analog
buffer outputs an analog gray-scale voltage to the data line
precharged to said high drive voltage, said first drive circuit
is put into an operating condition and said second drive
circuit is maintained in a non-operable condition, and when
said analog buffer outputs an analog gray-scale voltage to
the data line precharged to said low drive voltage, said
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second drive circuit is put into an operating condition and
said first drive circuit is maintained in a non-operable
condition.

11. A data line drive circuit for a panel display, claimed in
claim 10 wherein said first drive circuit includes a first
PMOS transistor having a drain and a gate connected in
common, a second PMOS transistor having a gate connected
to said gate of said first PMOS transistor and a source
connected to the output of said analog buffer, a first switch
connected between the common-connected gates of said first
and second PMOS transistors and said low drive voltage, a
first constant current source connected between said drain of
said first PMOS transistor and said low drive voltage, a
second switch connected between an input of said analog
buffer and a source of said first PMOS transistor, a third
switch connected between the input of said analog buffer and
said high drive voltage, a fourth switch connected a drain of
said second PMOS transistor and said low drive voltage, and
a second constant current source and a fifth switch con-
nected in series between the source of said second PMOS
transistor and said high drive voltage, and when said first
drive circuit is in the operating condition, said first to fifth
switches are controlled in such a manner that from a
condition that all of said first to fifth switches are in an open
condition, first, said first switch is closed to precharge the
common-connected gates of said first and second PMOS
transistors to said low drive voltage, and then, after said first
switch is opened, said second and third switches are closed,
and thereafter, said fourth and fifth switches are closed.

12. Adata line drive circuit for a panel display, claimed in
claim 11 wherein said second drive circuit includes a first
NMOS transistor having a drain and a gate connected in
common, a second NMOS transistor having a gate con-
nected to said gate of said first NMOS transistor and a source
connected to the output of said analog buffer, a sixth switch
connected between the common-connected gates of said first
and second NMOS transistors and said high drive voltage, a
third constant current source connected between said drain
of said first NMOS transistor and said high drive voltage, a
seventh switch connected between the input of said analog
buffer and a source of said first MOS transistor, an eighth
switch connected between the input of said analog buffer and
said low drive voltage, a ninth switch connected a drain of
said second NMOS transistor and said high drive voltage,
and a fourth constant current source and a tenth switch
connected in series between the source of said second
NMOS transistor and said low drive voltage, and when said
second drive circuit is in the operating condition, said sixth
to tenth switches are controlled in such a manner that from
a condition that all of said sixth to tenth switches are in an
open condition, first, said sixth switch is closed to precharge
the common-connected gates of said first and second NMOS
transistors to said high drive voltage, and then, after said
sixth switch is opened, said seventh and eighth switches are
closed, and thereafter, said ninth and tenth switches are
closed.

13. A data line drive circuit for a panel display in which
a digital data of one scan line is divided into P blocks, where
P is an integer larger than 1, and similarly, a number of data
lines are divided into P blocks, the data line drive circuit
comprising a first data latch for latching at least the most
significant bit signal of the digital data of one block of said
P blocks, in units of a block, a second data latch for latching
the digital data of one block of said P blocks, in units of a
block, a D/A converter receiving the digital data outputted
from said second data latch for generating a corresponding
analog gray-scale voltage, analog buffers each provided in
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common to P data lines, for receiving said analog gray-scale
voltage outputted from said D/A converter to output the
analog gray-scale voltage, a distribution means receiving an
output of said analog buffer to alternatively distribute the
output of said analog buffer to a selected one of said P data
lines, a precharge means provided for each of said number
of data lines, for precharging the corresponding data line to
either a high drive voltage or a low drive voltage in
accordance with at least the most significant bit signal of the
digital data corresponding to said corresponding data line,
and a control means for controlling said first and second data
latches, said distribution means and said precharge means,
wherein during a first period of each scan line selection
period, said control means controls said precharge means to
precharge each of the data lines in a first block to either a
high drive voltage or a low drive voltage in accordance with
at least the most significant bit signal of the digital data of
said first block, latched in said first data latch, and during a
second period of each scan line selection period, said control
means controls said distribution means to supply the data
lines in said first block with a voltage which is obtained by
D/A converting the digital data of said first block held in said
second data latch by action of said D/A converter and
supplying the output of said D/A converter through said
analog buffer, and also said control means controls said
precharge means to precharge each of the data lines in a
second block to either a high drive voltage or a low drive
voltage in accordance with at least the most significant bit
signal of the digital data of said second block, latched in said
first data latch, and further, during a third period of each scan
line selection period, said control means controls said dis-
tribution means to supply the data lines in said second block
with a voltage which is obtained by D/A converting the
digital data of said second block held in said second data
latch by action of said D/A converter and supplying the
output of said D/A converter through said analog buffer.

14. A data line drive circuit for a panel display, claimed in
claim 13 wherein said analog buffer comprises a first drive
circuit having a high current drawing capacity and a second
drive circuit having a high current supplying capacity, which
are located in parallel to each other, and when said analog
buffer outputs an analog gray-scale voltage to the data line
precharged to said high drive voltage, said first drive circuit
is put into an operating condition and said second drive
circuit is maintained in a non-operable condition, and when
said analog buffer outputs an analog gray-scale voltage to
the data line precharged to said low drive voltage, said
second drive circuit is put into an operating condition and
said first drive circuit is maintained in a non-operable
condition.

15. A data line drive circuit for a panel display, claimed in
claim 14 wherein said first drive circuit includes a first
PMOS transistor having a drain and a gate connected in
common, a second PMOS transistor having a gate connected
to said gate of said first PMOS transistor and a source
connected to the output of said analog buffer, a first switch
connected between the common-connected gates of said first
and second PMOS transistors and said low drive voltage, a
first constant current source connected between said drain of
said first PMOS transistor and said low drive voltage, a
second switch connected between an input of said analog
buffer and a source of said first PMOS transistor, a third
switch connected between the input of said analog buffer and
said high drive voltage, a fourth switch connected a drain of
said second PMOS transistor and said low drive voltage, and
a second constant current source and a fifth switch con-
nected in series between the source of said second PMOS
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transistor and said high drive voltage, and when said first
drive circuit is in the operating condition, said first to fifth
switches are controlled in such a manner that from a
condition that all of said first to fifth switches are in an open
condition, first, said first switch is closed to precharge the
common-connected gates of said first and second PMOS
transistors to said low drive voltage, and then, after said first
switch is opened, said second and third switches are closed,
and thereafter, said fourth and fifth switches are closed.

16. A data line drive circuit for a panel display, claimed in
claim 17 wherein said second drive circuit includes a first
NMOS transistor having a drain and a gate connected in
common, a second NMOS transistor having a gate con-
nected to said gate of said first NMOS transistor and a source
connected to the output of said analog buffer, a sixth switch
connected between the common-connected gates of said first
and second NMOS transistors and said high drive voltage, a
third constant current source connected between said drain
of said first NMOS transistor and said high drive voltage, a
seventh switch connected between the input of said analog
buffer and a source of said first MOS transistor, an eighth
switch connected between the input of said analog buffer and
said low drive voltage, a ninth switch connected a drain of
said second NMOS transistor and said high drive voltage,
and a fourth constant current source and a tenth switch
connected in series between the source of said second
NMOS transistor and said low drive voltage, and when said
second drive circuit is in the operating condition, said sixth
to tenth switches are controlled in such a manner that from
a condition that all of said sixth to tenth switches are in an
open condition, first, said sixth switch is closed to precharge
the common-connected gates of said first and second NMOS
transistors to said high drive voltage, and then, after said
sixth switch is opened, said seventh and eighth switches are
closed, and thereafter, said ninth and tenth switches are
closed.

17. A data line drive circuit for a panel display, claimed in
claim 13 wherein in said P blocks of said digital data of one
scan line, a first block consists of one item of digital data for
every P items of digital data counted from a first item of
digital data in said digital data of one scan line, and a second
block consists of one item of digital data for every P items
of digital data counted from a second item of digital data in
said digital data of one scan line, and in said P blocks of data
lines in said number of data lines, a first block consists of
one data line for every P data lines counted from a first data
line in said number of data lines, and a second block consists
of one data line for every P data lines counted from a second
data line in said number of data lines.

18. A data line drive circuit for a panel display, claimed in
claim 17 wherein said analog buffer comprises a first drive
circuit having a high current drawing capacity and a second
drive circuit having a high current supplying capacity, which
are located in parallel to each other, and when said analog
buffer outputs an analog gray-scale voltage to the data line
precharged to said high drive voltage, said first drive circuit
is put into an operating condition and said second drive
circuit is maintained in a non-operable condition, and when
said analog buffer outputs an analog gray-scale voltage to
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the data line precharged to said low drive voltage, said
second drive circuit is put into an operating condition and
said first drive circuit is maintained in a non-operable
condition.

19. A data line drive circuit for a panel display, claimed in
claim 18 wherein said first drive circuit includes a first
PMOS transistor having a drain and a gate connected in
common, a second PMOS transistor having a gate connected
to said gate of said first PMOS transistor and a source
connected to the output of said analog buffer, a first switch
connected between the common-connected gates of said first
and second PMOS transistors and said low drive voltage, a
first constant current source connected between said drain of
said first PMOS transistor and said low drive voltage, a
second switch connected between an input of said analog
buffer and a source of said first PMOS transistor, a third
switch connected between the input of said analog buffer and
said high drive voltage, a fourth switch connected a drain of
said second PMOS transistor and said low drive voltage, and
a second constant current source and a fifth switch con-
nected in series between the source of said second PMOS
transistor and said high drive voltage, and when said first
drive circuit is in the operating condition, said first to fifth
switches are controlled in such a manner that from a
condition that all of said first to fifth switches are in an open
condition, first, said first switch is closed to precharge the
common-connected gates of said first and second PMOS
transistors to said low drive voltage, and then, after said first
switch is opened, said second and third switches are closed,
and thereafter, said fourth and fifth switches are closed.

20. A data line drive circuit for a panel display, claimed in
claim 19 wherein said second drive circuit includes a first
NMOS transistor having a drain and a gate connected in
common, a second NMOS transistor having a gate con-
nected to said gate of said first NMOS transistor and a source
connected to the output of said analog buffer, a sixth switch
connected between the common-connected gates of said first
and second NMOS transistors and said high drive voltage, a
third constant current source connected between said drain
of said first NMOS transistor and said high drive voltage, a
seventh switch connected between the input of said analog
buffer and a source of said first MOS transistor, an eighth
switch connected between the input of said analog buffer and
said low drive voltage, a ninth switch connected a drain of
said second NMOS transistor and said high drive voltage,
and a fourth constant current source and a tenth switch
connected in series between the source of said second
NMOS transistor and said low drive voltage, and when said
second drive circuit is in the operating condition, said sixth
to tenth switches are controlled in such a manner that from
a condition that all of said sixth to tenth switches are in an
open condition, first, said sixth switch is closed to precharge
the common-connected gates of said first and second NMOS
transistors to said high drive voltage, and then, after said
sixth switch is opened, said seventh and eighth switches are
closed, and thereafter, said ninth and tenth switches are
closed.
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