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(57) ABSTRACT

An n-bit digital image data is converted to (n+m)-bit data
with a g-correction table, and displayed by the use of a
(n+m)-bit D/A converter. A peripheral-driver logic section is
driven with a low-voltage common power source and coun-
termeasures to noise are taken. Data input to the D/A
converter is not reversed and the power to the D/A converter
is made alternating to apply an AC voltage to aligned crystal
layer. Acircuit is provided in order to compensate for a delay
time in the driver. With this configuration, the image quality
of a liquid crystal display apparatus in which the D/A
converter is built is improved.
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LIQUID CRYSTAL DISPLAY APPARATUS,
DRIVING METHOD THEREFOR, AND DISPLAY
SYSTEM

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a liquid crystal
display apparatus, a driving method therefor, and a display
system.

[0003]

[0004] A conventional liquid crystal display apparatus is,
for example, disclosed in the Japanese Unexamined Patent
Publication No. 6-222741. FIG. 2 is a circuit diagram of a
data driver in the liquid crystal display apparatus. Data
driver systems for writing an image signal into a liquid
crystal display apparatus generally includes an analog sys-
tem and a digital system. Since the analog system consumes
a large power in the circuit, it is not suited to a display for
a portable computer. In contrast, the digital system con-
sumes a small power, but it requires that an output voltage
be supplied from the outside and the number of external
power sources becomes large. There is a system in which a
D/A converter is built and the number of external power
sources is made minimum. Since the output voltage of a D/A
converter is linear in general and its linearity differs from the
g characteristic of liquid crystal, this system is not suited to
gray-scale display. Therefore, the difference between input
voltages is interpolated and output to conduct g correction to
some extent while the number of external power sources is
reduced.

[0005] In the circuit shown in FIG. 2, for example, nine
levels of voltages are externally supplied and a total of
64-level output voltages can be output. V1, V2, ... . and V9
are externally given nine power source voltages. The three
high-order bits 21 of an image signal are converted to
eight-value data in a decoder 23. Power selection circuits 24
and 25 select two adjacent power sources from these nine
power source voltages. The three low-order bits 22 of the
image signal are converted into eight-value data. A resistor-
division-type D/A converter 26 selects and outputs one
voltage from equally divided eight voltages between the two
selected voltage levels. In this system, when the nine power
source voltages input externally are made optimum accord-
ing to the g characteristic of the liquid crystal, g correction
can be achieved to some extent.

[0006] A conventional TFT circuit, however, has the fol-
lowing drawback. An interpolated and output voltage differs
from the voltage to be ideally displayed. This point will be
described below by referring to the drawings. FIG. 3 is chart
indicating the relationship between the applied voltage and
the transmission ratio of the liquid crystal display apparatus.
An actual liquid crystal display apparatus has a transmis-
sion-factor dependency indicated by a dotted curve 31.
Since the data driver circuit shown in FIG. 2 uses the nine
input power source voltages, V1, V2, and V9, to interpolate
the output voltages, a transmission ratio dependency shown
by a broken line 32 is assumed. FIG. 4 is a partially enlarged
view of FIG. 3. When the difference between two input
voltages V1 and V2 is equally divided into eight sections
and the output voltages, Va, Vb, Ve, Vd, Ve, VI, and Vg, are
applied to the liquid crystal display apparatus, the corre-

1. Field of the Invention

2. Background of the Invention

Oct. 17,2002

sponding gray scale is displayed with Ta, Tb, Tc, Td, Te, Tf,
and Tg, and shows white compression.

SUMMARY OF THE INVENTION

[0007] A liquid crystal display apparatus, a driving
method therefor, and a display system according to the
present invention are made to solve the foregoing drawback,
and their object is to provide a high-image-quality liquid
crystal display apparatus.

[0008] A liquid crystal display apparatus according to the
present invention is characterized by comprising a data
conversion circuit for converting n-bit digital input image
data to (n+m)-bit data, and an (n+m)-bit digital data driver.
A driving method for a liquid crystal display apparatus
according to the present invention is characterized in that an
n-bit digital input signal is sequentially converted to (n+m)-
bit digital data according to the g characteristic of the liquid
crystal and is displayed in n-bit gray scale with the use of an
(n+m)-bit digital data driver.

[0009] A liquid crystal display apparatus according to the
present invention is characterized in that a data driver for
driving a signal line includes a CMOS static shift register, a
level shifter, and a D/A converter; a scanning driver for
driving a scanning line includes a CMOS static shift register,
a level shifter, and a buffer; the shift register in the data
driver, the shift register in the scanning driver, and the input
image signal input section of the D/A converter are con-
nected to a common power source; and the voltage of the
common power source is lower than the power source
voltage of the D/A converter and the buffer circuit. A driving
method for a liquid crystal display apparatus according to
the present invention is characterized in that a data driver
includes a ID/A converter; an image signal input to the D/A
converter and the timing signal of a shift register have the
same amplitude; and the power source level of the D/A
converter is alternately switched in every field to apply an
AC voltage to the liquid crystal. Alternatively, the driving
method may be characterized in that the data driver includes
D/A converters in a plurality of systems; the power source
level of the D/A converters is alternately switched in every
horizontal scanning period to apply an AC voltage to the
liquid crystal; and image signals having reverse polarities
are always applied to adjacent signal lines. Alternatively, the
driving method may be characterized in that the data driver
includes D/A converters in a plurality of systems; the power
source level of the D/A converters is alternately switched in
every horizontal scanning period to apply an AC voltage to
the liquid crystal; and image signals having reverse polari-
ties are always applied to adjacent signal lines. Alternatively,
the driving method may be characterized in that the power
source level of the D/A converter is alternately switched in
every field; and the voltage of the common electrode is
alternately switched in every field to apply an AC voltage to
the liquid crystal. Alternatively, the driving method may be
characterized in that the power source level of the D/A
converter is alternately switched in every horizontal scan-
ning period; and the voltage of the common electrode is
alternately switched in every horizontal scanning period to
apply an AC voltage to the liquid crystal. Alternatively, the
driving method may be characterized in that the power
source level of the D/A converter is alternately switched in
every field; a scanning signal has four voltage levels; and a
case in which the scanning signal holds a non-selection
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voltage or more for a certain period before it changes from
a selection voltage to the non-selection voltage immediately
after the selection period, and a case in which the scanning
signal holds the non-selection voltage or less in the same
situation are switched in every field to apply an AC voltage
to the liquid crystal. Alternatively, the driving method may
be characterized in that the power source level of the D/A
converter is alternately switched in every horizontal scan-
ning period; a scanning signal has four voltage levels; and a
case in which the scanning signal holds a non-selection
voltage or more for a certain period before it changes from
a selection voltage to the non-selection voltage immediately
after the selection period, and a case in which the scanning
signal holds the non-selection voltage or less in the same
situation are switched in every horizontal scanning period to
apply an AC voltage to the liquid crystal.

[0010] A liquid crystal display apparatus according to the
present invention is characterized in that a data driver
includes a shift register and a latch; and a delay circuit for
delaying the timing of image signal data according to a delay
time in the shift register is provided. A driving method for
a liquid crystal display apparatus according to

[0011] the present invention is characterized in that the
timing of image signal data is delayed according to a delay
time from a clock signal for a shift register to an output
signal for controlling latch.

[0012] Adisplay system according to the present invention
is characterized by comprising an A/D converter for con-
verting an analog image signal to n-bit digital data; a
g-correction circuit for converting the n-bit image signal
data to (n+m)-bit data according to the g characteristic of the
liquid crystal; a data driver having a (n+m)-bit D/A con-
verter; and a timing controller for controlling the operation
timing of these circuits. These and other aspects and salient
features of the invention will be described in or apparent
from the following detailed description of preferred embodi-
ments.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1 is a circuit diagram of a liquid crystal
display apparatus.

[0014] FIG. 2 is a circuit diagram of a conventional data
driver in which a D/A converter is built.

[0015] FIG. 3 is a chart showing the dependency of the
transmission ratio on the input voltage in a nine-power-
source-type liquid crystal display apparatus.

[0016] FIG. 4 is a chart showing a part of the dependency
of the transmission ratio on the input voltage in the nine-
power-source-type liquid crystal display apparatus.

[0017] FIG. 5 is a chart showing a part of the dependency
of the transmission ratio on the input voltage in a liquid
crystal display apparatus.

[0018] FIG. 6 is a circuit diagram of a data driver in which
a capacitor-division-type D/A converter is built.

[0019] FIG. 7 is a timing chart indicating operation volt-
ages of an eight-bit data driver.

[0020] FIG. 8 is a circuit diagram of a data driver in which
a constant-current binary attenuation-type D/A converter is
built.
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[0021] FIG. 9 is a circuit diagram of a bidirectional shift,
register and its timing chart.

[0022] FIG. 10 is a circuit diagram of a level shifter and
its timing chart.
[0023] FIG. 11 is a timing chart indicating operations of

a liquid crystal display apparatus.

[0024] FIG. 12 is a timing chart indicating operations of
a liquid crystal display apparatus.

[0025] FIG. 13 is a timing chart indicating operations of
a liquid crystal display apparatus.

[0026] FIG. 14 is a circuit diagram of a data input section
of a liquid crystal display apparatus.

[0027] FIG. 15 is a circuit diagram of a data input section
of a liquid crystal display apparatus.

[0028] FIG. 16a cross section showing a manufacturing
process for a poly-silicon TFT.

[0029] FIG. 17 is a block diagram of a display system
using a liquid crystal display apparatus.

[0030] FIG. 18 is a view showing an electronic gear to
which the present invention is applied.

[0031] FIG. 19 is a view illustrating a liquid crystal
projector to which the present invention is applied.

[0032] FIG. 20 is a view showing a personal computer
(PC) for multimedia, to which the present invention is
applied.

[0033] FIG. 21 is a view illustrating a pager to which the
present invention is applied.

[0034] FIG. 22 is a view showing a configuration of a
liquid crystal display apparatus serving as a component of an
electronic gear.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0035] According to the drawings, embodiments of the
present invention will be described below.

[0036] (Embodiment 1)

[0037] A liquid crystal display apparatus according to the
present embodiment will be described below by referring to
the drawings. FIG. 1 is a circuit diagram of a liquid crystal
display apparatus. The liquid crystal display apparatus hav-
ing thin-film transistors (TFTs) will be described. In an
active matrix section 1 for conducting image display, signal
lines 4 and scanning lines 5 are disposed in a matrix manner,
and at an intersection thereof a pixel TFT 6, a hold capacitor
7, and a liquid crystal capacitor 8 are connected. A scanning
lines 4 is formed by a shift register 9 and a level shifter 10.
The level shifter 10 is provided with a buffer circuit at its
output section in many cases. A data driver section 2 for
sending an image signal to signal lines 4 is formed by a shift
register 11, latches 12 for reading data from a (n+m)-bit
digital image signal 17 according to the output timing of the
shift register 11, latches 13 for writing the data stored in the
latches 12 at a batch, and a D/A converter 14 for converting
the (n+m)-bit digital image data stored in the latches 13 to
an analog signal. With these two-stage latches, since, while
data is rewritten into the first-stage latch 12, the D/A
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converter operates with the data stored in the latches 13, a
sufficient time can be assured for driving the signal lines 4.

[0038] N-bit digital image signal data 16 is converted to
(n+m)-bit digital image signal data in a data conversion
circuit. A g correction ROM 15 serves as the data conversion
circuit. With the g characteristic of the liquid crystal being
actually measured, when the ROM address is connected to
the n bits of an input image signal and the (n+m)-bit output
data is set so as to provide the desired g characteristic, data
can be sequentially converted easily. When a different liquid
crystal material is used, for example, this ROM needs to be
just changed to the suited one. Of course, other circuits may
be used for data conversion. It is preferred that ROM having
a g correction table should be used.

[0039] The digital data driver having the D/A converter is
used in the embodiment. A full-digital driver or a PWM-
output driver may be used. Since g correction is conducted
by converting image data from n bits to (n+m) bits in the
embodiment, the output after data conversion may be linear.
If an linear output can be used, it is preferred that the D/A
converter built-in system should be employed which has the
small number of input power sources and relatively simple
circuit configuration, and can handle various sizes of
screens.

[0040] In the present embodiment, the active-matrix-type
liquid crystal display apparatus is described, but the present
invention can be applied to all liquid crystal apparatuses
including the simple matrix type. Since the number of
scanning lines increases and the voltage ratio of a selected
section to a non-selection section decreases in a simple-
matrix-type apparatus, it is theoretically difficult to display
multiple tones. Therefore, to achieve high image quality
with multiple tones, it is preferred that an active-matrix-type
liquid crystal display apparatus be used.

[0041] The g correction in the present invention will be
described by referring to FIG. 5. A case is assumed in which
six-bit digital image signal data is converted to eight-bit
digital image signal data according to a g-correction table. In
FIG. 5, white circles indicate voltages which can be output
by an eight-bit D/A converter and the transmission ratios of
a liquid crystal display apparatus corresponding to the
voltages, and black circles indicate six-bit data selected from
the eight-bit data which is converted from six-bit data
according to the g-correction table, the corresponding output
voltages, and the transmission ratios therefor of the liquid
crystal display apparatus.

[0042] When six-bit data is converted to eight-bit data,
one conversion data item is generally selected from four
possible conversion data items for all of the eight-bit data.
The selected voltage difference is changed in the conversion
according to the dependency of the transmission ratio on the
applied voltage in the liquid crystal display apparatus. For
example, in a zone having a steep dependency of the
transmission ratio on the applied voltage of the liquid crystal
display apparatus, one conversion data item is selected from
three possible data items or one conversion data item is
selected from two possible data items, and in a zone having
a gentle dependency one conversion data item is selected
from five possible data items. As a result, transmission ratios
for gray-scale display can be obtained with an almost equal
ratio difference as indicated by Ta, Tb, Tc, . . . , and Tg. Of
course, the transmission ratios can be arranged in geometric
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progression and can be set to show the desired g character-
istic, as required. Gray-scale display can be conducted with
a slightly brighter point than the intermediate brightness
being disposed at the center in order to focus on the
brightness of the screen. If a plurality of g-correction table
ROMs is provided, the transmission ratios can be switched
between different g characteristics according to use purposes
and used for display.

[0043] In this embodiment, g correction is performed with
two bits being added. The more the number of additional bits
is increased, such as three bits or four bits, the more
precisely the g correction is performed. If the number of
additionally added bits is increased too many, however, the
D/A converter circuit becomes complicated. Therefore, it is
practically preferred that two or three bits should be added.
A frame rate control method can also be used to increase the
number of bits used for gray-scale display. Frame rate
control of two bits is added to a driver in which a six-bit D/A
converter is built to enable gray-scale display with eight-bit
linear voltages. Then, six-bit display is allowed with the use
of a g-correction table as described above.

[0044] 1In FIG. 1, the active matrix section, the scanning
driver section, and the data driver section are separated from
each other. This is because external LSI chips are usually
used for the driver circuits and mounted on an active-matrix-
type liquid crystal panel in many cases. To make the
apparatus compact and inexpensive, it is required that these
driver circuits should be formed on an active-matrix sub-
strate as a unit by the use of TFTs. A polysilicon TFT circuit
formed on a glass substrate can be employed for achieving
this configuration. A method for forming the poly-silicon
TFT circuit Will be described below.

[0045] FIG. 16 is a cross section of a poly-silicon TFT in
each process in a case in which the driver sections are
formed by CMOS self-alignment TFT circuits and the active
matrix section is formed by a LDD-type TFT circuit. As
shown in FIG. 16(#), an insulating film is deposited on a
glass substrate for preventing impurities from spreading
from the substrate, and a poly-silicon thin film 72 is depos-
ited. To increase field-effect mobility, it is required to
improve the crystallinity of the poly-silicon thin film 72.
Therefore, the poly-silicon thin film is recrystallized with
the use of laser annealing or the solid-phase growth method,
or an amorphous silicon thin film is crystallized to form a
poly-silicon film. This poly-silicon thin film 72 is patterned
in an island shape, and a gate insulating film 73 is deposited
thereon. As shown in FIG. 16(b), a gate clectrode 74 is
formed, a portion made to be an n-channel TFT is covered
by a mask member 75, and the portion is doped with a boron
ion at high concentration to form the source and the drain of
a p-channel TFT. Next, as shown in FIG. 16(c), the mask
member is removed, and the entire area is doped with an
phosphorous ion at low concentration. Then, as shown in
FIG. 16(d), a portion made to be the p-channel TFT and the
LDD section of a pixel TFT are covered by mask members,
and the entire area is doped with phosphorous ion at high
concentration. In the pixel TFT, the LDD area made from
n-type high-resistance polysilicon thin film (n"poly-Si) is
formed between a channel section and the source and drain
electrodes made from n-type low-resistance poly-silicon
thin film (n*poly-Si) in this way. With this configuration, the
off current of the pixel TFT can be suppressed to a suffi-
ciently low level, and crosstalk can be prevented from being
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generated in the active matrix section. Lastly, as shown in
FIG. 16(e), an interlayer insulating film 76 is formed, a
wiring 77 is formed by a metal thin film, a pixel electrode
is made from a transparent electrically conductive film 79,
and a passivation film 78 is formed to complete the active
matrix substrate with the driver formed together. Alignment
is applied to the substrate, another substrate to which align-
ment is also applied is disposed oppositely with a gap of
several um, and liquid crystal is sealed in the active matrix
section to complete the liquid crystal display apparatus.

[0046] A configuration of the D/A converter will be
described below specifically. FIG. 6 is a circuit diagram of
an eight-bit data driver which uses a capacitor-division-type
D/A converter. A shift register 61 outputs a timing pulse for
latching one signal line data to each stage. With this output,
eight digital latches Al, A2, A3, . . ., and A8 read eight-bit
data from data lines D1, D2, D3, . . . , and D8 at the same
time. A latch pulse terminal LP controls second-stage latches
B1, B2, B3, . . ., and BS8. A set terminal SET controls a
timing at which data is sent to the D/A converter. A reset
terminal RESET resets the data of the D/A converter. There
is also shown a common power source VO for the D/A
converter and a power source COM for resetting the voltage
of a signal line. C0 indicates the equivalent capacitor of one
signal line, and point P corresponds to a signal line.

[0047] The eight-bit D/A converter is formed by eight
capacitors C1, C2, C3, . . ., and C8, eight reset transistors
Tal, Ta2, Ta3, . . ., and Ta8, and eight set transistors Tbl,
Tb2, Th3, . . ., and THS. A transistor Tc resets the voltage
of the signal line. The capacitances of the eight capacitors
Cl, C2, C3, . . ., and C8 are set to have a ratio of
1:2:4:8:16:32:64:128. When the same voltage is applied to
these capacitors after their charges are reset, the charges
stored in the capacitors have this ratio. Since the capacitance
of the signal line is constant, when any of these eight
capacitors is connected to the signal line by making the
corresponding switch, the corresponding voltage, which is
one of 256 combinations, is applied to the signal line.

[0048] Although it is difficult in this method to apply
nonlinear gray-scale voltages, since g correction is achieved
while n-bit data is converted to (n+m)-bit data as described
above, a data driver using this D/A converter shows good
gray-scale display characteristics. Since the power con-
sumption of the D/A converter is very small and the circuit
is very simple in this method, this D/A converter is best
suited to a portable display unit. To perform highly precise
D/A conversion with this method, it is required that the
capacitance ratio be accurate. When these capacitors are
formed by a semiconductor technology and thin-film tech-
nology, however, even if a pattern dimension is slightly
shifted, the largest capacitance may have an error corre-
sponding to the smallest capacitance. Therefore, it is pre-
ferred that a capacitor pattern having the same shape should
be connected in parallel by the number of required capaci-
tors. For example, a capacitor having the same pattern, two
capacitors having the same patterns, four capacitors having
the same patterns, . . ., or 128 capacitors having the same
patterns, are connected in parallel. In this method, if a
pattern is made slightly larger or slightly smaller, the capaci-
tance ratio is maintained.

[0049] A case in which an another-method D/A converter
is used will be described below. FIG. 8 is a data driver using
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an eight-bit D/A converter which employs the constant-
current binary attenuation method. Eight constant-current
power sources and eight resister circuit networks having R
and 2R are combined. Since a constant current IR flows
through each constant-current circuit, the same transistor
can be used to form the circuit. Due to having constant-
current power sources, this D/A converter does not receive
much limitations on the size of a capacitor of a signal line
serving as a load. Therefore, any screens from a relatively
small screen to a large screen can be handled. If current
supply ability is set too high, power consumption is
increased.

[0050] Two types of D/A converters have been described.
The present invention can be applied to a data driver using
any type of a D/A converter, and different-type D/A con-
verters can be combined and used. In the above description,
an n-bit image signal is taken as an example. It is needless
to say that when three primary color signals are input at the
same time, (3xn)-bit data is converted to (3x(n+m)) bit data.
To reduce the operating frequency of the data driver, when
the screen is divided into p sections and (pxn)-bit data is
input at the same time, it is required that (pxn)-bit data
should be converted to (px(n+m))-bit data. As described
above, the liquid crystal display apparatus according to the
present invention can achieve satisfactory g correction for
various types of input digital signals.

[0051] (Embodiment 2)

[0052] 1In the present embodiment, a driving method for a
liquid crystal display apparatus will be described. In FIG. 1,
the n-bit image signal 16 is converted to the (n+m)-bit image
signal 17 by the sequential-g-correction ROM 15 and is
input to the data driver section 2. How to create a g-correc-
tion table to be stored in the g-correction ROM will be
described below. The transmission ratio of the liquid crystal
display apparatus is measured, and a chart indicating the
dependency of the transmission ratio on the input voltage is
made with the transmission ratio being assigned to the
vertical axis and the input voltage being assigned to the
horizontal axis. Then, on the horizontal axis indicating the
input voltage, 2°*™ voltages which can be output from the
(n+m)-bit D/A converter are plotted. The transmission ratios
which are to be obtained for n-bit gray-scale display are
plotted on the vertical axis, horizontal parallel lines are
drawn from those points to the transmission-factor curve,
and perpendiculars from the intersections to the horizontal
axis are drawn. The converted data is obtained by (n+m)-bit
points closest to the intersections of the perpendiculars and
the horizontal axis. The points indicated by black circles in
FIG. 5 are obtained by this method. When the ROM address
corresponds to n-bit data and the (n+m)-bit data obtained by
the above method is stored, sequential conversion is easily
implemented with one ROM.

[0053] A method for driving the liquid crystal display
apparatus by the use of image signals converted by such a
sequential g-correction table will be described next. FIG. 7
is a timing chart of the driving voltages of an eight-bit digital
data driver similar to that shown in FIG. 6. One horizontal
scanning period is divided into a horizontal scanning selec-
tion period in which image signal data is sent and a hori-
zontal blanking period in which image signal data is not
sent. In the horizontal scanning selection period, eight-bit
image signal data, D1, D2, D3, . . ., and D8 is sequentially
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sent and the outputs SR1, SR2, . . . of shift registers are
selected at each stage in synchronization with the data.
Eight-bit data is sequentially read by the first-stage latches.
When all data is written into the first-stage latches, the set
signal SET becomes a low level in the horizontal blanking
period to reset the input to the D/A converter, and the reset
signal RESET becomes a high level to set all signal lines to
the same voltage. During this period, the data written into
the first-stage latches is written into the second-stage latches
by a latch pulse LP. The reset signal is set to a low level
again to open the signal lines, and the set signal is set to a
high level to connect the outputs of the D/A converter to the
signal lines. The desired set, timing and the desired reset
timing can be set within the horizontal scanning period. It is
preferred that after all signal lines should be reset to the
same voltage within the horizontal blanking period, (n+m)-
bit D/A-converted voltages should be applied to the signal
lines. This is because, due to these operations, the signal
lines can always be driven within the horizontal scanning
selection period, and sufficient signals can be applied to the
liquid crystal.

[0054] (Embodiment 3)

[0055] A liquid crystal display apparatus which can pro-
vide high image quality by reducing noise will be described
below in the present embodiment. In general, a digital driver
having a multiple-bit D/A converter is likely to receive
various types of noise during conversion.

[0056] FIG. 9 shows a circuit diagram of a typical shift
register circuit used for a digital driver and a timing chart
thereof. In this circuit, by the use of clock signals having
phases shifted by 180 degrees, a selection pulse can be
shifted by a half of the period of the clock signals. This
circuit transfers a pulse in either directions. A pulse is
transferred in the right direction with R set to high and L set
to low, and is transferred in the left direction with R sct to
low and L set to high. The timing of the rising edges and the
falling edges of the clock signals for the shift register is the
same as that of switching in each dot in a digital image
signal. To minimize the effects of these clock signals and a
digital data signal on the D/A converter, it is required to
drive with the use of as a low voltage as possible. However,
since a signal of about +5 V usually needs to be applied to
liquid crystal, the power source voltage of the D/A converter
cannot be very low.

[0057] Therefore, the liquid crystal display apparatus
according to the present embodiment has the following
configuration. A data driver includes a CMOS static shift
register, a level shifter, and a D/A converter. A scanning
driver has a CMOS static shift register, a level shifter, and
a buffer. These shift registers and a latch circuit are con-
nected to a common power source. Therefore, the clock
signals of the shift registers, input signals, and digital image
signals are all logic signals generated by the same power
source. The level shifters raise the levels of control signals
for D/A converters and also raise the level of a signal input
to the buffer which drives scanning lines. Since in general a
CMOS static shift register can operate at a very high speed
even at a low voltage and consumes a little current, it is
suited as a driver for a portable liquid crystal display
apparatus. According to the foregoing configuration, since
all logic signals are driven by the same low power source,
the interface becomes simple and noise is unlikely to occur.
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In addition, since a common power source can be used, it
becomes possible to make the wiring to the driver inside to
be very low impedance. Even if a high current flows locally,
the power source voltage rarely fluctuates.

[0058] The foregoing configuration can be implemented
even when a data driver LSI and a scanning driver LSI are
connected to a liquid-crystal panel while the contact resis-
tance and the wiring resistance of mounting portions are
maintained at a sufficient low level. It is preferred in order
to increase the advantage further that these LSI chips should
be formed on the same glass substrate as a unit. In other
words, as shown in FIG. 16, when a driver section is also
integrated with an active matrix section by the use of
poly-silicon thin-film transistors, a common power source is
more likely to be used and noise can be reduced by enclosing
each logic section with a wide wiring pattern.

[0059] The liquid crystal display apparatus according to
the present embodiment can use various types of D/A
converters. A D/A converter using a current source is likely
to generate noise. It is preferred that a D/A converter which
causes as a low current as required to flow should be used.
For example, since a capacitor-division-type D/A converter
shown in FIG. 6 only causes a current for charging and
discharging the capacitor to flow, only a little noise is
generated.

[0060] Furthermore in the present embodiment, it is pre-
ferred that a level shifter should be used which can stably
shift a voltage level at a high speed with low noise. FIG. 10
shows a circuit diagram of a level shifter circuit suited to the
liquid crystal display apparatus according to the present
embodiment and a timing chart thereof. When a signal
having the waveform shown by IN in FIG. 10(b) is input, a
signal having the waveform shown by OUT is output.
Namely, the output voltage is level shifted from the Vec
level to the VDD level. In this level shifter circuit, as shown
in FIG. 10(a), an input section is connected to two transis-
tors, n-channel and p-channel, connected in parallel. With
this connection, a passing-through current which flows
during a period from when the input of the level shifter
changes to when the output is switched can be suppressed to
a low level, the switching speed increases, and the shifter
operates stably. Since the current consumption is also sup-
pressed to a low level, just a low noise occurs.

[0061] (Embodiment 4)

[0062] A driving method which improves the image qual-
ity of a liquid crystal display apparatus using a D/A con-
verter will be described in the present embodiment. FIG. 11
is a timing chart for the driving method of the liquid crystal
display apparatus. Since liquid crystal needs to be AC
driven, an image signal Vid is AC reversed in every field
symmetrically with a certain voltage Vc. A scanning signal
Vg becomes a selection level at a period T1 once per one
field. This T1 corresponds to one horizontal scanning period.
Since in a TFT liquid crystal display apparatus the voltage
of a pixel electrode becomes lower than the voltage of a
signal line by a feed-through voltage generated when a pixel
TFT goes off, the common electrode voltage Vcom on the
opposing substrate needs to be set lower than the image
signal center voltage Vid by this feed-through voltage. In the
present embodiment, the following method is used in order
to AC reverse and output an image signal having a low noise
in every field in the D/A converter.
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[0063] A digital image signal input to the D/A converter
has the same amplitude as a timing signal for the shift
register. The power level of the D/A converter is switched
alternately in every field to apply an AC voltage to the liquid
crystal. In other words, in the driving method of the present
embodiment, the voltage range of an analog signal output
from the D/A converter, which is to be applied to a signal
line in a field is limited, and the power source voltage for the
D/A converter is set to the lowest voltage required for
outputting an analog signal in that range. When liquid
crystal is driven in the voltage range of 6 Vx5 V, the
maximum output range is 10 V. An actually necessary signal
range is from about 8 V to 11 V in a field in which a positive
signal is applied and is from about 1 V to 4 V in a field in
which a negative signal is applied. When the power source
voltage of the D/A converter is set to the minimum required
voltage such that an analog signal can be output within a
range of about 3 V in each field, the D/A converter consumes
a low current and a low noise is generated.

[0064] The following method is more preferable. In this
method, a capacitor-coupling D/A converter as shown in
FIG. 6 is used and a digital input signal in which the black
and white levels are not reversed is used. In the capacitor-
coupling system, a power source voltage V0 for writing data
can be alternately set at the positive and negative sides of a
voltage COM for reset. In this case, since gray-scale volt-
ages to be D/A converted are also reversed such that the
white level and the black level are AC reversed, it is not
necessary to reverse data in an external circuit in black and
white. Since a circuit for reversing data at a high speed is not
required, noise generation can be suppressed, and the exter-
nal circuit is simplified. Of course, the current consumption
is also low.

[0065] Inthe above-described method, since image signals
having the same polarity are written for the entire screen, the
lowest noise is applied to the image signals. However, if
sufficient hold capacitance is not obtained in this method,
flicker is likely to occur due to a difference in feed-through
voltages based on the dielectric anisotropy of liquid crystal.
If the wiring resistance of scanning lines and capacitor lines
is not sufficiently reduced, luminance unevenness at the left
and right and crosstalk between the left and right are likely
to occur due to delays. The following method avoids these
problems.

[0066] D/A converters are provided in multiple, separate
systems and power sources therefor are also connected with
separate wiring. A digital image signal input to a D/A
converter has the same amplitude as a timing signal for a
shift register. The power levels of the D/A converters are
switched alternately in every field to apply an AC voltage to
the liquid erystal. The power source voltages of D/A con-
verters connected to odd-number-row signal lines and the
power source voltages of D/A converters connected to
even-number-row signal lines are shifted by 180 degrees in
phase and switched alternately. In other words, image sig-
nals having reverse polarities are always applied to adjacent
signal lines in this driving method. Therefore, there exist the
same numbers of pixels to which a positive-polarity signal
is written and pixels to which a negative-polarity signal is
written, and flicker becomes unnoticeable. Since charges
applied to a pixel is compensated for to some extent between
adjacent pixels through scanning lines and capacitor lines,
luminance unevenness at the left and right and crosstalk
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between the left and right are unlikely to occur. Since the
power source voltage of the D/A converter is set to the
minimum required voltage such that analog output ranges
required for positive polarity and negative polarity are
covered, the D/A converter consumes a low current and a
low noise is generated. If the D/A converter is not provided
with a black-and-white reverse function in this method, it is
necessary to provide multiple data lines and input a positive-
polarity signal and a negative-polarity signal separately.

[0067] A more preferable driving method will be
described below. In this method, a capacitor-coupling D/A
converter such as that shown in FIG. 6 is used and a digital
input signal in which the black and white levels are not
reversed is used. As described before, since a black-and-
white reverse function is provided for the D/A converter
itself in this method, it is not necessary to provide data
wiring in multiple systems. Since a circuit for reversing data
at a high speed is not required, noise generation can be
suppressed, and the external circuit is simplified. The current
consumption is also low.

[0068] A driving method for avoiding crosstalk in the
signal-line direction will also be described below. D/A
converters are provided in multiple, separate systems and
power sources therefor are also connected with separate
wiring. A digital image signal input to a D/A converter has
the same amplitude as a timing signal for a shift register. The
power level of the D/A converter is switched alternately in
every horizontal scanning period to apply an AC voltage to
the liquid crystal. The power source voltages of D/A con-
verters connected to odd-number-row signal lines and the
power source voltages of D/A converters connected to
even-number-row signal lines are shifted by 180 degrees in
phase and switched alternately. In other words, image sig-
nals having reverse polarities are always applied to adjacent
signal lines in this driving method. In addition, the polarities
are AC reversed in every horizontal scanning period, a signal
having the reverse polarity is written into adjacent pixels left
and right, and upper and lower. With this, flicker becomes
unnoticeable. Since charges applied to a pixel is compen-
sated for to some extent between adjacent pixels through
scanning lines and capacitor lines, luminance unevenness in
the horizontal direction and crosstalk in the horizontal
direction are unlikely to occur. Luminance unevenness in the
vertical direction and crosstalk in the vertical direction are
unlikely to occur because the average voltage of signal lines
becomes almost constant irrespective of an image signal.
Namely, this method improves luminance uniformity in both
horizontal and vertical directions and suppresses crosstalk.
Since the power source voltage of the D/A converter is set
to the minimum required voltage such that analog output
ranges required for positive polarity and negative polarity
are covered, the D/A converter consumes a low current and
a low noise is generated. If the D/A converter is not provided
with a black-and-white reverse function in this method, it is
necessary to provide multiple data lines and input a positive-
polarity signal and a negative-polarity signal separately.

[0069] A more preferable driving method will be
described below. In this method, a capacitor-coupling D/A
converter such as that shown in FIG. 6 is used and a digital
input signal in which the black and white levels are not
reversed is used. As described before, since a black-and-
white reverse function is provided for the D/A converter
itself in this method, it is not necessary to provide data
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wiring in multiple systems. Since a circuit for reversing data
at a high speed is not required, noise generation can be
suppressed, and the external circuit is simplified. The current
consumption is also low.

[0070] (Embodiment 5)

[0071] A second driving method for improving the image
quality of a liquid crystal display apparatus using a D/A
converter will be described in this embodiment. In the
driving method shown in FIG. 11, the power source voltage
for the D/A converter needs to be changed alternately at a
large amplitude. A method for reducing the amplitude of the
voltage will be described here. FIG. 12 is a timing chart for
a driving method of a liquid crystal display apparatus. Since
liquid crystal needs to be AC driven, an image signal Vid is
AC reversed in every field symmetrically with a certain
voltage Ve. Ve is also AC driven in the reverse phase in
every field. As a result, the voltage range of the image signal
Vid is much reduced as compared with that shown in FIG.
11. In synchronization with V¢, a common electrode voltage
Vcom on the opposing substrate is also AC driven. Since in
a TFT liquid crystal display apparatus the voltage of a pixel
electrode becomes lower than the voltage of a signal line by
a feed-through voltage generated when a pixel TFT goes off,
the common electrode voltage Vcom on the opposing sub-
strate needs to be set lower than the image signal center
voltage Vid by this feed-through voltage. When a hold
capacitor is connected to a special capacitor line, namely, in
a storage capacitor system, the capacitor line needs to be
driven with the same waveform as that for Vcom. If the hold
capacitor is connected to a scanning line of the previous
stage, namely, in an additional capacitor system, a not-
selection voltage is shifted in parallel in synchronization
with Vcom as shown in FIG. 12. In the present embodiment,
in order to AC reverse and output an image signal having a
low noise in every field by the D/A converter, a digital image
signal input to the D/A converter has the same amplitude as
a timing signal for a shift register. The power level of the
D/A converter is switched alternately in every field to apply
an AC voltage to the liquid crystal. In this method, since the
ranges of analog signals output from the D/A converter,
which are to be applied to signal lines, do not have a large
voltage difference between the positive polarity and the
negative polarity, it is not necessary for the power source of
the D/A converter to have a large amplitude.

[0072] A more preferable driving method will be
described below. In this method, a capacitor-coupling D/A
converter such as that shown in FIG. 6 is used and a digital
input signal in which the black and white levels are not
reversed is used. Since a circuit for reversing data at a high
speed is not required, noise generation can be suppressed,
and the external circuit is simplified. The current consump-
tion is also low.

[0073] A driving method for avoiding crosstalk in the
signal-line direction will also be described below in the
present embodiment. Since liquid crystal needs to be AC
driven, an image signal Vid is AC reversed in every hori-
zontal scanning period symmetrically with a certain voltage
Ve. Ve is also AC driven in the reverse phase in every
horizontal scanning period. In synchronization with Vc, a
common electrode voltage Vcom on the opposing substrate
is also AC driven in every horizontal scanning period. Since
in a TFT liquid crystal display apparatus the voltage of a
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pixel electrode becomes lower than the voltage of a signal
line by a feed-through voltage generated when a pixel TFT
goes off, the common electrode voltage Vcom on the oppos-
ing substrate needs to be set lower than the image signal
center voltage Vid by this feed-through voltage. When a hold
capacitor is connected to a special capacitor line, namely, in
the storage capacitor system, the capacitor line needs to be
driven with the same waveform as that for Veom. If the hold
capacitor is connected to a scanning line in the previous
stage, namely, in the additional capacitor system, a not-
selection voltage is shifted in parallel in synchronization
with Vcom. In this method, since signals having reverse
polarities are applied to a signal line in every horizontal
scanning period, flicker becomes unnoticeable, and lumi-
nance unevenness and crosstalk in the vertical direction also
become unnoticeable.

[0074] A more preferable driving method will be
described below. In this method, a capacitor-coupling D/A
converter such as that shown in FIG. 6 is used and a digital
input signal in which the black and white levels are not
reversed is used. Since a circuit for reversing data at a high
speed is not required, noise generation can be suppressed,
and the external circuit is simplified. The current consump-
tion is also low.

[0075] (Embodiment 6)

[0076] A third driving method for improving the image
quality of a liquid crystal display apparatus using a D/A
converter will be described in this embodiment. In the
driving method shown in FIG. 12, since the common
electrode of the opposing substrate is AC driven, power
consumption becomes slightly large. In the present embodi-
ment, a driving method in which power consumption is
relatively small while the power source voltage range of a
D/A converter is narrowed will be described. The present
embodiment can be applied to a case in which a hold
capacitor is connected to a scanning line of the previous
stage, namely, the additional capacitor system is used. FIG.
13 is a timing chart for the driving method of the liquid
crystal display apparatus. An image signal Vid which is the
same as that used in FIG. 12 is used, whereas the common
electrode voltage Vcom on the opposing substrate is con-
stant. A scanning signal has four voltage levels. Switched in
every field are a case in which a non-selection voltage or
more is maintained for a certain period before the scanning
signal changes from the selection voltage to the non-selec-
tion voltage immediately after the selection period, and a
case in which a non-selection voltage or less is maintained
for the same situation. For example, in FIG. 13, after the
selection period T1, the scanning signal is set to a voltage
different from the non-selection voltage for two horizontal
scanning periods, T2. In the figure, since the voltage of the
hold capacitor is increased by V1 in the first field after T2
and reduced by V2 in the second field, an AC voltage is
applied to liquid crystal in the same way as in a case in
which the common electrode voltage is AC driven. In the
present embodiment, in order to AC reverse and output an
image signal having a low noise in every field by the D/A
converter, a digital image signal input to the D/A converter
has the same amplitude as a timing signal for a shift register.
The power level of the D/A converter is switched alternately
in every field to apply an AC voltage to the liquid crystal. In
this method, since the ranges of analog signals output from
the D/A converter, which are to be applied to signal lines, do
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not have a large voltage difference between the positive
polarity and the negative polarity, it is not necessary for the
power source of the D/A converter to have a large amplitude.
Since the common electrode voltage is constant, the power
consumption of the liquid crystal display apparatus is
smaller than that in the case shown in FIG. 12.

[0077] A more preferable driving method will be
described below. In this method, a capacitor-coupling D/A
converter such as that shown in FIG. 6 is used and a digital
input signal in which the black and white levels are not
reversed is used. Since a circuit for reversing data at a high
speed is not required, noise generation can be suppressed,
and the external circuit is simplified. The current consump-
tion is also low.

[0078] A driving method for avoiding crosstalk in the
signal-line direction will also be described below in the
present embodiment. Since liquid crystal needs to be AC
driven, an image signal Vid is AC reversed in every hori-
zontal scanning period symmetrically with a certain voltage
Ve. Ve is also AC driven in the reverse phase in every
horizontal scanning period. The common electrode is set to
a constant voltage. The waveform in which the scanning
signal holds the non-selection voltage or less immediately
after the selection period as indicated by the selection signal
in the first field in FIG. 13, and the waveform in which the
scanning signal holds the non-selection voltage or more
immediately after the selection period as in the second field
are alternately repeated in every horizontal scanning period.
With this operation, since a signal having the reverse polar-
ity is applied to a signal line in every horizontal scanning
period, flicker becomes unnoticeable, and luminance
unevenness and crosstalk in the vertical direction also
become unnoticeable.

[0079] A more preferable driving method will be
described below. In this method, a capacitor-coupling D/A
converter such as that shown in FIG. 6 is used and a digital
input signal in which the black and white levels are not
reversed is used. Since a circuit for reversing data at a high
speed is not required, noise generation can be suppressed,
and the external circuit is simplified. The current consump-
tion is also low.

[0080] (Embodiment 7)

[0081] A delay time in a driver circuit for a liquid crystal
display apparatus is focused on in the present embodiment,
and means for improving image quality will be described. In
general, in a liquid crystal display apparatus using a digital
data driver, it is preferred that the driver should be driven at
a low voltage in order to reduce the effects of noise on the
screen as much as possible. In contrast, the operating speed
of the driver has been increasing due to a demand for high
resolution on the screen. Therefore, an actual image may be
displayed with a shift because of a delay time in the driver.
Alternatively, to avoid this delay time, low voltage driving
may not be achieved. In the liquid crystal display apparatus
according to the present embodiment, as shown in FIG. 14,
the data driver is provided with a delay circuit 59 at a section
to which an image signal 59 is input. In the data driver, a
shift register 42 shifts the selection pulse of a latch 52 step
by step at a timing of a clock signal 58. As the driver logic
section is driven by a lower voltage, due to a delay time in
the shift register and that in the latch circuit, an image signal
is read at a more delayed timing. The delay time in the driver
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is estimated in simulation or actually measured in advance,
and when the image signal 56 is delayed by that delay time
by the delay circuit 59, the data is read at the correct timing.
The delay circuit can be any circuits if digital data is delayed
by the required time. It can be formed by flip-flops, or
inverters connected in multiple stages. Since an image on the
screen does not shift in this method, the voltage for the logic
section can be reduced and noise on the screen is reduced.

[0082] In addition, it is ideally preferred that a delay time
for each driver should be compensated for. As shown in
FIG. 15, the data driver section is provided with a delay-
time detecting circuit 66 and a delay-time compensation
circuit 69. The delay-time detecting circuit is formed by the
same circuit as that or devices having the same dimensions
as those of the devices for one stage in the shift register 51
and the latch 52 such that the same delay time is generated,
and a pulse delayed from the clock signal 58 by that delay
time is generated. The image signal 56 is required to be input
through the delay-time compensation circuit 69 with this
pulse being used as a trigger. In this method, if each driver
has a different delay time due to variation in the process
conditions of the driver, an image displayed on the screen
does not shift. If the delay time in the driver shifts due to
operations at low and high temperatures even in the same
liquid crystal display apparatus, no problem occurs.

[0083] When the driver circuit is integrated on an active-
matrix substrate, the liquid crystal display apparatus accord-
ing to the present embodiment achieves the maximum
advantages. As shown in FIG. 16, in a liquid crystal display
apparatus in which peripheral driver circuits are integrated
by the use of CMOS poly-silicon TFTs formed on the glass
substrate, since the mobility of the poly-silicon TFT is just
around one fifth that of a single-crystal silicon, the driver has
a long delay time. Since a polysilicon TFT is not a single
crystal, drivers may vary depending on process-condition
variation. Therefore, with the use of the image-signal delay
circuit, the delay-time detecting circuit, and the delay-time
compensation circuit of the present embodiment, the liquid
crystal display apparatus having the driver in it can provide
high image quality.

[0084] A driving method for the liquid crystal display
apparatus according to the present embodiment will be
described below. First a case will be described in which the
image-signal delay circuit shown in FIG. 14 is used. In
general, since a luminance signal and a timing signal are sent
to a liquid crystal display apparatus at the same time as
image-signal data, the clock signal 58 and an image signal
56 can be easily formed in an external synchronization
circuit. These two signals are synchronized and have no shift
in timing. The delay time generated in the shift register 51
and that in the latch 52 when this clock signal is used are
accurately estimated in simulation or actually measured. The
image signal 56 is delayed by this estimated delay time by
the image-signal delay circuit 59. As a result, the delay time
of an image signal read by the latch and the delay time
required for the operations of the shift register and the latch
circuit are synchronized. In other words, image-signal data
is read at an ideal timing and there is no shift on the screen.

[0085] 1In the same way, a case will be described in which
the circuit shown in FIG. 15 is used. The clock signal 38 and
an image signal 56 formed in an external synchronization
circuit are also used. These two signals are synchronized and
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there is no shift in timing. The delay time generated in the
shift register 51 and that in the latch 52 when this clock
signal is used are detected by the delay-time detecting circuit
66. The image signal 56 is delayed by this detected delay
time by the image-signal compensation circuit 69. As a
result, the delay time of an image signal read by the latch and
the delay time required for the operations of the shift register
and the latch circuit are synchronized. In this method, since
a shift in the delay time is self-compensated for, even if the
apparatus is driven under any conditions, image-signal data
is always read at an ideal timing and there is no shift on the
screen.

[0086]

[0087] A display system using a liquid crystal display
apparatus in which a D/A converter is built will be described
below in the present embodiment. In FIG. 17, analog R, G,
and B image signals generated by an analog image signal
generator such as a computer are converted to (n-bitx3)
digital signals by a D/A converter. When a video unit is used
as a signal source, signals are converted to analog R, G, and
B image signals and input to a D/A converter. When a signal
source generates a digital image signal, this D/A converter
is unnecessary. These (n-bitx3) digital image signals are
sequentially converted to (n+m)-bitx3 digital image signals
by a g-correction ROM. The converted image signals are
sent to a data driver. On the other hand, a timing controller
generates driving signals for the A/D converter, the data
driver, and a scanning driver in synchronization with the
signals generated by the analog image-signal generator. The
data driver sequentially reads the (n+m)-bitx3 image signals
in latches in synchronization with the clock signal received
from the timing controller and drives signal lines of an
active-matrix section through a (n+m)-bitx3 D/A converter.
The image signals are written into pixels at scanning lines
selected by the scanning driver, and displayed on the screen
of the active-matrix section. In this display system, since g
correction is achieved by a table written into the ROM,
complicated power sources are not needed. In addition, since
all gray-scale signals can be compensated for, superior color
display is possible.

[0088] To use the display system according to the present
embodiment as a portable system, it is necessary to suppress
current consumption as much as possible. It is preferred that
the output signals of the A/D converter, the input and output
signals of the g-correction ROM, the output signals of the
timing controller, the input signals of the data driver, and the
input signals of the scanning driver should have the same
voltage amplitude and each section should be driven as a low
voltage as possible. The voltage is raised by a level shifter,
if required. A low power consumption is further achieved by
the use of two levels of power sources for the D/A converter
in a case for applying a positive-polarity signal and in a case
for applying a negative-polarity signal.

[0089] When an image signal is written onto the screen at
a high speed with the use of a low-voltage logic circuit, a
shift is likely to occur on the screen. Therefore, it is preferred
that a delay time in the display system should be optimized.
In other words, in FIG. 17, a total delay time in the D/A
converter and the g-correction ROM is set equal to a delay
time from the clock signal to when image signal data is
latched in the data driver. If the delay time in the data driver
is too long, a delay circuit is additionally provided for the
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digital image signal input section of the data driver and the
sum of a delay time in this delay circuit and the total delay
time in the A/D converter and the g-correction ROM is set
equal to the delay time in the data driver.

[0090] If portability is the biggest concern, it is preferred
that an active-matrix liquid crystal display apparatus in
which peripheral driving circuits are integrated be used. In
other words, with the use of a poly-silicon TFT circuit
formed on a glass substrate as shown in FIG. 16, a driver
circuit is formed around an active-matrix section. Then, the
system is made compact and lightweight.

[0091] An electronic gear, formed by the liquid crystal
display apparatus according to the above embodiment
includes a display information output source 1000, a display
information processing circuit 1002, a display driving circuit
1004, a display panel 1006 such as a liquid crystal panel, a
clock generating circuit 1008, and a power circuit 1010. The
display information output source 1000 has memory devices
such as ROM and RAM and a tuning circuit for tuning a TV
signal and outputting it, and outputs display information
such as a video signal according to a clock sent from the
clock generating circuit 1008. The display information pro-
cessing circuit 1002 handles and outputs display information
according to a clock sent from the clock generating circuit
1008. The display information processing circuit 1002 can
include, for example, an amplification and polarity-revers-
ing circuit, a phase expansion circuit, a rotation circuit, a
gamma-correction circuit, and a clamping circuit. The dis-
play driving circuit 1004 includes a scanning driving circuit
and a data driving circuit, and drives the liquid crystal panel
1006. The power circuit 1010 supplies power to each of the
above-described circuits.

[0092] As electronic gears having such a configuration, a
liquid crystal projector shown in FIG. 19, a personal com-
puter (PC) and an engineering workstation (EWS) for mul-
timedia shown in FIG. 20, a pager shown in FIG. 21, a
portable phone, a word processor, a TV set, a video tape
recorder with a viewfinder or with a monitor, an ¢lectronic
pocket book, an electronic calculator, a car navigation
system, a POS terminal, and a unit having a touch-sensitive
panel can be considered.

[0093] The liquid crystal projector shown in FIG. 19 is a
projection-type projector using a transmission-type liquid
crystal panel as a light: bulb. It uses, for example, an optical
system of a three-plate prism system.

[0094] 1In FIG. 21, in the projector 1100, projection light
emitted from a lamp unit 1102 serving as a white-light
source is divided into three primary colors, R, G, and B, by
a plurality of mirrors 1106 and two dichroic mirrors 1108 in
the light guide 1104, and led to three liquid crystal panels
1110R, 1110G, and 1110B which are used for displaying
these colors. The light modulated by the liquid crystal panels
1110R, 1110G, and 1110B is incident on a dichroic prism
1112 in three different directions. The red light and the blue
light are deflected by 90 degrees and the green light goes
straight in the dichroic prism 1112, each color image is
combined, and the combined color image is projected on a
screen through a projection lens 1114.

[0095] The personal computer 1200 shown in FIG. 20
includes a body section 1204 equipped with a keyboard
1202 and a liquid crystal display screen 1206.
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[0096] The pager 1300 shown in FIG. 21 Includes a liquid
crystal display board 1304, a light guide 1306 equipped with
a back light 13064, a circuit board 1308, first and second
shielding plates 1310 and 1312, two elastic electrically
conductive members 1314 and 1316, and a film carrier tape
1318 in a metal frame 1302. The two elastic electrically
conductive members 1314 and 1316, and the film carrier
tape 1318 are used for connecting the liquid crystal display
board 1304 to the circuit board 1308.

[0097] The liquid crystal display board 1304 is formed by
two transparent substrates 1304a and 1304b with liquid
crystal being sealed therebetween, and serves at least as a
dot-matrix liquid crystal display panel. On one transparent
substrate, the driving circuit 1004 shown in FIG. 18 or, in
addition, the display information processing circuit 1002,
can be formed. Circuits not mounted on the liquid crystal
display board 1304 are treated as external circuits of the
liquid crystal display board. In a case shown in FIG. 23, they
can be mounted on the circuit board 1308.

[0098] 1In FIG. 21, which shows the configuration of the
pager, the circuit board 1308 is required in addition to the
liquid crystal display board 1304. When a liquid crystal
display apparatus is used as a component of electronic gear
and a display driving circuit, etc. is mounted on a transparent
substrate, the minimum unit of the liquid crystal display
apparatus is the liquid crystal display board 1304. Alterna-
tively, the liquid crystal display board 1304 is secured to the
metal frame 1302 serving as a casing and used as a liquid
crystal display apparatus serving as a component of the
electronic gear. In a backlight system, the liquid crystal
display board 1304 and the light guide 1306 equipped with
the backlight 13064 are assembled in the metal frame 1302
to form a liquid crystal display apparatus. Instead of these
devices, as shown in FIG. 22, a TCP (tape carrier package)
1320 in which an IC chip 1324 is mounted on a polyimide
tape 1322 having a metallic electrically conductive film is
connected to one of two transparent substrates 1304a and
13045 constituting the liquid crystal display board 1304, and
used as a liquid crystal display apparatus serving as a
component of an electronic gear.

[0099] The present invention is not limited to the forego-
ing embodiments, but can be applied to various types of
modifications within the scope of the invention. For
example, the present invention can be applied to an elec-
troluminescent apparatus and an plasma display apparatus in
addition to the various liquid crystal panels described above.

[0100] [Industrial Field]

[0101] As described above, since the liquid crystal display
apparatus according to the present invention is provided
with a data conversion circuit which converts n-bit digital
input image data to (n+m)-bit data, and an (n+m)-bit digital
data driver, images can be displayed with the desired gray-
scale characteristics. Since a ROM in which a conversion
table for compensating for the g characteristic of liquid
crystal is written is used in the data conversion circuit, g
correction can be achieved for all points in gray-scale
display and thus superior gray-scale display performance is
obtained. Since an (n+m)-bit D/A converter is built in, the
number of externally input power sources is reduced and the
apparatus can be made compact and lightweight at a lower
cost. Because the liquid crystal display apparatus is of an
active-matrix type using TFTs or nonlinear devices, a high
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contrast ratio is obtained and multiple-gray-scale display
and full color display are enabled. Since peripheral drivers
are integrated on a glass substrate with the use of poly-
silicon TFT circuits, the apparatus can be made further
compact and lightweight. Because a capacitor-coupling D/A
converter is used, a low power consumption is achieved.
Since capacitors having the same shape are disposed in
parallel to form a D/A converter, the capacitor ratio is not
varied and gray-scale display is enabled with high precision.
Since a constant-current, binary attenuation-type D/A con-
verter is used, even a vary large liquid crystal display
apparatus can be implemented.

[0102] 1In a driving method for a liquid crystal display
apparatus according to the present invention, since an n-bit
digital input signal is sequentially converted to (n+m)bit
digital data according to the g characteristic of liquid crystal,
accurate g correction is conducted with a simple circuit and
thus a high-quality display image is obtained. Because an
(n+m)-bit D/A-converted voltage is applied to each signal
line after all signal lines are reset to the same voltage in the
blanking period of a horizontal scanning period, the effect of
a previously written signal can be eliminated and no after-
image occurs.

[0103] Since a logic section is driven by a single low
power source voltage lower than those for a D/A converter
and a buffer section in the liquid crystal display apparatus
according to the present invention, noise is unlikely to be
generated on the screen. Since peripheral driving circuits are
integrated with the use of poly-silicon TFTs, wiring for
power sources can be used in common and thus has a lower
resistance, noise is more unlikely to occur. Because a
capacitor-division-type D/A converter is used, only the
required minimum current flows and noise is more unlikely
to be generated. Since a level shifter in which an input
section is connected to n-channel and p-channel two tran-
sistors connected in parallel, the current flowing through the
level shifter is suppressed and noise is further unlikely to be
generated.

[0104] In the driving method for a liquid crystal display
apparatus according to the present invention, since the
power source voltage level of the D/A converter is switched
alternately in every field, a low current is consumed and
noise is unlikely to occur. Because non-inverted data is used
in the capacitor-division-type D/A converter, an image-
signal reversing circuit is not required, and a lower current
is consumed and noise is reduced.

[0105] In the driving method for a liquid crystal display
apparatus according to the present invention, since the
power level is switched alternately in every field with the use
of D/A converters in a plurality of systems, and reverse-
polarity image signals are applied to adjacent signal lines,
current consumption is low, and flicker or transverse
crosstalk is not generated. Since non-inverted data is used in
the capacitor-division-type D/A converter, an image-signal
reversing circuit is not required, and a lower current is
consumed and noise is reduced.

[0106] In the driving method for a liquid crystal display
apparatus according to the present invention, since the
power level is switched alternately in every horizontal
scanning period with the use of D/A converters in a plurality
of systems, and reverse-polarity image signals are applied to
adjacent pixels at the left and right, and upper and lower
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positions, current consumption is low, and flicker or
crosstalk in the horizontal and vertical directions is not
generated. Since non-inverted data is used in the capacitor-
division-type D/A converter, an image-signal reversing cir-
cuit is not required, and a lower current is consumed and
noise is reduced.

[0107] In the driving method for a liquid crystal display
apparatus according to the present invention, since the
power source voltage level of the D/A converter is switched
alternately in every field, and the common electrode voltage
is also switched alternately in reverse polarities, the range of
the power source voltage for the D/A converter can be
reduced. Because non-inverted data is used in the capacitor-
division-type D/A converter, an image-signal reversing cir-
cuit is not required, and a lower current is consumed and
noise is reduced.

[0108] In the driving method for a liquid crystal display
apparatus according to the present invention, since the
power source voltage level of the D/A converter is switched
alternately in every horizontal scanning period and the
common electrode voltage is also switched alternately in
reverse polarities, the range of the power source voltage for
the D/A converter can be reduced. Flicker and longitudinal
crosstalk are unlikely to occur. Because non-inverted data is
used in the capacitor-division-type D/A converter, an image-
signal reversing circuit is not required, and a lower current
is consumed and noise is reduced.

[0109] In the driving method for a liquid crystal display
apparatus according to the present invention, since the
power source voltage level of the D/A converter is switched
alternately in every field, and the scanning signal in the
non-selection period is also switched alternately in reverse
polarities, the range of the power source voltage for the D/A
converter can be reduced. A low current is consumed and
noise is unlikely to occur. Because non-inverted data is used
in the capacitor-division-type D/A converter, an image-
signal reversing circuit is not required, and a lower current
is consumed and noise is reduced.

[0110] In the driving method for a liquid crystal display
apparatus according to the present invention, since the
power source voltage level of the D/A converter is switched
alternately in every horizontal scanning period and the
scanning signal in the non-selection period is also switched
alternately in reverse polarities, the range of the power
source voltage for the D/A converter can be reduced. A low
current is consumed, noise is unlikely to occur, and longi-
tudinal crosstalk is unlikely to be generated. Because non-
inverted data is used in the capacitor-division-type D/A
converter, an image-signal reversing circuit is not required,
and a lower current is consumed and noise is reduced.

[0111] Since the liquid crystal display apparatus according
to the present invention is provided with a circuit for
delaying an image signal according to a delay time in the
driver, when the driver is driven at a lower voltage, a shift
does not occur on the display screen. Because the driver
includes a delay-time detecting circuit and a delay-time
compensation circuit, if driver manufacturing conditions
vary or use conditions change, a shift does not occur on the
display screen. Since peripheral drivers are integrated on a
glass substrate with the use of poly-silicon TFT circuits, the
apparatus is made compact and lightweight.

[0112] In the driving method for a liquid crystal display
apparatus according to the present invention, since an image
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signal is delayed according to an estimated delay time in the
driver, even if a driver circuit having a different performance
is used in various conditions, a shift does not occur on the
display screen. Because a delay time in the driver is detected
and is self-compensated for in the delay-time compensation
circuit, if driver manufacturing conditions vary or use con-
ditions change, a shift does not occur on the display screen.
Especially when the driver is formed by a TFT circuit, which
has large variation, it can be driven by a simple external
circuit.

[0113] Since an analog image signal is D/A-converted to
an n-bit digital signal, data-converted in the g-correction
circuit, and driven by an (n+m)-bit D/A converter in the
display system according to the present invention, superior
gray-scale display is allowed and full-color display is easily
achieved. For example, a high-image-quality display system
for multimedia can be readily implemented. Because the
logic section has the same low signal amplitude, a display
system which has a low power consumption and can be used
for a long period even with a small battery is provided. Since
an image signal is delayed according to a delay time in the
driver, a shift does not occur on the screen even if the driver
is driven at a low voltage. Therefore, power consumption
can be further reduced and the system is unlikely to be
susceptible to noise. Because a liquid crystal display appa-
ratus in which peripheral drivers are integrated with the use
of poly-silicon TFT circuits is used, the system is made
compact and lightweight.

What is claimed is:
1. A liquid crystal display apparatus comprising:

a pair of substrates having electrodes formed respectively
thereon, the electrodes having surfaces opposing each
other;

a liquid crystal material held between said pair of sub-
strates, wherein displaying is conducted at an illumi-
nance according to an effective value of an AC voltage
applied between the opposing electrode surfaces;

a data conversion circuit in which n-bit digital input
image data is converted to (n+m)-bit digital image data
the data conversion circuit being associated with the
pair of substrates; and

an (n+m)-bit digital data driver associated with the data

conversion circuit.

2. The liquid crystal display apparatus according to claim
1, wherein said data conversion circuit comprises a ROM
having a conversion table for compensating for a v charac-
teristic of the liquid crystal.

3. The liquid crystal display apparatus according to claim
1, wherein said digital data driver comprises an (n+m)-bit
D/A converter.

4. The liquid crystal display apparatus according to claim
1, wherein said liquid crystal display apparatus is an active-
matrix liquid crystal display apparatus in which one of a
thin-film transistor and a thin-film nonlinear device is used
as a switching device.

5. The liquid crystal display apparatus according to claim
1, wherein a polysilicon thin-film transistor for a pixel and
a poly-silicon thin-film transistor for said digital data driver
are formed on one substrate of said pair of substrates.

6. The liquid crystal display apparatus according to claim
1, wherein said (n+m)-bit digital data driver includes a D/A
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converter circuit in which (n+m) capacitors having a capaci-
tance ratio of 1:2:4: . . . :2™™~! and (n+m) analog switches
are combined.

7. The liquid crystal display apparatus according to claim
6, wherein said (n+m) capacitors are formed by connecting
in parallel a pattern having a same shape by a required
number, respectively, one, two, four, . . ., and 221,

8. The liquid crystal display apparatus according to claim
1, wherein said (n+m)-bit digital data driver is formed by a
constant-current binary attenuation-type D/A converter cir-
cuit in which (n+m) constant-current circuits and (n+m)
resister circuit networks having R and 2R are combined.

9. A driving method for a liquid crystal display apparatus,
the liquid crystal display apparatus comprising a pair of
substrates having electrodes formed thereon, the electrodes
having surfaces opposing each other, and a liquid crystal
material held between said pair of substrates, wherein dis-
playing is conducted at an illuminance according to an
effective value of an AC voltage applied between the oppos-
ing electrodes, said driving method comprising:

sequentially converting an n-bit digital input signal to
(n+m)-bit digital data according to a y characteristic of
the liquid crystal; and

displaying in n-bit gray scale by the use of an (n+m)-bit

digital data driver.

10. The driving method for a liquid crystal display appa-
ratus according to claim 9, wherein after all signal lines are
reset to a same voltage during a blanking period in a
horizontal scanning period, an (n+m)-bit D/A-converted
voltage is applied to each signal line.

11. A liquid crystal display apparatus comprising:

a first substrate comprising:
a plurality of scanning lines,
a plurality of signal lines,

pixel electrodes disposed correspondingly to the intersec-
tions of said scanning lines and said signal lines, and

thin-film transistors for pixels, disposed correspondingly
to said pixel electrodes;

a second substrate disposed opposite to said first substrate
and having a common electrode with said first sub-
Strate;

a liquid crystal layer held between said first substrate and
said second substrate;

a data driver for driving said signal lines;

a storage capacitor having a first electrode formed by
capacitor lines, a second electrode connected to the
thin-film transistor and a dielectronic film therebe-
tween; and

a scanning driver for driving said scanning lines, wherein
said data driver includes a shift register, a latch, and a
delay circuit for delaying the timing of image signal
data according to a delay time in said shift register.

12. The liquid crystal display apparatus according to

claim 11, wherein said delay circuit has a delay-time detect-
ing circuit for detecting a delay time in said shift register and
a delay-time compensation circuit for delaying image signal
data by the time detected by said delay-time detecting
circuit.
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13. The liquid crystal display apparatus according to
claim 11,

wherein said data driver has a thin-film transistor formed
on said first substrate,

wherein said scanning driver has a thin-film transistor
formed on said first substrate, and

wherein said thin-film transistors for pixels, said thin-film
transistor for the data driver, and said thin-film tran-
sistor for the scanning driver are poly-silicon thin-film
transistors.

14. A driving method for a liquid crystal display appara-
tus, the liquid crystal display comprising a first substrate
having a plurality of scanning lines; a plurality of signal
lines; pixel electrodes disposed correspondingly to the inter-
sections of said scanning lines and said signal lines; and
thin-film transistors for pixels disposed correspondingly to
said pixel electrodes, a second substrate disposed opposite to
said first substrate and having a common electrode with said
first substrate, a liquid crystal layer held between said first
substrate and said second substrate, and a storage capacitor
having a first electrode formed by capacitor lines, a second
electrode connected to the thin-film transistor and a dielec-
tronic film therebetween, said driving method comprising:

driving said signal lines and said scanning lines from a
data driver and a scanning driver, respectively; and

delaying the timing of image signal data according to a
delay time in a shift register, a delay time in a latch, and
a delay time from a clock signal for said shift register
to an output signal for controlling said latch.

15. The driving method for a liquid crystal display appa-
ratus according to claim 14, wherein said delay circuit
detects a delay time from a clock signal for said shift register
to an output signal for controlling said latch and feeds back
the detected delay time to a circuit for delaying image signal
data to automatically compensate for the delay time.

16. A display system comprising:
an active-matrix liquid crystal display panel;

a data driver associated with the active-matrix liquid
crystal display panel, the data driver having an A/D
converter for converting an analog image signal to n-bit
digital data;

a y-correction circuit for converting said n-bit digital data
to (n+m)-bit digital data according to the y character-
istic of the liquid crystal,

a D/A converter for converting said (n+m)-bit digital data
to an analog signal; and

a timing controller for controlling the operation timing of
the display system.

17. The display system according to claim 16, wherein an
output signal of said A/D converter, an input signal and an
output signal of said y-correction circuit, an output signal of
said timing controller, and an input signal of said data driver
have a same voltage amplitude.

18. The display system according to claim 16, further
comprising a delay circuit for delaying output data of said
y-correction circuit, wherein the delay time of said delay
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13
circuit is set so that a sum of the delay time of said A/D wherein said thin-film transistors for pixels and said
converter, a delay time of said y-correction circuit and a thin-film transistor for the data driver are poly-silicon
delay time of said delay circuit is equal to a delay time from thin-film transistors.
the clock signal for said data driver to when image signal 20. A display device comprising:

data is latched.

19. The display system according to claim 16, wherein
said data driver has a thin-film transistor formed on said first o ) ) ) o
substrate an (n+m)-bit digital data driver associated with the digital

data correction circuit.

a digital data correction circuit for converting n-bit digital
input image data to (n+m)-bit digital image data; and

wherein said scanning driver has a thin-film transistor
formed on said first substrate, and ok k& k%
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