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ELECTRONIC CIRCUIT AND LIQUID CRYSTAL
DISPLAY APPARATUS INCLUDING SAME

FIELD OF THE INVENTION AND RELATED
ART

[0001] The present invention relates to an electronic cir-
cuit including a plurality of D/A converters and a liquid
crystal display apparatus including the electronic circuit.
Particularly, the present invention relates to an electronic
circuit including a plurality of D/A converters each provided
with a means for storing digital data for correcting offset
value and an operation means for adding or subtracting the
digital data for offset value correction to or from a digital
input signal, and also a liquid crystal display apparatus
including the electronic circuit.

[0002] As a conventional electronic circuit including a
plurality of D/A converters, there is one as shown in FIG. 7
composed of only data latch circuits and D/A converters
data. FIG. 8 is a block diagram of an example of liquid
crystal display apparatus including such an electronic circuit
of which plural D/A converters dac are used as means for
transferring picture signals to a plurality of vertical data
lines.

[0003] The above-mentioned conventional circuit has
involved drawbacks as follows. More specifically, respec-
tive D/A converters have substantial fluctuations of perfor-
mances, particularly remarkable differences in DC offset
values (i.e., DC deviations from objective outputs) from
respective amplifiers especially in case of using CMOS
amplifiers at output stage analog buffer circuits. A certain
vertical data line is always supplied with a signal from one
D/A converter, so that the fluctuations of performances of
D/A converters are recognized directly as fluctuations of
picture display, more specifically as vertical band-like pat-
terns corresponding to respective D/A converters, thus low-
ering the display quality.

[0004] On the other hand, a conventional type of liquid
crystal apparatus includes a liquid crystal device comprising
an active matrix substrate having thereon a plurality of data
liens arranged in columns, a plurality of scanning lines
arranged in rows, pixel electrodes each formed at an inter-
section of the data lines and the scanning lines, and pixel
switches each formed at one pixel electrode so as to supply
a picture signal to the pixel electrode from an associated data
line via the pixel switch, a counter substrate disposed
opposite to the active matrix substrate; and a liquid crystal
disposed between the active matrix substrate and the counter
substrate.

[0005] FIG. 18 is an equivalent circuit diagram for an
active matrix-type liquid crystal device included in an active
matrix-type liquid crystal display apparatus as an example of
such a conventional liquid crystal apparatus. Referring to
FIG. 18, the liquid crystal display apparatus includes a
common signal line 701, vertical signal lines (data lines)
702-705, CMOS-type transfer switches 706-709, pixel
switches 710, retention capacitors 711, a liquid crystal 712,
a horizontal scanning circuit 713, a vertical scanning circuit
714, and scanning lines 715-718.

[0006] In such a liquid crystal display apparatus, it is
generally practiced to apply AC signals for driving the liquid
crystal so as to prevent the deterioration of the liquid crystal.

Apr. 22, 2004

FIG. 19 is a time-serial waveform chart showing a picture
signal for such an AC drive wherein the picture signal is
inverted for each cycle period to output both positive and
negative polarity signals.

[0007] Insuch AC drive, a picture signal is caused to have
a large amplitude on the order of, e.g., 9 volts, which is twice
that of a positive or negative one-polarity signal relative to
a central voltage. In FIG. 19, a portion of picture signal
having a voltage higher than the central voltage is referred
to as a positive-polarity signal, and a portion of the picture
signal having a voltage lower than the central voltage is
referred to as a negative-polarity voltage.

[0008] In such a liquid crystal display apparatus, such
picture signals are supplied to the common signal line 701,
and transfer switches 706-709 are sequentially turned on by
the horizontal scanning circuit 713 to transfer the picture
signals to the vertical signal lines 702-705 while one of the
scanning lines 715-718 is sequentially selected by the ver-
tical scanning circuit 714 to turn on the pixel switches 710
along a row of selected scanning line, thereby supplying the
picture signals to the respective pixel electrodes on the row.

[0009] Heretofore, CMOS-type switches have been used
as the transfer switches 706-709. On the other hand, if an
n-channel-type MOS (transistor) switch is used as the trans-
fer switch, the switch-on resistance is increased as the
picture signal voltage becomes higher due to a substrate bias
effect, so that sufficient signal transfer becomes difficult.
Reversely, if a p-channel-type MOS switch is used, the
switch-on resistance is increased as the picture signal volt-
age becomes lower due to the substrate bias effect, so that
sufficient signal transfer becomes difficult.

[0010] For the above reason, a CMOS-type switch includ-
ing both an n-channel and a p-channel has been used so as
to attain a substantially constant on-resistance over an entire
voltage range of picture signal.

[0011] On the other hand, regarding the AC drive inver-
sion period, a row inversion, a column inversion or a dot
inversion scheme, has been generally adopted. For each
inversion in such cases, the polarity of a picture signal is
inverted for each desired inversion period with respect to a
central voltage as shown in FIG. 19 by a picture signal
processing means, and then the picture signal is supplied to
the common signal line 701.

[0012] Further, accompanying the demand for higher reso-
Iution pictures in recent years, the dot rate of picture signal
is becoming very fast. Accordingly, a liquid crystal display
apparatus as shown in FIG. 21 having two common signal
lines 701 A and 701B so as to reduce the dot rate to a half,
has been also conventionally used. The number of input
terminals can be further increased depending on a limiting
operation frequency of the drive circuit.

[0013] However, even in such a liquid crystal display
apparatus using two common signal lines for AC drive, a
very high drive voltage on the order of 9 volts is required,
thus requiring an increased power consumption. Further, as
a result of using CMOS-type switches for the transfer
switches, the circuit size has to be enlarged.

SUMMARY OF THE INVENTION

[0014] In view of the above-mentioned problems of the
prior art, an object of the present invention is to provide an
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electronic circuit including a plurality of D/A converters and
capable of uniformizing the performances of the D/A con-
verters even when there are fluctuations in offset values for
the respective D/A converters, by correction of the offset
values.

[0015] A further object of the present invention is to
provide a liquid crystal display apparatus including such an
electronic circuit, thereby exhibiting a uniform display char-
acteristic over the entire picture area.

[0016] A further object of the present invention is to
provide a liquid crystal apparatus capable of operation at a
relatively low drive voltage according to an AC drive mode.

[0017] According to the present invention, there is pro-
vided an electronic circuit, comprising a plurality of first
D/A converters, wherein each first D/A converter is provided
with:

[0018] an offset memory means for memorizing offset
correction digital data, and

[0019] an operation means for adding or subtracting the
offset correction digital data to or from a digital input signal
to the D/a converter.

[0020] According to the present invention, there is further
provided a liquid crystal apparatus, comprising:

[0021] a liquid crystal device comprising an active matrix
substrate having thereon a plurality of signal lines arranged
in columns, a plurality of scanning lines arranged in rows,
and pixel electrodes each connected via a pixel switch to an
intersection of the signal lines and the scanning lines so as
to supply picture signals to the pixel electrodes via the signal
lines, a counter substrate disposed opposite to the active
matrix substrate, and a liquid crystal disposed between the
active matrix substrate and the counter substrate, and drive
means for driving the liquid crystal devices, wherein said
drive means including:

[0022] a first common signal line and a second common
signal line for supplying the picture signals,

[0023] picture signal-supplying means for supplying pic-
ture signals of one polarity to the first common signal line
and picture signals of the other polarity to the second
common signal line,

[0024] a first and a second transfer switch provided to each
column signal line for selectively supplying one of picture
signals supplied to the first and second common signal lines
to each column signal line, and

[0025]

[0026] in a first frame, selectively turning on the first
transfer switches for odd-numbered column signal lines and
the second transfer switches for even-numbered column
signal lines, and in a second frame, selectively turning on the
second transfer switches for odd-numbered column signal
lines and the first transfer switches for even-numbered
column signal lines.

column inversion drive means for:

[0027] The present invention further provides a liquid
crystal apparatus, comprising:

[0028] a liquid crystal device comprising an active matrix
substrate having thereon a plurality of signal lines arranged
in in columns, a plurality of scanning lines arranged rows,
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and pixel electrodes each connected via a pixel switch to an
intersection of the signal lines and the scanning lines so as
to supply picture signals to the pixel electrodes via the signal
lines, a counter substrate disposed opposite to the active
matrix substrate, and a liquid crystal disposed between the
active matrix substrate and the counter substrate, and

[0029] drive means for driving the liquid crystal devices,
wherein said drive means including:

[0030] a first common signal line and a second common
signal line for supplying the picture signals,

[0031] picture signal-supplying means for supplying pic-
ture signals of one polarity to the first common signal line
and picture signals of the other polarity to the second
common signal line,

[0032] afirst and a second transfer switch provided to each
column signal line for selectively supplying one of picture
signals supplied to the first and second common signal lines
to each column signal line, and

[0033] dot inversion drive means for:

[0034] in a first frame, selectively turning on the first
transfer switches for odd-numbered column signal lines and
the second transfer switches for even-numbered column
signal lines at the time of scanning odd-numbered scanning
lines, and selectively turning on the second transfer switches
for odd-numbered column signal lines and the first transfer
switches for even-numbered column signal lines at the time
of scanning even-numbered scanning lines; and

[0035] in a second frame, selectively turning on the sec-
ond transfer switches for odd-numbered column signal lines
and the first transfer switches for even-numbered column
signal lines at the time of scanning odd-numbered scanning
lines, and selectively turning on the first transfer switches for
odd-numbered column signal lines and the second transfer
switches for even-numbered column signal lines at the time
of scanning even-numbered scanning lines.

[0036] These and other objects, features and advantages of
the present invention will become more apparent upon a
consideration of the following description of the preferred
embodiments of the present invention taken in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 is a block diagram of an electronic circuit
according to an embodiment of the invention.

[0038] FIG.?2is ablock diagram of a liquid crystal display
apparatus including the electronic circuit of FIG. 1.

[0039] FIG. 3 is a block diagram for each D/A converter
unit included in the circuit of FIG. 1.

[0040] FIGS. 4 and 5 are block diagrams of peripheral
circuits for the D/A converter of FIG. 3.

[0041] FIG. 6 is a detailed block diagram of an A/D
converter (an offset correction data-generating A/D con-
verter unit) shown on the left side of FIG. 1.

[0042] FIG. 7 is a block diagram of a conventional signal
supply circuit including a plurality of D/A converters.

[0043] FIG. 8 is a block diagram of a liquid crystal display
apparatus including the circuit of FIG. 7.
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[0044] FIG.9is ablock diagram of a liquid crystal display
apparatus according to an embodiment of the invention.

[0045] FIG. 10 is a sectional view of a liquid crystal
device constituting a display panel in the display apparatus
of FIG. 9.

[0046] FIG. 11 is an equivalent circuit diagram of a
display panel included in the display apparatus of FIG. 9.

[0047] FIG. 12 is a block diagram of a signal processing
circuit for supplying negative-polarity and positive-polarity
picture signals in the display apparatus of FIG. 9.

[0048] FIG. 13 illustrates negative- and positive-polarity
picture signals outputted by the circuit of FIG. 12.

[0049] FIGS. 14A and 14B are circuit diagrams of col-
umn inversion drive control means provided to the first and
second horizontal scanning circuits in the panel of FIG. 11.

[0050] FIG. 15 is a waveform diagram for illustrating a
frame-inversion and column-inversion drive of the panel of
FIG. 11.

[0051] FIGS. 16A and 16B are block diagrams of posi-
tive- and negative-polarity picture signals-generating cir-
cuits, respectively, in the signal possessing circuit of FIG.
12.

[0052] FIGS. 17 and 21 are respectively an equivalent
circuit diagram of another display panel included in the
display apparatus of FIG. 9.

[0053] FIGS. 18 and 20 are respectively an equivalent
circuit diagram of a display panel included in a conventional
liquid crystal display apparatus.

[0054] FIG. 19 illustrates a bipolar drive signal for AC
drive used in a conventional liquid crystal display apparatus.

[0055] FIG.22 is a circuit diagram of an example of 7-bit
D/A converter usable in the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0056] FIG. 1 is a block diagram of an electronic circuit
according to an embodiment of the present invention. Refer-
ring to FIG. 1, the electronic circuit includes a plurality of
D/A converters 1 arranged in a horizontal direction of the
figure. Each D/A converter 1 is provided with a latch circuit
2 for memorizing a digital signal, a memory circuit 3 for
memorizing offset correction data, and an adder circuit 4 for
adding the offset correction data to the digital signal. Fur-
thermore, a circuit unit (an A/D converter unit) shown on the
leftmost side of the figure is a circuit for measuring the offset
value for each D/A converter and converting the offset value
to digital data, and includes a latch circuit 2A for memoriz-
ing a digital signal, a D/A converter 1A for converting digital
data to an analog signal, a comparator 5 for comparing an
analog output from the D/A converter 1A in the offset value
measurement circuit and an analog output from each D/A
converter 1 arranged horizontally, and an encoder circuit 6
for generating digital offset correction data based on the
output of the comparator 5.

[0057] Now, the operation of the electronic circuit shown
in FIG. 1 is described. First, digital data of identical level
(e.g., binary-coded 8 bit data of (00111100)) is are supplied
to the respective data latch circuits 2 and to a latch circuit 2A
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in the leftmost offset data generating circuit, where the
digital data is latched in synchronism with the latch clock
ignal (LATCH CLK). At this time, the memory circuits 3 for
memorizing respective offset correction data (e.g., of 5 bits)
are reset to a prescribed level (e.g., 5 bit data of (10000) as
a default). As a result, the respective D/A converters 1 are
supplied with digital signals of an identical level, but analog
outputs of the respective D/A converters 1 include super-
posed offset values peculiar to the respective D/A converters
1, so that the analog outputs can be respectively different.
Now, switches 9 connected to the D/A converters 1 are
sequentially turned on. Then, the analog outputs of the
respective D/A converters 1 are compared with the analog
output of the D/A converter 1A in the offset correction
date-generating D/A converter circuit to measure respective
offset values contained in the analog outputs of the respec-
tive D/A converters 1 relative to the D/A converter 1A. The
measured offset values are sequentially written in the respec-
tive memory circuits 3 for the respective D/A converters 1
by the encoder circuit 6.

[0058] As a result of the above operation, the data corre-
sponding to the offset value of each D/A converter 1 is
memorized in an offset correction memory circuit 3 associ-
ated with the D/A converter 1, whereby all the D/A con-
verters 1 are caused to exhibit identical performances there-
after. Incidentally, the latch circuit 2A, the adder 4A and the
D/A converter 1A in the leftmost offset value correction
circuit (A/D converter unit) are identical in organization as
the corresponding circuits 2, 4 and 1 in the other D/A
converter circuit units shown on the right side each includ-
ing a D/A converter 1.

[0059] FIG.2is a block diagram of a liquid crystal display
apparatus including the electronic circuit of FIG. 1. Refer-
ring to FIG. 2, the analog outputs of each D/A converter 1
are supplied to vertical signal lines via signal transfer
switches 19 and then to respective pixels 8. Each pixel 8
comprises a pixel transistor, an additional capacitance and a
liquid crystal. Scanning lines 11 are sequentially selected
depending on an output of a vertical shift register (VSR) 12
to turn on the pixel transistors on each selected scanning
line, thereby supplying picture signals (outputs) from the
D/A converters 1 to the respective pixels. The above-
mentioned offset correction operation may be performed at
the time of initial power supply, more preferably at a
blanking period for each field operation.

[0060] As a result of the above-mentioned offset correc-
tion operation, possible fluctuations in performances of the
respective D/A converters are corrected, thereby providing a
uniform display over the entire picture area of a liquid
crystal panel receiving outputs from the respective D/A
converters.

[0061] FIG. 3 is a block diagram for each D/A converter
circuit including one D/A converter 1 shown in FIG. 1, and
FIGS. 4 and 5 are block diagrams for associated peripheral
circuits. FIG. 3 illustrates a circuit for processing 8 bit
digital input signals (e.g., (00111100)) to effect a D/A
conversion operation separately for upper 3 bits (001) and
lower 5 bits (11100). In this embodiment, the offset correc-
tion can be effected down to a level of % LSD (least
significant bit) of the digital input signal.

[0062] The circuit of FIG. 4 generates 10 levels reference
voltages (REFO-REF9) by series resistance division and a
buffer circuit.
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[0063] The circuit of FIG. 5 decodes upper 3 bits (001) of
each digital signal to select two (REF1 and REF3) by
skipping an intervening one (REF2) of the 10 reference
voltages (REF0-REF9). More specifically, FIG. 5 shows
details of a block including 3BIT-DECODER and VREF
SELECT in FIG. 3, and the selected two reference voltages
REF1 and REF3 are inputted to the 7-bit D/A converter 1 as
reference voltages. As a result, in the 7-bit D/A converter 1,
an output analog signal is determined in the range between
REF1 and REF3. As mentioned above, two reference volt-
ages (REF1 and REF3) are determined based on the upper
3 bits of the digital input signal ((001) dictating a second
lowest pair in this embodiment), and the analog output range
of the 7-bit b/A converter 1 is determined as a range between
the two reference voltages.

[0064] FIG.22 is a circuit diagram of an example of 7-bit
D/A converter applicable to the present invention. The D/A
converter shown in FIG. 22 is generally called a voltage
addition resistance ladder-type D/A converter, and R and 2R
represent resistances. DO(LSB)-D6(MSB) represent input
terminals for digital signals. The two reference voltages
REF1 and REF3 are inputted through terminals dcaref 0 and
dcaref 1, and an analog output therebetween is outputted
from a terminal “out” depending on the digital signal
inputted to the 7-bit D/A converter 1.

[0065] Then, again referring to FIG. 3, the lower 5 bits
(11100) of each digital input signal are added with upper 4
bits (1000) of a 5 bit offset correction signal by a full adder
4 to generate a 6 bit data (100100). The 6 bit data (100100)
from the adder 4 is inputted to upper 6 bits (D1-D6 of FIG.
22) of the 7 bit D/A converter 1, and the lowest one (0) of
the offset correction signal stored in the 5-bit memory 3 is
inputted to the lowest one bit (DO of FIG. 22) of the 7 bit
D/A converter 1.

[0066] The analog signal outputted from the D/A con-
verter 1 is converted into a signal with a sufficiently low
impedance by a “BUFFER” circuit (shown in FIG. 3,
ordinarily an amplifier of gain=1) to provide an analog
output signal ANALOG-OUT, which is also supplied
through a switch 9 to a comparator 5 of the leftmost
correction circuit (which will be described further with
reference to FIG. 6).

[0067] Inthe above-described operation, the analog output
signal can be accompanied with DC offset due to fluctua-
tions in characteristics of devices such as resistors and
transistors included in analog circuits of a D/A converter
block including the 7-bit D/A converter 1 and “BUFFER”.
It is very awkward if the DC offset values are different
among a plurality of D/A converters 1 disposed in parallel.

[0068] Referring again to FIG. 1, the analog output signal
ANALOG-OUT from the D/A converter block is also sup-
plied through a selected one of the switches 9 to the
comparator 5 in the correction circuit. The selection (turn-
ing-on) of one switch 9 is made so as to connect, one D/A
converter block of which the DC offset is to be corrected, if
any, to the comparator 5.

[0069] Now, a method of generating offset correction data
is described with reference to FIG. 6, which is a detailed
block diagram of the offset correction data-generating circuit
(A/D converter unit) shown on the leftward side of the
electronic circuit shown in FIG. 1. Referring to FIG. 6, an
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analog signal outputted from the D/A converter 1 through
the switch 9 (FIG. 1) is inputted through a terminal “FROM
DAC1”. As mentioned above, the input digital data
(00111100) is stored also in the latch circuit 1A. A 5-bit data
outputted from a comparative data generating circuit 6B
(retaining 5-bit data of (10000) as a default similarly as the
5-bit memory 3 in FIG. 1) is added to the digital data to
provide a digital sum, corresponding to which analog data is
outputted from “BUFFER”. The analog data is compared
with the analog data from a D/A converter 1 (in FIG. 1) by
a comparator 5. In an ideal case where the analog circuits of
both a selected one D/A converter block and the correction
circuit (A/D converter unit shown on the leftmost side of
FIG. 1 and shown in further detail in FIG. 6) are free from
offset, the two analog input values inputted to the compara-
tor 5 should be identical to each other if the comparative data
generation circuit 6B outputs 5-bit data (10000) as the same
5-bit data (10000) is stored in the 5-bit memory circuit 3 in
FIG. 3 (a somewhat detailed view of one D/A converter
block in FIG. 1). Actually, however, there are performance
fluctuations in the analog circuits, so that the two analog
values are usually not identical to each other. A principal
function of the correction circuit shown in FIG. 6 is to
sequentially change the comparative data generating circuit
6B until the two analog values coincides with each other. An
A/D converter system based on successive comparison may
preferably be used for achieving the function.

[0070] More specifically, first “high” is set at the highest
bit in the comparative data generating circuit 6B to output
binary-coded 5-bit data. Then, if the comparator 5 in this
case generates an output of “high” (meaning that the analog
data from the D/A converter 1 block is higher), the com-
parative data generating circuit 6B sets “high” at the second
highest bit to output (11000) while fixing the highest bit at
“high”, on receiving the result from the comparator 5. Then,
if the comparator S in this case generates an output of “low”
(meaning that the analog data from the D/A converter 1
block is lower), the comparative data generating circuit 6B
sets “low™ at the second highest bit and sets “high” at the
third highest bit to generate data (10100). This sequential
operation is continued down to the lowest bit to detect a
difference between the two analog values as a 5-bit digital
data. The difference data is then subjected to bit inversion by
an encoder circuit 6A to output correction data. (Inciden-
tally, in FIG. 1, the encoder 6A and the circuit 6B in FIG.
6 are represented by a logic circuit 6.) The relationship
therebetween are as follows.

Difference data Correction data

(00000) (11111)
(00001) (11110)
(00010) (11101)
(00011) (11100)
(11111) (00000)

[0071] In this embodiment, the lowest bit of the offset
correction data is directly inputted to the lowest bit of the 7
bit D/A converter. As a result, the offset correction data can
be generated at a resolution down to % LSB with respect to
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inputted 8-bit digital signal. The thus-generated correction
data is inputted to and stored at the 5-bit memory circuit 3
(FIG. 3, FIG. 1).

[0072] The above operation is repeated for the respective
D/A converter blocks, and the correction data inherent to
each block is stored in the 5-bit memory circuit 3 of the
block, whereby analog outputs from the respective D/A
converter blocks are reduced in fluctuation.

[0073] Inthis embodiment, at the time of addition of offset
correction data and a digital signal, lower 5 bits of the digital
signal and upper 4 bits of the offset correction data (FIG. 3,
FIG. 6). This is because a large logic circuit is required for
addition to an 8-bit digital signal, and an addition circuit for
only the lower 5-bit is used. This is allowed by selection of
two reference voltages not of adjacent two levels but of
non-adjacent two levels by skipping an intervening one.
More specifically, even if the addition of the offset correc-
tion data and the digital signal requires a vary to the upper
3 bits, the carry can be absorbed without changing the upper
3 bits as there is an overlapping of successively selected
reference voltage ranges. As a result, it becomes possible to
effect an offset correction without adding to the upper 3 bits.
In this embodiment, a correction data has 5 bits, of which
upper 4 bits are added. For designing a broader range of
correction, it is necessary to broaden the overlapping
between successive reference voltage ranges determined by
the upper 3 bits of a digital signal. On the other hand, a
higher resolution of correction, may be performed by
increasing the number of lowest bits of offset correction data
directly inputted to the D/A converter from 1 in the above
embodiment. This requires a D/A converter of a higher
resolution. Such modifications can be arbitrarily made by a
system designer depending on the required performances of
the electronic circuit under consideration.

[0074] In the above, an embodiment of the electronic
circuit of the present invention has been described as a
means for supplying drive signals to a liquid crystal display
apparatus, but the electronic circuit of the present invention
can be also applied to another signal processing circuit, such
as an audio signal processor and other picture signal pro-
CESSOTS.

[0075] As described above, according to the electronic
circuit of the present invention, possible offset value fluc-
tuations of plural D/A converters disposed in parallel can be
respectively corrected, so that all the D/A converters are
allowed to exhibit identical output performances, so that it
becomes possible to uniformize the output of a signal
processing apparatus receiving signals from the D/A con-
verters, €.g., to uniformize the display state of a liquid
crystal display apparatus.

[0076] FIG.9 is a block diagram of an embodiment of the
liquid crystal display apparatus according to the present
invention. Referring to FIG. 9, a liquid crystal display
system includes a liquid crystal display apparatus 91 and a
graphic controller 92. The liquid crystal display apparatus 91
includes a display panel 93, a scanning line drive circuit 94,
a data line drive circuit 95 and a drive control circuit 96. The
graphic controller 92 includes a GCPU (general central
processing unit) 97, a host CPU 98 and VRAM (video data
storage memory) 99.

[0077] The graphic controller 92 is in charge of manage-
ment and communication of picture or video data between
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the host CPU 98 and the liquid crystal display apparatus 91.
Picture data from the graphic controller 92 is transferred
according to a transfer clock signal to the drive control
circuit 96 and then transferred as picture signals to the data
line drive circuit 95 and scanning line address data to the
scanning line drive circuit 94.

[0078] FIG. 10 is a sectional view of a liquid crystal
device constituting the display panel 93 in FIG. 9. Referring
to FIG. 10, the liquid crystal device incudes a pair of
transparent substrates 41 and 42 (of, e.g., glass sheet). The
lower substrate 41 is provided with a matrix of transparent
pixel electrodes 43 and pixel switches 115 each connected
one pixel electrode 43. In this embodiment, the transparent
substrates 41 and 42 are insulating substrates and can also
comprise a single crystal substrate as a preferred example.

[0079] The upper substrate 42 is provided with transparent
counter electrode 47 disposed opposite to the pixel elec-
trodes 43 on the lower substrate 41. The substrates 41 and 42
are further coated with alignment control films 18 and 19
and affixed to each other with a sealing member 20 and
spacers 22 so as to leave a gap therebetween to be filled with
a liquid crystal 21. A cell structure thus formed is sand-
wiched between a pair of polarizers 23 and 24 to provide a
liquid crystal device.

[0080] FIG. 11 is an equivalent circuit diagram of the
display panel 93. Referring to FIG. 11, the display panel
includes a first common signal line 101, a second common
signal line 102, vertical signal lines (data lines) 103-106,
horizontal signal lines (scanning lines) 124-127, first trans-
fer switches 107-110, second transfer switches 111-114,
pixel switches 115, holding capacitances 116, and a liquid
crystal 116.

[0081] The display panel further includes first and second
horizontal scanning circuits 120 and 121 disposed on the
lower substrate (i.e., active matrix substrate) for supplying
picture signals to the first and second common signal lines
101 and 102, respectively, and a vertical scanning circuit 123
also disposed on the lower substrate for supplying a scan-
ning signal to the scanning lines 124-127.

[0082] The vertical signal lines 103-106 are connected to
both the first and second common signal lines 101 and 102
disposed on both sides via the first transfer switches 107-110
and the second transfer switches 111-114, respectively. The
first common signal line 101 is supplied with negative-
polarity picture signals from the first horizontal scanning
circuit 120, and the second common signal line 102 is
supplied with positive-polarity picture signals from the
second horizontal scanning circuit 121.

[0083] FIG. 12 is a block diagram of a signal processing
circuit disposed on the lower substrate as a picture signal
supply means for supplying negative-polarity picture signals
to the first common signal line 101 via the first horizontal
scanning circuit 120 and positive-polarity picture signals to
the second common signal line 102 via the second horizontal
scanning circuit 121.

[0084] In the signal processing circuit, picture signals
inputted to the data line drive circuit 95 (FIG. 9) are
separated by a process circuit 51 into picture signals for
odd-numbered column lines (data lines) and picture signals
for even-numbered column lines (data lines), which are then
supplied via a multiplexer 52 to a negative-polarity picture
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signal-generating circuit 53 (first picture signal-generating
means) for generating negative-polarity picture signals and
a positive-polarity picture signal-generating circuit 54 (sec-
ond picture signal-generating means) for generating posi-
tive-polarity picture signals, where the picture signals are
subjected to conversion into amplitudes adapted to elec-
trooptical characteristics of the liquid crystal and polarity
inversion.

[0085] The multiplexer 52 switches addresses of the odd-
numbered column picture signals and even-numbered col-
umn picture signals for each prescribed period (one frame in
this embodiment), whereby the first common signal line 101
is continuously supplied with negative-polarity picture sig-
nals as shown at D of FIG. 13, and the second common
signal line 102 is continuously supplied with positive-
polarity picture signals as shown at @ of FIG. 13.

[0086] The circuit of FIG. 11 further includes switches
S1U-S4U for controlling the conduction states of the first
transfer switches 107-111 and switches S1D-S4D for con-
trolling the conduction states of the second transfer switches
111-114.

[0087] These switches S1U-S4U and S1D-S4D are selec-
tively turned on or off depending on the above-mentioned
switching period of the multiplexer 52 to change the selec-
tion order of the first transfer switches 107-110 and the
second transfer switches 111-114.

[0088] FIGS. 14A and 14B are circuit diagrams of col-
umn inversion drive control means provided to the horizon-
tal scanning circuits 120 and 121, respectively, which con-
trol the ON and OFF of respective switches S1U-S6U and
S1D-S6D to control the conduction states of the first transfer
switches 107-110 and the second transfer switches 111-114.

[0089] More specifically, in the column inversion drive
control means, as shown in FIGS. 14A and 14B, outputs of
shift registers 55 and 56 are inputted to AND gates, and as
shown in FIG. 15, are sequentially outputted to odd-num-
bered switches S1U, S3U and S5U among the switches
S1U-S6U and even-number switches S2D, S4D and S6D
among the switches S1D-S6D, when signal FRP is “high”.

[0090] On the other hand, when the signal FRP is “low”,
the outputs of the shift registers 55 and 56 are outputted to
even-numbered switches S2U, S4U and S6U among the
switches S1U-S6U and odd-number switches S1D, S3D and
S4D among the switches S1D-S6D. As a result, individual
signal transfer to pixels along odd-numbered columns and
even-numbered columns becomes possible.

[0091] Then, a column inversion drive operation of the
thus-organized liquid crystal display apparatus is described.

[0092] As shown in FIG. 15, in a first frame, odd-
numbered switches S1U, S3U and S5U, for example, are
sequentially selected among the switches S1U-S6U,
whereby first transfer switches 107, 109, . . . corresponding
to the switches S1U, S3U . . . (FIG. 11) are made conductive
so that negative-polarity picture signals are supplied from
the first common signal line 101 to pixel electrodes along
odd-numbered columns (FIG. 11).

[0093] Simultaneously with the above, even-numbered
switches among the switches S1D-S6D are sequentially
selected, whereby second transfer switches 112, 114, . . .
corresponding to the switches S2D, S4D, . . . (FIG. 11) are
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made conductive, so that positive-polarity picture signals are
supplied from the second common signal line 102 to pixel
electrodes along even-numbered columns.

[0094] The above operations are similarly performed each
time when the scanning lines 124-127 are sequentially
selected by scanning pulses V1, V2, V3, . . . | thereby
completing first frame signal transfer.

[0095] Then, in a second frame, even-numbered switches
S2U, S4U and S6U among switches S1U-S6U are sequen-
tially selected to supply negative-polarity picture signals to
pixel electrodes along even-numbered columns, and also
odd-numbered switches S1D, S3D and S5D among switches
S1D-S6D are sequentially selected to supply positive polar-
ity picture signals to pixel electrodes along odd-numbered
columns. The above operations are similarly repeated each
time when the scanning lines 124-127 are sequentially
selected by scanning pulses V1, V2, V3, . . . | thereby
completing second frame signal transfer.

[0096] In a similar manner as described above, in this
embodiment, negative-polarity picture signals are supplied
to pixels along odd-numbered columns and positive-polarity
picture signals are supplied to pixels along even-numbered
columns in a first frame, and positive-polarity picture signals
are supplied to pixels along odd-numbered columns and
negative-polarity picture signals are supplied to pixels along
even-numbered columns in a second frame, whereby a
frame-inversion and column-inversion drive is realized.

[0097] FIGS. 16A and 16B are block diagrams of a
positive-polarity picture signal-generating circuit 54 and a
negative-polarity picture signal-generating circuit 53 (FIG.
12), in the case where digital picture signals are D/A-
converted to output analog signals.

[0098] As mentioned above, the negative-polarity picture
signal-generating circuit 53 and the positive-polarity picture
signal-generating circuit 54 are designed to separately gen-
erate negative-polarity picture signals and positive-polarity
picture signals. Accordingly, compared wit a conventional
picture signal-generating circuit required to generate picture
signals having an amplitude on the order of 9 volts for AC
drive of liquid crystal, each of the negative-polarity picture
signal-generating circuit 53 and the positive polarity picture
signal-generating circuit 54 is required to generate picture
signal having an amplitude on the order of only 4.5 volts.

[0099] In the analog processing circuit unit, supply volt-
ages of the negative-polarity picture signal-generating cir-
cuit 5 include a central voltage+a volt (0=a=1, a being
generally set so as to compensate for a lowering of output
voltage resistance in the analog processing circuit) and a
lowest voltage—a volt, and supply voltages of the positive-
polarity picture signal-generating circuit 54 include a high-
est voltage+a volt and a central voltage—a volt. In this
embodiment, however, a is assumed to be O representing an
ideal value for no circuit resistance, so that supply voltages
of the negative-polarity picture signal-generating circuit 53
are set to VDD=4.5 volts and VSS=0 volt, and supply
voltages of the positive-polarity picture signal-generating
circuit 54 are set to VDD=9 volts and VSS=4.5 volts.

[0100] TIn this way, by setting the amplitudes of positive-
polarity picture signals within range of a highest voltage (9
volts) and a central voltage (4.5 volts) between the highest
voltage (9 volts) and a lowest voltage (0 volt) and setting the
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amplitudes of negative-polarity picture signals within a
range of the lowest voltage (0 volt) and the central voltage
(4.5 volts), the supply voltages can be reduced to nearly a
half and the electricity consumption can be reduced to nearly
a fourth, thus realizing a remarkable reduction.

[0101] Inthe above, an embodiment of a column inversion
drive has been described, but a dot inversion drive can also
be performed in the following manner. In a first frame, at the
time of scanning odd-numbered scanning lines, the first
transfer switches-for the odd-numbered vertical signal lines
and the second transfer switches for the even-numbered
vertical signal lines are made conductive; and at the time of
scanning even-numbered scanning lines, the second transfer
switches for the odd-numbered vertical signal lines and the
first transfer switches for the even-numbered vertical scan-
ning lines are made conductive. Further, in a second frame,
at the time of scanning odd-numbered scanning lines, the
second transfer switches for the odd-numbered vertical
signal lines and the first transfer switches for the even-
numbered vertical signal lines are made conductive; and at
the time of scanning even-numbered scanning lines, the first
transfer switches for the odd-numbered vertical signal lines
and the second transfer switches for the even-numbered
vertical scanning lines are made conductive.

[0102] FIG. 17 is an equivalent circuit diagram of a
display panel 93 (FIG. 10) according to another embodi-
ment of the liquid crystal display apparatus of the present
invention. In FIG. 17, like parts are denoted by like numer-
als as in FIG. 11.

[0103] Referring to FIG. 17, the display panel includes
n-channel-type transistors (first conductivity-type transis-
tors) 401-404 used as transfer switches for negative-polarity
picture signals, and p-channel-type transistors (second con-
ductivity-type transistors) used as transfer switches for posi-
tive polarity picture signals.

[0104] In this case, as the first transfer switches are
supplied with only negative-polarity voltages, the use of
such n-channel-type transistors as the first transfer switches
does not require a high source voltage resulting in a prob-
lematic substrate bias effect.

[0105] On the other hand, as the second transfer switches
are supplied with only positive-polarity voltages, the use of
p-channel-type transistors as the second transfer switches
does not require a low source voltage resulting in a prob-
lematic substrate bias effect.

[0106] In this way, as the respective transfer switches can
be composed of transistors of simple structure, so that the
entire circuit size and layout area can be reduced.

[0107] FIG. 21 is an equivalent circuit diagram of a
display panel 93 (FIG. 10) according still another embodi-
ment of the liquid crystal display apparatus of the present
invention. In FIG. 21, like parts are denoted by like numer-
als as in FIG. 11.

[0108] Referring to FIG. 21, the display panel is a full-
color display panel comprising three color pixels of R, G and
B. In this embodiment, the transfer switches S1U-S4U and
S1D-S4D are selected in the same manner as in the embodi-
ment of FIG. 11, picture signals for R, G and B pixels in a
unit are sampled by one selection of a transfer switch.
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[0109] As a result, a column inversion drive can be
realized by regarding three color columns of R, G and B as
one color. Furthermore, it is also possible to effect a dot
inversion drive (in an inversion pattern as represented by a
checker pattern) similarly as described with reference to the
embodiment of FIG. 11 by regarding a set of three color
pixels of R, G and D as one pixel.

[0110] As described above, by supplying one-polarity
picture signals to signal lines along odd-numbered columns
and the other-polarity picture signals to signal lines along
even-numbered columns in a first frame; and supplying the
other-polarity picture signals to signal lines along odd-
numbered columns and one-polarity picture signals to signal
lines along even-numbered columns in a second frame, it
becomes possible to reduce the electricity consumption and
also reduce the circuit size of the display panel.

What is claimed is:

1. An electronic circuit, comprising a plurality of first D/A
converters, wherein each first D/A converter is provided
with:

an offset memory means for memorizing offset correction
digital data, and

an operation means for adding or subtracting the offset
correction digital data to a digital input signal to the D/a
converter.

2. An electronic circuit according to claim 1, further
including at least one A/D converter unit for generating the
offset correction digital data to be memorized in the offset
memory means.

3. An electronic circuit, comprising a plurality of first D/A
converters and at least one correction A/D converter unit,
wherein

cach first D/A converter is provided with an offset
memory means for memorizing offset correction digital
data, and an operation means for adding or subtracting
the offset correction digital data to a digital input signal
to the D/A converter, and

said correction A/D converter unit includes a comparative
data generating circuit having a plurality of bits and
sequentially outputting plural-bit data while changing
the plural-bit data sequentially from its upper bits, an
adder means for adding a digital input signal and an
output from the comparative data-generating circuit, a
second D/A converter for converting a digital output
from the adder means into an analog signal, a com-
parator means for comparing the analog signal with an
analog output from each first D/A converter, and an
encoder means for generating offset correction digital
data to be memorized in the offset memory means
based on an output of the comparator means.

4. An electronic circuit according to claim 1 or 3, wherein
each D/A converter has a capacity for receiving totally m
bits larger than n bits of the digital input signal by at least
one bit (m-n=1), so as to input lower L bits (L=1) of the
offset correction digital data of k bits to lower L bits of the
D/A converter and input a digital signal obtained by adding
the n-bit digital input signal and upper (k-L) bits of the offset
correction digital data to upper (m-L) bits of the D/A
converter.

§. An electronic circuit according to claim 1 or 3, wherein
each first D/A converter is provided with a reference voltage
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generating circuit capable of generating a plurality of suc-
cessive levels of reference voltages, so that i-th and (i+2)-th
levels of reference voltages among the successive levels of
reference voltages are selected based on upper j bits of the
n-bit digital input signal, and a voltage between the i-th and
(i+2)-th reference voltages is further divided based on lower
(n-j) bits of the n-bit digital input signal.

6. A liquid crystal display apparatus, comprising: an
active matrix substrate having thereon a plurality of scan-
ning lines, a plurality of signal lines and pixel electrodes
each connected via a switch to an intersection of the scan-
ning lines and the signal lines, a counter substrate disposed
with a spacing from the active matrix, a liquid crystal
sandwiched between the active matrix substrate and the
counter substrate, and an electronic circuit according to
claim 1 or 3 disposed so as to supply picture signals to the
signal lines.

7. Aliquid crystal display apparatus according to claim 6,
wherein the electronic circuit is disposed on a common
substrate with the active matrix substrate.

8. A liquid crystal apparatus, comprising:

a liquid crystal device comprising an active matrix sub-
strate having thereon a plurality of signal lines arranged
in columns, a plurality of scanning lines arranged rows,
and pixel electrodes each connected via a pixel switch
to an intersection of the signal lines and the scanning
lines so as to supply picture signals to the pixel elec-
trodes via the signal lines, a counter substrate disposed
opposite to the active matrix substrate, and a liquid
crystal disposed between the active matrix substrate
and the counter substrate, and

drive means for driving the liquid crystal devices, wherein
said drive means including:

a first common signal line and a second common signal
line for supplying the picture signals,

picture signal-supplying means for supplying picture
signals of one polarity to the first common signal line
and picture signals of the other polarity to the second
common signal line,

a first and a second transfer switch provided to each
column signal line for selectively supplying one of
picture signals supplied to the first and second com-
mon signal lines to each column signal line, and

column inversion drive means for:

in a first frame, selectively turning on the first
transfer switches for odd-numbered column signal
lines and the second transfer switches for even-
numbered column signal lines, and in a second
frame, selectively turning on the second transfer
switches for odd-numbered column signal lines
and the first transfer switches for even-numbered
column signal lines.

9. A liquid crystal apparatus, comprising:

a liquid crystal device comprising an active matrix sub-
strate having thereon a plurality of signal lines arranged
in columns, a plurality of scanning lines arranged rows,
and pixel electrodes each connected via a pixel switch
to an intersection of the signal lines and the scanning
lines so as to supply picture signals to the pixel elec-
trodes via the signal lines, a counter substrate disposed
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opposite to the active matrix substrate, and a liquid
crystal disposed between the active matrix substrate
and the counter substrate, and

drive means for driving the liquid crystal devices, wherein
said drive means including:

a first common signal line and a second common signal
line for supplying the picture signals,

picture signal-supplying means for supplying picture
signals of one polarity to the first common signal line
and picture signals of the other polarity to the second
common signal line,

a first and a second transfer switch provided to each
column signal line for selectively supplying one of
picture signals supplied to the first and second com-
mon signal lines to each column signal line, and

dot inversion drive means for:

in a first frame, selectively turning on the first
transfer switches for odd-numbered column signal
lines and the second transfer switches for even-
numbered column signal lines at the time of
scanning odd-numbered scanning lines, and selec-
tively turning on the second transfer switches for
odd-numbered column signal lines and the first
transfer switches for even-numbered column sig-
nal lines at the time of scanning even-numbered
scanning lines; and

in a second frame, selectively turning on the second
transfer switches for odd-numbered column signal
lines and the first transfer switches for even-
numbered column signal lines at the time of
scanning odd-numbered scanning lines, and selec-
tively turning on the first transfer switches for
odd-numbered column signal lines and the second
transfer switches for even-numbered column sig-
nal lines at the time of scanning even-numbered
scanning lines.

10. A liquid crystal apparatus according to claim 8 or 9,
wherein the first transfer switches comprise a transistor of a
first conductivity type and the second transfer switches
comprise a transistor of a second conductivity type different
from the first conductivity type.

11. A liquid crystal apparatus according to claim 8 or 9,
wherein the picture signal supply means includes first and
second picture signal-generating means for generating posi-
tive-polarity picture signals and negative-polarity picture
signals, respectively, supplied to the first and second com-
mon signal lines, respectively; the first picture signal gen-
erating means generate picture signals in a range between a
highest voltage and a central voltage supplied to the pixel
electrodes; the second picture signal-generating means gen-
erates picture signals in a range between the central voltage
and a lowest voltage supplied to the pixel electrodes; the first
and second picture signal-garnering means are operated at
different supply voltages; the supply voltages for the first
picture signal-generating means are set to be the highest
voltage+a and the central voltage—a; and the supply voltages
for the second picture signal-generating means are set to be
the central voltage+a and the lowest voltage—a, wherein a
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denotes a voltage lowering margin due to an internal resis-
tance in the picture signal-generating means.

12. A liquid crystal apparatus according to claim 11,
wherein a is in the range of 0 volt to 1 volt.

13. A liquid crystal apparatus according to claim 8,
wherein the first and second transfer switches and the picture
signal supply means are disposed on a common substrate
with the active matrix substrate.

Apr. 22, 2004

14. A liquid crystal apparatus according to claim 13,
wherein the active matrix substrate comprises an insulating
substrate.

15. A liquid crystal apparatus according to claim 13,
wherein the active matrix substrate comprises a single
crystal substrate.
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