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(57) ABSTRACT

A liquid crystal display device according to the present
invention includes an active matrix array made up of switch-
ing elements provided at each intersection between a plu-
rality of scanning lines and a plurality of signal lines, and a
vertical drive circuit for driving the active matrix array, in
which the vertical drive circuit includes: scanning circuits N
in number (N being a positive integer), which receive a start
pulse and output pulse signals, the respective scanning
circuits sequentially shifting the pulse signal by one-half of
a clock signal cycle each; AND gate circuits Nxm in number
(M being an integer no less than 2), each provided with a
first control terminal and a second control terminal, every M
adjacent AND gate circuits being connected together via the
first control terminals thereof, which receive a signal from
one of the N scanning circuits, and every Mth AND gate
circuit being connected together via the second control
terminals thereof, which receive one of M kinds of second
control signal; and NAND gate circuits, each of which
receives an output from one of the AND gate circuits and
one of two kinds of third control signal outputted by a third
control terminal.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF DRIVING SAME

FIELD OF THE INVENTION

[0001] The present invention relates to an active matrix
liquid crystal display device made up of an active matrix
array provided with switching elements at each intersection
between a plurality of scanning lines and a plurality of signal
lines, a vertical drive circuit for driving the scanning lines,
and a horizontal drive circuit for driving the signal lines; and
to a method of driving such a liquid crystal display device.

BACKGROUND OF THE INVENTION

[0002] Recent years have seen increasing demand for
liquid crystal display devices which are compatible with
personal computers or work stations, televisions, etc. having
different video frequencies, numbers of pixels, and scanning
methods.

[0003] Inorder for a single liquid crystal display device to
achieve compatibility with a variety of sources such as the
foregoing personal computers or workstations, televisions,
etc., the liquid crystal display device must perform a variety
of scanning methods, such as interlace driving, two-line
simultaneous driving, non-interlace driving, etc., as will be
explained below.

[0004] For compatibility with the foregoing personal com-
puters or workstations, sequential scanning must be per-
formed, in which lines are scanned sequentially, regardless
of whether they are odd-numbered or even-numbered lines.
For compatibility with existing televisions or hi-vision tele-
visions, on the other hand, interlace scanning must be
performed, in which the pixels of odd-numbered lines are
sequentially scanned during an odd-number field, and the
pixels of even-numbered lines are sequentially scanned
during an even-number field.

[0005] Further, there are also cases when two-line simul-
taneous scanning is performed, in which, when scanning an
odd-numbered line during the odd-number field, the next
even-numbered line is also scanned and the same signal is
written therein, and when scanning an even-numbered line
during the even-number field, the next odd-numbered line is
also scanned and the same signal is written therein. Thus
liquid crystal display devices compatible with this scanning
method are also called for.

[0006] Further, liquid crystal display devices are called for
which are capable of each of the foregoing scanning meth-
ods, and also of enlarged display, movement, black display
writing, bi-directional scanning, etc.

[0007] Again, with the aim of reducing the size and cost
of liquid crystal display devices, research is also in progress
to develop techniques for integrating peripheral drive cir-
cuits onto the same substrate with the liquid crystal display
device. Peripheral drive circuits are divided into a vertical
drive circuit, which scans the gates of thin film transistors
(TFTs) making up an active matrix array, and a horizontal
drive circuit, which supplies video signals to pixels.

[0008] This type of liquid crystal display device is dis-
closed in, for example, Japanese Unexamined Patent Pub-
lication No. 8-122747/1996 (Tokukaihei 8-122747). The
following will explain this conventional liquid crystal dis-
play device.
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[0009] The foregoing conventional liquid crystal display
device, as shown in FIG. 31, includes an active matrix array
201 made up of TFTs, one provided at each intersection
between scanning lines and signal lines, a vertical drive
circuit 202 for driving the scanning lines, and a horizontal
drive circuit 203 for driving the signal lines. In this con-
ventional liquid crystal display device, there are 1,024
scanning lines.

[0010] In the foregoing conventional liquid crystal display
device, as shown in the Figure, the vertical drive circuit 202
is made up of 256 scanning circuits 204-1 through 204-257
having a half-bit structure (hereinafter referred to as “half-
bit scanning circuits”), which sequentially shift a pulse
signal inputted from an input terminal a or an input terminal
b in synchronization with a clock signal; NAND gate
circuits 205-1 through 205-1024, which receive signals P1,
P2, . . ., P256 outputted by the half-bit scanning circuits
204-1 through 204-257 and control signals G1, G2, .. ., G8;
and output buffers 206, which receive signals outputted by
the NAND gate circuits 205-1 through 205-1024.

[0011] 1In the foregoing conventional liquid crystal display
device, four NAND gate circuits 205 are connected to each
half-bit scanning circuit 204-1 through 204-257, and every
eight adjacent NAND gate circuits 205 receive different
respective control signals G1 through G8.

[0012] Further, each of the half-bit scanning circuits 204-1
through 204-257 is capable of bi-directional scanning.
Accordingly, a pulse signal is inputted from the input
terminal a when scanning in one direction, and from the
input terminal b when scanning in the other direction.

[0013] The half-bit scanning circuits 204-1 through 204-
257 are circuits driven by two clock signals of different
respective phase. Consequently, the number of driving sig-
nals necessary to drive the half-bit scanning circuits 204-1
through 204-257, including the pulse signal inputted when
scanning in the other direction, are two clock signals and
two input signals, or a total of four signals. Further, when the
control signals G1 through G8 for the NAND gate circuits
205-1 through 205-1024 are included, the total number of
driving signals inputted to the vertical drive circuit 202 is 12
signals. This number of signals does not change even when
the number of scanning lines exceeds 1,024.

[0014] FIG. 32 shows one example of a driving method
for the conventional liquid crystal display device shown in
FIG. 31. The following will explain, with reference to FIG.
32, a method of driving the conventional liquid crystal
display device shown in FIG. 31.

[0015] First, as shown in FIG. 32, a clock signal CLK
having a clock cycle of 8T (T being a scanning line selection
period) and an input pulse signal VSTa from the input
terminal a having a pulse width of 8T are sent to the half-bit
scanning circuits 204-1 through 204-257 with the timings
shown in the Figure, and thus the input pulse signal VSTa is
sequentially shifted in synchronization with the clock signal
CLK.

[0016] Consequently, the signals P1 through P256 output-
ted by the respective half-bit scanning circuits 204-1 through
204-257, as shown in the Figure, are pulse signals having a
pulse width of 8T and phases sequentially shifted 4T each.

[0017] Meanwhile, as the control signals G1 through G8,
pulse signals having a pulse width of T, a pulse cycle of 8T,
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and phases sequentially shifted T each are sent to the NAND
gate circuits 205-1 through 205-1024 with the timings
shown in the Figure. As a result, signals GP1 through
GP1024 outputted by the respective output buffer circuits
206 are pulse signals having a pulse width of T and phases
sequentially shifted T each.

[0018] The foregoing driving method explains signals
used in sequential scanning.

[0019] Further, there is also a demand for liquid crystal
display devices which are freely capable of enlarged display
of images having fewer pixels than the liquid crystal display
device. Such liquid crystal display devices are usually
realized by modifying the structure of the vertical drive
circuit or the driving method.

[0020] Further, when displaying an image having fewer
pixels than the liquid crystal display device, in order to show
black display in unused areas above, below, to the right, and
to the left of the area used for liquid crystal display, it is
necessary to perform writing of black display to the pixels
of the unused areas during a blanking period.

[0021] Further, in liquid crystal projector devices, which
in recent years are seeing increased use as large-screen
displays, presentation displays, etc., it is necessary for one of
the three liquid crystal panels corresponding to R, G, and B
to reverse its display using a mirror, because of differences
in reflection of light transmitted through the liquid crystal
display device and in the number of times the light is
refracted. In addition, there is a demand for flexible liquid
crystal display devices capable of both front and rear pro-
jection, and of both floor mounting and ceiling suspension.
For these reasons, the scanning circuits provided in both the
vertical and horizontal drive circuits must be capable of
bi-directional scanning.

[0022] One example of a horizontal drive circuit in a
conventional liquid crystal display device is the horizontal
drive circuit in the liquid crystal display device disclosed in
Japanese Unexamined Patent Publication No. 8-122748/
1996 (Tokukaihei 8-122748).

[0023] The following will explain in detail specific
examples of a liquid crystal display device and a driving
method disclosed in the foregoing publication. As shown in
FIG. 33, this conventional liquid crystal display device
includes an active matrix array 301 made up of TFTs
provided at each intersection between scanning lines and
signal lines, a vertical drive circuit 302 for driving the
scanning lines, and a horizontal drive circuit 303 for driving
the signal lines. As shown in the Figure, the horizontal drive
circuit 303 includes a horizontal scanning circuit 304 and
sample holding switches 308, which are controlled by sig-
nals outputted by the horizontal scanning circuit 304. Here,
control terminals of every 16 adjacent sample holding
switches 308 are connected together, and input terminals of
every 16th sample holding switch 308 are connected
together. By inputting video signals S1 through S16, devel-
oped into 16 phases, to the input terminals of each group of
16 adjacent sample holding switches 308, 16 video signals
are successively written via each group of 16 adjacent
sample holding switches 308 selected in succession. Sample
holding capacitances 309 hold a video signal written into a
data bus line, and are holding capacitances for writing the
held voltage into the pixels.
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[0024] In this example of the foregoing conventional
structure, there are 1,280 signal lines, and video signals
developed into 16 phases are inputted. In this case, as shown
in FIG. 33, a horizontal scanning circuit 304 of 80 bits is
needed.

[0025] In the foregoing conventional liquid crystal display
device, as shown in FIG. 33, the horizontal scanning circuit
304 is made up of 20 scanning circuits 305-1 through 305-21
having a half-bit structure (hereinafter referred to as “half-
bit scanning circuits”), which sequentially shift a pulse
signal inputted from an input terminal 310 in synchroniza-
tion with a clock signal; NAND gate circuits 801-1 through
801-80, which receive signals P1, P2, . . ., P20 outputted by
the half-bit scanning circuits 305-1 through 305-21 and
control signals D1 through D8; and inverse output buffers
802-1 through 802-80, which receive signals outputted by
the NAND gate circuits 801-1 through 801-80.

[0026] Four NAND gate circuits 801 are connected to and
receive the output of each half-bit scanning circuit 305-1
through 305-21, and every eight adjacent NAND gate cir-
cuits 801 receive different respective control signals D1
through D8.

[0027] Further, each of the half-bit scanning circuits 305-1
through 305-21 is capable of bi-directional scanning.
Accordingly, a pulse signal is inputted from the input
terminal 310 when scanning in one direction, and from the
input terminal 311 when scanning in the other direction.

[0028] The half-bit scanning circuits 305-1 through 305-
21 are circuits driven by two clock signals of different
respective phases. Accordingly, the number of driving sig-
nals necessary to drive the half-bit scanning circuits 305-1
through 305-21, including the pulse signal inputted when
scanning in the other direction, are two clock signals and
two input signals, or a total of four signals. Further, when the
control signals D1 through D8 for the NAND gate circuits
801-1 through 801-80 are included, the total number of
driving signals inputted to the horizontal scanning circuit
304 is 12 signals.

[0029] The foregoing conventional example is structured
so that there are 20 half-bit scanning circuits, and so that the
output of each half-bit scanning circuit is sent to four NAND
gate circuits. However, it is also possible to use a structure
of 10 half-bit scanning circuits, the output of each of which
is sent to eight NAND gate circuits.

[0030] FIG. 34 shows a method of driving the foregoing
conventional liquid crystal display device, showing one
example of a driving method for writing video signals into
data bus lines using the liquid crystal display device shown
in FIG. 33. The following will explain this conventional
driving method with reference to FIG. 34.

[0031] First, a clock signal CLK having a clock cycle of
8T (T being a sample holding switch sampling period) and
an input pulse signal VSTa from the input terminal 310
having a pulse width of 8T are sent to the half-bit scanning
circuits 305-1 through 305-21 with the timings shown in
FIG. 34, and thus the input pulse signal VSTa is sequentially
shifted in synchronization with the clock signal CLK. Con-
sequently, signals P1 through P20 outputted by the respec-
tive half-bit scanning circuits 305-1 through 305-21, as
shown in the Figure, are pulse signals having a pulse width
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of 8T and phases sequentially shifted 4T each. The scanning
circuits are generally driven using two clock signals of
different respective phases.

[0032] Meanwhile, as the control signals D1 through DS,
pulse signals having a pulse width of T and a pulse cycle of
8T are sent to the NAND gate circuits 801-1 through 801-80
with the timings shown in the Figure. As a result, signals
SP1 through SP80 outputted by the respective NAND gate
circuits 801-1 through 801-80 are sampling pulses having a
pulse width of T and phases sequentially shifted T each. The
16 adjacent sample holding switches 308 sampled by one of
the sampling pulses SP1 through SP80 sample the 16 phases
of parallel data signals S1 through S16 at the timings t1, t2,
t3, ..., 180, when the sampling pulse drops (as shown in the
Figure), thus writing video signals into the data bus lines.

[0033] By means of the driving method explained above,
the video signals can be written into the data bus lines.

[0034] In the foregoing conventional example, since each
of the outputs P1 through P20 from the scanning circuits is
sent to four NAND gate circuits, there are eight control
signals, but if, for example, eight NAND gate circuits were
connected to the output P1, 16 control signals would be
necessary.

[0035] The more logic gate circuits connected to each
output from the scanning circuits, the more control signals
necessary. These control signals must be produced by an
external circuit. With the foregoing conventional liquid
crystal display device and driving method, among the driv-
ing signals inputted to the drive circuit, eight are control
signals, and these control signals must be produced by an
external circuit.

[0036] Further, each control signal requires one line for
conducting the control signal from an input pad to the
interior of the drive circuit. In the foregoing example, eight
lines are required for conducting the control signals from the
input pad to the interior of the drive circuit. Consequently,
the surface area needed for these lines is increased, and since
the input pad for input of the control signals is provided on
the substrate, the surface area needed for the pad is also
increased. Accordingly, the surface area of a glass substrate
required for one liquid crystal device is increased, which
reduces the number of liquid crystal panels which can be run
from a common glass substrate.

[0037] Another problem is that increase in the number of
input pads is one cause of reduced production efficiency
when connecting the pads to an external flexible substrate.

SUMMARY OF THE INVENTION

[0038] It is an object of the present invention to provide a
liquid crystal display device and a driving method therefor
which use a small number of driving signals for operating
the liquid crystal display device, and which are capable of
improving production efficiency.

[0039] In order to attain the foregoing object, a liquid
crystal display device according to the present invention
includes an active matrix array made up of switching
elements provided at each intersection between a plurality of
scanning lines and a plurality of signal lines, and driving
means for driving the active matrix array, in which the
driving means include:
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[0040] scanning circuits N in number (N being a
positive integer), which receive a start pulse, and
which output respective pulse signals sequentially
shifted by one-half of a clock signal cycle for each
scanning circuit;

[0041] first logic gate circuits NxM in number (M
being an integer no less than 2), each provided with
a first control terminal and a second control terminal,
every M adjacent first logic gate circuits being
connected together via the first control terminals
thereof, which receive a signal from one of the N
scanning circuits, and every Mth first logic gate
circuit being connected together via the second con-
trol terminals thercof, which receive one of M kinds
of second control signal;

[0042] second logic gate circuits, each of which
receives an output from one of the first logic gate
circuits and, via a third control terminal, one of two
kinds of third control signal.

[0043] In the liquid crystal display device structured as
above, the control signals inputted into the driving means are
the start pulse and the clock signal inputted into the first of
the N scanning circuits (N being a positive integer), the M
kinds of second control signal inputted into the NxM first
logic gate circuits, and the two kinds of third control signal
sent to the second logic gate circuits.

[0044] Inthe conventional structure, since a different kind
of signal was sent to every 2Mth first logic gate circuit, at
least 2M control lines were necessary for input to the first
logic gate circuits. This increased the number of control
lines for input to the driving means, which increased the
surface area used for input pads, and since the control lines
themselves had to be conducted to the driving means, the
surface area devoted thereto in the circuit layout was also
increased.

[0045] In contrast, with the liquid crystal display device
according to the present invention, structured as above, the
second control terminals of every Mth first logic gate circuit
are connected together. For this reason, the number of
second control signals required are M kinds, or half as many
as conventionally.

[0046] Further, lines are dispersed between the first and
second logic gate circuits, thus preventing concentration of
control lines.

[0047] In other words, by reducing the number of control
terminals, the surface area devoted to the drive circuit and to
input pads can be reduced, and accordingly, when running a
plurality of liquid crystal display devices from a common
substrate, more elements can fit on one substrate, thus
increasing the number of panels.

[0048] Further, since the surface area devoted to the drive
circuit and input pads is reduced, the size of the peripheral
area surrounding the display section of the liquid crystal
display device is reduced, and installation in a personal
computer, etc. is facilitated.

[0049] In addition, by increasing the number of outputs
from each scanning circuit to the logic gate circuits so that
the output of each scanning circuit is inputted into a plurality
of logic gate circuits, the number of scanning circuits can be
reduced. Particularly in high-definition liquid crystal display
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devices, layout of each scanning circuit within the small
pixel pitch is difficult, but with the foregoing structure
according to the present invention, layout can be simplified.

[0050] As aresult, it is possible to provide a liquid crystal
display device which is operated by a small number of
driving signals, and which is capable of improving produc-
tion efficiency.

[0051] The foregoing driving means may be a vertical
drive circuit for driving the foregoing plurality of scanning
lines.

[0052] Alternatively, the foregoing driving means may be
a horizontal drive circuit, which may include sample holding
switches.

[0053] The liquid crystal display device according to the
present invention may be driven using sequential scanning,
interlace scanning, or two-line simultaneous scanning.

[0054] Additional objects, features, and strengths of the
present invention will be made clear by the description
below. Further, the advantages of the present invention will
be evident from the following explanation in reference to the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] FIG. 1 is a block diagram showing the structure of
a vertical drive circuit of a liquid crystal display device
according to one embodiment of the present invention.

[0056] FIG. 2 is a timing chart showing a driving method
for the foregoing vertical drive circuit.

[0057] FIG. 3 is a drawing showing-the overall structure
of the foregoing liquid crystal display device.

[0058] FIG. 4 is a block diagram showing the structure of
a vertical drive circuit of a liquid crystal display device
according to another embodiment of the present invention.

[0059] FIG. 5 is a timing chart showing a driving method
for the foregoing vertical drive circuit.

[0060] FIG. 6 is a block diagram showing the structure of
a vertical drive circuit of a liquid crystal display device
according to a further embodiment of the present invention.

[0061] FIG. 7 is a timing chart showing a driving method
for the foregoing vertical drive circuit.

[0062] FIG. 8 is a block diagram showing the structure of
a vertical drive circuit of a liquid crystal display device
according to a further embodiment of the present invention.

[0063] FIG. 9 is a timing chart showing a driving method
for the foregoing vertical drive circuit.

[0064] FIG. 10 is a block diagram showing the structure
of a vertical drive circuit of a liquid crystal display device
according to a further embodiment of the present invention.

[0065] FIG.11is a timing chart showing a driving method
for the foregoing vertical drive circuit.

[0066] FIG.12is atiming chart showing a driving method
according to a further embodiment of the present invention,
which uses the vertical drive circuit shown in FIG. 1 to
perform interlace scanning, in which input is performed
sequentially to every other scanning line.
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[0067] FIG. 13 is a timing chart showing two-line simul-
taneous scanning, in which input is performed sequentially
to two scanning lines at a time, using the vertical drive
circuit shown in FIG. 1.

[0068] FIG. 14 is a timing chart showing a driving method
according to a further embodiment of the present invention,
which uses the vertical drive circuit shown in FIG. 4 to
perform interlace scanning, in which input is performed
sequentially to every other scanning line.

[0069] FIG. 15 is a timing chart showing two-line simul-
taneous scanning, in which input is performed sequentially
to two scanning lines at a time, using the vertical drive
circuit shown in FIG. 4.

[0070] FIG. 16 is a timing chart showing a driving method
according to a further embodiment of the present invention,
which uses the vertical drive circuit shown in FIG. 6 to
perform interlace scanning, in which input is performed
sequentially to every other scanning line.

[0071] FIG. 17 is a timing chart showing two-line simul-
taneous scanning, in which input is performed sequentially
to two scanning lines at a time, using the vertical drive
circuit shown in FIG. 6.

[0072] FIG. 18 is a timing chart showing a driving method
according to a further embodiment of the present invention,
which uses the vertical drive circuit shown in FIG. 8 to
perform interlace scanning, in which input is performed
sequentially to every other scanning line.

[0073] FIG. 19 is a timing chart showing two-line simul-
taneous scanning, in which input is performed sequentially
to two scanning lines at a time, using the vertical drive
circuit shown in FIG. 8.

[0074] FIG. 20 is a block diagram showing the structure
of a horizontal drive circuit of a liquid crystal display device
according to a further embodiment of the present invention.

[0075] FIG. 21 is a timing chart showing a driving method
for the foregoing horizontal drive circuit.

[0076] FIG. 22 is a drawing showing the overall structure
of the foregoing liquid crystal display device.

[0077] FIG. 23 is a block diagram showing the structure
of a horizontal drive circuit of a liquid crystal display device
according to a further embodiment of the present invention.

[0078] FIG. 24 is a timing chart showing a driving method
for the foregoing horizontal drive circuit.

[0079] FIG. 25 is a block diagram showing the structure
of a horizontal drive circuit of a liquid crystal display device
according to a further embodiment of the present invention.

[0080] FIG. 26 is a timing chart showing a driving method
for the foregoing horizontal drive circuit.

[0081] FIG. 27 is a block diagram showing the structure
of a horizontal drive circuit of a liquid crystal display device
according to a further embodiment of the present invention.

[0082] FIG. 28 is a timing chart showing a driving method
for the foregoing horizontal drive circuit.

[0083] FIG. 29 is a block diagram showing the structure
of a horizontal drive circuit of a liquid crystal display device
according to a further embodiment of the present invention.
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[0084] FIG.301s a timing chart showing a driving method
for the foregoing horizontal drive circuit.

[0085] FIG. 31 is a drawing showing the overall structure
of a conventional liquid crystal display device.

[0086] FIG. 32 is atiming chart showing a driving method
for a vertical drive circuit of the foregoing conventional
liquid crystal display device.

[0087] FIG. 33 is a drawing showing the overall structure
of a conventional liquid crystal display device.

[0088] FIG. 34 is a timing chart showing a driving method
for a horizontal drive circuit of the foregoing conventional
liquid crystal display device.

DESCRIPTION OF THE EMBODIMENTS
[0089] [First Embodiment)]

[0090] The following will explain one embodiment of the
present invention with reference to FIGS. 1 through 3.

[0091] In the present embodiment, the liquid crystal dis-
play device used is of the active matrix type. As shown in
FIG. 3, this liquid crystal display device includes an active
matrix array 1 made up of TFTs (switching elements)
provided at each intersection between scanning lines and
signal lines, a horizontal drive circuit 2 for driving the signal
lines, and a vertical drive circuit 10 for driving the scanning
lines. In the liquid crystal display device according to the
present embodiment, there are 1,024 scanning lines, but the
number of scanning lines is not necessarily limited to this.

[0092] As shown in FIG. 1, the vertical drive circuit 10
(driving means) of the foregoing liquid crystal display
device is made up of a plurality of scanning circuits 11-1
through 11-257 having a half-bit structure (hereinafter
referred to as “half-bit scanning circuits”), each of which
sequentially shifts a start pulse STa by one-half pulse in
synchronization with a clock signal CLK; AND gate circuits
12-1 through 12-1024 (first logic gate circuits), which
receive signals P1, P2, . . ., P256 outputted by the half-bit
scanning circuits 11-1 through 11-257; NAND gate circuits
13-1 through 13-1024 (second logic gate circuits), which
receive signals GPP1, GPP2, . . ., GPP1024 outputted by the
AND gate circuits 12-1 through 12-1024; and output buffers
14, which receive signals outputted by the NAND gate
circuits 13-1 through 13-1024, and which output signals
GP1, GP2, . . ., GP1024. In the present embodiment, each
NAND gate circuit 13-1 through 13-1024 and the output
buffer 14 connected thereto collectively make up each
second logic gate circuit.

[0093] There are 256 half-bit scanning circuits 11-1
through 11-257 (here, N=256, N being a positive integer)
plus an additional scanning circuit 11-257. The final half-bit
scanning circuit 11-257 functions as a terminating set, and
output is not retrieved therefrom.

[0094] To the half-bit scanning circuit 11-1 are inputted
the start pulse STa, the clock signal CLK, and an inverted
clock signal /CLK.

[0095] Each of the AND gate circuits 12-1 through
12-1024 is provided with a first control terminal and a
second control terminal as input terminals.
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[0096] The first control terminals of every four (here,
M=4, M being an integer no less than 2) adjacent AND gate
circuits 12-1 through 12-1024 are connected together, and
each group of four interconnected first control terminals is
connected to an output terminal of one of the half-bit
scanning circuits 11-1 through 11-256. As a result, each of
the signals P1, P2, . . . , P256 outputted by the half-bit
scanning circuits 11-1 through 11-256, respectively, is sent
to four adjacent AND gate circuits 12-1 through 12-1024,
through the first control terminals thereof.

[0097] There are 1,024, or 256x4 (NxM) AND gate cir-
cuits 12-1 through 12-1024. Thus they correspond to the
1,024 scanning lines.

[0098] Further, the second control terminal of each AND
gate circuit 12-1 through 12-1024 receives an external
second control signal G1, G2, G3, or G4.

[0099] In other words, the second control terminals of M
AND gate circuits 12-1 through 12-1024 generally receive
M kinds of signal, and since M=4 in the present embodi-
ment, every four adjacent AND gate circuits 12-1 through
12-1024 receive the second control signals G1, G2, G3, and
G4, respectively. In other words, every fourth AND gate
circuit 12-1 through 12-1024 receives the same second
control signal. Further, the second control terminals receiv-
ing the second control signal G1 are connected together,
those receiving the second control signal G2 are connected
together, those receiving the second control signal G3 are
connected together, and those receiving the second control
signal G4 are connected together.

[0100] The NAND gate circuits 13-1 through 13-1024
receive signals GPP1, GPP2, . . ., GPP1024 outputted by the
AND gate circuits 12-1 through 12-1024, respectively, and
each also receives one of two third control signals PP1 and
PP2.

[0101] Inthe present embodiment, the third control signals
PP1 and PP2 are sent to alternating groups of four adjacent
NAND gate circuits 13-1 through 13-1024. In other words,
the first four adjacent NAND gate circuits 13-1 through 13-4
receive the third control signal PP1, and the second four
adjacent NAND gate circuits 13-5 through 13-8 receive the
third control signal PP2. The next four adjacent NAND gate
circuits 13-9 through 13-12 receive the third control signal
PP1, and the next four adjacent NAND gate circuits 13-13
through 13-16 receive the third control signal PP2. There-
after, groups of four adjacent NAND gate circuits 13 receiv-
ing the third control signal PP1 alternate with groups of four
adjacent NAND gate circuits 13 receiving the third control
signal PP2.

[0102] Signals outputted by the NAND gate circuits 13-1
through 13-1024 are inverted by the output buffer circuits 14
and outputted to the respective scanning lines as signals
GP1, GP2, . . ., GP1024.

[0103] In other words, in the vertical drive circuit 10, by
replacing the NAND gate circuits 205-1 through 205-1024
shown in FIG. 31 with a combination of the AND gate
circuits 12-1 through 12-1024 and the NAND gate circuits
13-1 through 13-1024, the number of control signals for the
AND gate circuits 12-1 through 12-1024 can be reduced to
half as many as conventionally. Incidentally, the present
embodiment uses a combination of the AND gate circuits
12-1 through 12-1024 and the NAND gate circuits 13-1
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through 13-1024, but there is no limitation to this structure.
Any circuit structure may be used which fulfills an equiva-
lent function. For example, a structure may be used in which
inverted pulses outputted by the half-bit scanning circuits
11-1 through 11-257 and inverted control signals are sent to
NOR gate circuits. This also holds true for the other embodi-
ments to be discussed below.

[0104] A driving method for the liquid crystal display
device structured as above is explained in the timing chart in
FIG. 2, which shows sequential scanning. Sequential scan-
ning is a method in which the lines are scanned sequentially,
regardless of whether they are odd-numbered or even-
numbered lines.

[0105] First, if T is a scanning line selection period, a start
pulse STa having a pulse width of 8T and a clock signal CLK
and an inverse clock signal /CLK each having a cycle of 8T
are inputted to the half-bit scanning circuits 11-1 through
11-257. As a result, the half-bit scanning circuits 11-1
through 11-257 produce signals P1 through P256.

[0106] At this time, in the present embodiment, four
second control signals G1 through G4, shown in the Figure,
are used as control signals for the AND gate circuits 12-1
through 12-1024. Accordingly, there are only half as many
of these control signals as in the conventional structure.

[0107] Incidentally, in the present embodiment, as shown
in the Figure, pulses of the second control signals G1
through G4 are also produced during a blanking period
immediately following the video signal write period, but
there is no limitation to this; these pulses need not be
produced during the blanking period.

[0108] After receiving the signals P1 through P256 and the
second control signals G1 through G4, two output pulses
appear in each of the signals GPP1 through GPP1024
outputted by the AND gate circuits 12-1 through 12-1024, as
shown in the Figure. These two output pulses are sent to the
NAND gate circuits 13-1 through 13-1024. At this time, a
third control signal PP1 is sent to the NAND gate circuits
13-1 through 13-4, 13-9 through 13-12, . . . , which receive
the output of the odd-numbered half-bit scanning circuits
11-1, 11-3, 11-5 . . ., and a third control signal PP2 is sent
to the NAND gate circuits 13-5 through 13-8, 13-13 through
13-16, . . . , which receive the output of the even-numbered
half-bit scanning circuits 11-2, 11-4, 11-6 . . . .

[0109] As the third control signal PP1, the clock signal
CLK inputted into the half-bit scanning circuits 11-1 through
11-257 may be used, and as the third control signal PP2, the
inverted clock signal /CLK may be used. For this reason,
there is no need to produce further control signals, nor to
provide further input terminals for input of external signals.

[0110] 1In this way, the respective signals outputted by the
NAND gate circuits 13-1 through 13-1024 and the respec-
tive signals GP1 through GP1024 outputted by the output
buffer circuits 14 include pulses having a pulse width of T
and phases sequentially shifted by T each. Thus each scan-
ning line can be scanned in sequence.

[0111] By means of the signals GP1, GP2, . . ., GP1024
outputted by the vertical drive circuit 10, and signals out-
putted by the horizontal drive circuit 2 to the respective
signal lines, an ON/OFF signal can be supplied to the TFT
provided at each intersection of the scanning lines and signal
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lines of the active matrix array 1, and thus display can be
performed in each pixel of the screen of the liquid crystal
display device.

[0112] As a result, reduction of the number of signal lines
can contribute to reduction of the size and cost of the liquid
crystal display device.

[0113] 1In this way, with the liquid crystal display device
and driving method according to the present embodiment,
when the 256 half-bit scanning circuits 11-1 through 11-257
of the vertical drive circuit 10 receive the start pulse STa, the
half-bit scanning circuits 11-1 through 11-257 output the
signals P1, P2, . . ., P256, which are pulse signals having
phases sequentially shifted by one-half of the cycle of the
clock signal CLK, which is (2x4xT).

[0114] These pulse signals are sent to the first control
terminals of the AND gate circuits 12-1 through 12-1024,
which are (256x4) in number.

[0115] Here, of the (256x4=1,024) AND gate circuits 12-1
through 12-1024, the first control terminals of every four
adjacent AND gate circuits 12-1 through 12-1024 are con-
nected together. Thus the pulse signal outputted by each of
the half-bit scanning circuits 11-1 through 11-257 is sent to
four AND gate circuits 12-1 through 12-4, 12-5§ through
12-8, . . ., 12-1021 through 12-1024.

[0116] Further, the second control terminals of every four
adjacent AND gate circuits 12-1 through 12-1024 receive
different respective second control signals G1 through G4 as
second inputs. Each of the second control signals G1
through G4 is made up of pulses having a cycle of 4T and
a pulse width of T.

[0117] Consequently, each of the AND gate circuits 12-1
through 12-1024 produces two pulses having a pulse width
of T, produced ((4-1)xT) apart from each other.

[0118] Next, each of the NAND gate circuits 13-1 through
13-1024 receives the foregoing two pulses and one of two
third control signals PP1 and PP2, and then the NAND gate
circuits 13-1 through 13-1024 and the output buffers 14
output signals having a pulse width of T.

[0119] Accordingly, by sending these signals of pulse
width T to the scanning lines in sequence, in combination
with signals sent to the signal lines by the horizontal drive
circuit 2, each TFT of the active matrix array 1 can be
ON/OFF controlled, thus performing display in each pixel of
the screen of the liquid crystal display device.

[0120] In the conventional structure, since different sig-
nals were sent to every 8 (=2x4) NAND gate circuits 205-1
through 205-1024 (see FIG. 31), at least 8 (=2x4) control
lines were necessary for the NAND gate circuits 205-1
through 205-1024. This increased the number of control
lines for input to the vertical drive circuit 202, which
increased the surface area used for input pads, and since the
control lines themselves had to be conducted to the vertical
drive circuit 202, the surface area devoted thereto in the
circuit layout was also increased.

[0121] However, in the present embodiment, the control
signals inputted to the vertical drive circuit 10 are the start
pulse STa, the clock signal CLK, and the inverted clock
signal /CLK inputted to the first half-bit scanning circuit
11-1; the four second control signals G1 through G4 sent to
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the 1,024 (=256x4) AND gate circuits 12-1 through
12-1024; and the two third control signals PP1 and PP2 sent
to the NAND gate circuits 13-1 through 13-1024. in other
words, the second control terminals of every fourth AND
gate circuit 12-1 through 12-1024 are connected together.
For this reason, there are four kinds of second control
terminal, or half as many as conventionally.

[0122] Further, lines are dispersed between the AND gate
circuits 12-1 through 12-1024 and the NAND gate circuits
13-1 through 13-1024, thus preventing concentration of
control lines.

[0123] In other words, by reducing the number of control
terminals, the surface arca devoted to the vertical drive
circuit 10 and to input pads is reduced, and accordingly,
when running a plurality of liquid crystal display devices
from a common substrate, more elements can fit on one
substrate, thus increasing the number of non-defective pan-
els.

[0124] Further, since the surface area devoted to the
vertical drive circuit 10 and input pads is reduced, the size
of the peripheral area surrounding the display section of the
liquid crystal display device is reduced, and installation in a
personal computer, etc. is facilitated.

[0125] In addition, by sending the output from ecach half-
bit scanning circuit 11-1 through 11-257 to four AND gate
circuits 12-1 through 12-4, 12-5 through 8, . . ., 12-1021
through 12-1024, it is possible to use fewer half-bit scanning
circuits 11-1 through 11-257 than the required number of
scanning lines (1,024). Particularly in high-definition liquid
crystal display devices, layout of each scanning circuit
within the small pixel pitch is difficult, but in the present
embodiment, layout is simplified.

[0126] In particular, in the present embodiment, since
M=4, thus requiring four inputs for the AND gate circuits
12-1 through 12-1024, it is easy to lay out each of the
half-bit scanning circuits 11-1 through 11-257 within the
pitch of four pixels.

[0127] As aresult, it is possible to provide a liquid crystal
display device which is operated by a small number of
driving signals, and which is capable of improving produc-
tion efficiency.

[0128] Further, in the present embodiment, the clock sig-
nal CLK and the inverted clock signal /CLK are used for the
third control signals PP1 and PP2. For this reason, there is
no need to input further control signals to the vertical drive
circuit 10 as the third control signals PP1 and PP2.

[0129] Inthe conventional structure, the number of control
lines for input to the vertical drive circuit 202 was increased,
which increased the surface area used for input pads, and
since the control lines themselves had to be conducted to the
vertical drive circuit 202, the surface area devoted thereto in
the circuit layout was also increased. However, in the
present embodiment, this can be prevented by using existing
control lines.

[0130] Accordingly, it is possible to provide a liquid
crystal display device and a driving method therefor which
use a small number of driving signals, and which are capable
of improving production efficiency.
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[0131] [Second Embodiment]

[0132] The following will explain another embodiment of
the present invention with reference to FIGS. 4 and 5. For
ease of explanation, members having the same functions as
those shown in the drawings pertaining to the first embodi-
ment above will be given the same reference symbols, and
explanation thereof will be omitted here.

[0133] As shown in FIG. 4, a vertical drive circuit 20 of
a liquid crystal display device according to the present
embodiment is made up of half-bit scanning circuits 11-P
and 11-1 through 11-257, which sequentially shift a start
pulse STa by one-half pulse each in synchronization with a
clock signal CLK; AND gate circuits 21-1 through 21-256
(fourth logic gate circuits), each of which receives a pair of
signals Q1 and P1, P1 and P2, . . ., P255 and P256 outputted
by the half-bit scanning circuits 11-P and 11-1 through
11-257;,; NAND gate circuits 15-1 through 15-1024 (third
logic gate circuits), which receive signals GPP1, GPP2, . . .
, GPP256 outputted by the AND gate circuits 21-1 through
21-256, and second control signals G1, G2, G3, and G4; and
output buffers 14, which receive signals outputted by the
NAND gate circuits 15-1 through 15-1024, and which
output signals GP1, GP2, . . ., GP1024.

[0134] In the present embodiment, each NAND gate cir-
cuit 15-1 through 15-1024 and the output buffer 14 con-
nected thereto collectively make up each third logic gate
circuit.

[0135] Further, the AND gate circuits 21-1 through
21-256, each of which receives pulses outputted by two
adjacent half-bit scanning circuits 11-1 through 11-257,
function as pulse width reducing means, which reduce the
respective pulse widths of the pulses outputted by the
half-bit scanning circuits 11-1 through 11-257.

[0136] A characteristic feature of the vertical drive circuit
20 is that, by providing the AND gate circuits 21-1 through
21-256 between the half-bit scanning circuits 11-P and 11-1
through 11-257 and the NAND gate circuits 15-1 through
15-1024, the number of second control signals can be
reduced to the four second control signals G1 through G4,
half as many as conventionally.

[0137] Further, each AND gate circuit 21-1 through
21-256 receives signals outputted by two adjacent half-bit
scanning circuits 11-P and 11-1 through 11-257. Since the
AND gate circuits 21-1 through 21-256 must provide 256
output signals, an extra half-bit scanning circuit 11-P is
provided before the half-bit scanning circuit 11-1. Inciden-
tally, the extra half-bit scanning circuit 11-P may instead be
provided after the half-bit scanning circuit 11-257.

[0138] A driving method for the liquid crystal display
device structured as above is explained in the timing chart in
FIG. 5, which shows sequential scanning.

[0139] First, if T is a scanning line selection period, a start
pulse STa having a pulse width of 8T and a clock signal CLK
and an inverse clock signal /CLK each having a cycle of 8T
are inputted to the half-bit scanning circuits 11-P and 11-1
through 11-257.

[0140] As a result, the half-bit scanning circuits 11-P and
11-1 through 11-257 produce signals Q1 and P1 through
P256. Then, the signals Q1 and P1, P1 and P2, . . ., P255
and P256 outputted by each pair of adjacent half-bit scan-
ning circuits 11-P and 11-1 through 11-257 are sent to one
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of the AND gate circuits 21-1 through 21-256, and the AND
gate circuits 21-1 through 21-256 output signals GPP1,
GPP2, . . ., GPP256 having a pulse width of 4T, which is
half of that of the pulses outputted by the half-bit scanning
circuits 11-P and 11-1 through 11-257.

[0141] Next, the signals GPP1 through GPP256 are sent to
the NAND gate circuits 15-1 through 15-1024, and, as
control signals for the NAND gate circuits 15-1 through
15-1024, four second control signals G1 through G4, shown
in the Figure, are used. Accordingly, there are only half as
many of these control signals as in the conventional struc-
ture.

[0142] In this way, the respective signals outputted by the
NAND gate circuits 15-1 through 15-1024 and the respec-
tive signals GP1 through GP1024 outputted by the output
buffer circuits 14 include pulses having a pulse width of T
and phases sequentially shifted by T each. Thus each scan-
ning line can be scanned in sequence.

[0143] As a result, reduction of the number of signal lines
can contribute to reduction of the size and cost of the liquid
crystal display device.

[0144] In this way, with the liquid crystal display device
and driving method according to the present embodiment,
when the extra half-bit scanning circuit 11-P and the 256
half-bit scanning circuits 11-1 through 11-257 of the vertical
drive circuit 20 receive the start pulse STa, the half-bit
scanning circuits 11-P and 11-1 through 11-257 output the
signals Q1, P1, P2, . . . , P256, which are pulse signals
having phases sequentially shifted by one-half of the cycle
of the clock signal CLK, which is (2x4xT).

[0145] These pulse signals are sent to the AND gate
circuits 21-1 through 21-256 (pulse width reducing means),
which reduce the pulse width of the pulse signals from the
half-bit scanning circuits 11-P and 11-1 through 11-257,
thereby producing pulses with a pulse width of 4T.

[0146] The pulses outputted by the AND gate circuits 21-1
through 21-256 are sent to the first control terminals of the
(256x4=1,024) NAND gate circuits 15-1 through 15-1024.

[0147] Here, of the (256x4=1,024) NAND gate circuits
15-1 through 15-1024, the first control terminals of every
four adjacent NAND gate circuits 15-1 through 15-1024 are
connected together. Thus the pulse outputted by each AND
gate circuit 21-1 through 21-256 is sent to four NAND gate
circuits 15-1 through 15-4, 15-5 through 15-8, 15-1021
through 15-1024.

[0148] Further, the second control terminals of every four
adjacent NAND gate circuits 15-1 through 15-1024 receive
different respective second control signals G1 through G4 as
second inputs. The second control signals G1 through G4 are
made up of pulses having a cycle of 4T and a pulse width of
T.

[0149] Consequently, the NAND gate circuits 15-1
through 15-1024 and the output buffers 14 output signals
having a pulse width of T.

[0150] Accordingly, by sending these signals of pulse
width T to the scanning lines in sequence, in combination
with signals sent to the signal lines by the horizontal drive
circuit 2, each TFT of the active matrix array 1 can be
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ON/OFF controlled, thus performing display in each pixel of
the screen of the liquid crystal display device.

[0151] In the conventional structure, since different sig-
nals were sent to every 8 (=2x4) NAND gate circuits 205-1
through 205-1024 (see FIG. 31), at least 8 (=2x4) control
lines were necessary for the NAND gate circuits 205-1
through 205-1024. This increased the number of control
lines for input to the vertical drive circuit 202, which
increased the surface area used for input pads, and since the
control lines themselves had to be conducted to the vertical
drive circuit 202, the surface area devoted thereto in the
circuit layout was also increased.

[0152] In contrast, in the present embodiment, by provid-
ing the AND gate circuits 21-1 through 21-256 (pulse width
reducing means), which reduce the pulse width of the pulse
signals from the half-bit scanning circuits 11-1 through
11-257, the second control terminals of every fourth NAND
gate circuit 15-1 through 15-1024 can be connected together.
Accordingly, there are four kinds of second control terminal,
or half as many as conventionally.

[0153] Further, lines are dispersed between the AND gate
circuits 21-1 through 21-256 and the NAND gate circuits
15-1 through 15-1024, thus preventing concentration of
control lines.

[0154] As aresult, it is possible to provide a liquid crystal
display device and a driving method therefor which use a
small number of driving signals, and which are capable of
improving production efficiency.

[0155] Further, in the liquid crystal display device accord-
ing to the present embodiment, in particular, pulse width
reducing means, which reduce the pulse width of the pulse
signals from the half-bit scanning circuits 11-P and 11-1
through 11-257, are structured as the AND gate circuits 21-1
through 21-256, each of which receives pulses outputted by
each pair of adjacent half-bit scanning circuits 11-P and 11-1
through 11-257.

[0156] As a result, it is possible to provide with certainty
a liquid crystal display device and a driving method therefor
which use a small number of driving signals, and which are
capable of improving production efficiency.

[0157] [Third Embodiment]

[0158] The following will explain another embodiment of
the present invention with reference to FIGS. 6 and 7. For
ease of explanation, members having the same functions as
those shown in the drawings pertaining to the first and
second embodiments above will be given the same reference
symbols, and explanation thereof will be omitted here.

[0159] As shown in FIG. 6, a vertical drive circuit 30 of
a liquid crystal display device according to the present
embodiment is made up of half-bit scanning circuits 11-1
through 11-257, which sequentially shift a start pulse STa by
one-half pulse each in synchronization with a clock signal
CLK; AND gate circuits 31-1 through 31-256 (pulse width
reducing means; fifth logic gate circuits), each of which
receives signals P1, P2, . . ., P256 outputted by the half-bit
scanning circuits 11-1 through 11-257, and fourth control
signals H1 and H2; NAND gate circuits 15-1 through
15-1024, which receive signals PP1, PP2, . . . , PP256
outputted by the AND gate circuits 31-1 through 31-256, and
second control signals G1, G2, G3, and G4; and output
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buffers 14, which receive signals outputted by the NAND
gate circuits 15-1 through 15-1024, and which output signals
GP1, GP2, . . ., GP1024.

[0160] A characteristic feature of the vertical drive circuit
30 is that, by providing the AND gate circuits 31-1 through
31-256, the number of control signals for the NAND gate
circuits 15-1 through 15-1024 can be reduced to half as
many as conventionally.

[0161] A driving method for the liquid crystal display
device structured as above is explained in the timing chart in
FIG. 7, which shows sequential scanning.

[0162] First, if T is a scanning line selection period, a start
pulse STa having a pulse width of 8T and a clock signal CLK
and an inverse clock signal /CLK each having a cycle of 8T
are inputted to the half-bit scanning circuits 11-1 through
11-257.

[0163] As a result, the half-bit scanning circuits 11-1
through 11-257 produce signals P1 through P256. Then,
each of the AND gate circuits 31-1 through 31-256 receives
one of the signals P1 through P256 outputted by the half-bit
scanning circuits 11-1 through 11-257 and one of two fourth
control signals H1 and H2. Consequently, the AND gate
circuits 31-1 through 31-256 output signals PP1, PP2, . . . |
PP256 having a pulse width of 4T, which is half of that of
the pulses outputted by the half-bit scanning circuits 11-1
through 11-257.

[0164] Next, the signals PP1 through PP256 are sent to the
NAND gate circuits 15-1 through 15-1024, and, as control
signals for the NAND gate circuits 15-1 through 15-1024,
four second control signals G1 through G4, shown in the
Figure, are used. Accordingly, there are only half as many of
these control signals as in the conventional structure.

[0165] In this way, the respective signals outputted by the
NAND gate circuits 15-1 through 15-1024 and the respec-
tive signals GP1 through GP1024 outputted by the output
buffer circuits 14 include pulses having a pulse width of T
and phases shifted by T each. Thus the scanning lines can be
scanned in sequence.

[0166] As a result, reduction of the number of signal lines
can contribute to reduction of the size and cost of the liquid
crystal display device.

[0167] In this way, with the liquid crystal display device
and driving method according to the present embodiment,
when the 256 half-bit scanning circuits 11-1 through 11-257
of the vertical drive circuit 30 receive the start pulse STa, the
half-bit scanning circuits 11-1 through 11-257 output the
signals P1, P2, . . ., P256, which are pulse signals having
phases sequentially shifted by one-half of the cycle of the
clock signal CLK, which is (2x4xT).

[0168] These pulse signals are sent to the AND gate
circuits 31-1 through 31-256 (pulse width reducing means),
which reduce the pulse width of the pulse signals from the
half-bit scanning circuits 11-1 through 11-257, thereby pro-
ducing pulses having a pulse width of (MxT). The pulses
outputted by the AND gate circuits 31-1 through 31-256 are
sent to the first control terminals of the (256x4=1,024)
NAND gate circuits 15-1 through 15-1024.

[0169] Here, of the (256x4=1,024) NAND gate circuits
15-1 through 15-1024, the first control terminals of every
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four adjacent NAND gate circuits 15-1 through 15-1024 are
connected together. Thus the pulse outputted by each of the
AND gate circuits 31-1 through 31-256 is sent to four
NAND gate circuits 15-1 through 15-4, 15-§ through 15-8, ,
15-1021 through 15-1024.

[0170] Further, the second control terminals of every four
adjacent NAND gate circuits 15-1 through 15-1024 receive
different respective second control signals G1 through G4 as
additional inputs. Each of the second control signals G1
through G4 is made up of pulses having a cycle of 4T and
a pulse width of T.

[0171] Consequently, the NAND gate circuits 15-1
through 15-1024 and the output buffers 14 output signals
having a pulse width of T.

[0172] Accordingly, by sending these signals of pulse
width T to the scanning lines in sequence, in combination
with signals sent to the signal lines by the horizontal drive
circuit 2, each TFT of the active matrix array 1 can be
ON/OFF controlled, thus performing display in each pixel of
the screen of the liquid crystal display device.

[0173] In the conventional structure, since different sig-
nals were sent to every 8 (=2x4) NAND gate circuits 205-1
through 205-1024 (see FIG. 31), at least 8 (=2x4) control
lines were necessary for the NAND gate circuits 205-1
through 205-1024. This increased the number of control
lines for input to the vertical drive circuit 202, which
increased the surface area used for input pads, and since the
control lines themselves had to be conducted to the vertical
drive circuit 202, the surface area devoted thereto in the
circuit layout was also increased.

[0174] In contrast, in the present embodiment, by provid-
ing the AND gate circuits 31-1 through 31-256 (pulse width
reducing means), which reduce the pulse width of the pulse
signals from the half-bit scanning circuits 11-1 through
11-257, the second control terminals of every fourth NAND
gate circuit 15-1 through 15-1024 can be connected together.
Accordingly, there are four kinds of second control terminal,
or half as many as conventionally.

[0175] Further, lines are dispersed between the AND gate
circuits 31-1 through 31-256 and the NAND gate circuits
15-1 through 15-1024, thus preventing concentration of
control lines.

[0176] As aresult, it is possible to provide a liquid crystal
display device and a driving method therefor which use a
small number of driving signals, and which are capable of
improving production efficiency.

[0177] Further, in the liquid crystal display device and
driving method according to the present embodiment, in
particular, the pulse width reducing means are structured as
the AND gate circuits 31-1 through 31-256, each of which
receives the pulse outputted by one of the half-bit scanning
circuits 11-1 through 11-257 and one of two fourth control
signals H1 and H2 having a cycle of (2x4xT) and a pulse
width of 47T, each of which is the inverse of the other.

[0178] As a result, it is possible to provide with certainty
a liquid crystal display device and a driving method therefor
which use a small number of driving signals, and which are
capable of improving production efficiency.

[0179] Further, in the liquid crystal display device and
driving method according to the present embodiment, the
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clock signal CLK and the inverted clock signal /CLK are
used for the fourth control signals H1 and H2. For this
reason, there is no need to provide further control lines for
inputting the fourth control signals H1 and H2 to the vertical
drive circuit 30, nor to produce further signals in an external
circuit.

[0180] Inthe conventional structure, the number of control
lines for input to the vertical drive circuit 202 was increased,
which increased the surface area used for input pads, and
since the control lines themselves had to be conducted to the
vertical drive circuit 202, the surface area devoted thereto in
the circuit layout was also increased. However, in the
present embodiment, this can be prevented by using existing
control lines.

[0181] Accordingly, it is possible to provide a liquid
crystal display device and a driving method therefor which
use a small number of driving signals, and which are capable
of improving production efficiency.

[0182] [Fourth Embodiment]

[0183] The following will explain another embodiment of
the present invention with reference to FIGS. 8 and 9. For
ease of explanation, members having the same functions as
those shown in the drawings pertaining to the first through
third embodiments above will be given the same reference
symbols, and explanation thereof will be omitted here.

[0184] As shown in FIG. 8, a vertical drive circuit 40 of
a liquid crystal display device according to the present
embodiment is made up of half-bit scanning circuits 11-1
through 11-512, which sequentially shift a start pulse STa by
one-half pulse each in synchronization with a clock signal
CLK; NAND gate circuits 15-1 through 15-1024 (sixth logic
gate circuits), each of which receives signals PP1, PP2, . ..
, PP256 outputted by every other half-bit scanning circuit
11-1 through 11-512, and second control signals G1, G2, G3,
and G4; and output buffers 14, which receive signals out-
putted by the NAND gate circuits 15-1 through 15-1024, and
which output signals GP1, GP2, . . . , GP1024.

[0185] A characteristic feature of the vertical drive circuit
40 is that, by providing twice as many half-bit scanning
circuits 11-1 through 11-512 as in the first through third
embodiments above, and eliminating overlap of output
pulses by retrieving output from every other half-bit scan-
ning circuit 11-1 through 11-512; the number of control
signals for the NAND gate circuits 15-1 through 15-1024
can be reduced to half as many as conventionally.

[0186] A driving method for the liquid crystal display
device structured as above is explained in the timing chart in
FIG. 9, which shows sequential scanning.

[0187] First, if T is a scanning line selection period, a start
pulse STa having a pulse width of 4T and a clock signal CLK
and an inverse clock signal /CLK each having a cycle of 4T
are inputted to the half-bit scanning circuits 11-1 through
11-512. Then, by retrieving output from every other half-bit
scanning circuit 11-1 through 11-512, signals PP1 through
PP256, the pulses of which do not overlap with each other,
are produced.

[0188] Next, the signals PP1 through PP256 are sent to the
NAND gate circuits 15-1 through 15-1024, and, as control
signals for the NAND gate circuits 15-1 through 15-1024,
four second control signals G1 through G4, shown in the
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Figure, are used. Accordingly, there are only half as many of
these control signals as in the conventional structure.

[0189] In this way, the respective signals outputted by the
NAND gate circuits 15-1 through 15-1024 and the respec-
tive signals GP1 through GP1024 outputted by the output
buffer circuits 14 include pulses having a pulse width of T
and phases sequentially shifted by T each. Thus the scanning
lines can be scanned in sequence.

[0190] As a result, reduction of the number of signal lines
can contribute to reduction of the size and cost of the liquid
crystal display device.

[0191] In this way, with the liquid crystal display device
and driving method according to the present embodiment,
when the (2x256) half-bit scanning circuits 11-1 through
11-512 of the vertical drive circuit 40 receive the start pulse
STa, the half-bit scanning circuits 11-1 through 11-512
produce pulse signals having phases sequentially shifted by
one-half of the cycle of the clock signal CLK, which is 4T.
Accordingly, the respective output signals PP1 through
PP256 retrieved from every other half-bit scanning circuit
11-1 through 11-512 are sequentially shifted by one cycle
each.

[0192] These pulse signals are sent to the first control
terminals of the (256x4=1,024) NAND gate circuits 15-1
through 15-1024.

[0193] Here, of the (256x4=1,024) NAND gate circuits
15-1 through 15-1024, the first control terminals of every
four adjacent NAND gate circuits 15-1 through 15-1024 are
connected together. Thus the pulse outputted by every other
half-bit scanning circuit 11-1, 11-3, 11-5, 11-511 is sent to
four NAND gate circuits 15-1 through 15-4, 15-5 through
15-8, . . ., 15-1021 through 15-1024.

[0194] Further, the second control terminals of every four
adjacent NAND gate circuits 15-1 through 15-1024 receive
different respective second control signals G1 through G4 as
additional inputs. Each of the second control signals G1
through G4 is made up of pulses having a cycle of 4T and
a pulse width of T.

[0195] Consequently, the NAND gate circuits 15-1
through 15-1024 and the output buffers 14 output signals
having a pulse width of T.

[0196] Accordingly, by sending these signals of pulse
width T to the scanning lines in sequence, in combination
with signals sent to the signal lines by the horizontal drive
circuit 2, each TFT of the active matrix array 1 can be
ON/OFF controlled, thus performing display in each pixel of
the screen of the liquid crystal display device.

[0197] In the conventional structure, since different sig-
nals were sent to every 8 (=2x4) NAND gate circuits 205-1
through 205-1024 (see FIG. 31), at least 8 (=2x4) control
lines were necessary for the NAND gate circuits 205-1
through 205-1024. This increased the number of control
lines for input to the vertical drive circuit 202, which
increased the surface area used for input pads, and since the
control lines themselves had to be conducted to the vertical
drive circuit 202, the surface area devoted thereto in the
circuit layout was also increased.

[0198] However, in the present embodiment, there are
(2x256) half-bit scanning circuits 11-1 through 11-512,



US 2002/0163493 Al

which sequentially shift an inputted start pulse STa by
one-half of the cycle of the clock signal CLK, and output is
retrieved from every other half-bit scanning circuit 11-1,
11-3,11-5, . . ., 11-511. Consequently, the respective output
signals PP1 through PP256 are sequentially shifted by one
cycle each.

[0199] As a result, it is possible to connect the second
control terminals of every fourth NAND gate circuit 15-1
through 15-1024. Accordingly, there are four kinds of sec-
ond control terminal, or half as many as conventionally.

[0200] As aresult, it is possible to provide a liquid crystal
display device and a driving method therefor which use a
small number of driving signals, and which are capable of
improving production efficiency.

[0201] [Fifth Embodiment]

[0202] The following will explain another embodiment of
the present invention with reference to FIGS. 10 and 11. For
ease of explanation, members having the same functions as
those shown in the drawings pertaining to the first through
fourth embodiments above will be given the same reference
symbols, and explanation thereof will be omitted here.

[0203] In each of the first through fourth embodiments
above, the output signal of each scanning circuit was used to
drive four scanning lines, but the present embodiment
explains a case in which the output signal of each scanning
circuit is used to drive two scanning lines.

[0204] As shown in FIG. 10, a vertical drive circuit 50 of
a liquid crystal display device according to the present
embodiment is made up of half-bit scanning circuits 11-P
and 11-1 through 11-513, which sequentially shift a start
pulse STa by one-half pulse each in synchronization with a
clock signal CLK; AND gate circuits 51-1 through 51-512
(seventh logic gate circuits), each of which receives a pair of
signals Q1 and P1, P1 and P2, . . ., P511 and P512 outputted
by the half-bit scanning circuits 11-P and 11-1 through
11-513; NAND gate circuits 15-1 through 15-1024, which
receive signals GPP1, GPP2, . . . , GPP512 outputted by the
AND gate circuits 51-1 through 51-512, and second control
signals G1 and G2; and output buffers 14, which receive
signals outputted by the NAND gate circuits 15-1 through
15-1024, and which output signals GP1, GP2, . . ., GP1024.

[0205] In other words, the vertical drive circuit 50 accord-
ing to the present embodiment is similar to the vertical drive
circuit 20 discussed in the second embodiment above,
except that the number of AND gate circuits 21-1 through
21-256 and output signals GPP1 through GPP256 in the
vertical drive circuit 20 shown in FIG. 4 are each doubled
to 512 in the vertical drive circuit S0 in the present embodi-
ment.

[0206] A characteristic feature of the vertical drive circuit
50 is that, by providing the AND gate circuits 51-1 through
51-512, the number of control signals for the NAND gate
circuits 15-1 through 15-1024 can be reduced to half as
many as conventionally. Further, each AND gate circuit 51-1
through 51-512 receives signals outputted by two adjacent
half-bit scanning circuits 11-P and 11-1 through 11-513.
Since the AND gate circuits 51-1 through 51-512 must
provide 512 output signals, an extra half-bit scanning circuit
11-P is provided before the half-bit scanning circuit 11-1.
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Incidentally, the extra half-bit scanning circuit 11-P may
instead be provided after the half-bit scanning circuit
11-513.

[0207] A driving method for the liquid crystal display
device structured as above is explained in the timing chart in
FIG. 11, which shows sequential scanning.

[0208] First, if T is a scanning line selection period, a start
pulse STa having a pulse width of 4T and a clock signal CLK
and an inverse clock signal /CLK each having a cycle of 4T
are inputted to the half-bit scanning circuits 11-P and 11-1
through 11-513.

[0209] As a result, the half-bit scanning circuits 11-P and
11-1 through 11-513 produce signals Q1 and P1 through
P512. Then, the signals Q1 and P1, P1 and P2, . . ., P511
and P512 outputted by each pair of adjacent half-bit scan-
ning circuits 11-P and 11-1 through 11-513 are sent to one
of the AND gate circuits 51-1 through 51-512, and the AND
gate circuits 51-1 through 51-512 output signals GPP1,
GPP2, . . ., GPP512 having a pulse width of half of that of
the pulses outputted by the half-bit scanning circuits 11-P
and 11-1 through 11-513.

[0210] Next, the signals GPP1 through GPP512 are sent to
the NAND gate circuits 15-1 through 15-1024, and, as
control signals for the NAND gate circuits 15-1 through
15-1024, two control signals G1 and G2, shown in the
Figure, are used.

[0211] The control signals G1 and G2 have a cycle of 2T,
and the inverse of the control signal G1 is used as the control
signal G2. Consequently, the number of signal input termi-
nals can be reduced by providing one input terminal for
input of the control signal G1, which is sent through an
inverter provided on the substrate to produce the control
signal G2.

[0212] In this way, the respective signals outputted by the
NAND gate circuits 15-1 through 15-1024 and the respec-
tive signals GP1 through GP1024 outputted by the output
buffer circuits 14 include pulses having a pulse width of T
and phases sequentially shifted by T each. Thus the scanning
lines can be scanned in sequence.

[0213] As a result, reduction of the number of signal lines
can contribute to reduction of the size and cost of the liquid
crystal display device.

[0214] As discussed above, with the liquid crystal display
device and driving method according to the present embodi-
ment, the structure of the vertical drive circuit 20 of the
second embodiment above (see FIG. 4), in which each of the
AND gate circuits 21-1 through 21-256 receives pulses
outputted by a pair of adjacent half-bit scanning circuits 11-P
and 11-1 through 11-257, is combined with a structure in
which there are twice as many half-bit scanning circuits, i.e.,
the half-bit scanning circuits 11-P and 11-1 through 11-513.

[0215] As a result, such a combined structure is also able
to provide a liquid crystal display device and a driving
method therefor which use a small number of driving
signals, and which are capable of improving production
efficiency.

[0216] Incidentally, the first through fifth embodiments
above explained sequential scanning only, but the first
through fourth embodiments may also be applied to the
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cases of interlace scanning and two-line simultaneous scan-
ning. In the fifth embodiment, however, with a small number
of control signals, sequential scanning can be performed, but
the fifth embodiment cannot be applied to interlace scanning
and two-line simultaneous scanning. In other words, in the
fifth embodiment, these kinds of scanning are possible if
more than four control signals are used.

[0217] [Sixth Embodiment]

[0218] The following will explain another embodiment of
the present invention with reference to FIG. 12. For ease of
explanation, members having the same functions as those
shown in the drawings pertaining to the first through fifth
embodiments above will be given the same reference sym-
bols, and explanation thereof will be omitted here.

[0219] Each of the first through fifth embodiments above
explained sequential scanning, but the present and following
embodiments will explain interlace scanning or two-line
simultaneous scanning.

[0220] The present embodiment will explain interlace
scanning using the vertical drive circuit 10 according to the
first embodiment above, shown in FIG. 1.

[0221] Ininterlace scanning using the vertical drive circuit
10, as shown in FIG. 12, if T is a scanning line selection
period, a start pulse STa having a pulse width of 4T and a
clock signal CLK and an inverse clock signal /CLK each
having a cycle of 4T are inputted to the half-bit scanning
circuits 11-1 through 11-257.

[0222] As a result, the half-bit scanning circuits 11-1
through 11-257 produce signals P1, P2, . . . , P256. For the
control signals for the AND gate circuits 12-1 through
12-1024 (first logic gate circuits), four second control sig-
nals G1 through G4, shown in the Figure, are used. Accord-
ingly, there are only half as many of these control signals as
in the conventional structure.

[0223] In the present embodiment, during an odd-number
field, a control signal with pulses having a cycle of 2T is
inputted for the second control signal G1, and a control
signal shifted by T from the second control signal G1 is
inputted for the second control signal G3. Further, during the
odd-number field, no control signals are inputted for the
second control signals G2 and G4.

[0224] Incidentally, in the present embodiment, as shown
in the Figure, pulses of the second control signals G1 and G3
are also produced during a blanking period immediately
following the video signal write period, but there is no
limitation to this; these pulses need not be produced during
the blanking period.

[0225] After receiving the signals P1 through P256 and the
second control signals G1 through G4, two output pulses
appear in each of the signals GPP1 through GPP1024
outputted by the AND gate circuits 12-1 through 12-1024
(first logic gate circuits), as shown in the Figure. These two
output pulses are sent to the NAND gate circuits 13-1
through 13-1024 (second logic gate circuits).

[0226] At this time, a third control signal PP1 is sent to the
NAND gate circuits 13-1 through 13-4, 13-9 through
13-12, . . ., which receive the output of the odd-numbered
half-bit scanning circuits 11-1, 11-3, 11-5 . . . , and a third
control signal PP2 is sent to the NAND gate circuits 13-5
through
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13-8, 13-13 through 13-16, which receive the output of the
even-numbered half-bit scanning circuits 11-2, 11-4,
11-6 . . ..

[0227] As the third control signal PP1, the clock signal
CLK inputted to the half-bit scanning circuits 11-1 through
11-257 may be used, and as the third control signal PP2, the
inverted clock signal /CLK may be used. Accordingly, there
is no need to produce further control signals, nor to provide
further input terminals for input of external signals.

[0228] In this way, during an odd-number field, the respec-
tive signals GP1, GP3, GP5, . . . , GP1023 outputted by the
output buffer circuits 14 include pulses having a pulse width
of T and phases sequentially shifted by T each. Thus the
odd-numbered scanning lines can be interlace scanned.

[0229] Further, although not shown in the Figure, during
an even-number field, the signals shown as the second
control signals G1 and G3 are inputted for the second control
signals G2 and G4, while no control signals are inputted for
the second control signals G1 and G3. Thus pulses having a
pulse width of T and phases sequentially shifted by T each
are produced in the respective signals GP2, GP4, GP6, . . .
, GP1024 outputted by the output buffer circuits 14 to the
even-numbered scanning lines.

[0230] In this way, in the present embodiment, interlace
scanning can be performed using the vertical drive circuit
10.

[0231] [Seventh Embodiment]

[0232] The following will explain another embodiment of
the present invention with reference to FIG. 13. For ease of
explanation, members having the same functions as those
shown in -the drawings pertaining to the first through sixth
embodiments above will be given the same reference sym-
bols, and explanation thereof will be omitted here.

[0233] The present embodiment will explain two-line
simultaneous scanning using the vertical drive circuit 10
according to the first embodiment above, shown in FIG. 1.

[0234] In two-line simultaneous scanning using the verti-
cal drive circuit 10, as shown in FIG. 13, if T is a scanning
line selection period, a start pulse STa having a pulse width
of 4T and a clock signal CLK and an inverse clock signal
/CLK each having a cycle of 4T are inputted to the half-bit
scanning circuits 11-1 through 11-257.

[0235] As a result, the half-bit scanning circuits 11-1
through 11-257 produce signals P1, P2, . . ., P256. For the
control signals for the AND gate circuits 12-1 through
12-1024 (first logic gate circuits), four second control sig-
nals G1 through G4, shown in the Figure, are used. Accord-
ingly, there are only half as many of these control signals as
in the conventional structure.

[0236] In the present embodiment, during an odd-number
field, a control signal with pulses having a cycle of 2T is
inputted for the second control signals G1 and G2, and a
control signal shifted by T from the second control signals
G1 and G2 is inputted for the second control signals G3 and
G4.

[0237] Incidentally, in the present embodiment, as shown
in the Figure, pulses of the second control signals G1
through G4 are also produced during a blanking period
immediately following the video signal write period, but
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there is no limitation to this; these pulses need not be
produced during the blanking period.

[0238] After receiving the signals P1 through P256 and the
second control signals G1 through G4, two output pulses
appear in each of the signals GPP1 through GPP1024
outputted by the AND gate circuits 12-1 through 12-1024
(first logic gate circuits), as shown in the Figure. These two
output pulses are sent to the NAND gate circuits 13-1
through 13-1024 (second logic gate circuits).

[0239] At this time, a third control signal PP1 is sent to the
NAND gate circuits 13-1 through 13-4, 13-9 through
13-12, . . ., which receive the output of the odd-numbered
half-bit scanning circuits 11-1, 11-3, 11-5 . . ., and a third
control signal PP2 is sent to the NAND gate circuits 13-5
through 13-8, 13-13 through 13-16, . which receive the
output of the even-numbered half-bit scanning circuits 11-2,
11-4,11-6 . . ..

[0240] As the third control signal PP1, the clock signal
CLK inputted into the half-bit scanning circuits 11-1 through
11-257 may be used, and as the third control signal PP2, the
inverted clock signal /CLK inputted into the half-bit scan-
ning circuits 11-1 through 11-257 may be used. Accordingly,
there is no need to produce further control signals, nor to
provide further input terminals for input of external signals.

[0241] In this way, during the odd number field, the
respective signals GP1, GP3, GPS, . . . , GP1023 outputted
by the output buffer circuits 14 include pulses having a pulse
width of T and phases sequentially shifted by T each, and
output signals GP2, GP4, GP6, . . . , GP1024, having the
same waveforms as the foregoing output signals GP1, GP3,
GPS, . . ., GP1023, respectively, are produced. In this way,
two scanning lines can be scanned simultaneously.

[0242] Further, although not shown in the Figure, during
an even-number field, the signals shown as the second
control signals G1 and G2 are inputted for the second control
signals G2 and G3, while the control signals shown as the
second control signals G3 and G4 are inputted for the second
control signals G4 and G1. Thus the respective signals GP2,
GP4, GP6, . . . , GP1024 outputted by the output buffer
circuits 14 to the even-numbered scanning lines include
pulses having a pulse width of T and phases sequentially
shifted by T each.

[0243] In this way, in the present embodiment, two-line
simultaneous scanning can be performed using the vertical
drive circuit 10.

[0244] [Eighth Embodiment]

[0245] The following will explain another embodiment of
the present invention with reference to FIG. 14. For ease of
explanation, members having the same functions as those
shown in the drawings pertaining to the first through seventh
embodiments above will be given the same reference sym-
bols, and explanation thereof will be omitted here.

[0246] The present embodiment will explain interlace
scanning using the vertical drive circuit 20 according to the
second embodiment above, shown in FIG. 4.

[0247] Ininterlace scanning using the vertical drive circuit
20, as shown in FIG. 14, if T is a scanning line selection
period, a start pulse STa having a pulse width of 4T and a
clock signal CLK and an inverse clock signal /CLK each
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having a cycle of 4T are inputted to the half-bit scanning
circuits 11-P and 11-1 through 11-257.

[0248] As a result, the half-bit scanning circuits 11-P and
11-1 through 11-257 produce signals Q1, P1, P2, . . ., P256.
Then, the signals Q1 and P1, P1 and P2, . . . , P255 and P256
outputted by each pair of adjacent half-bit scanning circuits
11-P and 11-1 through 11-257 are sent to one of the AND
gate circuits 21-1 through 21-256 (fourth logic gate circuits),
and the AND gate circuits 21-1 through 21-256 output
signals GPP1, GPP2, GPP256 having a pulse width of half
of that of the pulses outputted by the half-bit scanning
circuits 11-P and 11-1 through 11-257.

[0249] Next, the signals GPP1 through GPP256 are sent to
the NAND gate circuits 15-1 through 15-1024 (third logic
gate circuits), and, as control signals for the NAND gate
circuits 15-1 through 15-1024, four second control signals
G1 through G4, shown in the Figure, are used. Accordingly,
there are only half as many of these control signals as in the
conventional structure.

[0250] In the present embodiment, during an odd-number
field, a control signal with pulses having a cycle of 2T is
inputted for the second control signal G1, and a control
signal shifted by T from the second control signal G1 is
inputted for the second control signal G3. Further, during the
odd-number field, no control signals are inputted for the
second control signals G2 and G4.

[0251] In this way, the respective signals GP1, GP3,
GP5, . . ., GP1023 outputted by the output buffer circuits 14
include pulses having a pulse width of T and phases sequen-
tially shifted by T each. Thus the odd-numbered scanning
lines can be interlace scanned.

[0252] Further, although not shown in the Figure, during
an even-number field, the signals shown as the second
control signals G1 and G3 are inputted for the second control
signals G2 and G4, while no control signals are inputted for
the second control signals G1 and G3. Thus the respective
signals GP2, GP4, GP6, . . . , GP1024 outputted by the
output buffer circuits 14 to the even-numbered scanning
lines include pulses having a pulse width of T and phases
sequentially shifted by T each.

[0253] In this way, in the present embodiment, interlace
scanning can be performed using the vertical drive circuit
20.

[0254] [Ninth Embodiment]

[0255] The following will explain another embodiment of
the present invention with reference to FIG. 15. For ease of
explanation, members having the same functions as those
shown in the drawings pertaining to the first through eighth
embodiments above will be given the same reference sym-
bols, and explanation thereof will be omitted here.

[0256] The present embodiment will explain two-line
simultaneous scanning using the vertical drive circuit 20
according to the second embodiment above, shown in FIG.
4.

[0257] In two-line simultaneous scanning using the verti-
cal drive circuit 20, as shown in FIG. 15, if T is a scanning
line selection period, a start pulse STa having a pulse width
of 4T and a clock signal CLK and an inverse clock signal



US 2002/0163493 Al

/CLK each having a cycle of 4T are inputted to the half-bit
scanning circuits 11-P and 11-1 through 11-257.

[0258] As a result, the half-bit scanning circuits 11-P and
11-1 through 11-257 produce signals Q1, P1, P2, . . ., P256.
Then, the signals Q1 and P1, P1 and P2, . . . , P255 and P256
outputted by each pair of adjacent half-bit scanning circuits
11-P and 11-1 through 11-257 are sent to one of the AND
gate circuits 21-1 through 21-256 (fourth logic gate circuits),
and the AND gate circuits 21-1 through 21-256 output
signals GPP1, GPP2, .. . , GPP256 having a pulse width of
half of that of the pulses outputted by the half-bit scanning
circuits 11-P and 11-1 through 11-257.

[0259] Next, the signals GPP1 through GPP256 are sent to
the NAND gate circuits 15-1 through 15-1024 (third logic
gate circuits), and, as control signals for the NAND gate
circuits 15-1 through 15-1024, four second control signals
G1 through G4, shown in the Figure, are used. Accordingly,
there are only half as many of these control signals as in the
conventional structure.

[0260] In the present embodiment, during an odd-number
field, a control signal with pulses having a cycle of 2T is
inputted for the second control signals G1 and G2, and a
control signal shifted by T from the second control signals
G1 and G2 is inputted for the second control signals G3 and
G4.

[0261] In this way, during the odd number field, the
respective pairs of signals GP1 and GP2, GP3 and GP4, . . .,
GP1023 and GP1024 outputted by the output buffer circuits
14 include pulses having a pulse width of T and phases
sequentially shifted by T for each pair. Thus, two scanning
lines are scanned simultaneously.

[0262] Further, although not shown in the Figure, during
an even-number field, the signals shown as the second
control signals G1 and G2 are inputted for the second control
signals G2 and G3, while the control signals shown as the
second control signals G3 and G4 are inputted for the second
control signals G4 and G1. Thus the signal GP1 and the
respective pairs of signals GP2 and GP3, GP4 and GPS, . ..
outputted by the output buffer circuits 14 include pulses
having a pulse width of T and phases sequentially shifted by
T for each pair. Thus, two scanning lines are scanned
simultaneously.

[0263] In this way, in the present embodiment, two-line
simultaneous scanning can be performed using the vertical
drive circuit 20.

[0264] [Tenth Embodiment]

[0265] The following will explain another embodiment of
the present invention with reference to FIG. 16. For ease of
explanation, members having the same functions as those
shown in the drawings pertaining to the first through ninth
embodiments above will be given the same reference sym-
bols, and explanation thereof will be omitted here.

[0266] The present embodiment will explain interlace
scanning using the vertical drive circuit 30 according to the
third embodiment above, shown in FIG. 6.

[0267] Ininterlace scanning using the vertical drive circuit
30, as shown in FIG. 16, if T is a scanning line selection
period, a start pulse STa having a pulse width of 4T and a
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clock signal CLK and an inverse clock signal /CLK each
having a cycle of 4T are inputted to the half-bit scanning
circuits 11-1 through 11-257.

[0268] As a result, the half-bit scanning circuits 11-1
through 11-257 produce signals P1, P2, . . . , P256. Then the
signals P1, P2, . . ., P256 are sent to the AND gate circuits
31-1 through 31-256 (fifth logic gate circuits), each of which
also receives either a fourth control signal H1 or a fourth
control signal H2. Then the AND gate circuits 31-1 through
31-256 output signals PP1, PP2, . . ., PP256 having a pulse
width of half of that of the pulses outputted by the half-bit
scanning circuits 11-1 through 11-257.

[0269] Next, the signals PP1 through PP256 are sent to the
NAND gate circuits 15-1 through 15-1024, and, as control
signals for the NAND gate circuits 15-1 through 15-1024,
four second control signals G1 through G4, shown in the
Figure, are used. Accordingly, there are only half as many of
these control signals as in the conventional structure.

[0270] In the present embodiment, during an odd-number
field, a control signal with pulses having a cycle of 2T is
inputted for the second control signal G1, and a control
signal shifted by T from the second control signal G1 is
inputted for the second control signal G3. Further, during the
odd-number field, no control signals are inputted for the
second control signals G2 and G4.

[0271] In this way, during the odd-number field, the
respective signals GP1, GP3, GPS, . . . , GP1023 outputted
by the output buffer circuits 14 include pulses having a pulse
width of T and phases sequentially shifted by T each. Thus
the odd-numbered scanning lines can be interlace scanned.

[0272] Further, although not shown in the Figure, during
an even-number field, the signals shown as the second
control signals G1 and G3 are inputted for the second control
signals G2 and G4, while no control signals are inputted for
the second control signals G1 and G3. Thus the respective
signals GP2, GP4, GP6, . . . , GP1024 outputted by the
output buffer circuits 14 to the even-numbered scanning
lines include pulses having a pulse width of T and phases
sequentially shifted by T each.

[0273] In this way, in the present embodiment, interlace
scanning can be performed using the vertical drive circuit
30.

[0274] [Eleventh Embodiment]

[0275] The following will explain another embodiment of
the present invention with reference to FIG. 17. For ease of
explanation, members having the same functions as those
shown in the drawings pertaining to the first through tenth
embodiments above will be given the same reference sym-
bols, and explanation thereof will be omitted here.

[0276] The present embodiment will explain two-line
simultaneous scanning using the vertical drive circuit 30
according to the third embodiment above, shown in FIG. 6.

[0277] In two-line simultaneous scanning using the verti-
cal drive circuit 30, as shown in FIG. 17, if T is a scanning
line selection period, a start pulse STa having a pulse width
of 4T and a clock signal CLK and an inverse clock signal
/CLK each having a cycle of 4T are inputted to the half-bit
scanning circuits 11-1 through 11-257.
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[0278] As a result, the half-bit scanning circuits 11-1
through 11-257 produce signals P1, P2, . . ., P256. Then the
signals P1, P2, . . ., P256 are sent to the AND gate circuits
31-1 through 31-256 (fifth logic gate circuits), each of which
also receives either a fourth control signal H1 or a fourth
control signal H2. Then the AND gate circuits 31-1 through
31-256 output signals PP1, PP2, . . ., PP256 having a pulse
width of half of that of the pulses outputted by the half-bit
scanning circuits 11-1 through 11-257.

[0279] Next, the signals PP1 through PP256 are sent to the
NAND gate circuits 15-1 through 15-1024, and, as control
signals for the NAND gate circuits 15-1 through 15-1024,
four second control signals G1 through G4, shown in the
Figure, are used. Accordingly, there are only half as many of
these control signals as in the conventional structure.

[0280] In the present embodiment, during an odd-number
field, a control signal with pulses having a cycle of 2T is
inputted for the second control signals G1 and G2, and a
control signal shifted by T from the second control signals
G1 and G2 is inputted for the second control signals G3 and
G4.

[0281] In this way, during the odd number field, the
respective pairs of signals GP1 and GP2, GP3 and GP4,
GP1023 and GP1024 outputted by the output buffer circuits
14 include pulses having a pulse width of T and phases
shifted by T for each pair. Thus, two scanning lines are
scanned simultaneously.

[0282] Further, although not shown in the Figure, during
an even-number field, the signals shown as the second
control signals G1 and G2 are inputted for the second control
signals G2 and G3, while the control signals shown as the
second control signals G3 and G4 are inputted for the second
control signals G4 and G1. Thus the signal GP1 and the
respective pairs of signals GP2 and GP3, GP4 and GP5, . .
. outputted by the output buffer circuits 14 include pulses
having a pulse width of T and phases sequentially shifted by
T for each pair. Thus, two scanning lines are scanned
simultaneously.

[0283] In this way, in the present embodiment, interlace
scanning can be performed using the vertical drive circuit
30.

[0284] [Twelfth Embodiment]

[0285] The following will explain another embodiment of
the present invention with reference to FIG. 18. For ease of
explanation, members having the same functions as those
shown in the drawings pertaining to the first through elev-
enth embodiments above will be given the same reference
symbols, and explanation thereof will be omitted here.

[0286] The present embodiment will explain interlace
scanning using the vertical drive circuit 40 according to the
fourth embodiment above, shown in FIG. 8.

[0287] Ininterlace scanning using the vertical drive circuit
40, as shown in FIG. 18, if T is a scanning line selection
period, a start pulse STa having a pulse width of 2T and a
clock signal CLK and an inverse clock signal /CLK each
having a cycle of 2T are inputted to the half-bit scanning
circuits 11-1 through 11-512.

[0288] Here, by retrieving the output of every other half-
bit scanning circuit 11-1 through 11-512, signals PP1, PP2,
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..., PP256, the pulses of which do not overlap with each
other, are produced. Then the signals PP1, PP2, . . ., PP256
are sent to the NAND gate circuits 15-1 through 15-1024
(sixth logic gate circuits), and, as control signals for the
NAND gate circuits 15-1 through 15-1024, four second
control signals G1 through G4, shown in the Figure, are
used. Accordingly, there are only half as many of these
control signals as in the conventional structure.

[0289] In the present embodiment, during an odd-number
field, a control signal with pulses having a cycle of 2T is
inputted for the second control signal G1, and a control
signal shifted by T from the second control signal G1 is
inputted for the second control signal G3. Further, during the
odd-number field, no control signals are inputted for the
second control signals G2 and G4.

[0290] In this way, during the odd-number field, the
respective signals GP1, GP3, GPS, . . . , GP1023 outputted
by the output buffer circuits 14 include pulses having a pulse
width of T and phases sequentially shifted by T each. Thus
the odd-numbered scanning lines can be interlace scanned.

[0291] Further, although not shown in the Figure, during
an even-number field, the signals shown as the second
control signals G1 and G3 are inputted for the second control
signals G2 and G4, while no control signals are inputted for
the second control signals G1 and G3. Thus the respective
signals GP2, GP4, GP6, . . . , GP1024 outputted by the
output buffer circuits 14 to the even-numbered scanning
lines include pulses having a pulse width of T and phases
sequentially shifted by T each.

[0292] 1In this way, in the present embodiment, interlace
scanning can be performed using the vertical drive circuit
40.

[0293] [Thirteenth Embodiment]

[0294] The following will explain another embodiment of
the present invention with reference to FIG. 19. For ease of
explanation, members having the same functions as those
shown in the drawings pertaining to the first through twelfth
embodiments above will be given the same reference sym-
bols, and explanation thereof will be omitted here.

[0295] The present embodiment will explain two-line
simultaneous scanning using the vertical drive circuit 40
according to the fourth embodiment above, shown in FIG.

8.

[0296] In two-line simultaneous scanning using the verti-
cal drive circuit 40, as shown in FIG. 19, if T is a scanning
line selection period, a start pulse STa having a pulse width
of 2T and a clock signal CLK and an inverse clock signal
/CLK each having a cycle of 2T are inputted to the half-bit
scanning circuits 11-1 through 11-512.

[0297] Here, by retrieving the output of every other half-
bit scanning circuit 11-1 through 11-512, signals PP1, PP2,
..., PP256, the pulses of which do not overlap with each
other, are produced. Then the signals PP1, PP2, PP256 are
sent to the NAND gate circuits 15-1 through 15-1024 (sixth
logic gate circuits), and, as control signals for the NAND
gate circuits 15-1 through 15-1024, four second control
signals G1 through G4, shown in the Figure, are used.
Accordingly, there are only half as many of these control
signals as in the conventional structure.
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[0298] In the present embodiment, during an odd-number
field, a control signal with pulses having a cycle of 2T is
inputted for the second control signals G1 and G2, and a
control signal shifted by T from the second control signals
G1 and G2 is inputted for the second control signals G3 and
G4.

[0299] In this way, during the odd number field, the
respective pairs of signals GP1 and GP2, GP3 and GP4, . .
. GP1023 and GP1024 outputted by the output buffer circuits
14 include pulses having a pulse width of T and phases
sequentially shifted by T each. Thus, two scanning lines are
scanned simultaneously.

[0300] Further, although not shown in the Figure, during
an even-number field, the signals shown as the second
control signals G1 and G2 are inputted for the second control
signals G2 and G3, while the control signals shown as the
second control signals G3 and G4 are inputted for the second
control signals G4 and G1. Thus the signal GP1 and the
respective pairs of signals GP2 and GP3, GP4 and GP5, . .
. outputted by the output buffer circuits 14 include pulses
having a pulse width of T and phases sequentially shifted by
T for each pair. Thus, two scanning lines are scanned
simultaneously.

[0301] In this way, in the present embodiment, interlace
scanning can be performed using the vertical drive circuit
40.

[0302] Incidentally, in each of the first through thirteenth
embodiments above, the scanning line selection period was
expressed as T, but it goes without saying that T varies
according to the number of scanning lines, the scanning
method, etc.

[0303] Further, in each of the first through thirteenth
embodiments above, the logic gate circuits used were the
AND gate circuits 12, 21, and 31 and the NAND gate
circuits 15, but there is no limitation to this, and other logic
gate circuits may be used instead. For example, instead of
the AND gate circuits 12,21, and 31, NOR gate circuits may
be used. In this case, as the signals sent to the NOR gate
circuits, it is sufficient to use signals which are the inverse
of the respective signals sent to the AND gate circuits 12, 21,
and 31. The present invention is also applicable to cases in
which other logic gate circuits are used.

[0304] [Fourteenth Embodiment]

[0305] The following will explain another embodiment of
the present invention with reference to FIGS. 20 through
22.

[0306] In the present embodiment, the liquid crystal dis-
play device used is of the active matrix type. As shown in
FIG. 22, this liquid crystal display device includes an active
matrix array 101 made up of TFTs (switching elements), one
provided at each intersection between scanning lines and
signal lines, a horizontal drive circuit 102 for driving the
signal lines, and a vertical drive circuit 110 for driving the
scanning lines. In the liquid crystal display device according
to the present embodiment, there are 1,280 signal lines, but
the number of signal lines is not necessarily limited to this.

[0307] As shown in FIG. 20, the horizontal drive circuit
102 (driving means) of the foregoing liquid crystal display
device is made up of a plurality of scanning circuits 111-1
through 111-21 having a half-bit structure (hereinafter
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referred to as “half-bit scanning circuits™), which sequen-
tially shift a start pulse STa by one-half pulse each in
synchronization with a clock signal CLK; AND gate circuits
112-1 through 112-80 (first logic gate circuits), which
receive signals P1, P2, . . . | P20 outputted by the half-bit
scanning circuits 111-1 through 111-21; NAND gate circuits
113-1 through 113-80 (sccond logic gate circuits), which
receive signals SPP1, SPP2, . . ., SPP80 outputted by the
AND gate circuits 112-1 through 112-80; and output buffers
114, which receive signals outputted by the NAND gate
circuits 113-1 through 113-80, and which output signals
SP1, SP2, . . ., SP80. In the present embodiment, each
NAND gate circuit 113-1 through 113-80 and the output
buffer 114 connected thereto collectively make up each
second logic gate circuit. Further, the signal outputted by
each output buffer 114 is sent to 16 sample holding switches,
as in the conventional structure. In the present and following
embodiments, the horizontal drive circuit includes a sample
holding switch section 100 made up of a plurality of sample
holding switches and a plurality of sample holding capaci-
tances. The sample holding switches and sample holding
capacitances of the sample holding switch section 100 are
equivalent in structure and function to the sample holding
switches 308 and the sample holding capacitances 309 of the
conventional example discussed above, and accordingly
further explanation thereof will be omitted here.

[0308] There are 20 half-bit scanning circuits 111-1
through 111-21 (here, N=20, N being a positive integer) plus
an additional scanning circuit 111-21. The final half-bit
scanning circuit 111-21 functions as a terminating set, and
output is not retrieved therefrom.

[0309] To the half-bit scanning circuit 111-1 are inputted
the start pulse STa, the clock signal CLK, and an inverted
clock signal /CLK.

[0310] Each of the AND gate circuits 112-1 through
112-80 is provided with a first control terminal and a second
control terminal as input terminals.

[0311] The first control terminals of every four (here,
M=4, M being an integer no less than 2) adjacent AND gate
circuits 112-1 through 112-80 are connected together, and
each group of four interconnected first control terminals is
connected to an output terminal of one of the half-bit
scanning circuits 111-1 through 111-21. As a result, each of
the signals P1, P2, . . . , P20 outputted by the half-bit
scanning circuits 111-1 through 111-21, respectively, is sent
to the first control terminals of four adjacent AND gate
circuits 112-1 through 112-80.

[0312] There are 80, or 20x4 (NxM) AND gate circuits
112-1 through 112-80. These 80 outputs are later sent to the
sample holding switches.

[0313] Further, the second control terminal of each AND
gate circuit 112-1 through 112-80 receives an external
second control signal S1, S2, S3, or S4.

[0314] In other words, the second control terminals of
every M AND gate circuits 112-1 through 112-80 generally
receive M kinds of signal, and since M=4 in the present
embodiment, every four adjacent AND gate circuits 112-1
through 112-20 receive the second control signals S1, S2,
S3, and S4, respectively. In other words, every fourth AND
gate circuit 112-1 through 112-20 receives the same second
control signal. Further, the second control terminals receiv-
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ing the second control signal Si are connected together, those
receiving the second control signal S2 are connected
together, those receiving the second control signal S3 are
connected together, and those receiving the second control
signal S4 are connected together.

[0315] The NAND gate circuits 113-1 through 113-80
receive signals SPP1, SPP2, . . ., SPP80 outputted by the
AND gate circuits 112-1 through 112-80, respectively, and
each also receives one of two third control signals PP1 and
PP2.

[0316] Inthe present embodiment, the third control signals
PP1 and PP2 are sent to alternating groups of four adjacent
NAND gate circuits 113-1 through 113-80. In other words,
the first four adjacent NAND gate circuits 113-1 through
113-4 receive the third control signal PP1, and the second
four adjacent NAND gate circuits 113-5 through 113-8
receive the third control signal PP2. The next four adjacent
NAND gate circuits 113-9 through 113-12 receive the third
control signal PP1, and the next four adjacent NAND gate
circuits 113-13 through 113-16 receive the third control
signal PP2. Thereafter, groups of four adjacent NAND gate
circuits 113 receiving the third control signal PP1 alternate
with groups of four adjacent NAND gate circuits 113
receiving the third control signal PP2.

[0317] Signals outputted by the NAND gate circuits 113-1
through 113-80 are inverted by the output buffer circuits 114
and outputted to the sample holding switches as signals SP1,
SP2, ..., SP80.

[0318] In the horizontal drive circuit 102, by replacing the
NAND gate circuits 801-1 through 801-80 shown in FIG. 33
with a combination of the AND gate circuits 112-1 through
112-80 and the NAND gate circuits 113-1 through 113-80,
the number of control signals for the AND gate circuits
112-1 through 112-80 can be reduced to half as many as
conventionally. Incidentally, the present embodiment uses a
combination of the AND gate circuits 112-1 through 112-80
and the NAND gate circuits 113-1 through 113-80, but there
is no limitation to this structure. Any circuit structure may be
used which fulfills an equivalent function.

[0319] A driving method for the liquid crystal display
device structured as above is explained in the timing chart
for scanning shown in FIG. 21.

[0320] First, if T is a period for sampling 16 signal lines,
a start pulse STa having a pulse width of 8T and a clock
signal CLK and an inverse clock signal /CLK each having
a cycle of 8T are inputted to the half-bit scanning circuits
111-1 through 111-21. As a result, the half-bit scanning
circuits 111-1 through 111-21 produce signals P1 through
P20.

[0321] At this time, in the present embodiment, four
second control signals S1 through S4, shown in the Figure,
are used as control signals for the AND gate circuits 112-1
through 112-80. Accordingly, there are only half as many of
these control signals as in the conventional structure.

[0322] Incidentally, in the present embodiment, as shown
in the Figure, pulses of the second control signals S1 through
S4 are also produced during a blanking period immediately
following the video signal write period, but there is no
limitation to this; these pulses need not be produced during
the blanking period.
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[0323] After receiving the signals P1 through P20 and the
second control signals S1 through S4, two output pulses
appear in each of the signals SPP1 through SPP80 outputted
by the AND gate circuits 112-1 through 112-80, as shown in
the Figure. These two output pulses are sent to the NAND
gate circuits 113-1 through 113-80. At this time, a third
control signal PP1 is sent to the NAND gate circuits 113-1
through 113-4, 113-9 through 113-12, . . ., which receive the
output of the odd-numbered half-bit scanning circuits 111-1,
111-3, 111-5 . . ., and a third control signal PP2 is sent to
the NAND gate circuits 113-5 through 113-8, 113-13
through 113-16, . . . , which receive the output of the
even-numbered half-bit scanning circuits 111-2, 111-4,
111-6 .. ..

[0324] As the third control signal PP1, the clock signal
CLK inputted into the half-bit scanning circuits 111-1
through 111-21 may be used, and as the third control signal
PP2, the inverted clock signal /CLK may be used. For this
reason, there is no need to produce further control signals,
nor to provide further input terminals for input of external
signals.

[0325] In this way, the respective signals SP1 through
SP80 outputted by the output buffer circuits 114 include
pulses having a pulse width of T and phases sequentially
shifted by T each. Each of the signals SP1 through SP80 is
sent to a plurality of sample holding switches. Then, video
signals sampled by the sample holding switches are sent to
the signal lines sequentially as output signals SL1, SL2, . .
., SL1280.

[0326] By means of the signals SL.1, SL.2, . . ., SL.1280
outputted by the horizontal drive circuit 102, and signals
outputted by the vertical drive circuit 110 to the respective
scanning lines, an ON/OFF signal can be supplied to the
TFT provided at each intersection of the scanning lines and
signal lines of the active matrix array 101, and thus display
can be performed in each pixel of the screen of the liquid
crystal display device.

[0327] As a result, reduction of the number of signal lines
can contribute to reduction of the size and cost of the liquid
crystal display device.

[0328] In this way, with the liquid crystal display device
and driving method according to the present embodiments,
when the 20 half-bit scanning circuits 111-1 through 111-21
of the horizontal drive circuit 102 receive the start pulse STa,
the half-bit scanning circuits 111-1 through 111-21 output
the signals P1, P2, . . ., P20, which are pulse signals having
phases sequentially shifted by one-half of the cycle of the
clock signal CLK, which is (2x4xT).

[0329] These pulse signals are sent to the first control
terminals of the AND gate circuits 112-1 through 112-80,
which are (20x4) in number.

[0330] Here, of the (20x4=80) AND gate circuits 112-1
through 112-80, the first control terminals of every four
adjacent AND gate circuits 112-1 through 112-80 are con-
nected together. Thus the pulse signal outputted by each of
the half-bit scanning circuits 111-1 through 111-21 is sent to
four AND gate circuits 112-1 through 112-4, 112-5 through
112-8, . . ., 112-77 through 112-80.

[0331] Further, the second control terminals of every four
adjacent AND gate circuits 112-1 through 112-80 receive
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different respective second control signals S1 through S4 as
additional inputs. Each of the second control signals S1
through S4 is made up of pulses having a cycle of 4T and a
pulse width of T.

[0332] Consequently, each of the AND gate circuits 112-1
through 112-80 produces two pulses having a pulse width of
T, produced ((4—1)xT) apart from each other.

[0333] Next, each of the NAND gate circuits 113-1
through 113-80 receives the foregoing two pulses and one of
two third control signals PP1 and PP2, each of which is
made up of pulses the inverse of the other, and then the
NAND gate circuits 113-1 through 113-80 and the output
buffers 114 output signals having a pulse width of T.

[0334] Accordingly, by sending these signals of pulse
width T in sequence to the sample holding switches, in
combination with signals sent to the signal lines by the
vertical drive circuit 110, each TFT of the active matrix array
101 can be ON/OFF controlled, thus performing display in
each pixel of the screen of the liquid crystal display device.

[0335] In the conventional structure, since different sig-
nals were sent to every 8 (=2x4) NAND gate circuits 801-1
through 801-80 (see FIG. 33), at least 8 (=2x4) control lines
were necessary for the NAND gate circuits 801-1 through
801-80. This increased the number of control lines for input
to the horizontal drive circuit 303, which increased the
surface area used for input pads, and since the control lines
themselves had to be conducted to the horizontal drive
circuit 303, the surface arca devoted thereto in the circuit
layout was also increased.

[0336] However, in the present embodiment, the control
signals inputted to the horizontal drive circuit 102 are the
start pulse STa, the clock signal CLK, and the inverted clock
signal /CLK inputted to the first half-bit scanning circuit
111-1; the four second control signals S1 through S4 sent to
the 80 (=20x4) AND gate circuits 112-1 through 112-80; and
the two third control signals PP1 and PP2 sent to the NAND
gate circuits 113-1 through 113-80. In other words, the
second control terminals of every fourth AND gate circuit
112-1 through 112-80 are connected together. For this rea-
son, there are four kinds of second control terminal, or half
as many as conventionally.

[0337] Further, lines are dispersed between the AND gate
circuits 112-1 through 112-80 and the NAND gate circuits
113-1 through 113-80, thus preventing concentration of
control lines.

[0338] As aresult, it is possible to provide a liquid crystal
display device which is operated by a small number of
driving signals, and which is capable of improving produc-
tion efficiency.

[0339] Further, in the present embodiment, the clock sig-
nal CLK and the inverted clock signal /CLK are used for the
third control signals PP1 and PP2. For this reason, there is
no need to provide further control lines for inputting the
control signals to the horizontal drive circuit 102.

[0340] Inthe conventional structure, the number of control
lines for input to the horizontal drive circuit 303 was
increased, which increased the surface area used for input
pads, and since the control lines themselves had to be
conducted to the horizontal drive circuit 303, the surface
area devoted thereto in the circuit layout was also increased.
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However, in the present embodiment, this can be prevented
by using existing control lines.

[0341] Accordingly, it is possible to provide a liquid
crystal display device and a driving method therefor which
use a small number of driving signals, and which are capable
of improving production efficiency.

[0342] [Fifteenth Embodiment]

[0343] The following will explain another embodiment of
the present invention with reference to FIGS. 23 and 24. For
ease of explanation, members having the same functions as
those shown in the drawings pertaining to the fourteenth
embodiment above will be given the same reference sym-
bols, and explanation thereof will be omitted here.

[0344] As shown in FIG. 23, a horizontal drive circuit 120
of a liquid crystal display device according to the present
embodiment is made up of half-bit scanning circuits 111-P
and 111-1 through 111-21, which sequentially shift a start
pulse STa by one-half pulse each in synchronization with a
clock signal CLK; AND gate circuits 121-1 through 121-20
(fourth logic gate circuits), each of which receives a pair of
signals Q1 and P1, P1 and P2, . . . , P19 and P20 outputted
by the half-bit scanning circuits 111-P and 111-1 through
111-21; NAND gate circuits 115-1 through 115-80 (third log
¢ gate circuits), which receive signals SPP1, SPP2, SPP20
outputted by the AND gate circuits 121-1 through 121-20,
and second control signals S1, S2, S3, and S4; and output
buffers 114, which receive signals outputted by the NAND
gate circuits 115-1 through 115-80, and which output signals
SP1, SP2, . . ., SP-80.

[0345] In the present embodiment, each NAND gate cir-
cuit 115-1 through 115-80 and the output buffer 114 con-
nected thereto collectively make up each third logic gate
circuit.

[0346] Further, the AND gate circuits 121-1 through 121-
20, each of which receives pulses outputted by two adjacent
scanning circuits of the extra half-bit scanning circuit 11-P
and the 20 half-bit scanning circuits 111-1 through 111-21,
function as pulse width reducing means, which reduce the
respective pulse widths of the pulses outputted by the
half-bit scanning circuits 111-P and 111-1 through 111-21.

[0347] A characteristic feature of the horizontal drive
circuit 120 is that, by providing the AND gate circuits 121-1
through 121-21 between the half-bit scanning circuits 111-P
and 111-1 through 111-21 and the NAND gate circuits 115-1
through 115-80, the number of second control signals can be
reduced to the four second control signals S1 through S4,
half as many as conventionally.

[0348] Further, cach AND gate circuit 121-1 through
121-20 receives signals outputted by two adjacent half-bit
scanning circuits 111-P and 111-1 through 111-21. Since the
AND gate circuits 121-1 through 121-20 must provide 20
output signals, an extra half-bit scanning circuit 111-P is
provided before the half-bit scanning circuit 111-1. Inciden-
tally, the extra half-bit scanning circuit 111-P may instead be
provided after the half-bit scanning circuit 111-21.

[0349] A driving method for the liquid crystal display
device structured as above is explained in the timing chart
for scanning shown in FIG. 24.

[0350] First, if T is a period for sampling 16 signal lines,
a start pulse STa having a pulse width of 8T and a clock
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signal CLK and an inverse clock signal /CLK each having
a cycle of 8T are inputted to the half-bit scanning circuits
111-P and 111-1 through 111-21.

[0351] As aresult, the half-bit scanning circuits 111-P and
111-1 through 111-21 produce signals Q1 and P1 through
P20. Then, the signals Q1 and P1, P1 and P2, P19 and P20
outputted by each pair of adjacent half-bit scanning circuits
111-P and 111-1 through 111-21 are sent to one of the AND
gate circuits 121-1 through 121-20, and the AND gate
circuits 121-1 through 121-20 output signals SPP1, SPP2, .
.., SPP20 having a pulse width of 4T, which is half of that
of the pulses outputted by the half-bit scanning circuits
111-P and 111-1 through 111-21.

[0352] Next, the signals SPP1 through SPP20 are sent to
the NAND gate circuits 115-1 through 115-80, and, as
control signals for the NAND gate circuits 115-1 through
115-80, four second control signals S1 through S4, shown in
the Figure, are used. Accordingly, there are only half as
many of these control signals as in the conventional struc-
ture.

[0353] In this way, pulses having a pulse width of T and
phases sequentially shifted by T each are produced in the
respective signals SP1 through SP80 outputted by the output
buffer circuits 114. Each of the signals SP1 through SP80 is
sent to a plurality of sample holding switches.

[0354] As a result, reduction of the number of signal lines
can contribute to reduction of the size and cost of the liquid
crystal display device.

[0355] In this way, with the liquid crystal display device
and driving method according to the present embodiment,
when the extra half-bit scanning circuit 111-P and the 20
half-bit scanning circuits 111-1 through 111-21 of the hori-
zontal drive circuit 120 receive the start pulse STa, the
half-bit scanning circuits 111-P and 111-1 through 111-21
output the signals Q1, P1, P2, . . . , P20, which are pulse
signals having phases sequentially shifted by one-half of the
cycle of the clock signal CLK, which is (2x4xT).

[0356] These pulse signals are sent to the AND gate
circuits 121-1 through 121-20 (pulse width reducing means),
which reduce the pulse width of the pulse signals from the
half-bit scanning circuits 111-P and 111-1 through 111-21,
thereby producing pulses having a pulse width of 4T.

[0357] The pulses outputted by the AND gate circuits
121-1 through 121-20 are sent to the first control terminals
of the (20x4=80) NAND gate circuits 115-1 through 115-80.

[0358] Here, of the (20x4=80) NAND gate circuits 115-1
through 115-80, the first control terminals of every four
adjacent NAND gate circuits 115-1 through 115-80 are
connected together. Thus the pulse outputted by each AND
gate circuit 121-1 through 121-20 is sent to four NAND gate
circuits 115-1 through 115-4, 115-5 through 115-8, . . .,
115-77 through 115-80.

[0359] Further, the second control terminals of every four
adjacent NAND gate circuits 115-1 through 115-80 receive
different respective second control signals S1 through S4 as
second inputs. Each of the second control signals S1 through
S4 is made up of pulses having a cycle of 4T and a pulse
width of T.

[0360] Consequently, the NAND gate circuits 115-1
through 115-1024 and the output buffers 114 output signals
having a pulse width of T.
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[0361] Accordingly, by sending these signals of pulse
width T in sequence to the sample holding switches, in
combination with signals sent to the scanning lines by the
vertical drive circuit 110, each TFT of the active matrix array
101 can be ON/OFF controlled, thus performing display in
each pixel of the screen of the liquid crystal display device.

[0362] In the conventional structure, since different sig-
nals were sent to every 8 (=2x4) NAND gate circuits 801-1
through 801-80 (sec FIG. 33), at least 8 (=2x4) control lines
were necessary for the NAND gate circuits 801-1 through
801-80. This increased the number of control lines for input
to the horizontal drive circuit 303, which increased the
surface area used for input pads, and since the control lines
themselves had to be conducted to the horizontal drive
circuit 303, the surface area devoted thereto in the circuit
layout was also increased.

[0363] However, in the present embodiment, by providing
the AND gate circuits 121-1 through 121-20 (pulse width
reducing means), which reduce the pulse width of the pulse
signals from the half-bit scanning circuits 111-P and 111-1
through 111-21, the second control terminals of every fourth
NAND gate circuit 115-1 through 115-80 can be connected
together. Accordingly, there are four kinds of second control
terminal, or half as many as conventionally.

[0364] Further, lines are dispersed between the AND gate
circuits 121-1 through 121-20 and the NAND gate circuits
115-1 through 115-80, thus preventing concentration of
control lines.

[0365] As aresult, it is possible to provide a liquid crystal
display device and a driving method therefor which use a
small number of driving signals, and which are capable of
improving production efficiency.

[0366] Further, in the liquid crystal display device accord-
ing to the present embodiment, in particular, pulse width
reducing means, which reduce the pulse width of the pulse
signals from the half-bit scanning circuits 111-P and 111-1
through 111-21, are structured as the AND gate circuits
121-1 through 121-20, each of which receives pulses out-
putted by each pair of adjacent half-bit scanning circuits
111-P and 111-1 through 111-21.

[0367] As a result, it is possible to provide with certainty
a liquid crystal display device and a driving method therefor
which use a small number of driving signals, and which are
capable of improving production efficiency.

[0368] [Sixteenth Embodiment]

[0369] The following will explain another embodiment of
the present invention with reference to FIGS. 25 and 26. For
ease of explanation, members having the same functions as
those shown in the drawings pertaining to the fourteenth and
fifteenth embodiments above will be given the same refer-
ence symbols, and explanation thereof will be omitted here.

[0370] As shown in FIG. 25, a horizontal drive circuit 130
of a liquid crystal display device according to the present
embodiment is made up of half-bit scanning circuits 111-1
through 111-21, which sequentially shift a start pulse STa by
one-half pulse each in synchronization with a clock signal
CLK; AND gate circuits 131-1 through 131-20 (pulse width
reducing means; fifth logic gate circuits), each of which
receives signals P1, P2, . . ., P20 outputted by the half-bit
scanning circuits 111-1 through 111-21, and fourth control
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signals H1 and H2; NAND gate circuits 115-1 through
115-80, which receive signals PP1, PP2, . . ., PP20 outputted
by the AND gate circuits 131-1 through 131-20, and second
control signals S1, S2, S3, and S4; and output buffers 114,
which receive signals outputted by the NAND gate circuits
115-1 through 115-80, and which output signals SP1, SP2,
..., SP80.

[0371] A characteristic feature of the horizontal drive
circuit 130 is that, by providing the AND gate circuits 131-1
through 131-20, the number of control signals for the NAND
gate circuits 115-1 through 115-80 can be reduced to half as
many as conventionally.

[0372] A driving method for the liquid crystal display
device structured as above is explained in the timing chart
for scanning shown in FIG. 26.

[0373] First, if T is a period for sampling 16 signal lines,
a start pulse STa having a pulse width of 8T and a clock
signal CLK and an inverse clock signal /CLK each having
a cycle of 8T are inputted to the half-bit scanning circuits
111-1 through 111-21.

[0374] As a result, the half-bit scanning circuits 111-1
through 111-21 produce signals P1 through P20. Then, each
of the AND gate circuits 131-1 through 131-20 receives one
of the signals P1 through P20 outputted by the half-bit
scanning circuits 111-1 through 111-21 and one of two
fourth control signals H1 and H2. Consequently, the AND
gate circuits 131-1 through 131-20 output signals PP1, PP2,
..., PP20 having a pulse width of half of that of the pulses
outputted by the half-bit scanning circuits 111-1 through
111-21.

[0375] Next, the signals PP1 through PP20 are sent to the
NAND gate circuits 115-1 through 115-80, and, as control
signals for the NAND gate circuits 115-1 through 115-80,
four second control signals S1 through S4, shown in the
Figure, are used. Accordingly, there are only half as many of
these control signals as in the conventional structure.

[0376] In this way, the respective signals SP1 through
SP80 outputted by the output buffer circuits 114 include
pulses having a pulse width of T and phases sequentially
shifted by T each. Each signal SP1 through SP80 is sent to
a plurality of sample holding switches.

[0377] As a result, reduction of the number of signal lines
can contribute to reduction of the size and cost of the liquid
crystal display device.

[0378] In this way, with the liquid crystal display device
and driving method according to the present embodiment,
when the 20 half-bit scanning circuits 111-1 through 111-21
of the horizontal drive circuit 130 receive the start pulse STa,
the half-bit scanning circuits 111-1 through 111-21 output
the signals P1, P2, .. ., P20, which are pulse signals having
phases sequentially shifted by one-half of the cycle of the
clock signal CLK, which is (2x4xT).

[0379] These pulse signals are sent to the AND gate
circuits 131-1 through 131-20 (pulse width reducing means),
which reduce the pulse width of the pulse signals from the
half-bit scanning circuits 111-1 through 111-21, thereby
producing pulses having a pulse width of (MxT). The pulses
outputted by the AND gate circuits 131-1 through 131-20
are sent to the first control terminals of the (20x4=80)
NAND gate circuits 115-1 through 115-80.
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[0380] Here, of the (20x4=80) NAND gate circuits 115-1
through 115-80, the first control terminals of every four
adjacent NAND gate circuits 115-1 through 115-80 are
connected together. Thus the pulse outputted by each AND
gate circuit 131-1 through 131-20 is sent to four NAND gate
circuits 115-1 through 115-4, 115-5 through 115-8, 115-77
through 115-80.

[0381] Further, the second control terminals of every four
adjacent NAND gate circuits 115-1 through 115-80 receive
different respective second control signals S1 through S4 as
additional inputs. Each of the second control signals S1
through S4 is made up of pulses having a cycle of 4T and a
pulse width of T.

[0382] Consequently, the signals outputted by the NAND
gate circuits 115-1 through 115-80 and by the output buffers
114 are signals having a pulse width of T.

[0383] Accordingly, by sending these signals of pulse
width T in sequence to the sample holding switches, in
combination with signals sent to the scanning lines by the
vertical drive circuit 110, each TFT of the active matrix array
101 can be ON/OFF controlled, thus performing display in
each pixel of the screen of the liquid crystal display device.

[0384] In the conventional structure, since different sig-
nals were sent to every 8 (=2x4) NAND gate circuits 801-1
through 801-80 (sec FIG. 33), at least 8 (=2x4) control lines
were necessary for the NAND gate circuits 801-1 through
801-80. This increased the number of control lines for input
to the horizontal drive circuit 303, which increased the
surface area used for input pads, and since the control lines
themselves had to be conducted to the horizontal drive
circuit 303, the surface area devoted thereto in the circuit
layout was also increased.

[0385] However, in the present embodiment, by providing
the AND gate circuits 131-1 through 131-20 (pulse width
reducing means), which reduce the pulse width of the pulse
signals from the half-bit scanning circuits 111-1 through
111-21, the second control terminals of every fourth NAND
gate circuit 115-1 through 115-80 can be connected together.
Accordingly, there are four kinds of second control terminal,
or half as many as conventionally.

[0386] Further, lines are dispersed between the AND gate
circuits 131-1 through 131-20 and the NAND gate circuits
115-1 through 115-80, thus preventing concentration of
control lines.

[0387] As aresult, it is possible to provide a liquid crystal
display device and a driving method therefor which use a
small number of driving signals, and which are capable of
improving production efficiency.

[0388] Further, in the liquid crystal display device and
driving method according to the present embodiment, in
particular, the pulse width reducing means are structured as
the AND gate circuits 131-1 through 131-20, each of which
receives a pulse outputted by one of the half-bit scanning
circuits 111-1 through 111-21 and one of two fourth control
signals H1 and H2 having a cycle of (2x4xT) and a pulse
width of 4T, each of which is the inverse of the other.

[0389] With this structure, it is possible to provide with
certainty a liquid crystal display device and a driving
method therefor which use a small number of driving
signals, and which are capable of improving production
efficiency.
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[0390] Further, in the liquid crystal display device and
driving method according to the present embodiment, the
clock signal CLK and the inverted clock signal /CLK are
used for the fourth control signals H1 and H2. For this
reason, there is no need to provide further control lines for
inputting the fourth control signals H1 and H2 to the
horizontal drive circuit 130, nor to produce further signals in
an external circuit.

[0391] Inthe conventional structure, the number of control
lines for input to the horizontal drive circuit 303 was
increased, which increased the surface area used for input
pads, and since the control lines themselves had to be
conducted to the horizontal drive circuit 303, the surface
area devoted thereto in the circuit layout was also increased.
However, in the present embodiment, this can be prevented
by using existing control lines.

[0392] Accordingly, it is possible to provide a liquid
crystal display device and a driving method therefor which
use a small number of driving signals, and which are capable
of improving production efficiency.

[0393] [Seventeenth Embodiment]

[0394] The following will explain another embodiment of
the present invention with reference to FIGS. 27 and 28. For
ease of explanation, members having the same functions as
those shown in the drawings pertaining to the fourteenth
through sixteenth embodiments above will be given the
same reference symbols, and explanation thereof will be
omitted here.

[0395] As shown in FIG. 27, a vertical drive circuit 140
of a liquid crystal display device according to the present
embodiment is made up of half-bit scanning circuits 111-1
through 111-40, which sequentially shift a start pulse STa by
one-half pulse each in synchronization with a clock signal
CLK; NAND gate circuits 115-1 through 115-80 (sixth logic
gate circuits), each of which receives signals PP1, PP2, . ..
, PP20 outputted by every other half-bit scanning circuit
111-1 through 111-40, and second control signals S1, S2, S3,
and S4; and output buffers 114, which receive signals
outputted by the NAND gate circuits 115-1 through 115-80,
and which output signals SP1, SP2, . . . , SP80.

[0396] A characteristic feature of the vertical drive circuit
140 is that, by providing twice as many half-bit scanning
circuits 111-1 through 111-40 as in the fourteenth through
sixteenth embodiments above, and eliminating overlap of
output pulses by retrieving output from every other half-bit
scanning circuit 111-1 through 111-40, the number of control
signals for the NAND gate circuits 115-1 through 115-80
can be reduced to half as many as conventionally.

[0397] A driving method for the liquid crystal display
device structured as above is explained in the timing chart
for scanning shown in FIG. 28.

[0398] First, if T is a period for sampling 16 signal lines,
a start pulse STa having a pulse width of 4T and a clock
signal CLK and an inverse clock signal /CLK each having
a cycle of 4T are inputted to the half-bit scanning circuits
111-1 through 111-40. Then, by retrieving output from every
other half-bit scanning circuit 111-1 through 111-40, signals
PP1 through PP20, the pulses of which do not overlap with
each other, are produced.
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[0399] Next, the signals PP1 through PP20 are sent to the
NAND gate circuits 115-1 through 115-80, and, as control
signals for the NAND gate circuits 115-1 through 115-80,
four second control signals S1 through S4, shown in the
Figure, are used. Accordingly, there are only half as many of
these control signals as in the conventional structure.

[0400] In this way, the respective signals outputted by the
NAND gate circuits 115-1 through 115-80 and the respective
signals SP1 through SP80 outputted by the output buffer
circuits 114 include pulses having a pulse width of T and
phases sequentially shifted by T each. Each signal SP1
through SP80 is sent to a plurality of sample holding
switches.

[0401] As a result, reduction of the number of signal lines
can contribute to reduction of the size and cost of the liquid
crystal display device.

[0402] In this way, with the liquid crystal display device
and driving method according to the present embodiment,
when the (2x20) half-bit scanning circuits 111-1 through
111-40 of the vertical drive circuit 140 receive the start pulse
STa having a pulse width of 4T, the half-bit scanning circuits
111-1 through 111-40 produce pulse signals having phases
sequentially shifted by one-half of the cycle of the clock
signal CLK, which is 4T. Accordingly, the respective output
signals PP1 through PP20 retrieved from every other half-bit
scanning circuits 111-1 through 111-40 are sequentially
shifted by one cycle each.

[0403] These pulse signals are sent to the first control
terminals of the (20x4=80) NAND gate circuits 115-1
through 115-80.

[0404] Here, of the (20x4=80) NAND gate circuits 115-1
through 115-80, the first control terminals of every four
adjacent NAND gate circuits 115-1 through 115-80 are
connected together. Thus the pulse outputted by every other
half-bit scanning circuit 111-1, 111-3, 111-5, 111-39 is sent
to four NAND gate circuits 115-1 through 115-4, 115-5
through 115-8, . . ., 115-77 through 115-80.

[0405] Further, the second control terminals of every four
adjacent NAND gate circuits 115-1 through 15-80 receive
different respective second control signals S1 through S4 as
additional inputs. Each of the second control signals S1
through S4 is, made up of pulses having a cycle of 4T and
a pulse width of T.

[0406] Consequently, the signals outputted by the NAND
gate circuits 115-1 through 115-80 and the output buffers
114 are signals having a pulse width of T.

[0407] Accordingly, by sending these signals of pulse
width T in sequence to the sample holding switches, in
combination with signals sent to the scanning lines by the
vertical drive circuit 110, each TFT of the active matrix array
101 can be ON/OFF controlled, thus performing display in
each pixel of the screen of the liquid crystal display device.

[0408] In the conventional structure, since different sig-
nals were sent to every 8 (=2x4) NAND gate circuits 801-1
through 801-80 (see FIG. 33), at least 8 (=2x4) control lines
were necessary for the NAND gate circuits 801-1 through
801-80. This increased the number of control lines for input
to the horizontal drive circuit 303, which increased the
surface area used for input pads, and since the control lines
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themselves had to be conducted to the vertical drive circuit
303, the surface area devoted thereto in the circuit layout
was also increased.

[0409] However, in the present embodiment, the half-bit
scanning circuits 111-1 through 111-40, which sequentially
shift an inputted start pulse STa by one-half of the cycle of
the clock signal CLK, are (2x20) in number, and output is
retrieved from every other half-bit scanning circuit 111-1,
111-3, 111-5, . . ., 111-40. Consequently, the respective
output signals PP1 through PP20 are sequentially shifted by
one cycle each.

[0410] As a result, it is possible to connect the second
control terminals of every four NAND gate circuits 115-1
through 115-80. Accordingly, there are four kinds of second
control terminal, or half as many as conventionally.

[0411] Accordingly, it is possible to provide a liquid
crystal display device and a driving method therefor which
use a small number of driving signals, and which are capable
of improving production efficiency.

[0412] [Eighteenth Embodiment]

[0413] The following will explain another embodiment of
the present invention with reference to FIGS. 29 and 30. For
ease of explanation, members having the same functions as
those shown in the drawings pertaining to the fourteenth
through seventeenth embodiments above will be given the
same reference symbols, and explanation thereof will be
omitted here.

[0414] In cach of the fourteenth through seventeenth
embodiments above, the output signal of each scanning
circuit was used to drive 4x16 signal lines, but the present
embodiment explains a case in which the output signal of
each scanning circuit is used to drive 2x16 signal lines.

[0415] Asshown in FIG. 29, a horizontal drive circuit 150
of a liquid crystal display device according to the present
embodiment is made up of half-bit scanning circuits 111-P
and 111-1 through 111-41, which sequentially shift a start
pulse STa by one-half pulse each in synchronization with a
clock signal CLK; AND gate circuits 151-1 through 151-40
(seventh logic gate circuits), each of which receives a pair of
signals Q1 and P1, P1 and P2, . . ., P39 and P40 outputted
by the half-bit scanning circuits 111-P and 111-1 through
11-41; NAND gate circuits 115-1 through 115-80, which
receive signals SPP1, SPP2, . . ., SPP512 outputted by the
AND gate circuits 151-1 through 151-40, and second control
signals S1 and S2; and output buffers 114, which receive
signals outputted by the NAND gate circuits 115-1 through
115-80, and which output signals SP1, SP2, . . ., SP80.

[0416] In other words, the horizontal drive circuit 150
according to the present embodiment is similar to the
horizontal drive circuit 120 discussed in the fifteenth
embodiment above, except that the number of AND gate
circuits 121-1 through 121-20 and output signals SPP1
through SPP20 in the horizontal drive circuit 120 shown in
FIG. 23 are each doubled to 40 in the horizontal drive circuit
150 in the present embodiment.

[0417] A characteristic feature of the horizontal drive
circuit 150 is that, by providing the AND gate circuits 151-1
through 151-40, the number of control signals for the NAND
gate circuits 115-1 through 115-80 can be reduced to half as
many as conventionally. Further, each AND gate circuit
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151-1 through 151-40 receives signals outputted by two
adjacent half-bit scanning circuits 111-P and 111-1 through
111-41. Since the AND gate circuits 151-1 through 151-40
must provide 40 output signals, an extra half-bit scanning
circuit 111-P is provided before the half-bit scanning circuit
111-1. Incidentally, the extra half-bit scanning circuit 111-P
may instead be provided after the half-bit scanning circuit
111-41.

[0418] A driving method for the liquid crystal display
device structured as above is explained in the timing chart
for scanning shown in FIG. 30.

[0419] First, if T is a period for sampling 16 signal lines,
a start pulse STa having a pulse width of 4T and a clock
signal CLK and an inverse clock signal /CLK each having
a cycle of 4T are inputted to the half-bit scanning circuits
111-P and 111-1 through 111-41.

[0420] As a result, the half-bit scanning circuits 111-P and
111-1 through 111-41 produce signals Q1 and P1 through
P40. Then, the signals Q1 and P1, P1 and P2, P39 and P40
outputted by each pair of adjacent half-bit scanning circuits
111-P and 111-1 through 111-41 are sent to one of the AND
gate circuits 151-1 through 151-40, and the AND gate
circuits 151-1 through 151-40 output signals SPP1, SPP2, .
.., SPP40 having a pulse width of half of that of the pulses
outputted by the half-bit scanning circuits 111-P and 111-1
through 111-41.

[0421] Next, the signals SPP1 through SPP40 are sent to
the NAND gate circuits 115-1 through 115-80, and, as
control signals for the NAND gate circuits 115-1 through
115-80, two control signals S1 and S2, shown in the Figure,
are used.

[0422] The control signals S1 and S2 have a cycle of 2T,
and the inverse of the control signal S1 is used as the control
signal S2. Consequently, the number of signal input termi-
nals can be reduced by providing one input terminal for
input of the control signal S1, which is sent through an
inverter provided on the substrate to produce the control
signal S2.

[0423] 1In this way, pulses having a pulse width of T and
phases sequentially shifted by T each are produced in the
respective signals outputted by the NAND gate circuits
115-1 through 115-80 and the respective signals SP1 through
SP80 outputted by the output buffer circuits 114. Each signal
SP1 through SP80 is sent to a plurality of sample holding
switches.

[0424] As a result, reduction of the number of signal lines
can contribute to reduction of the size and cost of the liquid
crystal display device.

[0425] As discussed above, with the liquid crystal display
device and driving method according to the present embodi-
ment, the structure of the horizontal drive circuit 120 of the
fifteenth embodiment above (see FIG. 23), in which each of
the AND gate circuits 121-1 through 121-20 receives pulses
outputted by a pair of adjacent half-bit scanning circuits
111-P and 111-1 through 111-21, is combined with a struc-
ture in which there are twice as many half-bit scanning
circuits, i.e., the half-bit scanning circuits 111-P and 111-1
through 111-41.

[0426] As a result, such a combined structure is also able
to provide a liquid crystal display device and a driving
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method therefor which use a small number of driving
signals, and which are capable of improving production
efficiency.

[0427] In each of the fourteenth through eighteenth
embodiments above, the logic gate circuits used were AND
gate circuits and NAND gate circuits, but there is no
limitation to this, and other logic gate circuits may be used
instead. For example, instead of the AND gate circuits, NOR
gate circuits may be used. In this case, the signals sent to the
NOR gate circuits are signals which are the inverse of the
respective signals sent to the AND gate circuits in the
respective embodiments above. The present invention is also
applicable to cases in which other logic gate circuits are
used.

[0428] Further, in each of the fourteenth through eigh-
teenth embodiments above, there is no overlap between
adjacent output pulses. Accordingly, when a given sampling
pulse is in the ON state, other sampling pulses do not
produce noise, and thus accurate video signal sampling can
be performed, and the display quality of the liquid crystal
display device improved. In order to produce non-overlap-
ping sampling pulses of this type, it is necessary to operate
the scanning circuits at a high frequency, but this can be
accomplished by using as the driving elements TFTs which
use polycrystalline silicon. In particular, TFTs having mobil-
ity of no less than 100(cm?/v-sec) are capable of operating
high-frequency scanning circuits satisfactorily.

[0429] By means of the fourteenth through eighteenth
embodiments above, reduction of the number of signal lines
can contribute to reduction of the size and cost of the liquid
crystal display device.

[0430] As discussed above, a first liquid crystal display
device according to the present invention includes an active
matrix array made up of switching elements provided at
each intersection between a plurality of scanning lines and
a plurality of signal lines, a vertical drive circuit for driving
the scanning lines, and a horizontal drive circuit for driving
the signal lines, in which the vertical drive circuit includes:
scanning circuits N in number, N being a positive integer,
which receive a start pulse, and which output pulse signals
sequentially shifted by one-half of a clock signal cycle for
each scanning circuit; first logic gate circuits NxM in
number, M being an integer no less than 2, each provided
with a first control terminal and a second control terminal,
every M adjacent first logic gate circuits being connected
together via the first control terminals thereof, which receive
a signal from one of the N scanning circuits, and every Mth
first logic gate circuit being connected together via the
second control terminals thereof, which receive one of M
kinds of second control signal; and second logic gate cir-
cuits, each of which receives an output from one of the first
logic gate circuits and, via a third control terminal, one of
two kinds of third control signal.

[0431] With the first liquid crystal display device accord-
ing to the present invention, structured as above, the control
signals inputted into the vertical drive circuit are the start
pulse and the clock signal inputted into the first of the N
scanning circuits (N being a positive integer), the M kinds
of second control signal inputted into the NxM first logic
gate circuits, and the two kinds of third control signal sent
to the second logic gate circuits.

[0432] In the conventional structure, since a different kind
of signal was sent to every 2Mth first logic gate circuit, at
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least 2M control lines were necessary for input to the first
logic gate circuits. This increased the number of control
lines for input to the vertical drive circuit, which increased
the surface area used for input pads, and since the control
lines themselves had to be conducted to the vertical drive
circuit, the surface area devoted thereto in the circuit layout
was also increased.

[0433] In contrast, with the first liquid crystal display
device according to the present invention, structured as
above, the second control terminals of every Mth first logic
gate circuit are connected together. For this reason, the
number of second control signals required are M kinds, or
half as many as conventionally.

[0434] Further, lines are dispersed between the first and
second logic gate circuits, thus preventing concentration of
control lines.

[0435] In other words, by reducing the number of control
terminals, the surface area devoted to the drive circuit and to
input pads can be reduced, and accordingly, when running a
plurality of liquid crystal display devices from a common
substrate, more elements can fit on one substrate, thus
increasing the number of panels.

[0436] Further, since the surface area devoted to the drive
circuit and input pads is reduced, the size of the peripheral
area surrounding the display section of the liquid crystal
display device is reduced, and installation in a personal
computer, etc. is facilitated.

[0437] In addition, by increasing the number of outputs
from each scanning circuit to the logic gate circuits so that
the output of each scanning circuit is inputted into a plurality
of logic gate circuits, the number of scanning circuits can be
reduced. Particularly in high-definition liquid crystal display
devices, layout of each scanning circuit within the small
pixel pitch is difficult, but with the foregoing structure
according to the present invention, layout can be simplified.

[0438] As aresult, it is possible to provide a liquid crystal
display device which is operated by a small number of
driving signals, and which is capable of improving produc-
tion efficiency.

[0439] A second liquid crystal display device according to
the present invention includes an active matrix array made
up of switching elements provided at each intersection
between a plurality of scanning lines and a plurality of signal
lines, a vertical drive circuit for driving the scanning lines,
and a horizontal drive circuit for driving the signal lines, in
which the vertical drive circuit includes: scanning circuits N
in number, N being a positive integer, which receive a start
pulse, and which output pulse signals sequentially shifted by
one-half of a clock signal cycle for each scanning circuit;
pulse width reducing means, which reduce the pulse width
of the pulses outputted by the scanning circuits and output
these pulses of reduced width; and third logic gate circuits
NxM in number, M being an integer no less than 2, each
provided with a first control terminal and a second control
terminal, every M adjacent first logic gate circuits being
connected together via the first control terminals thereof,
which receive an output of the pulse width reducing means,
and every Mth first logic gate circuit being connected
together via the second control terminals thereof, which
receive one of M kinds of second control signal.
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[0440] With the second liquid crystal display device
according to the present invention, structured as above, the
control signals inputted into the vertical drive circuit are the
start pulse and the clock signal inputted into the first of the
N scanning circuits (N being a positive integer), and the M
kinds of second control signal inputted into the NxM third
logic gate circuits.

[0441] In the conventional structure, since a different kind
of signal was sent to every 2Mth third logic gate circuit, at
least 2M control lines were necessary for input to the third
logic gate circuits. This increased the number of control
lines for input to the vertical drive circuit, which increased
the surface area used for input pads, and since the control
lines themselves had to be conducted to the vertical drive
circuit, the surface area devoted thereto in the circuit layout
was also increased.

[0442] In contrast, with the second liquid crystal display
device according to the present invention, structured as
above, the second control terminals of every Mth third logic
gate circuit are connected together. For this reason, the
number of second control signals required are M kinds, or
half as many as conventionally.

[0443] Further, lines are dispersed between the pulse
width reducing means and the third logic gate circuits, thus
preventing concentration of control lines.

[0444] As aresult, it is possible to provide a liquid crystal
display device which is operated by a small number of
driving signals, and which is capable of improving produc-
tion efficiency.

[0445] A third liquid crystal display device according to
the present invention is structured as the second liquid
crystal display device above, in which the pulse width
reducing means are fourth logic gate circuits, each of which
receives pulses outputted by two adjacent scanning circuits.

[0446] With the foregoing structure, by using as the pulse
width reducing means the fourth logic gate circuits, each of
which receives the output of two adjacent scanning circuits,
lines can be dispersed between the fourth logic gate circuits
and the third logic gate circuits.

[0447] As a result, concentration of control lines can be
prevented, and it is possible to provide with certainty a
liquid crystal display device which is operated by a small
number of driving signals, and which is capable of improv-
ing production efficiency.

[0448] A fourth liquid crystal display device according to
the present invention is structured as the third liquid crystal
display device above, in which the pulse reducing means
include an additional scanning circuit before the first or after
the last scanning circuit.

[0449] With the foregoing structure, since an additional
scanning circuit is provided before the first or after the last
scanning circuit, each of the pulse width reducing means can
retrieve pulses from two adjacent scanning circuits.

[0450] A fifth liquid crystal display device according to
the present invention is structured as the second liquid
crystal display device above, in which the pulse width
reducing means are fifth logic gate circuits, each of which
receives pulses outputted by the N scanning circuits and one
of two kinds of fourth control signal, each the inverse of the
other.
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[0451] With the foregoing structure, by using as the pulse
width reducing means the fifth logic gate circuits, each of
which receives the output of the N scanning circuits and one
of two kinds of fourth control signal, each the inverse of the
other, the clock signal and an inverted clock signal can be
used as the two kinds of fourth control signal. Thus, it is
possible to provide with certainty a liquid crystal display
device which is operated by a small number of driving
signals, and which is capable of improving production
efficiency.

[0452] A sixth liquid crystal display device according to
the present invention is structured as the first or fifth liquid
crystal display device above, in which the clock signal and
an inverted clock signal are used as the third control signals
or the fourth control signals.

[0453] In other words, the third control signals (in the first
liquid crystal display device) or the fourth control signals (in
the fifth liquid crystal display device) should be two kinds of
signal, each of which has a cycle of (2xMxT) and a pulse
width of (MxT), and each of which is the inverse of the
other. Here, these two kinds of signal are the same as the
existing clock signal and an inverted clock signal. Accord-
ingly, in the present invention, by using the clock signal and
the inverted clock signal as the third control signals or the
fourth control signals, there is no need to provide further
control lines to supply the third control signals or the fourth
control signals to the vertical drive circuit.

[0454] Conventionally, there was a large number of con-
trol lines for input to the vertical drive circuit, which
increased the surface area used for input pads, and since the
control lines themselves had to be conducted to the vertical
drive circuit, the surface area devoted thereto in the circuit
layout was also increased. However, in the present inven-
tion, this can be prevented by using existing control lines.
Accordingly, it is possible to provide a liquid crystal display
device which is operated by a small number of driving
signals, and which is capable of improving production
efficiency.

[0455] Aseventh liquid crystal display device according to
the present invention is structured as any one of the first
through sixth liquid crystal display devices above, in which
M=4.

[0456] In other words, in high-definition liquid crystal
display devices, layout of each scanning circuit within the
small pixel pitch is difficult, but, by increasing the number
of outputs from each scanning circuit to the logic gate
circuits so that the output of each scanning circuit is inputted
into a plurality of logic gate circuits, the number of scanning
circuits can be reduced.

[0457] With the foregoing structure of the seventh liquid
crystal display device according to the present invention, in
particular, since M=4, the output from each scanning circuit
is inputted into four logic gate circuits, each scanning circuit
can be laid out within the pitch of four pixels, thus simpli-
fying layout.

[0458] As aresult, it is possible to provide a liquid crystal
display device which is operated by a small number of
driving signals, and which is capable of improving produc-
tion efficiency.

[0459] Aneighth liquid crystal display device according to
the present invention includes an active matrix array made
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up of switching elements provided at each intersection
between a plurality of scanning lines and a plurality of signal
lines, a vertical drive circuit for driving the scanning lines,
and a horizontal drive circuit for driving the signal lines, in
which the vertical drive circuit includes: scanning circuits
2N in number, N being a positive integer, which receive a
start pulse, and which produce pulse signals sequentially
shifted by one-half of a clock signal cycle for each scanning
circuit; and sixth logic gate circuits NxM in number, M
being an integer no less than 2, each provided with a first
control terminal and a second control terminal, every M
adjacent sixth logic gate circuits being connected together
via the first control terminals thereof, which receive signals
from every other scanning circuit of the 2N scanning cir-
cuits, and every Mth sixth logic gate circuit being connected
together via the second control terminals thereof, which
receive one of M kinds of second control signal.

[0460] With the eighth liquid crystal display device
according to the present invention, structured as above, the
control signals inputted into the vertical drive circuit are the
start pulse and the clock signal inputted into the first of the
2N scanning circuits (N being a positive integer), and the M
kinds of second control signal inputted into the NxM sixth
logic gate circuits.

[0461] In the conventional structure, since a different kind
of signal was sent to every 2Mth sixth logic gate circuit, at
least 2M control lines were necessary for input to the sixth
logic gate circuits. This increased the number of control
lines for input to the vertical drive circuit, which increased
the surface area used for input pads, and since the control
lines themselves had to be conducted to the vertical drive
circuit, the surface area devoted thereto in the circuit layout
was also increased.

[0462] In contrast, with the eighth liquid crystal display
device according to the present invention, structured as
above, the second control terminals of every Mth sixth logic
gate circuit are connected together. For this reason, the
number of second control signals required are M kinds, or
half as many as conventionally.

[0463] As a result, it is possible to provide a liquid crystal
display device which is operated by a small number of
driving signals, and which is capable of improving produc-
tion efficiency.

[0464] As discussed above, a first driving method for a
liquid crystal display device according to the present inven-
tion is a method of driving the first liquid crystal display
device above, and includes the steps of: (a) inputting to the
scanning circuits of the vertical drive circuit a start pulse
having a pulse width of 2xMxT), T being a scanning line
selection period, and, using a clock signal having a cycle of
(2xMxT), causing the respective scanning circuits to pro-
duce pulse signals sequentially shifted by one-half cycle of
the clock signal each; (b) inputting to the first control
terminals of the respective first logic gate circuits the pulse
signals sequentially shifted by one-half cycle each, and
inputting to the second control terminals of the respective
first logic gate circuits M kinds of second control signal
having a cycle of (MxT) and a pulse width of T, thereby
causing each first logic gate circuit to produce two pulses of
pulse width T, produced (M-1)xT) apart from each other;
(c) inputting to each second logic gate circuit the two pulses
produced by one of the first logic gate circuits and one of two
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kinds of third control signal having a cycle of (2xMxT) and
a pulse width of (MxT), each third control signal being the
inverse of the other, thereby causing the respective second
logic gate circuits to output signals having a pulse width of
T; and (d) sequentially inputting the respective signals of
pulse width T to the scanning lines.

[0465] With the foregoing first driving method, when the
N scanning circuits of the vertical drive circuit receive the
start pulse, the respective scanning circuits output pulse
signals having phases sequentially shifted by one-half of the
cycle of the clock signal, which is (2xMxT).

[0466] These pulse signals are sent to the first control
terminals of the first logic gate circuits, which are (NxM) in
number.

[0467] Here, of the (NxM) first logic gate circuits, the first
control terminals of every M adjacent first logic gate circuits
are connected together. Thus the pulse signal outputted by
each scanning circuit is sent to M first logic gate circuits.

[0468] Further, the second control terminals of every M
adjacent first logic gate circuits receive different respective
second control signals as additional inputs. Each of the M
kinds of second control signal is made up of pulses having
a cycle of (MxT) and a pulse width of T.

[0469] Consequently, each of the first logic gate circuits
produces two pulses having a pulse width of T, produced
((M-1)xT) apart from each other.

[0470] Next, each of the second logic gate circuits receives
the foregoing two pulses and one of two third control signals
having a cycle of (2xMxT) and a pulse width of (MxT), each
of which is the inverse of the other, and then each second
logic gate circuit outputs signals having a pulse width of T.

[0471] Accordingly, by sending these signals of pulse
width T to the scanning lines in sequence, in combination
with signals sent to the signal lines by the horizontal drive
circuit, each switching element of the active matrix array can
be ON/OFF controlled, thus performing display on the
screen of the liquid crystal display device.

[0472] In the conventional structure, since different sig-
nals were sent to every 2M first logic gate circuits, at least
2M control lines were necessary for the first logic gate
circuits. This increased the number of control lines for input
to the vertical drive circuit, which increased the surface area
used for input pads, and since the control lines themselves
had to be conducted to the vertical drive circuit, the surface
area devoted thereto in the circuit layout was also increased.

[0473] However, in the first driving method according to
the present invention, the second control terminals of every
Mth first logic gate circuit are connected together. For this
reason, there are M kinds of second control terminal, or half
as many as conventionally.

[0474] Further, lines are dispersed between the first logic
gate circuits and the second logic gate circuits, thus pre-
venting concentration of control lines.

[0475] As a result, it is possible to provide a driving
method for a liquid crystal display device which operates the
liquid crystal display device using a small number of driving
signals, and which is capable of improving production
efficiency.
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[0476] A second driving method for a liquid crystal dis-
play device according to the present invention is a method
of driving the second liquid crystal display device above,
and includes the steps of: (a) inputting to the scanning
circuits of the vertical drive circuit a start pulse having a
pulse width of (2xMxT), T being a scanning line selection
period, and, using a clock signal having a cycle of (2xMxT),
causing the respective scanning circuits to produce pulse
signals sequentially shifted by one-half cycle of the clock
signal each; (b) inputting the respective pulse signals
sequentially shifted by one-half cycle each to the pulse
width reducing means, thereby producing pulses having
respective pulse widths of (MxT); (c) inputting the respec-
tive pulses produced by the pulse width reducing means to
the first control terminals of the respective third logic gate
circuits, and inputting to the second control terminal of each
third logic gate circuit one of M kinds of second control
signal having a cycle of (MxT) and a pulse width of T,
thereby causing the respective third logic gate circuits to
produce signals having a pulse width of T; and (d) sequen-
tially inputting the respective signals of pulse width T to the
scanning lines.

[0477] With the foregoing second driving method, when
the N scanning circuits of the vertical drive circuit receive
the start pulse, the respective scanning circuits output pulse
signals having phases sequentially shifted by one-half of the
cycle of the clock signal, which is (2xMxT).

[0478] These pulse signals are sent to the pulse width
reducing means, which reduces the pulse width of these
pulse signals to output pulses having a pulse width of
(MxT).

[0479] The respective outputs of the pulse width reducing
means are then inputted to the first control terminals of the
third logic gate circuits, which are (NxM) in number.

[0480] Here, of the (NxM) third logic gate circuits, the
first control terminals of every M adjacent third logic gate
circuits are connected together. Thus each pulse signal
outputted by the pulse width reducing means is sent to M
third logic gate circuits.

[0481] Further, the second control terminals of every M
adjacent third logic gate circuits receive different respective
second control signals as additional inputs. Each of the M
kinds of second control signal is made up of pulses having
a cycle of (MxT) and a pulse width of T.

[0482] Consequently, each of the third logic gate circuits
outputs signals having a pulse width of T.

[0483] Accordingly, by sending these signals of pulse
width T to the scanning lines in sequence, in combination
with signals sent to the signal lines by the horizontal drive
circuit, each switching element of the active matrix array can
be ON/OFF controlled, thus performing display on the
screen of the liquid crystal display device.

[0484] In the conventional structure, since different sig-
nals were sent to every 2M third logic gate circuits, at least
2M control lines were necessary for the third logic gate
circuits. This increased the number of control lines for input
to the vertical drive circuit, which increased the surface area
used for input pads, and since the control lines themselves
had to be conducted to the vertical drive circuit, the surface
area devoted thereto in the circuit layout was also increased.
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[0485] However, in the second driving method according
to the present invention, by providing pulse width reducing
means which reduce the pulse width of the pulses outputted
by each scanning circuit, the second control terminals of
every Mth third logic gate circuit can be connected together.
For this reason, there are M kinds of second control terminal,
or half as many as conventionally.

[0486] Further, lines are dispersed between the pulse
width reducing means and the third logic gate circuits, thus
preventing concentration of control lines.

[0487] As a result, it is possible to provide a driving
method for a liquid crystal display device which operates the
liquid crystal display device using a small number of driving
signals, and which is capable of improving production
efficiency.

[0488] A third driving method for a liquid crystal display
device according to the present invention is a method of
driving the eighth liquid crystal display device above, and
includes the steps of: (a) inputting to the scanning circuits of
the vertical drive circuit a start pulse having a pulse width of
(MxT), T being a scanning line selection period, and, using
a clock signal having a cycle of (MxT), causing the respec-
tive scanning circuits to produce pulse signals sequentially
shifted by one-half cycle of the clock signal each; (b)
inputting to the first control terminals of the respective sixth
logic gate circuits signals, sequentially shifted by one cycle
each, produced by every other scanning circuit of the 2N
scanning circuits, and inputting to the second control termi-
nal of each sixth logic gate circuit one of M kinds of second
control signal having a cycle of (MxT) and a pulse width of
T, thereby causing the respective sixth logic gate circuits to
produce signals having a pulse width of T; and (d) sequen-
tially inputting the respective signals of pulse width T to the
scanning lines.

[0489] With the foregoing third driving method, when the
2N scanning circuits of the vertical drive circuit receive the
start pulse of pulse width (MxT), the respective scanning
circuits produce pulse signals having phases sequentially
shifted by one-half of the cycle of the clock signal, which is
(MxT). Accordingly, the respective signals outputted by
every other scanning circuit of the 2N scanning circuits are
sequentially shifted by one cycle each.

[0490] These pulse signals are sent to the first control
terminals of the sixth logic gate circuits, which are (NxM)
in number.

[0491] Here, of the (NxM) sixth logic gate circuits, the
first control terminals of every M adjacent sixth logic gate
circuits are connected together. Thus each of the pulse
signals outputted by every other scanning circuit is sent to M
sixth logic gate circuits.

[0492] Further, the second control terminals of every M
adjacent sixth logic gate circuits receive different respective
second control signals as additional inputs. Each of the M
kinds of second control signal is made up of pulses having
a cycle of (MxT) and a pulse width of T.

[0493] Consequently, each sixth logic gate circuit outputs
signals having a pulse width of T.

[0494] Accordingly, by sending these signals of pulse
width T to the scanning lines in sequence, in combination
with signals sent to the signal lines by the horizontal drive
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circuit, each switching element of the active matrix array can
be ON/OFF controlled, thus performing display on the
screen of the liquid crystal display device.

[0495] In the conventional structure, since different sig-
nals were sent to every 2M sixth logic gate circuits, at least
2M control lines were necessary for the sixth logic gate
circuits. This increased the number of control lines for input
to the vertical drive circuit, which increased the surface area
used for input pads, and since the control lines themselves
had to be conducted to the vertical drive circuit, the surface
area devoted thereto in the circuit layout was also increased.

[0496] However, in the third driving method according to
the present invention, there are 2N scanning circuits (N
being a positive integer), which sequentially shift the input-
ted start pulse by one-half of the cycle of the clock signal
each, and output is retrieved from every other scanning
circuit. Consequently, the respective output signals are
sequentially shifted by one cycle each. As a result, the
second control terminals of every Mth sixth logic gate
circuit can be connected. Accordingly, there are M kinds of
second control terminal, or half as many as conventionally.

[0497] Accordingly, it is possible to provide a driving
method for a liquid crystal display device which operates the
liquid crystal display device using a small number of driving
signals, and which is capable of improving production
efficiency.

[0498] A fourth driving method for a liquid crystal display
device according to the present invention is a method of
driving the first liquid crystal display device above, and
includes the steps of: (2) inputting to the scanning circuits of
the vertical drive circuit a start pulse having a pulse width of
(MxT), T being a scanning line selection period, and, using
a clock signal having a cycle of (MxT), causing the respec-
tive scanning circuits to produce pulse signals sequentially
shifted by one-half cycle of the clock signal each; (b)
inputting to the respective first logic gate circuits the pulse
signals sequentially shifted by one-half cycle each, and
inputting to control terminals of (M/2) out of every M
adjacent first logic gate circuits a control signal having a
cycle of ((M/2)xT), thereby causing every other first logic
gate circuit to produce two pulses of pulse width T, produced
((M/2)-1)xT) apart from each other; (c) inputting to every
other second logic gate circuit the two pulses produced by
every other first logic gate circuit, and inputting to each
second logic gate circuit a third control signal having a cycle
of (MxT), thereby causing every other second logic gate
circuit to output a signal having a pulse width of T; and (d)
sequentially inputting the respective signals of pulse width
T to every other scanning line.

[0499] With the foregoing fourth driving method, there are
M kinds of second control terminal, or half as many as
conventionally. Accordingly, it is possible to provide a
driving method for a liquid crystal display device which
operates the liquid crystal display device using a small
number of driving signals, and which is capable of improv-
ing production efficiency.

[0500] Further, the respective signals of pulse width T are
sequentially inputted to every other scanning line. Conse-
quently, interlace scanning, in which input is sequentially
performed to every other scanning line, can be performed
using the first liquid crystal display device according to the
present invention.
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[0501] A fifth driving method for a liquid crystal display
device according to the present invention is a method of
driving the first liquid crystal display device above, and
includes the steps of: (a) inputting to the scanning circuits of
the vertical drive circuit a start pulse having a pulse width of
(MxT), T being a scanning line selection period, and, using
a clock signal having a cycle of (MxT), causing the respec-
tive scanning circuits to produce pulse signals sequentially
shifted by one-half cycle of the clock signal each; (b)
inputting to the respective first logic gate circuits the pulse
signals sequentially shifted by one-half cycle each, and
inputting to control terminals of every M adjacent first logic
gate circuits M/2 kinds of control signal having a cycle of
((M/2)xT) thereby causing each first logic gate circuit to
produce two pulses of pulse width T, produced (((M/2)-1)x
T) apart from each other, each pair of adjacent first logic gate
circuits producing pulses having the same phase; (¢) input-
ting to the respective second logic gate circuits the two
pulses produced by the respective first logic gate circuits,
and a third control signal having a cycle of (MxT), thereby
causing each second logic gate circuit to produce a signal
having a pulse width of T, each pair of adjacent second logic
gate circuits producing pulses having the same phase; and
(d) sequentially inputting the respective signals of pulse
width T to two scanning lines each.

[0502] With the foregoing fifth driving method, there are
M kinds of second control terminal, or half as many as
conventionally. Accordingly, it is possible to provide a
driving method for a liquid crystal display device which
operates the liquid crystal display device using a small
number of driving signals, and which is capable of improv-
ing production efficiency.

[0503] Further, the respective signals of pulse width T are
sequentially inputted to two scanning lines each. Conse-
quently, two-line simultaneous scanning, in which input is
sequentially performed to two scanning lines each, can be
performed using the first liquid crystal display device
according to the present invention.

[0504] A sixth driving method for a liquid crystal display
device according to the present invention is a method of
driving the second liquid crystal display device above, and
includes the steps of: (a) inputting to the scanning circuits of
the vertical drive circuit a start pulse having a pulse width of
(MxT), T being a scanning line selection period, and, using
a clock signal having a cycle of (MxT), causing the respec-
tive scanning circuits to produce pulse signals sequentially
shifted by one-half cycle of the clock signal each; (b)
inputting to the pulse reducing means the pulse signals
sequentially shifted by one-half cycle each, thereby causing
the pulse width reducing means to produce pulses having a
pulse width of (MxT/2); (c) inputting the respective pulses
produced by the pulse width reducing means to the first
control terminals of the respective third logic gate circuits,
and inputting to the second control terminals of (M/2) out of
every M adjacent third logic gate circuits a second control
signal having a cycle of (MxT/2), thereby causing every
other third logic gate circuit to produce signals having a
pulse width of T, and (d) inputting the respective signals of
pulse width T to every other scanning line.

[0505] With the foregoing sixth driving method, there are
M kinds of second control terminal, or half as many as
conventionally. Accordingly, it is possible to provide a
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driving method for a liquid crystal display device which
operates the liquid crystal display device using a small
number of driving signals, and which is capable of improv-
ing production efficiency.

[0506] Further, the respective signals of pulse width T are
sequentially inputted to every other scanning line. Conse-
quently, interlace scanning, in which input is sequentially
performed to every other scanning line, can be performed
using the second liquid crystal display device according to
the present invention.

[0507] A seventh driving method for a liquid crystal
display device according to the present invention is a
method of driving the second liquid crystal display device
above, and includes the steps of: (a) inputting to the scan-
ning circuits of the vertical drive circuit a start pulse having
a pulse width of (MxT), T being a scanning line selection
period, and, using a clock signal having a cycle of (MxT),
causing the respective scanning circuits to produce pulse
signals sequentially shifted by one-half cycle of the clock
signal each; (b) inputting to the pulse reducing means the
pulse signals sequentially shifted by one-half cycle each,
thereby causing the pulse width reducing means to produce
pulses having a pulse width of (MxT/2); (¢) inputting the
pulses produced by the respective pulse width reducing
means to the respective third logic gate circuits, and input-
ting to control terminals of every M adjacent third logic gate
circuits M/2 kinds of control signal having a cycle of
(MxT/2), thereby causing the respective third logic gate
circuits to produce signals having a pulse width of T, each
pair of adjacent third logic gate circuits producing signals
having the same phase; and (d) sequentially inputting the
respective signals of pulse width T to two scanning lines
each.

[0508] With the foregoing seventh driving method, there
are M kinds of second control terminal, or half as many as
conventionally. Accordingly, it is possible to provide a
driving method for a liquid crystal display device which
operates the liquid crystal display device using a small
number of driving signals, and which is capable of improv-
ing production efficiency.

[0509] Further, the respective signals of pulse width T are
sequentially inputted to two scanning lines each. Conse-
quently, two-line simultaneous scanning, in which input is
performed sequentially to two scanning lines each, can be
performed using the second liquid crystal display device
according to the present invention.

[0510] An ecighth driving method for a liquid crystal
display device according to the present invention is a
method of driving the eighth liquid crystal display device
above, and includes the steps of: (a) inputting to the scan-
ning circuits of the vertical drive circuit a start pulse having
a pulse width of (MxT), T being a scanning line selection
period, and, using a clock signal having a cycle of (MxT),
causing the respective scanning circuits to produce pulse
signals sequentially shifted by one-half cycle of the clock
signal each; (b) inputting to the respective sixth logic gate
circuits signals, sequentially shifted by one cycle each,
produced by every other scanning circuit of the 2N scanning
circuits, and inputting to control terminals of (M/2) out of
every M adjacent sixth logic gate circuits a control signal
having a cycle of (MxT/2), thereby causing every other sixth
logic gate circuit to produce signals having a pulse width of
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T; and (d) sequentially inputting the respective signals of
pulse width T to every other scanning line.

[0511] With the foregoing eighth driving method, there are
M kinds of second control terminal, or half as many as
conventionally. Accordingly, it is possible to provide a
driving method for a liquid crystal display device which
operates the liquid crystal display device using a small
number of driving signals, and which is capable of improv-
ing production efficiency.

[0512] Further, the respective signals of pulse width T are
sequentially inputted to every other scanning line. Conse-
quently, interlace scanning, in which input is performed
sequentially to every other scanning line, can be performed
using the eighth liquid crystal display device according to
the present invention.

[0513] A ninth driving method for a liquid crystal display
device according to the present invention is a method of
driving the eighth liquid crystal display device above, and
includes the steps of: (a) inputting to the scanning circuits of
the vertical drive circuit a start pulse having a pulse width of
(MxT), T being a scanning line selection period, and, using
a clock signal having a cycle of (MxT), causing the respec-
tive scanning circuits to produce pulse signals sequentially
shifted by one-half cycle of the clock signal each; (b)
inputting to the respective sixth logic gate circuits signals,
sequentially shifted by one cycle each, produced by every
other scanning circuit of the 2N scanning circuits, and
inputting to control terminals of every M adjacent sixth logic
gate circuits M/2 kinds of control signal having a cycle of
(MxT/2), thereby causing the respective sixth logic gate
circuits to produce signals having a pulse width of T, each
pair of adjacent third logic gate circuits producing signals
having the same phase; and (d) sequentially inputting the
respective signals of pulse width T to two scanning lines
each.

[0514] With the foregoing ninth driving method, there are
M kinds of second control terminal, or half as many as
conventionally. Accordingly, it is possible to provide a
driving method for a liquid crystal display device which
operates the liquid crystal display device using a small
number of driving signals, and which is capable of improv-
ing production efficiency.

[0515] Further, the respective signals of pulse width T are
sequentially inputted to two scanning lines each. Conse-
quently, two-line simultaneous scanning, in which input is
sequentially performed to two scanning lines each, can be
performed using the eighth liquid crystal display device
according to the present invention.

[0516] In a ninth liquid crystal display device according to
the present invention, a horizontal drive circuit includes:
scanning circuits N in number, N being a positive integer,
which receive a start pulse, and which output pulse signals
sequentially shifted by one-half of a clock signal cycle for
each scanning circuit; first logic gate circuits NxM in
number, M being an integer no less than 2, each provided
with a first control terminal and a second control terminal,
every M adjacent first logic gate circuits being connected
together via the first control terminals thereof, which receive
a signal from one of the N scanning circuits, and every Mth
first logic gate circuit being connected together via the
second control terminals thereof, which receive one of M
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kinds of second control signal; second logic gate circuits,
each of which receives an output from one of the first logic
gate circuits and, via a third control terminal, one of two
kinds of third control signal; and sample holding switches.

[0517] With the ninth liquid crystal display device accord-
ing to the present invention, structured as above, the second
control terminals of every Mth first logic gate circuit are
connected together. For this reason, the number of second
control signals required are M Kkinds, or half as many as
conventionally.

[0518] Further, lines are dispersed between the first and
second logic gate circuits, thus preventing concentration of
control lines.

[0519] As aresult, it is possible to provide a liquid crystal
display device which is operated by a small number of
driving signals, and which is capable of improving produc-
tion efficiency.

[0520] In a tenth liquid crystal display device according to
the present invention, a horizontal drive circuit includes:
scanning circuits N in number (N being a positive integer),
which receive a start pulse, and which output pulse signals
sequentially shifted by one-half of a clock signal cycle for
each scanning circuit; pulse width reducing means, which
reduce the pulse width of the pulses outputted by the
scanning circuits and output these pulses of reduced width;
third logic gate circuits NxM in number, M being an integer
no less than 2, each provided with a first control terminal and
a second control terminal, every M adjacent first logic gate
circuits being connected together via the first control termi-
nals thereof, which receive an output of the pulse width
reducing means, and every Mth first logic gate circuit being
connected together via the second control terminals thereof,
which receive one of M kinds of second control signal; and
sample holding switches.

[0521] With the tenth liquid crystal display device accord-
ing to the present invention, structured as above, the second
control terminals of every Mth third logic gate circuit are
connected together. For this reason, the number of second
control signals required are M Kkinds, or half as many as
conventionally.

[0522] Further, lines are dispersed between the pulse
width reducing means and the third logic gate circuits, thus
preventing concentration of control lines.

[0523] As aresult, it is possible to provide a liquid crystal
display device which is operated by a small number of
driving signals, and which is capable of improving produc-
tion efficiency.

[0524] An eleventh liquid crystal display device according
to the present invention is structured as the tenth liquid
crystal display device above, in which the pulse width
reducing means are fourth logic gate circuits, each of which
receives pulses outputted by two adjacent scanning circuits.

[0525] With the eleventh liquid crystal display device
according to the present invention, structured as above, by
using as the pulse width reducing means the fourth logic gate
circuits, each of which receives the output of two adjacent
scanning circuits, lines can be dispersed between the fourth
logic gate circuits and the third logic gate circuits.

[0526] As a result, concentration of control lines can be
prevented, and it is possible to provide with certainty a
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liquid crystal display device which is operated by a small
number of driving signals, and which is capable of improv-
ing production efficiency.

[0527] A twelfth liquid crystal display device according to
the present invention is structured as the eleventh liquid
crystal display device above, in which the pulse reducing
means include an additional scanning circuit before the first
or after the last scanning circuit.

[0528] With the twelfth liquid crystal display device
according to the present invention, structured as above, each
of the pulse width reducing means can retrieve pulses from
two adjacent scanning circuits.

[0529] A thirteenth liquid crystal display device according
to the present invention is structured as the eleventh liquid
crystal display device above, in which the pulse width
reducing means are fifth logic gate circuits, each of which
receives pulses outputted by the N scanning circuits and one
of two kinds of fourth control signal, each the inverse of the
other.

[0530] With the thirteenth liquid crystal display device
according to the present invention, structured as above, by
using as the pulse width reducing means the fifth logic gate
circuits, each of which receives the output of the N scanning
circuits and one of two kinds of fourth control signal having
a cycle of (2xMxT) and a pulse width of (MxT), each the
inverse of the other, the clock signal and an inverted clock
signal can be used as the two kinds of fourth control signal.
Thus, it is possible to provide with certainty a liquid crystal
display device which is operated by a small number of
driving signals, and which is capable of improving produc-
tion efficiency.

[0531] A fourteenth liquid crystal display device accord-
ing to the present invention is structured as either the ninth
or the thirteenth liquid crystal display device above, in
which the clock signal and an inverted clock signal are used
as the third control signals or the fourth control signals.

[0532] With the fourteenth liquid crystal display device
according to the present invention, structured as above, there
is no need to provide further control lines to supply the third
control signals (in the first liquid crystal display device) or
the fourth control signals (in the fifth liquid crystal display
device) to the horizontal drive circuit.

[0533] Conventionally, there was a large number of con-
trol lines for input to the horizontal drive circuit, which
increased the surface area used for input pads, and since the
control lines themselves had to be conducted to the hori-
zontal drive circuit, the surface area devoted thereto in the
circuit layout was also increased. However, in the present
invention, this can be prevented by using existing control
lines.

[0534] Accordingly, it is possible to provide a liquid
crystal display device which is operated by a small number
of driving signals, and which is capable of improving
production efficiency.

[0535] 1In a fifteenth liquid crystal display device accord-
ing to the present invention, the horizontal drive circuit
includes: scanning circuits 2N in number, N being a positive
integer, which receive a start pulse, and which produce pulse
signals sequentially shifted by one-half of a clock signal
cycle for each scanning circuit; sixth logic gate circuits NxM
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in number, M being an integer no less than 2, each provided
with a first control terminal and a second control terminal,
every M adjacent sixth logic gate circuits being connected
together via the first control terminals thereof, which receive
signals produced by every other scanning circuit of the 2N
scanning circuits, and every Mth sixth logic gate circuit
being connected together via the second control terminals
thereof, which receive one of M kinds of second control
signal; and sample holding switches.

[0536] With the fifteenth liquid crystal display device
according to the present invention, structured as above, the
second control terminals of every Mth sixth logic gate
circuit are connected together. For this reason, the number of
second control signals required are M kinds, or half as many
as conventionally.

[0537] As aresult, it is possible to provide a liquid crystal
display device which is operated by a small number of
driving signals, and which is capable of improving produc-
tion efficiency.

[0538] A tenth driving method for a liquid crystal display
device according to the present invention is a method of
driving the ninth liquid crystal display device above, and
includes the steps of: (2) inputting to the scanning circuits of
the horizontal drive circuit a start pulse having a pulse width
of (2xMxT), T being a sampling period, and, using a clock
signal having a cycle of (2xMxT), causing the respective
scanning circuits to produce pulse signals sequentially
shifted by one-half cycle of the clock signal each; (b)
inputting to the first control terminals of the respective first
logic gate circuits the pulse signals sequentially shifted by
one-half cycle each, and inputting to the second control
terminals of the respective first logic gate circuits M kinds
of second control signal having a cycle of (MxT) and a pulse
width of T, thereby causing each first logic gate circuit to
produce two pulses of pulse width T, produced ((M-1)xT)
apart from each other; (c) inputting to each second logic gate
circuit the two pulses produced by one of the first logic gate
circuits and one of two kinds of third control signal having
a cycle of (2xMxT) and a pulse width of (MxT), each third
control signal being the inverse of the other, thereby causing
the respective second logic gate circuits to produce signals
having a pulse width of T; and (d) sequentially inputting the
respective signals of pulse width T to the sample holding
switches.

[0539] With the foregoing tenth driving method, the sec-
ond control terminals of every Mth first logic gate circuit are
connected together. For this reason, the number of second
control signals required are M kinds, or half as many as
conventionally.

[0540] Further, lines are dispersed between the first and
second logic gate circuits, thus preventing concentration of
control lines.

[0541] As a result, it is possible to provide a driving
method for a liquid crystal display device which operates the
liquid crystal display device using a small number of driving
signals, and which is capable of improving production
efficiency.

[0542] An eleventh driving method for a liquid crystal
display device according to the present invention is a
method of driving the tenth liquid crystal display device
above, and includes the steps of: (a) inputting to the scan-

Nov. 7, 2002

ning circuits of the horizontal drive circuit a start pulse
having a pulse width of (2xMxT), T being a sampling
period, and, using a clock signal having a cycle of (2xMxT)
causing the respective scanning circuits to produce pulse
signals sequentially shifted by one-half cycle of the clock
signal each; (b) inputting the respective pulse signals
sequentially shifted by one-half cycle each to the pulse
width reducing means, thereby producing pulses having
respective pulse widths of (MxT); (c) inputting the respec-
tive pulses produced by the pulse width reducing means to
the first control terminals of the respective third logic gate
circuits, and inputting to the second control terminal of each
third logic gate circuit one of M kinds of second control
signal having a cycle of (MxT) and a pulse width of T,
thereby causing the respective third logic gate circuits to
produce signals having a pulse width of T; and (d) sequen-
tially inputting the respective signals of pulse width T to the
sample holding switches.

[0543] With the foregoing eleventh driving method, by
providing pulse width reducing means which reduce the
pulse width of the pulses outputted by each scanning circuit,
the second control terminals of every Mth third logic gate
circuit can be connected together. For this reason, there are
M kinds of second control terminal, or half as many as
conventionally.

[0544] Further, lines are dispersed between each of the
pulse width reducing means and the third logic gate circuits,
thus preventing concentration of control lines.

[0545] As a result, it is possible to provide a driving
method for a liquid crystal display device which operates the
liquid crystal display device using a small number of driving
signals, and which is capable of improving production
efficiency.

[0546] A twelfth driving method for a liquid crystal dis-
play device according to the present invention is a method
of driving the fifteenth liquid crystal display device above,
and includes the steps of: (a) inputting to the scanning
circuits of the horizontal drive circuit a start pulse having a
pulse width of (MxT), T being a sampling period, and, using
a clock signal having a cycle of (MxT), causing the respec-
tive scanning circuits to produce pulse signals sequentially
shifted by one-half cycle of the clock signal each; (b)
inputting to the first control terminals of the respective sixth
logic gate circuits signals, sequentially shifted by one cycle
each, produced by every other scanning circuit of the 2N
scanning circuits, and inputting to the second control termi-
nal of each sixth logic gate circuit one of M kinds of second
control signal having a cycle of (MxT) and a pulse width of
T, thereby causing the respective sixth logic gate circuits to
produce signals having a pulse width of T; and (d) sequen-
tially inputting the respective signals of pulse width T to the
sampling switches.

[0547] With the foregoing twelfth driving method, there
are 2N scanning circuits (N being a positive integer), which
sequentially shift the inputted start pulse by one-half of the
cycle of the clock signal each, and output is retrieved from
every other scanning circuit. Consequently, the respective
output signals are sequentially shifted by one cycle each. As
a result, the second control terminals of every Mth sixth
logic gate circuit can be connected. Accordingly, there are M
kinds of second control terminal, or half as many as con-
ventionally.
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[0548] Accordingly, it is possible to provide a driving
method for a liquid crystal display device which operates the
liquid crystal display device using a small number of driving
signals, and which is capable of improving production
efficiency.

[0549] A thirteenth driving method for a liquid crystal
display device according to the present invention is a
method of driving any one of the tenth through thirteenth
liquid crystal display devices above, in which, among the
signals of pulse width T which are sequentially inputted to
the sample holding switches, pulses of adjacent signals do
not mutually overlap.

[0550] With the foregoing thirteenth driving method,
when a given sampling pulse is in the ON state, other
sampling pulses do not produce noise, and thus accurate
video signal sampling can be performed, and the display
quality of the liquid crystal display device improved. In
order to produce non-overlapping sampling pulses of this
type, it is necessary to operate the scanning circuits at a high
frequency, but this can be accomplished by using as the
driving elements TFTs which use polycrystalline silicon. In
particular, TFTs having mobility of no less than 100(cm?/
v'sec) are capable of operating high-frequency scanning
circuits satisfactorily.

[0551] With the foregoing thirteenth driving method, by
reducing the number of control terminals, the surface area
devoted to the drive circuit and to input pads can be reduced,
and accordingly, when running a plurality of liquid crystal
display devices from a common substrate, more elements
can fit on one substrate, thus increasing the number of
panels. Further, since the surface area devoted to the drive
circuit and input pads is reduced, the size of the peripheral
area surrounding the display section of the liquid crystal
display device is reduced, and installation in a personal
computer, etc. is facilitated.

[0552] In addition, by increasing the number of outputs
from each scanning circuit to the logic gate circuits so that
the output of each scanning circuit is inputted into a plurality
of logic gate circuits, the number of scanning circuits can be
reduced. Particularly in high-definition liquid crystal display
devices, layout of each scanning circuit within the small
pixel pitch is difficult, but with the foregoing structure
according to the present invention, if the number of inputs
to the logic gate circuits is, for example, four, it is easy to lay
out each scanning circuit within the pitch of four pixels, and
thus layout can be simplified.

[0553] The embodiments and concrete examples of imple-
mentation discussed in the foregoing detailed explanation of
the present invention serve solely to illustrate the technical
contents of the present invention, which should not be
narrowly interpreted within the limits of such concrete
examples, but rather may be applied in many variations
without departing from the spirit of the present invention
and the scope of the patent claims set forth below.

What is claimed is:

1. A liquid crystal display device including an active
matrix array made up of switching elements provided at
each intersection between a plurality of scanning lines and
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a plurality of signal lines, and driving means for driving said
active matrix array, said driving means comprising:

scanning circuits N in number, N being a positive integer,
which receive a start pulse, and which produce pulse
signals sequentially shifted by one-half of a clock
signal cycle for each scanning circuit;

first logic gate circuits NxM in number, M being an
integer no less than 2, each provided with a first control
terminal and a second control terminal, every M adja-
cent first logic gate circuits being connected together
via said first control terminals thereof, which receive a
signal produced by one of said N scanning circuits, and
every Mth first logic gate circuit being connected
together via said second control terminals thereof,
which receive one of M kinds of second control signal;
and

second logic gate circuits, each of which receives an
output from one of said first logic gate circuits and, via
a third control terminal, one of two kinds of third
control signal.
2. The liquid crystal display device set forth in claim 1,
wherein:

said driving means are a vertical drive circuit which
drives said plurality of scanning lines.
3. The liquid crystal display device set forth in claim 1,
wherein:

said driving means are a horizontal drive circuit which
drives said plurality of signal lines; and

said horizontal drive circuit includes sample holding
switches.
4. The liquid crystal display device set forth in claim 1,
wherein:

said first logic gate circuits are AND gate circuits.
5. The liquid crystal display device set forth in claim 1,
wherein:

said second logic gate circuits include NAND gate cir-
cuits.
6. The liquid crystal display device set forth in claim 1,
wherein:

the third control signals are the clock signal and an
inverted clock signal.
7. The liquid crystal display device set forth in claim 1,
wherein:

M=4.

8. A liquid crystal display device including an active
matrix array made up of switching elements provided at
each intersection between a plurality of scanning lines and
a plurality of signal lines, and driving means for driving said
active matrix array, said driving means comprising:

scanning circuits N in number, N being a positive integer,
which receive a start pulse, and which produce pulse
signals sequentially shifted by one-half of a clock
signal cycle for each scanning circuit;

pulse width reducing means, which reduce pulse width of
the pulse signals produced by said scanning circuits and
produce pulses of reduced width; and

third logic gate circuits NxM in number, M being an
integer no less than 2, each provided with a first control
terminal and a second control terminal, every M adja-
cent first logic gate circuits being connected together
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via said first control terminals thereof, which receive a

pulse produced by said pulse width reducing means,

and every Mth first logic gate circuit being connected

together via said second control terminals thereof,

which receive one of M kinds of second control signal.

9. The liquid crystal display device set forth in claim 8,
wherein:

said driving means are a vertical drive circuit which
drives said plurality of scanning lines.
10. The liquid crystal display device set forth in claim 8,
wherein:

said driving means are a horizontal drive circuit which
drives said plurality of signal lines; and

said horizontal drive circuit includes sample holding
switches.
11. The liquid crystal display device set forth in claim 8,
wherein:

said pulse reducing means are fourth logic gates, each of
which receives pulses produced by two adjacent scan-
ning circuits.
12. The liquid crystal display device set forth in claim 8,
wherein:

said pulse reducing means include an additional scanning
circuit before the first or after the last said scanning
circuit.
13. The liquid crystal display device set forth in claim 11,
wherein:

said fourth logic gate circuits are AND gate circuits.
14. The liquid crystal display device set forth in claim 8,
wherein:

said third logic gate circuits include NAND gate circuits.
15. The liquid crystal display device set forth in claim 8,
wherein:

said pulse reducing means are fifth logic gates, each of
which receives pulses produced by said N scanning
circuits and one of two kinds of fourth control signal,
each fourth control signal the inverse of the other.
16. The liquid crystal display device set forth in claim 15,
wherein:

the fourth control signals are the clock signal and an
inverted clock signal.
17. The liquid crystal display device set forth in claim 8,
wherein

M=4.
18. The liquid crystal display device set forth in claim 8,
wherein:

M=2.

19. A liquid crystal display device including an active
matrix array made up of switching elements provided at
each intersection between a plurality of scanning lines and
a plurality of signal lines, and driving means for driving said
active matrix array, said driving means comprising:

scanning circuits 2N in number, N being a positive
integer, which receive a start pulse, and which produce
pulse signals sequentially shifted by one-half of a clock
signal cycle for each scanning circuit; and

sixth logic gate circuits NxM in number, M being an
integer no less than 2, each provided with a first control
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terminal and a second control terminal, every M adja-
cent sixth logic gate circuits being connected together
via said first control terminals thereof, which receive
signals produced by every other scanning circuit of the
2N said scanning circuits, and every Mth sixth logic
gate circuit being connected together via said second
control terminals thereof, which receive one of M kinds
of second control signal.

20. The liquid crystal display device set forth in claim 19,

wherein:

said driving means are a vertical drive circuit which
drives said plurality of scanning lines.
21. The liquid crystal display device set forth in claim 19,
wherein:

said driving means are a horizontal drive circuit which
drives said plurality of signal lines; and

said horizontal drive circuit includes sample holding
switches.
22. The liquid crystal display device set forth in claim 19,
wherein:

said sixth logic gate circuits include NAND gate circuits.

23. A driving method for a liquid crystal display device
including an active matrix array made up of switching
elements provided at each intersection between a plurality of
scanning lines and a plurality of signal lines, a vertical drive
circuit for driving the scanning lines, and a horizontal drive
circuit for driving the signal lines, the vertical drive circuit
comprising:

scanning circuits N in number, N being a positive integer,
which receive a start pulse, and which produce pulse
signals sequentially shifted by one-half of a clock
signal cycle for each scanning circuit;

first logic gate circuits NxM in number, M being an
integer no less than 2, each provided with a first control
terminal and a second control terminal, every M adja-
cent first logic gate circuits being connected together
via the first control terminals thereof, which receive a
signal produced by one of the N said scanning circuits,
and every Mth first logic gate circuit being connected
together via the second control terminals thereof, which
receive one of M kinds of second control signal; and

second logic gate circuits, each of which receives an
output from one of the first logic gate circuits and, via
a third control terminal, one of two kinds of third
control signal;

said driving method comprising the steps of:

(a) inputting to the scanning circuits of the vertical
drive circuit a start pulse having a pulse width of
2xMxT, T being a scanning line selection period,
and, using a clock signal having a cycle of 2xMxT,
causing the respective scanning circuits to produce
pulse signals sequentially shifted by one-half cycle
of the clock signal for each scanning circuit;

(b) inputting to the first control terminals of the respec-
tive first logic gate circuits the pulse signals sequen-
tially shifted by one-half cycle each, and inputting to
the second control terminal of each first logic gate
circuit one of M kinds of second control signal
having a cycle of MxT and a pulse width of T,
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thereby causing each first logic gate circuit to pro-
duce two pulses of pulse width T, produced (M-1)xT
apart from each other;

(c) inputting to each second logic gate circuit the two
pulses produced by one of the first logic gate circuits
and one of two kinds of third control signal having
a cycle of 2xMxT and a pulse width of MxT, each
third control signal being the inverse of the other,
thereby causing the respective second logic gate
circuits to produce signals having a pulse width of T;
and

(d) sequentially inputting the respective signals of pulse
width T to the scanning lines.

24. A driving method for a liquid crystal display device
including an active matrix array made up of switching
elements provided at each intersection between a plurality of
scanning lines and a plurality of signal lines, a vertical drive
circuit for driving the scanning lines, and a horizontal drive
circuit for driving the signal lines, the vertical drive circuit
comprising:

scanning circuits N in number, N being a positive integer,
which receive a start pulse, and which produce pulse
signals sequentially shifted by one-half of a clock
signal cycle for each scanning circuit;

pulse width reducing means, which reduce pulse width of
the pulse signals produced by the scanning circuits and
produce pulses of reduced width; and

third logic gate circuits NxM in number, M being an
integer no less than 2, each provided with a first control
terminal and a second control terminal, every M adja-
cent first logic gate circuits being connected together
via the first control terminals thereof, which receive a
pulse produced by the pulse width reducing means, and
every Mth first logic gate circuit being connected
together via the second control terminals thereof, which
receive one of M kinds of second control signal;

said driving method comprising the steps of:

(a) inputting to the scanning circuits of the vertical
drive circuit a start pulse having a pulse width of
2xMxT, T being a scanning line selection period,
and, using a clock signal having a cycle of 2xMxT,
causing the respective scanning circuits to produce
pulse signals sequentially shifted by one-half cycle
of the clock signal each;

(b) inputting the respective pulse signals sequentially
shifted by one-half cycle each to the pulse width
reducing means, thereby producing pulses having
respective pulse widths of MxT;

(c) inputting the respective pulses produced by the
pulse width reducing means to the first control
terminals of the respective third logic gate circuits,
and inputting to the second control terminal of each
third logic gate circuit one of M kinds of second
control signal having a cycle of MxT and a pulse
width of T, thereby causing the respective third logic
gate circuits to produce signals having a pulse width
of T; and

(d) sequentially inputting the respective signals of pulse
width T to the scanning lines.
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25. A driving method for a liquid crystal display device
including an active matrix array made up of switching
elements provided at each intersection between a plurality of
scanning lines and a plurality of signal lines, a vertical drive
circuit for driving the scanning lines, and a horizontal drive
circuit for driving the signal lines, the vertical drive circuit
comprising:

scanning circuits 2N in number, N being a positive
integer, which receive a start pulse, and which produce
pulse signals sequentially shifted by one-half of a clock
signal cycle for each scanning circuit; and

sixth logic gate circuits NxM in number, M being an
integer no less than 2, each provided with a first control
terminal and a second control terminal, every M adja-
cent sixth logic gate circuits being connected together
via the first control terminals thereof, which receive
signals produced by every other scanning circuit of the
2N scanning circuits, and every Mth sixth logic gate
circuit being connected together via the second control
terminals thereof, which receive one of M kinds of
second control signal;

said driving method comprising the steps of:

(a) inputting to the scanning circuits of the vertical
drive circuit a start pulse having a pulse width of
MxT, T being a scanning line selection period, and,
using a clock signal having a cycle of MxT, causing
the respective scanning circuits to produce pulse
signals sequentially shifted by one-half cycle of the
clock signal each;

(b) inputting to the first control terminals of the respec-
tive sixth logic gate circuits signals, sequentially
shifted by one cycle each, produced by every other
scanning circuit of the 2N scanning circuits, and
inputting to the second control terminal of each sixth
logic gate circuit one of M kinds of second control
signal having a cycle of MxT and a pulse width of T,
thereby causing the respective sixth logic gate cir-
cuits to produce signals having a pulse width of T;
and

(d) sequentially inputting the respective signals of pulse
width T to the scanning lines.

26. A driving method for a liquid crystal display device
including an active matrix array made up of switching
elements provided at each intersection between a plurality of
scanning lines and a plurality of signal lines, a vertical drive
circuit for driving the scanning lines, and a horizontal drive
circuit for driving the signal lines, the vertical drive circuit
comprising:

scanning circuits N in number, N being a positive integer,
which receive a start pulse, and which produce pulse
signals sequentially shifted by one-half of a clock
signal cycle for each scanning circuit;

first logic gate circuits NxM in number, M being an
integer no less than 2, each provided with a first control
terminal and a second control terminal, every M adja-
cent first logic gate circuits being connected together
via the first control terminals thereof, which receive a
signal produced by one of the N scanning circuits, and
every Mth first logic gate circuit being connected
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together via the second control terminals thereof, which
receive one of M kinds of second control signal; and

second logic gate circuits, each of which receives an
output from one of the first logic gate circuits and, via
a third control terminal, one of two kinds of third
control signal;

said driving method comprising the steps of:

(a) inputting to the scanning circuits of the vertical
drive circuit a start pulse having a pulse width of
MxT, T being a scanning line selection period, and,
using a clock signal having a cycle of MxT, causing
the respective scanning circuits to produce pulse
signals sequentially shifted by one-half cycle of the
clock signal each;

(b) inputting to the first control terminals of the respec-
tive first logic gate circuits the pulse signals sequen-
tially shifted by one-half cycle each, and inputting to
the second control terminals of M/2 out of every M
adjacent first logic gate circuits a second control
signal having a cycle of (M/2)xT, thereby causing
every other first logic gate circuit to produce two
pulses of pulse width T, produced ((M/2)-1)xT apart
from each other;

(c) inputting to every other second logic gate circuit the
two pulses produced by every other first logic gate
circuit, and inputting to each second logic gate
circuit a third control signal having a cycle of MxT,
thereby causing every other second logic gate circuit
to produce a signal having a pulse width of T; and

(d) sequentially inputting the respective signals of pulse
width T to every other scanning line.
27. A driving method for a liquid crystal display device

including an active matrix array made up of switching
elements provided at each intersection between a plurality of
scanning lines and a plurality of signal lines, a vertical drive
circuit for driving the scanning lines, and a horizontal drive
circuit for driving the signal lines, the vertical drive circuit
comprising:

scanning circuits N in number, N being a positive integer,
which receive a start pulse, and which produce pulse
signals sequentially shifted by one-half of a clock
signal cycle for each scanning circuit;

first logic gate circuits NxM in number, M being an
integer no less than 2, each provided with a first control
terminal and a second control terminal, every M adja-
cent first logic gate circuits being connected together
via the first control terminals thereof, which receive a
signal produced by one of the N scanning circuits, and
every Mth first logic gate circuit being connected
together via the second control terminals thereof, which
receive one of M kinds of second control signal; and

second logic gate circuits, each of which receives an
output from one of the first logic gate circuits and, via
a third control terminal, one of two kinds of third
control signal;

said driving method comprising the steps of:

(a) inputting to the scanning circuits of the vertical
drive circuit a start pulse having a pulse width of
MxT, T being a scanning line selection period, and,

34
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using a clock signal having a cycle of MxT, causing
the respective scanning circuits to produce pulse
signals sequentially shifted by one-half cycle of the
clock signal each;

(b) inputting to the first control terminals of the respec-
tive first logic gate circuits the pulse signals sequen-
tially shifted by one-half cycle each, and inputting to
the second control terminals of every M adjacent first
logic gate circuits M/2 kinds of second control signal
having a cycle of (M/2)xT, thereby causing each first
logic gate circuit to produce two pulses of pulse
width T, produced ((M/2)-1)xT apart from each
other, each pair of adjacent first logic gate circuits
producing pulses having the same phase;

(c) inputting to the respective second logic gate circuits
the two pulses produced by the respective first logic
gate circuits, and a third control signal having a cycle
of MxT, thereby causing each second logic gate
circuit to produce a signal having a pulse width of T,
each pair of adjacent second logic gate circuits
producing pulses having the same phase; and

(d) sequentially inputting the respective signals of pulse
width T to two scanning lines each.
28. A driving method for a liquid crystal display device

including an active matrix array made up of switching
elements provided at each intersection between a plurality of
scanning lines and a plurality of signal lines, a vertical drive
circuit for driving the scanning lines, and a horizontal drive
circuit for driving the signal lines, the vertical drive circuit
comprising:

scanning circuits N in number, N being a positive integer,
which receive a start pulse, and which produce pulse
signals sequentially shifted by one-half of a clock

signal cycle for each scanning circuit;

pulse width reducing means, which reduce pulse width of
the pulse signals produced by the scanning circuits and
produce pulses of reduced width; and

third logic gate circuits NxM in number, M being an

integer no less than 2, each provided with a first control
terminal and a second control terminal, every M adja-
cent first logic gate circuits being connected together
via the first control terminals thereof, which receive a
pulse produced by the pulse width reducing means, and
every Mth first logic gate circuit being connected
together via the second control terminals thereof, which
receive one of M kinds of second control signal;

said driving method comprising the steps of:

(a) inputting to the scanning circuits of the vertical
drive circuit a start pulse having a pulse width of
MxT, T being a scanning line selection period, and,
using a clock signal having a cycle of MxT, causing
the respective scanning circuits to produce pulse
signals sequentially shifted by one-half cycle of the
clock signal each;

(b) inputting to the pulse reducing means the pulse
signals sequentially shifted by one-half cycle each,
thereby causing the pulse width reducing means to
produce pulses having a pulse width of MxT/2;

(c) inputting the respective pulses produced by the
pulse width reducing means to the first control
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terminals of the respective third logic gate circuits,
and inputting to the second control terminals of M/2
out of every M adjacent third logic gate circuits a
second control signal having a cycle of MxT/2,
thereby causing every other third logic gate circuit to
produce signals having a pulse width of T; and

(d) inputting the respective signals of pulse width T to
every other scanning line.

29. A driving method for a liquid crystal display device
including an active matrix array made up of switching
elements provided at each intersection between a plurality of
scanning lines and a plurality of signal lines, a vertical drive
circuit for driving the scanning lines, and a horizontal drive
circuit for driving the signal lines, the vertical drive circuit
comprising:

scanning circuits N in number, N being a positive integer,
which receive a start pulse, and which produce pulse
signals sequentially shifted by one-half of a clock
signal cycle for each scanning circuit;

pulse width reducing means, which reduce pulse width of
the pulse signals produced by the scanning circuits and
produce pulses of reduced width; and

third logic gate circuits NxM in number, M being an
integer no less than 2, each provided with a first control
terminal and a second control terminal, every M adja-
cent first logic gate circuits being connected together
via the first control terminals thereof, which receive a
pulse produced by the pulse width reducing means, and
every Nth first logic gate circuit being connected
together via the second control terminals thereof, which
receive one of M kinds of second control signal;

said driving method comprising the steps of:

(a) inputting to the scanning circuits of the vertical
drive circuit a start pulse having a pulse width of
MxT, T being a scanning line selection period, and,
using a clock signal having a cycle of MxT, causing
the respective scanning circuits to produce pulse
signals sequentially shifted by one-half cycle of the
clock signal each;

(b) inputting to the pulse reducing means the pulse
signals sequentially shifted by one-half cycle each,
thereby causing the pulse width reducing means to
produce pulses having a pulse width of MxT/2;

(c) inputting the respective pulses produced by the
pulse width reducing means to the first control
terminals of the respective third logic gate circuits,
and inputting to the second control terminals of
every M adjacent third logic gate circuits M/2 kinds
of second control signal having a cycle of MxT/2,
thereby causing the respective third logic gate cir-
cuits to produce signals having a pulse width of T,
each pair of adjacent third logic gate circuits pro-
ducing signals having the same phase; and

(d) sequentially inputting the respective signals of pulse
width T to two scanning lines each.

30. A driving method for a liquid crystal display device
including an active matrix array made up of switching
elements provided at each intersection between a plurality of
scanning lines and a plurality of signal lines, a vertical drive
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circuit for driving the scanning lines, and a horizontal drive
circuit for driving the signal lines, the vertical drive circuit
comprising:

scanning circuits 2N in number, N being a positive
integer, which receive a start pulse, and which produce
pulse signals sequentially shifted by one-half of a clock
signal cycle for each scanning circuit; and

sixth logic gate circuits NxM in number, M being an
integer no less than 2, each provided with a first control
terminal and a second control terminal, every M adja-
cent sixth logic gate circuits being connected together
via the first control terminals thereof, which receive
signals produced by every other scanning circuit of the
2N scanning circuits, and every Mth sixth logic gate
circuit being connected together via the second control
terminals thereof, which receive one of M kinds of
second control signal;

said driving method comprising the steps of:

(a) inputting to the scanning circuits of the vertical
drive circuit a start pulse having a pulse width of
MxT, T being a scanning line selection period, and,
using a clock signal having a cycle of MxT, causing
the respective scanning circuits to produce pulse
signals sequentially shifted by one-half cycle of the
clock signal each;

(b) inputting to the first control terminals of the respec-
tive sixth logic gate circuits signals, sequentially
shifted by one cycle each, produced by every other
scanning circuit of the 2N scanning circuits, and
inputting to the second control terminals of M/2 out
of every M adjacent sixth logic gate circuits a second
control signal having a cycle of MxT/2, thereby
causing every other sixth logic gate circuit to pro-
duce signals having a pulse width of T; and

(d) sequentially inputting the respective signals of pulse
width T to every other scanning line.

31. A driving method for a liquid crystal display device
including an active matrix array made up of switching
elements provided at each intersection between a plurality of
scanning lines and a plurality of signal lines, a vertical drive
circuit for driving the scanning lines, and a horizontal drive
circuit for driving the signal lines, the vertical drive circuit
comprising:

scanning circuits 2N in number, N being a positive
integer, which receive a start pulse, and which produce
pulse signals sequentially shifted by one-half of a clock
signal cycle for each scanning circuit; and

sixth logic gate circuits NxM in number, M being an
integer no less than 2, each provided with a first control
terminal and a second control terminal, every M adja-
cent sixth logic gate circuits being connected together
via the first control terminals thereof, which receive
signals produced by every other scanning circuit of the
2N scanning circuits, and every Mth sixth logic gate
circuit being connected together via the second control
terminals thereof, which receive one of M kinds of
second control signal;

said driving method comprising the steps of:

(a) inputting to the scanning circuits of the vertical
drive circuit a start pulse having a pulse width of
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MxT, T being a scanning line selection period, and,
using a clock signal having a cycle of MxT, causing
the respective scanning circuits to produce pulse
signals sequentially shifted by one-half cycle of the
clock signal each;

(b) inputting to the first control terminals of the respec-
tive sixth logic gate circuits signals, sequentially
shifted by one cycle each, produced by every other
scanning circuit of the 2N scanning circuits, and
inputting to the second control terminals of every M
adjacent sixth logic gate circuits M/2 kinds of second
control signal having a cycle of MxT/2, thereby
causing the respective sixth logic gate circuits to
produce signals having a pulse width of T, each pair
of adjacent third logic gate circuits producing signals
having the same phase; and

(c) sequentially inputting the respective signals of pulse
width T to two scanning lines each.

32. A driving method for a liquid crystal display device
including an active matrix array made up of switching
elements provided at each intersection between a plurality of
scanning lines and a plurality of signal lines, a vertical drive
circuit for driving the scanning lines, and a horizontal drive
circuit for driving the signal lines, the horizontal drive
circuit comprising:

scanning circuits N in number, N being a positive integer,

which receive a start pulse, and which produce pulse

signals sequentially shifted by one-half of a clock
signal cycle for each scanning circuit;

first logic gate circuits NxM in number, M being an
integer no less than 2, each provided with a first control
terminal and a second control terminal, every M adja-
cent first logic gate circuits being connected together
via the first control terminals thereof, which receive a
signal produced by one of the N scanning circuits, and
every Mth first logic gate circuit being connected
together via the second control terminals thereof, which
receive one of M kinds of second control signal;

second logic gate circuits, each of which receives an
output from one of the first logic gate circuits and, via
a third control terminal, one of two kinds of third
control signal; and

sample holding switches;
said driving method comprising the steps of:

() inputting to the scanning circuits of the horizontal
drive circuit a start pulse having a pulse width of
2xMxT, T being a period for sampling J signal lines
(J21), and, using a clock signal having a cycle of
2xMxT, causing the respective scanning circuits to
produce pulse signals sequentially shifted by one-
half cycle of the clock signal each,

(b) inputting to the first control terminals of the respec-
tive first logic gate circuits the pulse signals sequen-
tially shifted by one-half cycle each, and inputting to
the second control terminals of the respective first
logic gate circuits M kinds of second control signal
made up of pulses of pulse width T occurring
(M-1)xT apart from each other, thereby causing
each first logic gate circuit to produce two pulses of
pulse width T, produced (M-1)xT apart from each
other;
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(c) inputting to each second logic gate circuit the two
pulses produced by one of the first logic gate circuits
and one of two kinds of third control signal having
a cycle of 2xMxT and a pulse width of MxT, each
third control signal being the inverse of the other,
thereby causing the respective second logic gate
circuits to produce signals having a pulse width of T;
and

(d) sequentially inputting the respective signals of pulse
width T to the sample holding switches.
33. The driving method for liquid crystal display device
set forth in claim 32, wherein:

among the signals of pulse width T which are sequentially
inputted to the sample holding switches, pulses of
adjacent signals do not mutually overlap.

34. A driving method for a liquid crystal display device
including an active matrix array made up of switching
elements provided at each intersection between a plurality of
scanning lines and a plurality of signal lines, a vertical drive
circuit for driving the scanning lines, and a horizontal drive
circuit for driving the signal lines, the horizontal drive
circuit comprising:

scanning circuits N in number, N being a positive integer,
which receive a start pulse, and which produce pulse
signals sequentially shifted by one-half of a clock
signal cycle for each scanning circuit;

pulse width reducing means, which reduce pulse width of
the pulse signals produced by the scanning circuits and
produce pulses of reduced width;

third logic gate circuits NxM in number, M being an
integer no less than 2, each provided with a first control
terminal and a second control terminal, every M adja-
cent first logic gate circuits being connected together
via the first control terminals thereof, which receive a
pulse produced by the pulse width reducing means, and
every Mth first logic gate circuit being connected
together via the second control terminals thereof, which
receive one of M kinds of second control signal; and

sample holding switches;
said driving method comprising the steps of:

(a) inputting to the scanning circuits of the horizontal
drive circuit a start pulse having a pulse width of
2xMxT, T being a period for sampling J signal lines
(JZ1), and, using a clock signal having a cycle of
2xMxT, causing the respective scanning circuits to
produce pulse signals sequentially shifted by one-
half cycle of the clock signal each;

(b) inputting the respective pulse signals sequentially
shifted by one-half cycle each to the pulse width
reducing means, thereby producing pulses having
respective pulse widths of MxT;

(¢) inputting the respective pulses produced by the
pulse width reducing means to the first control
terminals of the respective third logic gate circuits,
and inputting to the second control terminal of each
third logic gate circuit one of M kinds of second
control signal having a cycle of MxT and a pulse
width of T, thereby causing the respective third logic
gate circuits to produce signals having a pulse width
of T; and
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(d) sequentially inputting the respective signals of pulse
width T to the sample holding switches.

35. The driving method for liquid crystal display device
set forth in claim 34, wherein:

among the signals of pulse width T which are sequentially
inputted to the sample holding switches, pulses of
adjacent signals do not mutually overlap.

36. A driving method for a liquid crystal display device
including an active matrix array made up of switching
elements provided at each intersection between a plurality of
scanning lines and a plurality of signal lines, a vertical drive
circuit for driving the scanning lines, and a horizontal drive
circuit for driving the signal lines, the horizontal drive
circuit comprising:

scanning circuits 2N in number, N being a positive
integer, which receive a start pulse, and which produce
pulse signals sequentially shifted by one-half of a clock
signal cycle for each scanning circuit;

sixth logic gate circuits NxM in number, M being an
integer no less than 2, each provided with a first control
terminal and a second control terminal, every M adja-
cent sixth logic gate circuits being connected together
via the first control terminals thereof, which receive
signals produced by every other scanning circuit of the
2N scanning circuits, and every Mth sixth logic gate
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circuit being connected together via the second control
terminals thereof, which receive one of M kinds of
second control signal; and

sample holding switches;
said driving method comprising the steps of:

(a) inputting to the scanning circuits of the horizontal
drive circuit a start pulse having a pulse width of
MxT, T being a period for sampling J signal lines
(J21), and, using a clock signal having a cycle of
MxT, causing the respective scanning circuits to
produce pulse signals sequentially shifted by one-
half cycle of the clock signal each;

(b) inputting to the first control terminals of the respec-
tive sixth logic gate circuits signals, sequentially
shifted by one cycle each, produced by every other
scanning circuit of the 2N scanning circuits, and
inputting to the second control terminal of each sixth
logic gate circuit one of M kinds of second control
signal having a cycle of MxT and a pulse width of T,
thereby causing the respective sixth logic gate cir-
cuits to produce signals having a pulse width of T;
and

(d) sequentially inputting the respective signals of pulse
width T to the sampling switches.
37. The driving method for liquid crystal display device
set forth in claim 36, wherein:

among the signals of pulse width T which are sequentially
inputted to the sample holding switches, pulses of
adjacent signals do not mutually overlap.
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