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7) ABSTRACT

Adriver for driving a liquid crystal panel that includes a pair
of substrates, a liquid crystal sandwiched between the sub-
strates, a plurality of signal lines (31) which are arranged in
a first given direction on a substrate and to which an image
signal is supplied, a plurality of scanning lines (32) which
are arranged in a second direction and to which a scan signal
is supplied sequentially, and a plurality of pixels arranged in
the form of a matrix on the surface of a substrate opposed to
the liquid crystal, and driven with the image signal and scan
signal supplied over the plurality of signal lines and plurality
of scanning lines comprises: an image signal supply unit
(101 to 104) including a first-direction shift register that has
a plurality of stages (Lla) and supplying the image signal
sequentially to the plurality of signal lines in a first direction
according to a transfer signal sequentially generated by the
first-direction shift register, and a scan signal supply unit
including a second-direction shift register (2) that has a
plurality of stages and supplying the scan signal sequentially
to the plurality of scanning lines in a second direction
according to a transfer signal sequentially generated by the
second-direction shift register. At least one of the first-
direction and second-direction shift registers includes a
transfer start control unit (11) for selectively allowing at
least two predetermined stages capable of starting transfer
among the plurality of stages to start generating a transfer
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DRIVER OF LIQUID CRYSTAL PANEL, LIQUID
CRYSTAL DEVICE, AND ELECTRONIC
EQUIPMENT

TECHNICAL FIELD

[0001] The present invention relates to a technical field
involving a driver of a liquid crystal panel of a matrix
driving type which adopts transistor driving, metal-insula-
tor-metal (MIM) driving, or the like, and a liquid crystal
device and electronic equipment using this driver. More
particularly, this invention is concerned with a technical field
involving a driver for driving a liquid crystal panel so that
images of different aspect ratios can be displayed according
to the type of an image signal, a liquid crystal device and
electronic equipment using this driver.

BACKGROUND ART

[0002] In recent years, liquid crystal devices have been
requested to cope with a plurality of different specifications
for display in compliance with the demands from markets
for displaying a TV picture in a wider screen and for sharing
the same specifications for display with computers or the
like. However, a dot-matrix type liquid crystal device in
accordance with a related art has difficulty in handling a
non-image display area in which no picture is displayed and
which is produced when corresponding a plurality of speci-
fications for display having different aspect ratios. For
example, when an attempt is made to display a screen of an
aspect ratio 4:3, which conforms to an existing National
Television System Committee (NTSC) standard and a Phase
Alternation Line (PAL) standard, being involved in a dot-
matrix type liquid crystal device offering a screen of an
aspect ratio 16:9 which conforms to a recent high-definition
TV standard and an NTSC standard on a wide screen,
non-image display areas are created on the right and left
sides of the image display field. The non-image display arcas
are normally blackened. However, when an ordinary shift
register is driven for blackening, it is impossible to hori-
zontally scan all pixel electrodes included in the non-image
display areas and display them within each horizontal
retrace period. Consequently, long adopted is the technique
of adjusting the line frequency for a horizontal scan using an
external storage device such as a line memory, or the
technique of driving a shift register only in the non-image
display areas at a high frequency that is 1.5 times to twice
higher than the frequency driven in the image display area.

[0003] In contrast, when an attempt is made to display a
screen with an aspect ratio 16:9 based on the high-definition
TV standard or the like in a dot-matrix type liquid crystal
device offering a screen with an aspect ratio 4:3 based on the
existing NTSC standard or the like, non-image display areas
are created above and below the image display area. The
non-image display arcas are normally blackened. Even in
this case, long adopted is the technique of adjusting a line
frequency for vertical scanning using an external storage
device, or the technique of driving a shift register only in the
non-image display areas at a frequency which is higher than
the frequency driven in the image display area.

[0004] Moreover, Japanese Unexamined Patent Publica-
tion No. 9-154086 has disclosed a display device including
a device for controlling the horizontal scan so that a signal
sent from a sub-video signal processor can be displayed in
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right and left non-image display arcas at the same time.
According to this art, since pixels constituting the right and
left non-image display areas are scanned at the same time,
the time required for scanning the areas is halved.

DESCRIPTION OF INVENTION

[0005] However, when the foregoing system of driving a
shift register, at a frequency higher than the frequency at
which the shift register is driven in an image display area is
adopted in order to blacken non-image display areas, the
shift register must exhibit excellent characteristics. More-
over, there is a problem that since the time required for
selecting any pixels in the non-image display areas is
shortened, a sufficient contrast ratio cannot be attained. In
addition, since the driving frequency becomes high, the
power consumption increases. On the other hand, the fore-
going system using an external storage device such as a line
memory has a problem that not only an increase in cost is
invited, but also the design of peripheral circuits or the
operational control gets more complex.

[0006] According to the art disclosed in Japanese Unex-
amined Patent Publication No. 9-154086, in order that the
pixels constituting the right and left non-image display areas
are scanned concurrently, complex circuits such as a sub-
video signal processor and video signal switching device
must be incorporated in the drive circuit. This makes the
configuration of a display device or a control complex.
Furthermore, for blackening the right and left non-image
display areas, the scan time that is approximately one-half of
the scan time required for scanning the pixels in the right and
left non-image display areas separately is required.

[0007] A technical subject of the present invention is to
provide a driver of a liquid crystal panel making it possible
to properly blacken non-image display areas using a rela-
tively simple configuration and to display images of various
aspect ratios, and a liquid crystal device and electronic
equipment including the driver.

[0008] For overcoming the aforesaid technical subject, a
driver of a liquid crystal panel in accordance with the present
invention is a driver for driving a liquid crystal panel that
comprises a pair of substrates, a liquid crystal sandwiched
between the substrates, a plurality of signal lines which are
arranged in a given first direction on the substrate and to
which an image signal is supplied, a plurality of scanning
lines which are arranged in a second direction orthogonal to
the first direction on the substrate and to which a scan signal
is supplied sequentially, and a plurality of pixels arranged in
the form of a matrix on the liquid crystal side-surface of the
substrate, and driven with the image signal and scan signal
supplied by the plurality of signal lines and the plurality of
scanning lines respectively. The driver comprises an image
signal supply unit that includes a first-direction shift register
having a plurality of stages, which supplies the image signal
sequentially to the plurality of signal lines in a first direction
in response to a transfer signal sent sequentially from the
first-direction shift register, and a scan signal supply unit that
includes a second-direction shift register having a plurality
of stages, which supplies the scan signal sequentially to the
plurality of scanning lines in a second direction in response
to a transfer signal sent sequentially from the second-
direction shift register. At least one of the first-direction and
second-direction shift registers includes a transfer start con-
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trol unit for selectively allowing at least two predetermined
stages capable of starting transfer among the plurality of
stages to start generating a transfer signal.

[0009] According to the present invention, there is pro-
vided a driver of a liquid crystal panel in which an image
signal supply unit supplies an image signal sequentially to a
plurality of signal lines in a first direction in response to a
transfer signal sent sequentially from a first-direction shift
register. Meanwhile, a scan signal supply unit supplies a
scan signal sequentially to a plurality of scanning lines in a
second direction in response to a transfer signal sent sequen-
tially from a second-direction shift register. As a result, for
example, a horizontal scan is carried out according to the
transfer signal sent from the first-direction shift register, and
a vertical scan is carried out according to the transfer signal
sent from the second-direction shift register. Herein, a
transfer start control unit included in at least one of the
first-direction and second-direction shift registers selectively
allows at least two stages capable of starting transfer to start
generating a transfer signal. This makes it possible to start,
for example, a horizontal scan or a vertical scan at an
intermediate position corresponding to a stage capable of
starting transfer in at least one of the first and second
directions associated with the first-direction and second-
direction shift registers. It is therefore possible to display an
image in an area contributing to image display, without
driving stages preceding the stages capable of starting
transfer among the plurality of stages of the first-direction
and second-direction shift registers (for example, stages
corresponding to the leftmost area or stages corresponding
to the uppermost area), that is, stages corresponding to arcas
not contributing to image display. When the aspect ratio of
an image to be displayed is inconsistent with the certain
aspect ratio of a screen offered by a liquid crystal panel, an
effective image may not be displayed in the uppermost and
lowermost areas or the rightmost and leftmost areas. Even in
this case, unnecessary scan time for scanning the areas not
contributing to image display (non-image display areas) can
be eliminated. This obviates the necessity of driving the
first-direction and second-direction shift registers at a fre-
quency equal to or higher than a frequency at which the shift
registers are driven for scanning the image display area. As
a result, the overall circuitry gets simplified and control gets
easier. Moreover, a large margin can be ensured for the
characteristics of devices constituting a shift register or for
power consumption.

[0010] According to one aspect of the present invention
described above, there is provided a driver of a liquid crystal
panel in which the first-direction and second-direction shift
registers each include a plurality of transfer signal genera-
tion circuits for generating a transfer signal. The transfer
start control unit includes a first logic circuit that is con-
nected on a transfer start signal line to which a transfer start
signal is supplied and that supplies the transfer start signal
to a transfer signal generation circuit on a stage capable of
starting transfer and thus allows the transfer signal genera-
tion circuit to start generating the transfer signal.

[0011] According to this aspect, the first-direction and
second-direction shift registers each include a transfer signal
generation circuit for generating a transfer signal, for
example, a flip-flop. When the first logic circuit, for
example, an OR circuit, included in the transfer start control
unit applies a transfer start signal to a transfer signal
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generation circuit on a stage capable of starting transfer, the
transfer signal generation circuit starts generating a transfer
signal. Thus, it is possible to display an image in an area
contributing to image display without driving the transfer
signal generation circuits preceding the transfer signal gen-
eration circuit on the stages capable of starting transfer.

[0012] According to another aspect of the present inven-
tion, there is provided a driver of a liquid crystal panel in
which at least one of the first-direction and second-direction
shift registers includes a transfer stop control unit for
selectively allowing at least two predetermined stages,
capable of stopping transfer among the plurality of stages, to
stop transferring a transfer signal.

[0013] According to this aspect, the transfer stop control
unit selectively allows at least two stages capable of stop-
ping transfer to stop transferring a transfer signal. For
example, horizontal scan or vertical scan can be stopped at
an intermediate position corresponding to a stage capable of
stopping transfer in at least one of a first and second
directions. It is therefore possible to carry out image display
in an area contributing to image display without driving
stages succeeding the stage capable of stopping transfer
among the plurality of stages of first-direction and second-
direction shift registers (for example, stages corresponding
to the rightmost area and lowermost area), that is, stages
corresponding to areas not contributing to image display.

[0014] According to this aspect, the first-direction and
second-direction shift registers each include a plurality of
transfer signal generation circuits for generating a transfer
signal. The transfer stop control unit may include a second
logic circuit that is connected to a transfer stop signal line to
which a transfer stop signal is supplied and that stops a
transfer signal sent from a transfer signal generation circuit
on a stage capable of stopping transfer according to the
transfer stop signal.

[0015] Owing to this configuration, the second logic cir-
cuit, for example, an AND circuit included in the transfer
stop control unit stops a transfer signal sent from a transfer
signal generation circuit, for example, a flip-flop corre-
sponding to a stage capable of stopping transfer. Conse-
quently, an image can be displayed in an area contributing
to image display without the necessity of driving transfer
signal generation circuits succeeding the transfer signal
generation circuit corresponding to the stage capable of
stopping transfer.

[0016] According to another aspect of the present inven-
tion described above, there is provided a driver of a liquid
crystal panel in which at least one of the first-direction and
second-direction shift registers includes a detector for
detecting a termination of scan effected with a transfer signal
on a given stage. The driver of a liquid crystal panel further
comprises a voltage application device for applying a given
voltage to pixels constituting non-image display areas out-
side an image display area defined by an image signal at the
same time when a termination of scan is detected.

[0017] According to this aspect, when the detector detects
a termination of scan effected with a transfer signal on a
given stage, the voltage application device applies a given
voltage to the pixels corresponding to the non-image display
areas at the same time when a termination of scan is
detected. The non-image display areas therefore can be, for
example, blackened without being scanned.
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[0018] According to this aspect, the voltage application
device may reverse the polarity of the given voltage to be
applied to the liquid crystal portions of the pixels according
to the image signal at intervals of a given period.

[0019] In this case, the liquid crystal portions of the
non-image display areas can be driven while the polarity of
an applied voltage is reversed for each vertical scan period
such as a field or frame or for each scanning line (row).
Deterioration of the liquid crystal portions of the non-image
display areas derived from application of a DC voltage can
be prevented. In particular, flickers can be prevented by
reversing the polarity of the applied voltage for each scan-
ning line.

[0020] According to another aspect of the present inven-
tion, there is provided a driver of a liquid crystal panel in
which the image signal supply unit includes a switching
device that when driven to conduction according to a
transfer signal generated by the first-direction shift register,
supplies the externally-input image signal sequentially to the
plurality of signal lines.

[0021] According to this aspect, a switching device, for
example, a thin-film transistor (TFT) to be driven to con-
duction according to a transfer signal generated by the
first-direction shift register, is used to supply an externally-
input image signal sequentially to the plurality of signal
lines. The switching device is used to sample the externally-
input image signal, and a transfer signal generated by the
first-direction shift register is used as a driving signal used
to drive a sampling circuit, whereby scan in a first direction
can be achieved.

[0022] According to another aspect of the present inven-
tion, there is provided a driver of a liquid crystal panel in
which at least one of the first-direction and second-direction
shift registers includes a selector for selecting one of the
stages capable of starting transfer according to the size of a
display image indicated by the image signal.

[0023] According to this aspect, the selector selects one of
the stages capable of starting transfer according to the size
of a display image indicated by an image signal for, for
example, NTSC-conformable display, NTSC on wide
screen-conformable display, or PAL-conformable display. A
scan can be automatically started at a position suitable for
the type of an externally-input image signal.

[0024] According to an aspect of the present invention in
which the transfer stop control unit is included, at least one
of the first-direction and second-direction shift registers may
include a selector for selecting one of the stages capable of
stopping transfer according to the size of a display image
indicated by the image signal.

[0025] According to this aspect, the selector selects one of
the stages capable of stopping transfer according to the size
of a display image indicated by an image signal for, for
example, a NTSC-conformable display, a NTSC on wide
screen-conformable display, or a PAL-conformable display.
Consequently, a scan can be stopped at a position suitable
for the type of an externally-input image signal. When both
the selector for selecting one of the stages capable of starting
transfer and the selector for selecting one of the stages
capable of stopping transfer are included, needless to say, a
scan can be achieved automatically in a manner most
suitable for the type of an externally-input image signal.
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[0026] According to another aspect of the present inven-
tion, there is provided a driver of a liquid crystal panel in
which the image signal supply unit and scan signal supply
unit are each realized with an integrated circuit that is
arranged on a first substrate in the perimeter of an image
display area defined by the plurality of pixels.

[0027] According to this aspect, the image signal supply
unit and scan signal supply unit, each realized with an
integrated circuit arranged on the first substrate in the
perimeter of the image display area, preferably scan the
image display area two-dimensionally.

[0028] According to the present invention, there is pro-
vided a liquid crystal device in which the driver of a liquid
crystal panel in accordance with the present invention and
the liquid crystal panel are included for overcoming the
aforesaid technical subject.

[0029] According to the present invention, since the liquid
crystal device includes the aforesaid driver of a liquid crystal
panel in accordance with the present invention and the liquid
crystal panel, while non-image display areas can be black-
ened properly using a relatively simple configuration,
images of various aspect ratios can be displayed.

[0030] Furthermore, the electronic equipment in accor-
dance with the present invention is characterized in that the
aforesaid liquid crystal device in accordance with the
present invention is included for overcoming the aforesaid
technical subject.

[0031] According to the present invention, there is pro-
vided electronic equipment in which, since a liquid crystal
device in accordance with the present invention is included,
various electronic equipment including a liquid crystal pro-
jector, personal computer, and pager which can display
images of various aspect ratios in a screen using a relatively
simple configuration can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 s a circuit block diagram showing the first
embodiment in the best mode for carrying out the present
invention;

[0033] FIG. 2 is an enlarged circuit block diagram of
portion A of FIG. 1,

[0034] FIG. 3 is a circuit block diagram showing the
second embodiment in the best mode for carrying out the
present invention,

[0035] FIG. 4 is an enlarged circuit block diagram of
portion B of FIG. 3;

[0036] FIG. 5 is a circuit block diagram showing the third
embodiment in the best mode for carrying out the present
invention;

[0037] FIG. 6 is an enlarged circuit block diagram of
portion C of FIG. 5;

[0038] FIG. 7 is a circuit block diagram showing the
fourth embodiment in the best mode for carrying out the
present invention,

[0039] FIG. 8 is an enlarged circuit block diagram of
portion D of FIG. 7,
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[0040] FIG. 9 is a timing chart concerning the timing of
outputting various signals when an image with an aspect
ratio 4:3 (NTSC standard) is displayed in a screen with an
aspect ratio 16:9 (NTSC standard on a wide screen) accord-
ing to the fourth embodiment;

[0041] FIG. 10 s a timing chart concerning the timing of
outputting various signals when an image with an aspect
ratio 16:9 is displayed in a screen with an aspect ratio 16:9
according to the fourth embodiment;

[0042] FIG. 11 s a circuit block diagram showing the fifth
embodiment in the best mode for carrying out the present
invention;

[0043] FIG. 12 s a circuit block diagram showing a mode
switching circuit shown in FIG. 11,

[0044] FIG. 13A is a timing chart concerning the timing
of outputting various signals when an image with an aspect
ratio 4:3 (PAL standard) is displayed in a screen with an
aspect ratio 4:3 according to the fifth embodiment, and

[0045] FIG. 13B is a timing chart concerning the timing
of outputting various signals when an image with an aspect
ratio 16:9 (NTSC standard on a wide screen) is displayed in
a screen with an aspect ratio 4:3 according to the fifth
embodiment;

[0046] FIG. 14 is a circuit block diagram showing the
sixth embodiment in the best mode for carrying out the
present invention,

[0047] FIG. 15 is a circuit block diagram of a mode
switching circuit shown in FIG. 14;

[0048] FIG. 16 is a timing chart concerning the timing of
outputting various signals when an image with an aspect
ratio 16:9 is displayed in a screen with an aspect ratio 4:3
according to the sixth embodiment;

[0049] FIG. 17A is a circuit diagram showing a pixel in
which a switching device is realized with a TFT, and

[0050] FIG. 17B is a circuit diagram showing a pixel in
which a switching device is realized with a MIM device;

[0051] FIG. 18 is a schematic block diagram showing an
X shift register of a plurality of systems adaptable to the
embodiments;

[0052] FIG. 19 is a schematic block diagram showing the
X shift register adaptable to the embodiments and capable of
outputting a transfer signal as a sampling circuit driving
signal at intervals of a plurality of stages;

[0053] FIG. 20 is a block diagram showing the schematic
configuration of an embodiment of the electronic equipment
in accordance with the present invention,

[0054] FIG. 21 is a sectional view showing a liquid-
crystal projector as an example of an electronic equipment;

[0055] FIG. 22 is a front view showing a personal com-
puter as another example of an electronic equipment;

[0056] FIG. 23 is a disintegrated perspective view show-
ing a pager as an example of the electronic equipment; and

[0057] FIG. 24 is an oblique view showing a liquid crystal
device using a TCP as an example of the electronic equip-
ment.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0058] The best mode for carrying out the present inven-
tion will be described in relation to preferred embodiments
on the basis of the drawings.

[0059]

[0060] To begin with, the first embodiment will be
described with reference to FIGS. 1 and 2. FIG. 1 is a
circuit block diagram showing a liquid crystal device in
accordance with the first embodiment, and FIG. 2 is an
enlarged view of portion A of FIG. 1.

[0061] Referring to FIG. 1, a liquid crystal device com-
prises an X shift register (X drive circuit) 1a, a Y shift
register (Y drive circuit) 2, and a pixel matrix 3. The liquid
crystal device further comprises a sampling circuit 14. The
X shift register 1a, sampling circuit 14, and various lines (9,
16, 17, 22) to be described later constitute an image signal
supply unit 101.

[0062] The X shift register 1a has, as shown in FIG. 2, a
series of flip-flops 10 arranged in series with one another in
an X direction for the purpose of horizontal scan. More
particularly, when a horizontal scan start signal DX1 is
supplied to the X shift register 1a through the line 16, the
leftmost flip-flop 10, which is illustrated leftmost in the
drawing, starts generating a transfer signal based on a clock
signal CLX (and its reverse clock signal CLX'") that is a
reference clock signal for the X shift register. When the first
stage outputs the transfer signal, the transfer signal is
transferred to a flip-flop 10 of the next stage. This causes the
next-stage flip-flop 10 to generate a transfer signal on the
basis of the clock signal CLX. When this operation is
repeated, a transfer signal is output sequentially from each
stage of the X shift register 1a and transferred to a subse-
quent stage.

[0063] In FIG. 1, the Y shift register 2 has a series of
flip-flops arranged in series with one another in a 'Y direction
for the purpose of vertical scan. More particularly, when a
vertical scan start signal DY is supplied to the Y shift register
2, an uppermost flip-flop starts generating a transfer signal
based on a clock signal CLY (and its reverse clock signal
CLY") that is a reference clock signal for the Y shift register.
When the first stage outputs a transfer signal to an associated
scanning line 32, the transfer signal is transferred to a
flip-flop of the next stage. This causes the next-stage flip-
flop to generate a transfer signal on the basis of the clock
signal CLY. When this operation is repeated, a transfer signal
is output sequentially to each scanning line 32 as a scan
signal from each stage of the Y shift register 2, and trans-
ferred to a subsequent stage at the same time.

[0064] The sampling circuit 14 includes the thin-film
transistors (TFTs) 14a at every signal line 31. An input
image signal line 9 is linked to the source electrodes of the
TFTs 14a. The sampling circuit driving signal lines 22, to
which a transfer signal, output sequentially from each stage
of the X shift register 1a, is supplied as a sampling circuit
driving signal, are linked to gates of the TFTs 142. When an
image signal is input through the input image signal line 9
to the sampling circuit 14, the sampling circuit 14 samples
the signal. When a sampling circuit driving signal is input
from the X shift register 1a to the sampling circuit 14

(First Embodiment)
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through a sampling circuit driving signal line 22, a sampled
image signal is applied sequentially to each signal line 31.

[0065] For brevity’s sake, the above description has pro-
ceeded on the assumption that the X shift register 1a and
sampling circuit 14 supply an image signal line-sequentially
(that is, one to each signal line 31). Alternatively, multiphase
image signals may be applied to signal lines 31 through a
plurality of input image signal lines 9. In other words, a
method in which a plurality of TFTs 14a connected to a
plurality of adjacent signal lines 31 are selected simulta-
neously and multiphase signals are transferred sequentially
to each group of a plurality of signal lines 31 may be
adopted. The number of signal lines 31 to be selected
simultancously (that is, the number of phases) may be a
multiple of 3, that is, any of 3, 6, 9, 12, etc. This is effective
for scanning pixels in devices of three colors for a color
image display. However, any other number of signal lines
will do. In general, when each of the TFTs 144 constituting
the sampling circuit 14 exhibits a good characteristic con-
cerning writing, a relatively small number of phases (for
example, five phases or less) is adopted. When the frequency
of an image signal is high, a relatively large number of
phases (for example, seven phases or more) is adopted. In
this case, needless to say, at least the same number of input
image signal lines 9 as the number of phases of image
signals is needed.

[0066] Moreover, when multiphase image signals are
employed and a plurality of input image signal lines 9 are
included, a transfer signal output at intervals of a plurality of
stages can be sampled (See FIG. 19 to be referred to later)
without using a transfer signal output from each stage of X
shift register 1a for sampling. In this case, a plurality of
TFTs 14a of the sampling circuit 14 are driven to conduction
concurrently.

[0067] InFIG. 1, the pixel matrix 3 has an aspect ratio of
16:9 (that is, conformable to the NTSC standard on a wide
screen). Each of the pixels constituting the pixel matrix 3
includes a switching device such as a thin-film transistor
(TFT) and a two-terminal nonlinear device (for example,
MIM device), a pixel electrode connected to the switching
device, and a holding capacitor for holding charge applied to
the pixel electrode. An image signal to be applied through
the input image signal line 9 is supplied to each pixel over
each signal line 31 via the sampling circuit 14 to be driven
by the X shift register 1a. On the other hand, a scan signal
sent from the Y shift register 2 is supplied to each pixel from
each scanning line 32. The description will proceed on the
assumption that the switching device of each pixel in this
embodiment is realized with a TFT. In this case, the X shift
register la supplies an image signal sequentially to the
signal lines 31, while the Y shift register 2 applies a scan
signal sequentially to the scanning lines 32. Fach TFT
having received a scan signal at a gate thereof is driven to
conduction. An image signal supplied to arranged an asso-
ciated signal line 31 is applied to a pixel electrode and a
holding capacitor. When the switching device of each pixel
is realized with, for example, an MIM device, the signal
lines 31 and scanning lines 32 are arranged on opposed
substrates and function as opposed electrodes, and pixel
electrodes are connected to the signal lines 31 or scanning
lines 32 arranged on a substrate having an MIM array via the
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MIM devices. A voltage proportional to a potential differ-
ence between an image signal and a scan signal is applied to
a liquid crystal.

[0068] Herein, normally, for displaying an image of an
aspect ratio 16:9, the TFTs 14a constituting the sampling
circuit 14 are opened and closed successively by scanning a
selected stage of the X shift register 1a from the leftmost
stage to the rightmost stage. An image signal is supplied to
each signal line 31 over the image input signal line 9 via a
conducting TFT 144. The image signal is then applied to a
corresponding pixel electrode via a switching device (TFT)
connected to the signal line 31. When the shifting for scan
(horizontal scan) reaches the rightmost stage of the X shift
register la, display of one row is completed. During a
horizontal retrace period, the X shift register 1a is reset. For
a vertical scan, a selected stage of the Y shift register 2 is
shifted to a subsequent stage. The X shift register 1a starts
the horizontal scan again at a position corresponding to the
leftmost position. This sequence is repeated by the same
number of times as the number of display rows, that is, the
number of stages of the Y shift register 2 that is a vertical
scan circuit. Thus, one frame is displayed in an image
display area 4 of an aspect ratio 16:9.

[0069] When an attempt is made to display an image of an
aspect ratio 4:3 using the known technique, as long as the
NTSC standard is adopted, an image display area 5 corre-
sponding to approximately six-eighths (=(4/3)/(16/9)) of the
X shift register 1a is scanned for 53 microseconds, and
non-image display areas 6 corresponding to approximately
two-eighths of the X shift register 14 must be scanned within
11 microseconds during a horizontal retrace period (Sce
FIG. 1). The frequency at which the non-image display
areas 6 are scanned cannot help being higher than the
frequency at which the image display area 5 is scanned.

[0070] In an effort to solve the above problem, according
to this embodiment, an OR circuit 11 is, as shown in FIG.
2, inserted among the flip-flops 10 in the X shift register 1a
so that a scan can be started at a position other than a
position corresponding to the terminal stage (leftmost flip-
flop) of the shift register 1a. More particularly, when a
horizontal scan start signal DX1 is input to the X shift
register 1a over the line 16, the leftmost flip-flop 10 starts
generating a transfer signal. The OR circuit 11 transfers a
transfer signal transferred from a left-hand flip-flop 10 to a
right-hand flip-flop 10 as it is. Transfer will therefore not be
interrupted by the OR circuit 11. On the other hand, when a
horizontal scan start signal DX2 is input to the X shift
register 1a over the line 17, the flip-flop 10 lying on the
right-hand side of the OR circuit 11 and receiving the
horizontal scan start signal DX2 via the OR circuit 11 starts
generating a transfer signal. In this case, neither the transfer
signal nor the horizontal scan start signal DX1 is input to the
flip-flop 10 lying on the left-hand side of the OR circuit 11.
The left-hand flip-flop 10 will therefore not carry out trans-
fer.

[0071] As mentioned above, in the liquid crystal device of
this embodiment, for displaying an image with an aspect
ratio 4:3, a horizontal scan start signal DX2 used to display
an image with the aspect ratio 4:3 is applied to the OR circuit
11 that is inserted to an input stage of a flip-flop 10 of a stage
succeeding one-eighth of the number of all effective stages
of the X shift register 1a which output a transfer signal used
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for sampling. A scan is then started at a pixel corresponding
to a subsequent stage receiving an output of the OR circuit
11. Owing to this structure, pixels corresponding to one-
eighth of the number of all effective stages are not scanned.
The number of stages of the X shift register 1a correspond-
ing to the non-image display areas 6 that must be scanned
within 11 microseconds during a horizontal retrace period is
halved, whereby a double scan time is preserved. Conse-
quently, scanning the non-image display arcas 6 can be
achieved at the same frequency as the frequency at which the
image display area 5 is scanned.

[0072] According to the first embodiment, as long as a
liquid crystal device offers a screen with an aspect ratio 16:9
conformable to the NTSC standard on a wide screen, a wide
screen and a normal screen can be displayed selectively
using a relatively simple configuration. Aload on an external
circuit imposed by a line memory that must conventionally
be included or by speed multiplication can be alleviated, and
power consumption can be reduced. Moreover, an ability
that is required as a characteristic of a device included in a
liquid crystal device may be of the same level as the
conventional one. A high-performance display device can
therefore be realized at low cost. Furthermore, in the first
embodiment, when the X shift register 1a is designed as a
shift register enabling bi-directional scan, a total of four scan
start positions can be designated. Moreover, the aspect ratio
can be changed readily for lateral reversal or the like.

[0073] Moreover, the X shift register l¢ has been
described as a shift register of one system. Needless to say,
the X shift register may be configured as a shift register of
a plurality of systems (See FIG. 18 to be referred to later).
In this case, the shift registers of the plurality of systems may
successively allow the sampling circuit 14 to output a
driving signal.

[0074] (Second Embodiment)

[0075] The second embodiment will be described with
reference to FIGS. 3 and 4. FIG. 3 is a circuit block
diagram showing a liquid crystal device in accordance with
the second embodiment, and FIG. 4 is an enlarged view of
portion B of FIG. 3. In FIGS. 3 and 4, the same reference
numerals are assigned to components identical to those of
the first embodiment shown in FIGS. 1 and 2. The descrip-
tion of the components will be omitted.

[0076] The liquid crystal device shown in FIGS. 3 and 4
comprises, in addition to the same components as the
components of the liquid crystal device of the first embodi-
ment, another OR circuit to which a horizontal scan start
signal is input.

[0077] To be more specific, as shown in FIG. 3, the liquid
crystal device of the second embodiment has an image
signal supply unit 102 composed of an X shift register 15,
a sampling circuit 14, and various lines (9, 16, 17, 18). As
shown in FIG. 4, the X shift register 1 has, in addition to
an OR circuit 11 to which a horizontal scan start pulse DX2
is supplied over the line 17, an OR circuit 11' to which a
horizontal scan start pulse DX3 is supplied over the line 18.
The X shift register 15 can start generating a transfer signal
at a total of three positions (leftmost flip-flop 10, flip-flop 10
on the right-hand side of the OR circuit 11", and flip-flop 10
on the right-hand side of the OR circuit 11).

[0078] The liquid crystal device shown in FIG. 3 can
therefore start a horizontal scan at three pixels correspond-
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ing to the above positions. The liquid crystal device of the
second embodiment has a square pixel matrix 3 composed of
427 columns arranged horizontally and 260 rows arranged
vertically. For displaying an image of an aspect ratio 16:9,
the X shift register 1b is scanned horizontally from the
terminal (leftmost) stage, and a total of 40 rows including
the 20 uppermost rows and 20 lowermost rows of an image
display area are blackened. Thus, an image is displayed in an
image display area 4 having an aspect ratio 427:240=16:9.
Moreover, for displaying an image of an aspect ratio 4:3 in
the image display area 5, the X shift register 15 is scanned
horizontally by shifting a selected stage from a stage cor-
responding to the 53rd column succeeding one non-image
display area 6 by stages corresponding to 320 columns.
Thus, an effective image is displayed. In a vertical direction,
a total of 40 rows composed of the 20 uppermost rows and
20 lowermost rows of the image display area are blackened.
Thus, an image of an aspect ratio 320:240=4:3 conformable
to the NTSC standard can be displayed. Furthermore, when
all 230 rows arranged vertically are used, 347 columns from
the 40th column corresponding to the third scan start posi-
tion newly added to the X shift register 15 (position of the
OR circuit 11") are scanned horizontally in order to display
an effective image. PAL-conformable non-image display
arcas 8 are skipped not to be scanned horizontally. A
PAL-conformable image display area 7 of an aspect ratio
347:260=4:3 is thus provided, whereby the PAL-conform-
able display can be carried out.

[0079] As mentioned above, according to the second
embodiment, since three or more scan start positions are
provided, a wide-screen display mode as well as display
modes conformable to the NTSC and PAL standard can be
dealt with. In the second embodiment, the X shift register 1h
is designed as a shift register enabling bi-directional scan-
ning, a total of six scan start positions can be designated.
Even for a lateral reversal mode or the like, the aspect ratio
can be changed readily.

[0080] The X shift register 15 has been described as a shift
register of one system. Alternatively, the X shift register may
be designed as a shift register of a plurality of systems (See
FIG. 18 to be referred to later). In this case, the shift
registers of the plurality of systems may successively output
a driving signal of the sampling circuit 14.

[0081] (Third Embodiment)

[0082] The third embodiment will be described with ref-
erence to FIGS. 5 and 6. FIG. 5 is a circuit block diagram
of a liquid crystal device in accordance with the third
embodiment, and FIG. 6 is an enlarged view of portion C of
FIG. 5. In FIGS. 5 and 6, the same reference numerals are
assigned to components identical to those of the first
embodiment shown in FIGS. 1 and 2. The description of the
components will be omitted.

[0083] A liquid crystal device shown in FIGS. 5 and 6
comprises, in addition to the same components as those of
the liquid crystal device in accordance with the first embodi-
ment, an AND circuit for stopping the horizontal scan at a
given position.

[0084] To be more specific, as shown in FIG. 5, the liquid
crystal device of the third embodiment has an image signal
supply unit 103 composed of an X shift register 1c, a
sampling circuit 14, and various lines (9, 16, 17, 19). As
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shown in FIG. 6, the X shift register 1¢ includes an AND
circuit 12 to which an NTSC signal is supplied over line 19.
By supplying an NTSC signal that is driven in low level
according to the timing that a flip-flop 10 of a stage
preceding (on the left-hand side of) the AND circuit 12
outputs a transfer signal, the X shift register 1c can prevent
the transfer signal from being transferred to a flip-flop 10 of
a subsequent stage (on the right-hand side). Otherwise, when
the NTSC signal is not supplied, or an NTSC signal to be
driven in high level according to the timing that the flip-flop
of a preceding stage outputs a transfer signal is supplied, the
transfer signal can be transferred to the flip-flop 10 of a
subsequent stage via the AND circuit 12. By controlling the
level of the NTSC signal, the position of the AND circuit 12
can be regarded as a horizontal scan stop position, or the
horizontal scan can be continued to the last (rightmost) stage
beyond the AND circuit 12.

[0085] The liquid crystal device shown in FIG. 5 can start
the horizontal scan at two positions and stop it at two
positions. The liquid crystal device of the third embodiment
has an image display area 4 with an aspect ratio 16:9. The
AND circuit 12 is inserted to a stage succeeding approxi-
mately seven-eighths of the number of effective stages of the
X shift register 1¢ which output a transfer signal used for
sampling (approximately {1+(4/3)/(16/9)}/2). For display-
ing an image with an aspect ratio 4:3 in the image display
area 4 of an aspect ratio 16:9, the AND circuit 12 inserted
into the output stage (on the right-hand side) of flip-flop 10
corresponding to the end position of the image display area
5 of the aspect ratio 4:3 is used to stop horizontal scan. Thus,
the unnecessary scanning operation of the X shift register 1c¢
can be omitted.

[0086] As mentioned above, according to the third
embodiment, since two-eighths of the number of stages of
the X shift register l¢ corresponding to the non-image
display areas 6 may not be scanned, wasteful scan times
required for scanning the two-eighths can be saved. Conse-
quently, a load on an external circuit can be reduced dras-
tically, and a low power consumption can be realized.

[0087] (Fourth Embodiment)

[0088] Next, the fourth embodiment will be described
with reference to FIGS. 7 to 10. FIG. 7 is a circuit block
diagram showing a liquid crystal device in accordance with
the fourth embodiment, and FIG. 8 is an enlarged view of
portion C of FIG. 7. FIGS. 9 and 10 are timing charts
showing timing of various signals employed in the fourth
embodiment. In FIGS. 7 and 8, the same reference numerals
are assigned to components identical to those of the third
embodiment shown in FIGS. § and 6. The description of the
components will be omitted.

[0089] The liquid crystal device shown in FIGS. 7 and 8
comprises, in addition to the same components as the
components of the liquid crystal device of the third embodi-
ment, a circuit for blackening non-image display areas 6
(hereinafter, a side black (SB) circuit).

[0090] To be more specific, as shown in FIG. 7, the liquid
crystal device of the fourth embodiment has an image signal
supply unit 104 composed of an X shift register 1d, a
sampling circuit 14, various lines (9, 16, 17, 19), and an SB
circuit 13. As shown in FIG. 8, the SB circuit 13 comprises
a plurality of OR circuits 15 connected to an output signal
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line extending from a flip-flop 10 on the left-hand side of an
OR circuit 11 used to start a horizontal scan and an output
line extending from a flip-flop 10 on the right-hand side of
an AND circuit 12 (for stopping the horizontal scan), a pair
of flip-flops 13a and 13b for inputting a transfer signal from
flip-flop 10 of a preceding (left-hand) stage of the AND
circuit 12 used to stop the horizontal scan synchronously
with a clock, and a logic circuit 13c for supplying a sampling
circuit driving signal to the sampling circuit 14 simulta-
neously through the plurality of AND circuits 15 on the basis
of outputs of the flip-flops 13a and 13b and an NTSC signal
supplied through the line 19.

[0091] In the liquid crystal device of the third embodi-
ment, no voltage is applied to pixel electrodes included in
the non-image display areas 6. In liquid crystal modes
including a normally-white mode, the non-image display
areas appear bright. This poses a problem that since the
definition of an image is impaired, the third embodiment is
unsuitable for these liquid crystal modes.

[0092] However, in the fourth embodiment, as mentioned
above, since the synchronized SB circuit 13 is appended to
the X shift register 1d, the above problem is solved. Spe-
cifically, according to the fourth embodiment, for displaying
an image with an aspect ratio 4:3, the SB circuit 13 is
actuated when triggered by an output of a flip-flop 10 of a
stage of the X shift register 1d corresponding to the last
position of the image display area 5. This causes the TFTs
144 of the sampling circuit 14 corresponding to the non-
image display areas 6 to conduct owing to the AND circuits
15. Consequently, a black display signal supplied over line
9 can be applied to the pixels constituting the non-image
display areas.

[0093] When a plurality of systems of X shift registers are
included to successively output a driving signal to the
sampling circuit 14 (See FIG. 18 to be referred to later), a
flip-flop 10 for outputting a last driving signal among
flip-flops included in the plurality of systems of shift regis-
ters is regarded as the last stage. The output of the last-stage
flip-flop 10 is used to trigger actuation of the SB circuit 13.

[0094] Next, operations performed in the fourth embodi-
ment having the foregoing components will be described
with reference to the timing charts of FIGS. 9 and 10. The
timing concerning the start of the horizontal scan to be
described below is also adopted in the first to third embodi-
ments. The timing concerning the stop of the horizontal scan
to be described below is also adopted in the third embodi-
ment.

[0095] To begin with, referring to FIG. 9, operations to be
performed for displaying an image with an aspect ratio 4:3
conformable to the NTSC standard will be described in
relation to the liquid crystal device, which offers a screen
with an aspect ratio 16:9 conformable to the NTSC standard
on a wide screen, shown in FIGS. 7 and §.

[0096] As shown in FIG. 9, a horizontal synchronizing
signal HSYN having a pulse duration of 4.5 microseconds is
input from an image signal source such as a TV tuner or
video player to an external image signal processing circuit
such as an image signal processing IC at intervals of 63.5
microseconds equivalent to 708/reference frequency for
oscillation (OSCI). An OF signal that is driven high at a
horizontal-system reset time instant is input to the external
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image signal processing circuit. Also input is an image
signal VIDEO whose effective image signal responsible for
actual display ceases a time equivalent to 44/OSCI earlier
than the horizontal-system reset time instant during each
horizontal scan period (horizontal display period+horizontal
retrace period), and begins after a time (5.6 microseconds)
equivalent to 62/0SCL

[0097] The external image signal processing circuit in turn
inputs a vertical scan start signal DY and a clock signal CLY
(and its reverse clock signal CLY") as a panel driving signal
to the Y shift register 2 after 3.2 microseconds equivalent to
36/0SCI from the horizontal-system reset time instant.

[0098] Also input is a side black control signal SBc that is
driven in high level for indicating that side black (SB)
writing is carried out.

[0099] Furthermore, when a horizontal scan is carried out
in order to form a field composed of odd-numbered scanning
lines (263 scanning lines under the NTSC standard), a
horizontal scan start signal DX having a pulse duration
equivalent to 6/OSCI is input to the X shift register 1a after
a time equivalent to 66/OSCI from the horizontal-system
reset time instant. Also input is a clock signal CLX (and its
reverse clock signal CLX') having a cycle equivalent to
6/0SCI and being synchronous with the pulses of the
horizontal scan start signal. When a horizontal scan is
carried out in order to form a field composed of even-
numbered scanning lines (262 scanning lines), a horizontal
scan start signal DX having a pulse duration equivalent to
6/0SCI is input to the X shift register 1a after a time
equivalent to 64.5/0SCI from the horizontal-system reset
time instant. Also input is a clock signal CLX having a cycle
equivalent to 6/OSCI and being synchronous with the pulses
of the horizontal scan start signal (and its reverse clock
signal CLX"). Incidentally, the reference frequency for oscil-
lation OSCI is 11.1 MHz.

[0100] Based on these panel driving signals, the X shift
register 1a drives the sampling circuit 14. Especially in this
case, since the side black control signal SBc is high, a
horizontal scan start signal DX (signal DX2 in FIG. 2) is
input to the OR circuit 11 over the line 17. The horizontal
scan is therefore started at a flip-flop 10 on the right-hand
side of the OR circuit 11. Image display is carried out from
a column of pixels connected to a signal line 31 associated
with the flip-flop according to an image signal VIDEO. In
short, effective image display is achieved in the image
display area 5.

[0101] At atime instant equivalent to 42/OSCI earlier than
the horizontal-system reset time instant, the external image
signal processing circuit inputs an NTSC signal having a
pulse duration equivalent to 6/OSCI. A time equivalent to
78/0SCI within a horizontal retrace period from the trailing
end time of the NTSC signal is regarded as a side black
writing period. During the period, a side black writing signal
SB is driven high. While the signal SB is high, a column of
pixels connected to a signal line 31 associated with a
flip-flop 10 lying on the left-hand side of the OR circuit 11
and a column of pixels connected to a signal line 31
associated with a flip-flop 10 lying on the right-hand side of
the AND circuit 12 are blackened according to a component
of an image signal VIDEO representing a black level and
being supplied over the input image signal line 9. In short,
the non-image display areas 6 are blackened.
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[0102] Next, referring to FIG. 10, operations to be per-
formed for displaying an image of an aspect ratio 16:9
conformable to the NTSC standard on a wide screen will be
described in relation to the liquid crystal device, which
offers a screen of an aspect ratio 16:9 conformable to the
NTSC standard on a wide screen, shown in FIG. 1. In this
case, an effective image represented by an image signal is
displayed in the whole pixel matrix 3 (that is, the image
display arca 4). The special control for blackening the right
and left margins of the image display area is not needed.

[0103] As shown in FIG. 10, a horizontal synchronizing
signal HSYN having a pulse duration of 4.5 microseconds is
input from the image signal source to the external image
signal processing circuit at intervals of a time equivalent to
944/0SCI. Input is an image signal VIDEO that begins after
a time equivalent to 48/OSCI from the horizontal-system
reset time instant during each horizontal scan period.

[0104] In response to the input signals, the external image
signal processing circuit inputs a vertical scan start signal
and a clock signal CLY (and its reverse clock signal CLY")
as panel driving signals to the Y shift register 2 after a time
equivalent to 36/OSCI from the horizontal-system reset time
instant. Also input is a side black control signal SBc that is
driven in low level for indicating that side black (SB) writing
is not carried out.

[0105] When a horizontal scan is carried out for forming
a field composed of odd-numbered scanning lines, a hori-
zontal scan start signal DX having a pulse duration equiva-
lent to 6/0OSCI is input to the X shift register 1a after a time
equivalent to 114/0OSCI from the horizontal-system reset
time instant. Also input is a clock signal CLX (and its
reverse clock signal CLX') having a cycle equivalent to
6/0SCI and being synchronous with the pulse signal. When
the horizontal scan is carried out for forming a field com-
posed of even-numbered scanning lines, a horizontal scan
start signal DX having a pulse duration equivalent to 6/OSCI
is input to the X shift register 1a after a time equivalent to
112.5/0SCI from the horizontal scan start time instant. Also
input is a clock signal CLX (and its reverse clock signal
CLX") having a cycle equivalent to 6/OSCI and being
synchronous with the pulse signal. Incidentally, the refer-
ence frequency for oscillation OSCI is 11.1 MHz.

[0106] Based on the panel driving signals, the X shift
register 1a drives the sampling circuit 14. Especially in this
case, since the signal SBe is low, a horizontal scan start
signal DX (signal DX1 in FIG. 2) is input over the line 16.
The horizontal scan is therefore started at a position corre-
sponding to the leftmost flip-flop 10. Image display is
carried out from a column of pixels connected on a signal
line 31 associated with the flip-flop according to an image
signal VIDEO. Thus, effective image display is achieved in
the image display area 4.

[0107] In this case, an NTSC signal having a pulse dura-
tion equivalent to 6/OSCI is input from the external image
signal processing circuit at a time instant that is 158/0SCI
earlier than the horizontal-system reset time instant. How-
ever, a side black writing signal SB remains low all the time.
No area will not be blackened with a side black signal.

[0108] As detailed above, according to the fourth embodi-
ment, the SB circuit 13 operates during a majority of a
horizontal retrace period that is regarded as a pixel writing
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time. Sufficiently long-term writing can be realized. This
enables display of an electricity parting frame which
requires a very high contrast.

[0109] (Fifth Embodiment)

[0110] Next, the fifth embodiment will be described with
reference to FIGS. 11 to 13. FIG. 11 is a circuit block
diagram showing a liquid crystal device in accordance with
the fifth embodiment, FIG. 12 is a circuit block diagram
showing the mode switching circuit shown in FIG. 11, and
FIG. 13 is a timing chart concerning various signals
employed in the fifth embodiment. In FIG. 11, the same
reference numerals are assigned to components identical to
those of the first embodiment shown in FIG. 1. The descrip-
tion of the components will be omitted.

[0111] In FIG. 11, the liquid crystal device comprises a
pixel matrix 3 formed on a TFT array substrate 50, an X shift
register (any of the X shift registers 1a to 1d employed in the
first to fourth embodiments), a sampling circuit 14, and a Y
shift register 2. In addition, the liquid crystal device com-
prises a mode switching circuit 40 for switching a display
mode in which the whole of the pixel matrix 3 is used as an
image display area, and a display mode in which the
uppermost and lowermost areas with a certain width of the
pixel matrix 3 are regarded as non-image display areas, and
a logic circuit device 42 including a plurality of OR circuits
43 and a plurality of buffers 44.

[0112] In this embodiment, the aspect ratio of the pixel
matrix 3 is 4:3. Mode switching to be described below is
switching of a PAL-conformable display mode (aspect ratio
4:3) and an NTSC on wide screen-conformable display
mode (aspect ratio 16:9). Specifically, in the PAL-conform-
able display mode, the whole pixel matrix is regarded as an
image display area. In the NTSC on wide screen-conform-
able display mode, the uppermost and lowermost areas with
a certain width of a screen are regarded as non-image display
areas.

[0113] As shown in FIG. 12, in addition to a vertical scan
start signal DY, an NTSC signal, that is driven high for
indicating the NTSC on wide screen-conformable display
mode, and driven low for indicating the PAL-conformable
display mode, is input from the external image signal
processing circuit to the mode switching circuit 40. Accord-
ing to the level of the NTSC signal, a start pulse DY(NTSC)
used for NTSC on wide screen-conformable display or a
start pulse DY(PAL) used for PAL-conformable display is
output from the mode switching circuit 40 to the Y shift
register 2. When the start pulse DY(NTSC) used for NTSC
on wide screen-conformable display is input to the Y shift
register 2, scanning lines of the central 230 rows located
between the 16th uppermost rows and the 16th lowermost
rows are scanned vertically. With input of the start pulse
DY(PAL) used for PAL-conformable display, the scanning
lines of all 260 rows are scanned vertically.

[0114] The mode switching circuit 40 is designed so that
when an End pulse signal EP(Y) is input from the Y shift
register 2, if an NTSC signal is high, a signal VB used to
blacken the 15 uppermost rows and the 15 lowermost rows
is output to the OR circuits 43 connected on the scanning
lines of these rows. In this case, when a component of an
image signal VIDEO representing a black level for the rows
is supplied to the signal lines, the 15 uppermost rows and the
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15 lowermost rows of the pixel matrix 3, which receive the
signal VB via the OR circuits 43, are blackened all the time.
When the NTSC signal is low, the mode switching circuit 40
does not output the signal VB. In this case, the 15 uppermost
rows and the 15 lowermost rows of the pixel matrix 3 will
not be blackened, but effective image display will be
achieved in conformity with the PAL standard.

[0115] Next, operations to be performed in the fifth
embodiment having the foregoing components will be
described with reference to the timing chart of FIG. 13.

[0116] To begin with, referring to FIG. 13A, operations to
be performed when an NTSC signal is low (that is, in the
PAL-conformable display mode) will be described.

[0117] As shown in FIG. 13A, when a vertical scan start
signal DY is input, the 260 rows are horizontally scanned
with each clock pulse Nos. 1 to 260. Thereafter, an End pulse
signal EP(Y) is output. Since a signal VB is low all the time,
the uppermost and lowermost areas will not be blackened in
particular. While the 260 rows are scanned horizontally, an
image signal VIDEO is supplied so that an image with an
aspect ratio 4:3 is displayed in the whole pixel matrix 3 in
conformity with the PAL standard.

[0118] Next, referring to FIG. 13B, operations to be
performed when an NTSC signal is high (that is, in the

NTSC on wide screen-conformable display mode) will be
described.

[0119] As shown in FIG. 13B, when a vertical scan start
signal DY is input, 245 rows are horizontally scanned with
each clock pulse Nos. 1 to 245. Thereafter, an End pulse
signal EP(Y) is output. The mode switching circuit 40
outputs a signal VB. The signal VB is supplied to TFT5s in
pixels constituting the 15 uppermost rows and the 15 low-
ermost rows via the OR circuits 43. This causes all the TFTs
to conduct. Consequently, the 15 uppermost rows and 15
lowermost rows are blackened according to a component of
an image signal VIDEO representing a black level, and an
effective display is achieved on the central 245 rows accord-
ing to the image signal VIDEO.

[0120] Asmentioned above, according to the fifth embodi-
ment, when the size of the display screen is inconsistent with
the size of the display image, the uppermost and lowermost
areas of the pixel matrix can be blackened. By blackening
the right and left areas thereof as well, an image of any
desired size can be displayed in the display screen of a
certain size provided by the pixel matrix 3. This is quite
convenient.

[0121] Talking of the Y shift register 2, two identical
circuits may be installed on the right and left sides of the
scanning lines so that they can drive the same scanning lines
at both ends of the scanning lines. Moreover, the Y shift
register 2 may be bisected, and two Y shift registers may be
located at the right and left ends of the scanning lines so that
the left-hand Y shift register and right-hand Y shift register
can drive a scanning line alternately. In either case, the OR
circuits 43 are inserted in one-to-one correspondence with
outputs of the Y shift registers to be applied to the non-image
display areas.

[0122] (Sixth Embodiment)

[0123] Next, the sixth embodiment will be described with
reference to FIGS. 14 to 16. FIG. 14 is a block diagram
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showing a major circuit of a liquid crystal device of the fifth
embodiment, FIG. 15 is a circuit block diagram showing a
mode switching circuit shown in FIG. 11, and FIG. 16 is a
timing chart concerning various signals employed in the
sixth embodiment. In FIG. 14, the same reference numerals
are assigned to components identical to those of the first
embodiment shown in FIG. 1. The description of the com-
ponents will be omitted.

[0124] In the fifth embodiment, one signal VB is used to
blacken the uppermost and lowermost areas with a certain
width of the pixel matrix 3. In the sixth embodiment, two
signals VB1 and VB2 that are mutually out of phase are used
to blacken the uppermost and lowermost areas.

[0125] In general, for preventing deterioration of a liquid
crystal, it is necessary to drive the liquid crystal with an
alternating current. A typical AC driving method is a field
reversal driving method in which the polarity of an image
signal is reversed for each field (or frame). An AC driving
method helpful in preventing occurrence of flickers in a
display image is a 1H reversal driving method in which the
polarity of an image signal is reversed for each scanning line
(each row). The sixth embodiment provides a liquid crystal
device capable of blackening the uppermost and lowermost
areas of a pixel matrix according to the field reversal driving
method or the 1H reversal driving method.

[0126] Specifically, referring to FIG. 14, the liquid crystal
device comprises any of the X shift registers 1a, 15, 1c, and
1d of the first to fourth embodiments, and the sampling
circuit 14 which are not illustrated. The liquid crystal device
further comprises, in addition to the pixel matrix 3 and Y
shift register 2, a mode switching circuit 40' for switching a
display mode in which the whole pixel matrix 3 is regarded
as an image display area and a display mode in which the
uppermost and lowermost areas with a certain width of the
pixel matrix 3 are regarded as non-image display areas, and

a logic circuit device 42' including a plurality of OR circuits
43.

[0127] In this embodiment, like the fifth embodiment, the
aspect ratio of the pixel matrix 3 is 4:3. As for mode
switching, switching a PAL-conformable display mode and
NTSC on wide screen-conformable display mode will be
described.

[0128] As shown in FIG. 15, in addition to a horizontal
scan start signal DY, an NTSC signal is input to the mode
switching circuit 40' in the same manner as that in the fifth
embodiment. According to the level of the NTSC signal, a
start pulse DY(NTSC) or start pulse DY(PAL) is output to
the Y shift register 2.

[0129] Herein, when an End pulse signal EP(Y) is input
from the Y shift register 2, if the NTSC signal is high, the
mode switching circuit 40" outputs signals VB1 and VB2,
used to blacken the uppermost and lowermost areas alter-
nately, to the OR circuits 43 connected to the scanning lines
of the 15 uppermost rows and the 15 lowermost rows. In
particular, a clock signal CLY (and its reverse clock signal
CLY") is input to the mode switching circuit 40'. The signals
VBI1 and VB2 are mutually out of phase by a half cycle of
the clock signal CLY. In this case, a component of an image
signal VIDEO representing image data to be written in the
15 uppermost rows and the 15 lowermost rows of the pixel
matrix 3, which receive the signals VB1 and VB2 via the OR
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circuits 43, are supplied to the signal lines so that a voltage
in a black level whose polarity is reversed for each field,
frame, or scanning line will be applied to the liquid crystal
portions of the rows. Thus, the 15 uppermost rows and the
15 lowermost rows are blackened all the time. When the
NTSC signal is low, the mode switching circuit 40’ does not
output the signals VB1 and VB2. In this case, the 15
uppermost rows and the 15 lowermost rows of the pixel
matrix 3 will not be blackened, but an effective image
display will be achieved in conformity with the PAL stan-
dard.

[0130] Next, operations to be performed in the sixth
embodiment having the foregoing components will be
described with reference to the timing chart of FIG. 16.
When the NTSC signal is low (that is, in the PAL-conform-
able display mode), the signals VB1 and VB2 are not output.
The resultant operations are identical to those performed in
the fifth embodiment and described in FIG. 13A. The
description of the operations will be omitted. Operations to
be performed when the NTSC signal is high (that is, in the
NTSC on wide screen-conformable display mode) will be
described.

[0131] As shown in FIG. 16, when a vertical scan start
signal DY is input, 245 rows are horizontally scanned with
each clock pulse Nos. 1 to 245. Thereafter, an End pulse
signal EP(Y) is output. The mode switching circuit 40' then
outputs a high-level signal VB1 during the first half cycle of
the End pulse signal EP(Y). Moreover, a high-level signal
VB2 is output during the second half cycle of the End pulse
signal EP(Y). The signals VB1 and VB2 are supplied to
TFTs in pixels constituting the 15 uppermost rows and the
15 lowermost rows via the OR circuits 43. This causes all the
TFTs to conduct. The 15 uppermost rows and the 15
lowermost rows of the pixel matrix are blackened according
to an image signal VIDEO representing a black level and
being reversed in polarity for each field or scanning line. An
effective display is achieved on the central 245 rows accord-
ing to an image signal VIDEO that the liquid crystal applied
voltage is reversed in polarity for each field, frame, or
scanning line. The liquid crystal applied voltage is a voltage
to be applied to the liquid crystal sandwiched between the
pixel electrodes and opposed electrodes (common elec-
trodes) arranged on the substrate opposed to the substrate
having the pixel electrodes according to a difference voltage
between the pixel electrodes and opposed electrodes.

[0132] With respect to the Y shift register 2, two identical
circuits may be installed on the right and left sides of the
scanning lines so that they can drive the same scanning lines
at both ends of the scanning lines. The Y shift register 2 may
be bisected, and the resultant two Y shift registers may be
arranged on the right-hand and left-hand sides of the scan-
ning lines so that the left-hand Y shift register and right-hand
Y shift register can drive the scanning lines alternately. In
cither case, the OR circuits 43 are inserted in one-to-one
correspondence with outputs of the Y shift registers to be
applied to the non-image display areas.

[0133] As mentioned above, according to the sixth
embodiment, the uppermost and lowermost areas of the
pixel matrix 3 can be blackened. In addition, the uppermost
and lowermost non-image display areas are blackened
according to the field-by-field or frame-by-frame reversal
driving method or the 1H reversal driving method. Deterio-
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ration of the liquid crystal portions of the non-image display
areas caused by DC driving can be effectively prevented. In
particular, when the 1H reversal driving method for revers-
ing the polarity of an image signal for each scanning line is
adopted, flickers in a display image can be prevented. This
is quite advantageous in practice.

[0134] The aforesaid embodiments include an embodi-
ment in which a selected stage to be shifted to a subsequent
one in an X shift register or Y shift register can be set to an
intermediate stage, an embodiment in which the X shift
register can be shift-stopped in an intermediate stage, and an
embodiment in which blackening is carried out according to
the field reversal driving method or the 1H reversal driving
method. The embodiments may be combined to such an
extent that the gist of the present invention will not be
contradicted. That is to say, shifting a selected stage may be
started or stopped with any intermediate stage corresponding
to any position in the rightmost, leftmost, uppermost, or
lowermost area of a pixel matrix. An AC driving method
other than the field-by-field or frame-by-frame reversal
driving method or the 1H reversal driving method may be
adopted in order to blacken the rightmost and leftmost
non-image display areas or the uppermost and lowermost
non-image display arcas. Moreover, a high-level signal VB
may be assigned to every n™ row.

[0135] In the aforesaid embodiments, a liquid crystal
panel having TFTs formed on an insulating substrate has
been taken for example. In the case of a reflective liquid
crystal panel having a liquid crystal sandwiched between a
semiconductor substrate and a glass substrate, devices
formed with TFTs may be rearranged with MOS transistors
formed on the semiconductor substrate.

[0136] In the aforesaid embodiments, the configuration in
which switching devices in pixels are realized with TFTs
have been taken for example. In the embodiments, the
switching devices in the pixels may be realized with MIM
devices. As shown in FIG. 17A, when each switching
element is realized with a TFT 301, the source (or drain) of
the TFT 301 is connected to a signal line 31 and the gate of
the TFT 301 is connected to a scanning line 32. A pixel
electrode 302 is connected to the drain (or source) of the
TFT 301. A common electrode 304 formed on an opposed
substrate is opposed to the pixel electrode 302 with a liquid
crystal inbetween. A holding capacitor 306 is connected in
parallel with the pixel electrode 302. In contrast, when each
switching device is, as shown in FIG. 17B, formed with an
MIM device 401, one terminal of the MIM device 401 is
connected to a signal line 31, and a pixel electrode 402 is
connected to the other terminal of the MIM device 401. The
scanning line 32 is partly used as an opposed electrode 404
opposed to the pixel electrode 402 with a liquid crystal
inbetween.

[0137] In relation to the aforesaid embodiments, the X
shift register has been described as a shift register of one
system. The X shift registers in the embodiments may be
designed as a shift register 1e of a plurality of systems which
include the three X shift registers No. 1, No. 2, and No. 3.
In this case, as shown in FIG. 18B, clock signals CLX1,
CLX2, and CLX3 that are mutually out of phase are used as
clock signals associated with shift registers Nos. 1,2, and 3.
Three kinds of transfer signals that are mutually out of phase
proportionally to the phase shift among the clock signals are
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output successively from the shift register 1e of a plurality
of systems. Sampling is carried out sequentially according to
the timing of the three kinds of transfer signals. When an X
shift register is designed as a shift register of a plurality of
systems, the start and stop of transfer can be controlled by
inserting a logic circuit having the same configuration as the
one described in each embodiment to an input terminal of a
flip-flop 10 included in each shift register and corresponding
to the start position of an image display area, through which
a transfer signal is input, and to an output terminal of a
flip-flop 10 corresponding to the end position thereof,
through which a transfer signal is output.

[0138] In the embodiments, a transfer signal output from
each stage (each flip-flop) of the X shift register is output
externally as a sampling circuit driving signal from the X
shift register. As shown in FIG. 19, the X shift registers in
the embodiments may be designed so that a transfer signal
output at intervals of a plurality of stages can be output as
a sampling circuit driving signal externally from an X shift
register. In FIG. 19, three adjoining flip-flops 10 are
designed so that every third flip-flop 10 will output a transfer
signal from an X shift register 1f to the sampling circuit 14,
and transfer signals output from other flip-flops 10 will not
be output externally from the X shift register 1f but will be
transferred to subsequent stages.

[0139] (Other Embodiments)

[0140] Embodiments of electronic equipment including
any of the aforesaid liquid crystal devices will be described
with reference to FIGS. 9 to 13.

[0141] FIG. 20 shows the schematic configuration of an
embodiment of electronic equipment including any of the
liquid-crystal devices of the first to sixth embodiments.

[0142] In FIG. 20, the electronic equipment comprises a
display information output source 1000, a display informa-
tion processing circuit 1002, a drive circuit 1004, a liquid
crystal panel 100, a clock generation circuit 1008, and a
power supply circuit 1010. The display information output
source 1000 includes a memory such as a read-only memory
(ROM), a random access memory (RAM), or an optical disk
device, and a tuning circuit for tuning and outputting a TV
signal. Based on a clock signal sent from the clock genera-
tion circuit 1008, the display information output source 1000
outputs display information such as an image signal of a
given format to the display information processing circuit
1002. The display information processing circuit 1002
includes well-known processing circuits such as an ampli-
fication/polarity reversal circuit, a phase development cir-
cuit, a rotation circuit, a gamma correction circuit, and a
clamping circuit. The display information processing circuit
1002 sequentially produces a digital signal using display
information input synchronously with a clock signal and
outputs the digital signal to the drive circuit 1004 together
with the clock CLK. The drive circuit 1004 drives the liquid
crystal panel 100. The power supply circuit 1010 supplies a
given power to these circuits. The drive circuit 1004 may be
mounted on a TFT array substrate included in the liquid
crystal panel 100. In addition, the display information pro-
cessing circuit 1002 may be mounted thereon.

[0143] FIGS. 21 to 24 show embodiments of electronic
equipment each having the foregoing components.

[0144] 1InFIG. 21, aliquid crystal projector 1100 that is an
embodiment of electronic equipment has three liquid crystal
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modules, each including the liquid crystal panel 100, which
has the drive circuit 1004 mounted on the TFT array
substrate, as light valves 100R, 100G, and 100B for red
light, green light, and blue light. In the liquid crystal
projector 1100, when a lamp device 1102 that is a white light
source such as a metal halide lamp emits projection light, the
light is decomposed into red, green, and blue light compo-
nents of three primary colors by means of three mirrors 1106
and two dichroic mirrors 1108, and routed to the light bulbs
100R, 100G, and 100B associated with the colors. Espe-
cially, blue light is routed by a system of relay lenses 1121
including an incident lens 1122, a relay lens 1123, and an
emitting lens 1124 in order to suppress light loss stemming
from a long optical path. The light components of the three
primary colors modulated by the light bulbs 100R, 100G,
and 100B are synthesized again by a dichroic prism 1112,
and then projected as a color image on a screen 1120 via a
projection lens 1114.

[0145] In this embodiment, especially, once a light shield-
ing layer is formed under TFTs in pixels (through which
projection light goes out), light can be fully intercepted from
channels in the switching TFTs in the pixel electrodes, even
if light reflected from the liquid crystal panel 100 propor-
tionally to incident light by a projection optical system in the
liquid crystal projector, light reflected from the surface of the
TFT array substrate during propagation of incident light, or
part of incident light transmitted by the dichroic prism 1112
after emitted from the other liquid crystal panel (parts of red
light and green light) is incident as return light on the TEFT
array substrate. In this case, even when a prism contributing
to a compact design is employed in the projection optical
system, it is unnecessary to affix an anti-reflection (AR) film
for preventing return light or coat a polarizer with an AR
material between the TFT array substrate of each liquid
crystal panel and the prism. This is quite helpful in realizing
a compact and simple configuration.

[0146] In FIG. 22, a laptop type personal computer (PC)
1200 designed for multimedia, which is another embodi-
ment of the electronic equipment, has the liquid crystal panel
100 encapsulated in a top-cover case, and further includes a
body 1204 accommodating a CPU, memory, and modem
and having a keyboard 1202 embedded therein.

[0147] In FIG. 23, a pager 1300 that is another embodi-
ment of the electronic equipment has a liquid crystal panel
100, which has the drive circuit 1004 mounted on the TFT
array substrate as a liquid crystal module, incorporated in a
metallic frame 1302 together with a light guide 1306 includ-
ing a backlight 13064, a printed-circuit board 1308, first and
second shielding plates 1310 and 1312, two elastic conduc-
tors 1314 and 1316, and a film carrier tape 1318. In this case,
the display information processing circuit 1002 (See FIG.
20) may be mounted on the printed-circuit board 1308 or on
the TFT array substrate of the liquid crystal panel 100.
Moreover, the drive circuit 1004 may be mounted on the
printed-circuit board 1308.

[0148] Since the embodiment shown in FIG. 23 is a pager,
the printed-circuit board 1308 is included. However, when
the liquid crystal panel 100 is provided as a liquid crystal
module including the drive circuit 1004 and display infor-
mation processing circuit 1002, the liquid crystal panel 100
locked in the metallic frame 1302 may be produced, sold, or
used as a liquid crystal device. Moreover, when the light
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guide 1306 is incorporated in the liquid crystal device, the
liquid crystal device can be produced, sold, or used as a
backlight liquid crystal device.

[0149] As shown in FIG. 24, when the liquid crystal panel
100 includes neither the drive circuit 1004 nor display
information processing circuit 1002, the liquid crystal panel
100 may be physically and electrically connected to a tape
carrier package (TCP) 1320, which has an IC 1324 including
the drive circuit 1004 and display information processing
circuit 1002 mounted on a polyimide tape 1322, via an
anisotropic conductive film attached to the margin of the
TFT array substrate 300, and thus can be produced, sold, or
used as a liquid crystal device.

[0150] Aside from the electronic equipment described
with reference to FIGS. 21 to 24, a liquid crystal television
set, a viewfinder type or direct monitor viewing type video
tape recorder, a car navigation system, an electronic pock-
etbook, a tabletop calculator, a word processor, an engineer-
ing workstation (EWS), a portable telephone, a TV tele-
phone, a POS terminal, and a device having a touch-
sensitive panel are presented as examples of the electronic
equipment shown in FIG. 20.

[0151] As described so far, according to this embodiment,
various kinds of electronic equipment each including a
liquid crystal device capable of properly blackening non-
image display areas using a relatively simple configuration
and displaying images of various aspect ratios.

[0152]

[0153] According to the present invention, a driver of a
liquid crystal panel is adaptable to a driver for driving a
liquid crystal panel with an active matrix driving method
such as TFT driving or MIM driving, and also usable for
various types of scanners for selecting and scanning any of
a plurality of kinds of areas to be scanned, of which widths
to be scanned are mutually different, using a transfer signal
sent from a shift register. Moreover, the driver of a liquid
crystal panel can be employed in various types of liquid
crystal devices or electronic equipment each including a
driver of a liquid crystal panel as well as various types of
electronic equipment including various types of scanners.

Industrial Applicability

1. A driver for driving a panel comprising:

a display mode switching circuit that inputs a display
mode switching signal from an external image signal
processing circuit,

wherein the display mode switching circuit switches a
predetermined region of an image display area to a
non-image display area, based on the display mode
switching signal.

2. The driver for driving a panel according to claim 1,

further comprising:

a shift register,

wherein the display mode switching circuit outputs a start
pulse signal corresponding to a display mode to the
shift register.

3. The driver for driving a panel according to claim 2,

wherein the shift register outputs an end pulse signal to
the display mode switching circuit, and
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the display mode switching circuit switches the predeter-
mined region of image display area to the non-image
display area, based on the end pulse signal.

4. A driver for driving a panel comprising:

a shift register for scanning;

a plurality of scanning lines connected to the shift regis-
ter; and

a display mode switching circuit that inputs a display
mode switching signal from an external image signal
processing circuit,

wherein the display mode switching circuit switches a
predetermined region of an image display area to a
non-image display area, based on the display mode
switching signal.

5. The driver for driving a panel according to claim 4,

wherein the display mode switching circuit inputs a
vertical scan start signal from the external image signal
processing circuit.

6. The driver for driving a panel according to claim 5,

wherein the display mode switching circuit outputs a start
pulse signal to the shift register, and

the shift register scans vertically, based on the start pulse
signal.
7. The driver for driving a panel according to claim 3,

wherein the shift register outputs an end pulse signal to
the display mode switching circuit, and

the display mode switching circuit supplies a black level
signal to a signal line, based on the end pulse signal.

13
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8. The driver for driving a panel according to claim 7,

wherein the black level signal corresponds to the reversal-
driving method.
9. A panel comprising:

an image display area;
a shift register;

a display mode switching circuit that inputs a display
mode switching signal from an external image signal
processing circuit; and

a logic circuit device that outputs an output signal to the
image display area, based on an output signal of the
shift register and an output signal of the display mode
switching circuit.

10. The panel according to claim 9,

wherein the display mode switching circuit outputs a start
pulse signal to the shift register.
11. The panel according to claim 9,

wherein the shift register outputs an end pulse signal to
the display mode switching circuit, and

the display mode switching circuit supplies a black level
signal to the logic circuit device, based on the end pulse
signal.

12. The panel according to claim 11,

wherein the black level signal corresponds to the reversal-
driving method.



patsnap

TRAFROE) RBERWIESNES , REEEMNE IR
NIF(2E)E US20030025666A1 K (2E)R 2003-02-06
RS US10/261631 iR 2002-10-02

FRIFE(FRRAE) BIZEEKRI2H

BE (T I A () SEIKO EPSON CORPORATION

HFTERIE (TR A(IF) SEIKO EPSON CORPORATION

#RIKBBA ISHII KENYA

XBHA ISHII, KENYA

IPCH%E GO2F1/133 G09G3/20 G09G3/36 HO4N5/66

CPCH¥S G09G3/20 G09G3/3648 G09G3/367 G09G3/3674 G09G3/3677 GO9G3/3685 G09G3/3688 G09G2310
/0232 G09G2340/0442 G09G2340/0464 G09G2340/0471 G09G2340/0478 G09G2340/0485 G09G2360
/02

L AR 1996296546 1996-11-08 JP

H T 3Rk US6803898

SNERaE Espacenet USPTO

BE@®F)

—HATEHRBEANENE  FOARBEARDIE T EAR , REFF
BREARZ BWEE , SMESK (31) , FIASMESL (31) HE—
GwEFAFBEER L EAREHAGKES S L (32) & Sn
ME=HEHTI AIRFSREERES | RS MREUERN R lijfI
HHESRBANWERORE L , B SRESENSRAMLIRH e
WERESHAMESED 2  BRESREM/ET (1012104) o g
BELESANE-FTABUEEE (1a) REME-FHBALSES 5

IR AR BE S EE— HE LIAF B SR ESERREEES 2
URBEE=FEABHEESR (2) WAKESERETEESMUIR
ERE= SRR ERIAFES R ERESEE IR IR R S
HESRUASRARR. B FANE-SRBUSFETNED — o — e

X

} J 102
4+ 14a 14

..4‘ 31

|4

]
=T
i

1L

%)
]

KRR TR

NaERETTREEET (1)  ATERMEEATERBES M RH 8
T AN ELMAMERTRER LR, 55,



https://share-analytics.zhihuiya.com/view/86d0c97b-63d2-476b-9668-6a3020626727
https://worldwide.espacenet.com/patent/search/family/017834938/publication/US2003025666A1?q=US2003025666A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220030025666%22.PGNR.&OS=DN/20030025666&RS=DN/20030025666

