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(57) A display device includes a plurality of scan-
ning electrodes and a plurality of data electrodes so as
to form a multiplicity of pixels each comprising a plurality
of sub-pixels having mutually different areas for display-
ing a plurality of gradation levels by application of an
electric signal corresponding to given gradation data to
each pixel. The display device is driven by applying a
scanning selection signal to a plurality of scanning elec-
trodes corresponding to at least two sub-pixels having

Display device using sub-pixels and driving method therefor

an identical area of adjacent two pixels in an identical
selection period. A display device may be formed such
that each pixel includes at least one sub-pixel corre-
sponding to a first electrode and at least one other sub-
pixel corresponding to a second electrode, wherein said
first and second electrodes have their respective termi-
nals which are disposed at one and the other of two
mutually opposite edges of the display device.
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Description

FIELD OF THE INVENTION AND RELATED ART

The present invention relates to a display device
suitable for use in various displays, inclusive of compu-
ter displays, home television receivers and various mon-
itors for controllers, and a driving method for such a
display device.

Hitherto, various proposals have been made
regarding a method of realizing a multi-level gradation
on a display device (or display panel) inclusive of the fol-
lowing.

(1) In a first type of method, an applied voltage to
respective pixels is controlled according to an
applied voltage-transmittance curve to obtain a
desired level of luminance at the respective pixels.
This is typically adopted in an active matrix-
type LCD (liquid crystal display device) using a TN
(twisted nematic) liquid crystal. Further, in the case
of using a ferroelectric chiral smectic liquid crystal,
proposals have been made, e.g., as disclosed in
US. Patents Nos. 4,712,877, 4,796,890,
4,824,218, and 4,776,676.
(2) In a second type of method, one frame scanning
is divided into plural sub-frames (or fields) of scan-
ning so as to modulate an ON/OFF time ratio to
effect a multi-level gradational display, e.g., as dis-
closed in U.S. Patent No. 4,709,995. In the method
(2), however, some difficulties can be encountered,
such that the circuit becomes complicated and a
high-speed scanning is required in order to sup-
press the occurrence of flicker, thereby posing a
large load on the display device and the peripheral
circuit therefor, leading to increased costs for pro-
duction and operation.

Other methods include (3) a method using a muilti-
plicity of pixels (sometimes also called "dots”) each
divided into a plurality of sub-pixels (also called "sub-
dots") having mutually different areas and controlling
the turning ON and OFF of the sub-pixels in various pat-
terns to display multiple gradation levels, as disclosed in
European non-examined application publications EP-A
261,898 and EP-A 453,033.

Specific examples of the method (3) and character-
istic thereof will be described with reference to Figures
15A - 15C, each illustrating one pixel divided into areal
ratios of 8:3:2:1.

Figure 15A illustrates one pixel which is vertically
divided in a ratio of 4:1 and laterally divided in a ratio of
2:1 to form 4 sub-pixels having areal ratios of 8:4:2:1.
The respective sub-pixels formed by the division may be
supplied with prescribed electric signals to be inde-
pendently turned on or off, thereby displaying 16 grada-
tion levels (gray scale).

Figure 15B illustrates a further modification wherein
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one pixel is vertically divided in ratios of 2:1:2 and later-
ally in ratios of 1:1:1 to form 9 sub-pixels, which are pro-
vided with an electrode arrangement so that vertically
outside sub-pixels and laterally outside sub-pixels are
respectively simultaneously supplied with identical elec-
tric signals. Sub-pixels connected to an electrode S1
and sub-pixels-connected to an electrode S2 are
designed to have an areal ratio of 4:1, and sub-pixels
connected to an electrode |11 and sub-pixels connected
to an electrode 12 are designed to have an areal ratio of
2:1, similarly as in Figure 15A, so that one pixel is sub-
stantially composed of sub-pixels having areal ratios of
8:4:2:1 to allow a display of 16 gradation levels similarly
as in the pixel arrangement of Figure 15A. Further, in
this case, the respective gradation levels can be dis-
played without causing a shift of optical gravity center,
so that a smoother gradational display is allowed.

Figure 15C illustrates one pixel which is not verti-
cally divided but only laterally divided into sub-pixels
having areal ratios of 8:4:2:1. This pixel arrangement is
accompanied with problems that each pixel provides dif-
ferent gradation levels while causing a shift of optical
gravity center to result in an inferior display picture qual-
ity, and a higher lateral division density results in a lower
aperture rate and a higher electrode arrangement den-
sity leading to an increased difficulty in production.

Figures 16A - 16D illustrate pixel arrangements for
color display. Figure 16A shows one pixel including
three color pixels. Figures 16B - 16D illustrate three
types of division of each color pixel (also called "dot")
into sub-pixels (also called "sub-dot(s)"). Each of Fig-
ures 16B - 16D illustrates a color pixel division allowing
16 gradation levels for each color pixel by division into
two sub-pixels vertically and laterally.

Figure 16B illustrates a simple division scheme
similar to the one shown in Figure 15A. Figure 16C illus-
trates a half symmetrical arrangement scheme so as to
alleviate the optical gravity center shift only in the verti-
cal direction. Figure 16D illustrates a sub-pixel arrange-
ment scheme capable of alleviating the optical gravity
center shift in both the vertical and the lateral directions.
Each scheme allows a display of 16 gradation levels (4
bits) for each color and totally 4096 colors (12 bits) for
each pixel.

In a color display, a 12 bits/pixel display allows a
display of 4096 colors; a 15 bits/pixel display, ca. 32000
colors; and a 24 bits/pixel display, ca. 16.8x10° colors.
Other levels of color display are also possible, but an
explanation hereinafter will be made based on the divi-
sion scheme.

Incidentally, various standardized display modes
requiring different numbers of pixels are present and
may preferably be displayed on a single display panel.
For example, popular standardized display modes may
include the following:

VGA mode requiring 640x480 pixels,
XGA mode requiring 1024x768 pixels, and
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SXGA mode requiring 1280x1024 pixels.

On the other hand, the NTSC scheme as a stand-
ard home television scheme requires ca. 500 scanning
lines, while the definition of the number of pixels is diffi-
cult by nature.

For instance, in case where a liquid crystal display
panel having 1280x1024 pixels (SXGA) each having a
sub-pixel-arrangement as shown in Figures 16A and
16C and capable of displaying 4096 colors, half degree
of resolution is required for displaying a VGA picture on
the display panel. In other words, 2x2 pixels in the
1280x1024 pixels may be used as one pixel according
to the VGA-display mode. In this case, the number of
displayable pixels is reduced to 640x512, whereby a
VGA picture or a television picture can be displayed
over almost the entire area of the SXGA panel at a half
level of resolution.

On the other hand, if a VGA picture or a television
picture is displayed on an XGA display panel by assign-
ing one pixel of the XGA display panel to one pixel of the
VGA or television picture, for instance, only a part of the
display picture area is utilized for the display, leading to
a broad non-display area, thus failing to effect a display
on a full panel.

Further, there is also known a method of converting
a VGA picture or a television picture into a picture data
including 512x384 pixels and driving an XGA display
panel while taking its 2x2 pixels as one pixel for the VGA
or television picture, whereby a picture may be dis-
played on the full size of the display panel.

As described above, it is very effective to drive a
display panel capable of a high resolution display (XGA,
SXGA, or higher) while using its 2x2 pixels as one pixel
of a medium resolution-level display mode (VGA, NTSC
picture, etc.).

On the other hand, in the case of multiplexing drive
of a display panel, e.g., a liquid crystal display panel,
wherein the scanning electrodes (or scanning lines) are
supplied with an electric signal (scanning signal)
sequentially or in a time-sharing manner and, in syn-
chronism therewith, the data electrodes (or data lines)
are supplied with data signals to display a desired pic-
ture, if 2x2 pixels are driven as one pixel in the above-
described manner, two scanning lines may be simulta-
neously selected to provide twice as fast a scanning
speed. This is effective for providing an improved
motion picture display quality and suppressing the
flicker.

Figure 17 schematically illustrates an example of
pixel arrangement of a liquid crystal display panel and
Figure 18 is a partially enlarged view thereof for illustrat-
ing one pixel arrangement. Referring to these figures,
the liquid crystal display panel includes (laterally) 1280
x (vertically) 1024 pixels at intersections of stripe elec-
trodes. Each pixel is divided in three primary color pixels
(dots) of R, G and B. The R, G and B color pixels (dots)
are each present in a number of 1280x1024. Further, for
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effecting a gradational display, the scanning lines and
data lines are respectively provided in non-uniform
widths. The pixel division scheme is similar to the one
shown in Figure 16C. More specifically, each color pixel
is composed of two data lines having a width ratio of
2:1, and three scanning lines having width ratios of
2:1:2, of which the upper and lower scanning lines are
designed to be supplied with an identical electric signal
by short-circuitry or logic treatment in the drive IC. Fig-
ure 18 is an enlarged view of one pixel in Figure 17,
allowing display of 12 bits/pixel, i.e., 4096 colors/pixel.

Figure 19 illustrates an example set of drive signal
waveforms for effecting a high-resolution display
according to an SXGA-mode of 1280x1024 on the panel
of Figure 17. By using the waveforms, the scanning
lines constituting the respective sub-pixels are driven
line-by-line according to a basically non-interlaced
mode. Each data line is supplied with a data signal of
white (W) or black (B) so as to provide a desired display
state. By sequentially scanning the first to 1024-th scan-
ning lines each including two types of scanning lines
(e.g., S1a (further divided into upper and lower lines)
and S1b, ...), all the sub-pixels may be written independ-
ently into white (W) or black (B).

In this case, if one-horizontal scanning period is
denoted by 1H, one picture rewriting period (one frame
period) is 1H x (1024x2).

The waveforms are according to the line clear-
simultaneous writing scheme wherein (sub-)pixels on a
preceding scanning line are cleaned simultaneously
with writing in (sub-)pixels on a subsequent scanning
line. The set of drive signals shown in Figure 19 is
merely one example.

On the other hand, in the case of a lower resolution
display, the above-mentioned display panel may be
driven at a higher speed by simultaneously driving a
plurality of the scanning lines. For example, if two scan-
ning lines each are driven simultaneously, one frame
period will be reduced to THx1024, i.e., twice as fast as
the above not using simultaneous selection of two types
of scanning lines. An example set of drive signal wave-
forms according to this scheme is shown in Figure 20. In
this drive scheme, two types of scanning lines a and b
(e.g., S1a and S1b) for each pixel are driven simultane-
ously (i.e., simultaneously supplied with a scanning sig-
nal), and this drive scheme may be referred to as an a-
b/a-b simultaneous drive scheme, hereinafter.

Now, the number of displayable colors for each set
of 2x2 pixels, will be considered.

As the scanning line a-b (e.g., S1a and S1b) are
driven simultaneously, 4 gradation levels of 0 - 3 can be
displayed for each color of pixel, and the number of gra-
dation levels displayable by totally 4 pixels (2x2 pixels)
is 3x4+1 = 13. Accordingly, the number of displayable
colors according to this drive scheme is 13% = 2197
colors, which are less than 4096 colors inherently dis-
playable by one pixel. Further, the drive scheme is
accompanied with a picture quality deterioration due to
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a decrease in resolution to a half.

Apart from the above problem, a conventional dis-
play device is accompanied with the following problem.

Figure 21 shows an electrode or pixel arrangement
of a display device disclosed in JP-A 7-270813 in which
each pixel has a sub-pixel arrangement as shown in
Figure 15B.

All the scanning electrodes (S1a ... S8b ...) are dis-
posed on one substrate 21 having a terminal side on
which scanning electrode terminals S1a, S2a, S3a ...
S8a each connecting two thick scanning electrodes and
scanning electrode terminals S1b, S2b, S3b, ... S8b
each connected to one narrow scanning electrode, are
all disposed.

Similarly, all data electrodes (I1a ... 110b) are dis-
posed on the other substrate 22, having a terminal side
23, on which data electrode terminals I1a, I2a, ... [10a
each connecting two thick data electrodes and data
electrode terminal 11b, 12b, ... 110b each connected to
one narrow data electrode, are all disposed.

Each device terminal electrical connection is similar
to both of the devices shown in Figures 17 and 21 but,
as for a physical electrode or wire connection, the one
shown in Figure 21 is more common than the one
shown in Figure 17, unless an expensive multi-layer
electrode structure is adopted.

Such a display device has to be equipped with a
scanning electrode driver and a data electrode driver
attached thereto. In this instance, the terminal S1a and
the terminal S1b for example have to be electrically iso-
lated and independent from each other, so that their pla-
nar positions on the substrate 21 have to be separated
from each other amply to some extent. Accordingly, the
distances from the left edge of the substrate 21 to the
respective terminals become different such that a dis-
tance (x1) to the terminal S1a is shorter than the dis-
tance (x2) to the terminal S1b.

As a result, when the output terminals of the driver
are electrically and mechanically connected to the ter-
minals S1a and S1b of the substrate 21, the positional
determination becomes difficult, and the short circuitry
or connection failure between the terminals is liable to
be occur.

Further, a driver comprising a dive circuit for the
scanning electrodes or a drive circuit for the data elec-
trodes is disposed along only one side of the substrate
21 or 22, a drive heat generated from the driver results
in a temperature distribution along the display device,
which is liable to adversely affect a device, of which the
display performances are liable to be affected by a tem-
perature change.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
driving method for a display device having a higher res-
olution display mode and a lower resolution mode while
accomplishing improvements in both the display speed
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and the picture quality.

Another object of the present invention is to provide
a display device having pixels each comprising a plural-
ity of sub-pixels, allowing easy connection with the driv-
ers.

A further object of the present invention is to pro-
vide a display device having pixels each comprising a
plurality of sub-pixels, less liable to develop an undesir-
able temperature distribution.

According to the present invention, there is pro-
vided a driving method for a display device of the type
comprising a plurality of scanning electrodes and a plu-
rality of data electrodes so as to form a multiplicity of
pixels each comprising a plurality of sub-pixels including
a larger sub-pixel and a smaller sub-pixel having mutu-
ally different areas for displaying a plurality of gradation
levels by application of an electric signal corresponding
to given gradation data to each pixel,

said driving method comprising applying a scan-
ning selection signal to a plurality of scanning elec-
trodes corresponding to at least two sub-pixels having
an identical area of adjacent two pixels in an identical
selection period.

As a result, in the driving method according to the
present invention, of adjacent at least two pixels or color
pixels, larger sub-pixels may be selected in a horizontal
scanning period and smaller sub-pixels may be selected
independently in another horizontal scanning period, so
that the number of gradation levels or colors is not
reduced in the lower resolution mode drive. Further, as
such larger sub-pixels are horizontally scanned simulta-
neously and such smaller sub-pixels are horizontally
scanned simultaneously, respectively, the frequency of
one frame for completing selection of all the scanning
electrodes can be increased, thereby providing a dis-
play with little flicker or a good motion display.

According to another aspect of the present inven-
tion, there is provided a display device, comprising a
plurality of pixels each comprising a plurality of sub-pix-
els including at least one sub-pixels corresponding to a
first electrode and at least one other sub-pixel corre-
sponding to a second electrode, wherein said first and
second electrodes have their respective terminals which
are disposed at one and the other of two mutually oppo-
site edges of the display device.

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

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a set of drive signal waveforms
used in an embodiment of the driving method according
to the invention.

Figure 2 is a partial plan view of a display device for
illustrating an electrode arrangement used in the inven-



7 EP 0 836 172 A2 8

tion.

Figure 3 is a block diagram of a display apparatus
including a display device for practicing a driving
method according to the invention.

Figures 4 - 9 are respectively a waveform diagram
showing a set of time-serial drive signals according to
an embodiment of the invention.

Figure 10 is schematic plan view of a display device
according to the invention showing an electrode
arrangement and connection.

Figure 11 illustrates an electrode arrangement for
one pixel in a display device according to the invention.

Figure 12 is a schematic plan view for illustrating a
manner of attaching drivers to a display device accord-
ing to the invention.

Figure 13 is a sectional view taken along a line A-A’
in Figure 12.

Figure 14 is a schematic plan view of a driver used
in the invention.

Figures 15A - 15C each show one unit pixel includ-
ing a plurality of sub-pixels in a various pattern.

Figures 16A - 16D each show one color pixel
including a plurality of sub-pixels in a various pattern.

Figure 17 is a partial plan view showing a pixel
arrangement in a color display device.

Figure 18 is a view showing one unit pixel of a color
display device.

Figures 19 and 20 are respectively a waveform dia-
gram showing a set of time-serial drive signals used in a
known driving method for a display device.

Figure 21 is a schematic plan view showing a pixel
arrangement shown in a known display device.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

Figure 1 is a waveform diagram showing a set of
time-serially applied drive signal for principally illustrat-
ing a sequence of application of signals to the scanning
electrodes, including a scanning selection signal com-
prising a pulse having a voltage V1 and a scanning non-
selection signal having a voltage level Vref. Accordingly,
a period for application of the pulse having a voltage V1
corresponds to a horizontal scanning period. At | are
shown data signals applied to a data electrode.

Figure 2 is a schematic partial plan view for illustrat-
ing an electrode arrangement and a pixel arrangement
of a display device used in the present invention.

S1ato S3b denote scanning electrodes and I1 to I3
denote data electrodes and, at intersections of these
electrodes, larger sub-pixels PL1, PL2 and PL3 and
smaller sub-pixels PS1, PS2 and PS3 are formed.
Scanning electrodes corresponding to S4a and S4b and
so on shown in Figure 1 are omitted from showing in
Figure 2.

In this embodiment, scanning electrodes S1a and
S2a corresponding to (or connected to) two larger pixels
PL1 and PL2 are simultaneously supplied with a pulse
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having a voltage V1 as a scanning selection signal, and
the other scanning electrodes are supplied with a volt-
age Vref as a scanning non-selection signal at that time.
In a subsequent horizontal scanning period, scanning
electrodes S1b and S2b corresponding to (or connected
to) smaller pixels PS1 and PS2 are simultaneously sup-
plied with a pulse having a voltage V1 to be selected
simultaneously. As a result, the larger pixels PL1 and
PL2 are placed in an identical display state (optical
state), and the smaller pixels PS1 and PS2 are placed
in an identical display state independent from that of the
large pixels PL1 and PL2. In this instance, a unit pixel as
a gradational display unit is composed of 4 sub-pixels
PL1, PS1, PL2 and PS2. This is a low-resolution and
high-speed first display mode. On the other hand, in a
high-resolution and low-speed second display mode,
the scanning electrodes may be sequentially selected in
the order of S1a, S1b, S2a, S2b, S3a, S3b, ... in a non-
interlaced mode, or sequentially selected in the order of
S1a, 823, 834, ... S1b, S2b, S3b, ..., i.e., first only the
scanning electrodes corresponding to the larger sub-
pixels and then only the scanning electrodes corre-
sponding to the smaller sub-pixels in an interlaced
scanning mode. In this case, a unit pixel as a grada-
tional display unit is composed of two sub-pixels, i.e.,
larger sub-pixel PL1 and a smaller sub-pixel PS1, so
that a high-resolution display is effected.

Figure 3 is a block diagram of a display apparatus
according to the present invention including a display
device 10, a scanning signal driver 11 for applying a
scanning selection signal or a scanning non-selection
signal selectively to the scanning electrodes, and a data
signal driver 12 for applying data signals for determining
the display states of the pixels to the data electrodes,

The display apparatus further includes a control cir-
cuit 13 which in turn includes a drive control circuit 14
and a drive voltage generation circuit 17. The drive con-
trol circuit 14 includes a scanning signal control circuit
15 which supplies the scanning signal driver 11 with
scanning signal address data including data for deter-
mining the order of selection of the scanning electrodes.
The data is determined depending on the display mode,
whereby the scanning electrodes are scanned (i.e.,
selected) sequentially in the above-described manner
by the driver 11.

The dive control circuit 14 further includes a data
signal control circuit 16 for supplying the driver 12 with
display data corresponding to the scanning signal
address data.

The drivers 11 and 12 receive reference voltages
(e.g., V1, Vref, V2 and V3) for drive from the drive volt-
age generation circuit 17 and supply drive signals as
shown in Figure 11 determined based on combinations
of the reference voltages for prescribed durations by
means of switching elements (not shown) to the scan-
ning electrodes and the data electrodes.

The display apparatus further includes a graphic
controller 18 for storing video data including gradation
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data in a VRAM 19 and supplies the video data read
from the VRAM 19 together with transfer clock signals to
the control circuit 13. For example, multi-value gradation
data for each pixel may be converted into binary data for
each sub-pixel (so as to provide a multi-value for a pixel
concerned) by the graphic controller.

The display device 10 for monochromatic or color
display used in the present invention may comprise,
e.g., an electroluminescence device, an electrochromic
device, a liquid crystal device, an electron discharge
device, a plasma device or a micro-mirror device.
Among these, a liquid crystal device may be particularly
preferably used.

In the case of a liquid crystal device, the liquid crys-
tal material used may preferably comprise a chiral
smectic liquid crystal or nematic liquid crystal. Particu-
larly, a chiral smectic liquid crystal is known to form a
ferroelectric or anti-ferroelectric liquid crystal exhibiting
a memory characteristic for a long hour and is desirably
used for providing a high-resolution display. Further, a
chiral nematic liquid crystal exhibiting a memory charac-
teristic for a relatively short time may also be preferably
used.

The scanning electrodes and data electrodes may
be arranged to constitute either a simple matrix-type or
an active matrix type device structure.

In the former case, functionally one electrode may
be composed by a partially superposed combination of
a high-resistivity transparent electrode and a low-resis-
tivity opaque conductor, and the areal size of each sub-
pixel is determined depending on the exposed area of
the transparent electrode pattern. The electrode pattern
similar to the one described with reference to Figures 17
and 18, but the electrode terminal disposition pattern
may preferably be one described later with reference to
Figure 10.

Further, the sub-pixel arrangement pattern may be
similar to one shown in any of Figures 15A, 15B, 16B,
16C and 16D.

Drive signals applied to the scanning electrodes
and data electrodes may be appropriately determined
depending on a display medium constituting pixels and
need not be restricted to those shown in Figure 1. Some
examples thereof will be described in more detail with
reference to embodiments described hereinafter. Fur-
ther, scanning selection signals applied to scanning
electrodes (e.g., S1a and S2a in Figure 1), which are
horizontally scanned simultaneously, need not com-
prise pulses which rise and fall completely simultane-
ously with each other as shown in Figure 1, if two
scanning electrodes are substantially simultaneously
selected to determine display states.

Figure 1 shows an embodiment, wherein two unit
pixels in a high-resolution mode display constitute one
unit pixel in a low-resolution mode display. However, in
case where a low-resolution mode display is performed
three or four or more unit pixels, three or four or more
scanning electrodes are simultaneously selected.

10

15

20

25

30

35

40

45

50

55

Particularly, in the above-mentioned low-resolution
display mode, only a prescribed number (N) of scanning
electrodes are preferentially scanned among totally M
scanning electrodes (M>N). Herein, "preferential scan-
ning" means that the prescribed number of scanning
electrodes are scanned or selected at a higher fre-
quency than the other scanning electrodes. The prefer-
ential scanning may preferably be applied to a partial
rewrite display mode, which may be used to display a
good quality of motion picture in a window defined in a
whole picture area. Further, the sticking of a back-
ground picture may also be suppressed.

(Example 1)

In this example, a ferroelectric liquid crystal panel
having a spacing between the substrates of 1.5 um was
driven under conditions including one horizontal scan-
ning period of 30 psec and drive voltages of + 25 volts.
Figure 4 shows a set of drive signal waveforms for a
scanning sequence, whereby two "a"-scanning lines
(wider scanning lines) are simultaneously scanned
(referred to as "a-a simultaneous drive”), and then two
"b"-scanning lines (narrower scanning lines) are simul-
taneously scanned (referred to as "b-b simultaneous
drive”") for two pixels each.

As a result, one frame (whole picture) scanning
period is reduced to a half, thereby providing an
increased scanning speed.

The number of colors displayable by 2x2 pixels,
each having a sub-pixel arrangement pattern as shown
in Figure 18, may be calculated as follows.

As for the number of gradation levels for each color,
gradation levels of 0 - 15 for each of left and right 2x1
pixel pairs, and therefore 15x2+1 = 31 levels for 2x2 pix-
els, so that the number of colors displayable by 2x2 pixel
pairs is 312 = 29791 colors.

Accordingly, compared with the formerly described
"a-b/a-b simultaneous drive" (giving 2197 colors as dis-
playable), the a-a/b-b simultaneous drive according to
this embodiment provides an increased number of dis-
playable colors (of more than ten times).

As is understood from the above comparison, in the
case of performing a lower-resolution mode display on a
higher-resolution display panel, it is possible to effect a
high-speed and high-picture quality display by adopting
the a-a/b-b simultaneous drive.

(Example 2)

This Example is the same as Example 1 except for
adopting a different scanning order by application of
scanning signals. Also in this example, the a-a/b-b
simultaneous drive is performed similarly as in Example
1 but the vertical scanning is performed in two fields of
first and second fields while selecting two scanning
electrode simultaneously at a time as follows and as
shown in Figure 5:
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<lst field>

Sla - S2a
S3a - S4a
S5a - S6a

S7a - S8a

S1023a - S1024a,
<2nd field>
S1b - S2b
S3b - S4b
S5b - S6b

S7b - 88b

S1023b - S1024a.

As aresult, "SXa" liens (X = 1 - 1024) corresponding to
upper bits are preferentially selected for rewriting, a
motion picture can be smoothly rewritten to provide a
good picture quality.

(Example 3)
This example adopts a further different order from

that in Example 2. The scanning order in the respective
fields is as follows:
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<lst field>

Sla - S2a

S5a - Sé6a

S9a - S10a .
<2nd field>

S3a - S4a

S7a - S8a

Slla - Sl2a

<3rd field>
S1b - S2b
S5b - Sé6b
S9b - S10b
<4th field>
S3b - S4b
S7b - S8b
S11b - S12b

L]
¢

As shown above, by scanning the scanning elec-
trodes with skipping, one frame operation is completed
by four fields of vertical scanning. According to this
embodiment, a high-quality picture with less flicker and
smooth motion picture can be displayed even at a low
frame frequency. A good picture quality can also be dis-
played by changing the order of the respective fields.

(Example 4)

This example adopts a different order of field selec-
tion from that in Example 2 as follows:
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<lst field> <4th field>
Sla - S2a Slb - S2b
5
S7a - S8a S7b - S8b
Sl13a - Sl4a S13b - S14b
: 10 :
<2nd field> <5th field>
S3a - S4a S3b - S4b
15
S9a - S10a S9b - S10b
S15a - Slé6a S15b - S16b
: 20 :
<3rd field» <6th field>
S5a - S6a S5b - S6b
25
Slla - Sl2a S11ib - S12b
Sl7a - S18a ' 817b - S18b
: 50 :

35 As shown above, one frame operation is performed
in 6 fields by scanning the scanning electrodes with
scanning. According to this embodiment, a high-quality
picture with less flicker and smooth motion picture can
be displayed even at a low frame frequency. A good pic-

40 ture quality can also be displayed by changing the order
of the respective fields.

(Example 5)

45 This example adopts a set of drive waveforms
(shown in Figures 6 and 7) by replacing a portion of the
drive waveforms used in Example 2 (shown in Figure 5).
Figure 6 shows a first frame and Figure 7 shows a sec-
ond frame.

50 In this example, scanning signals having mutually
polarity-inverted waveforms are applied to simultane-
ously selected scanning electrodes, e.g., S1a and S2a.
Similarly, mutually polarity-inverted scanning signals
are simultaneously applied to the scanning electrodes

55 each for selection of the other scanning electrodes. In a

subsequent field, a different order of mutually polarity-
inverted scanning signals are sequentially applied to
two scanning electrodes each, i.e., S1b - S2b, S3b -
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S4b, ... Further, in a subsequent frame (Figure 7), two
scanning electrodes each are again sequentially
selected so that each scanning electrode receives a
polarity-inverted scanning signal to effect a frame inver-
sion drive scheme. As a result, the drive margin is
improved so that a liquid crystal panel can be produced
at a high productivity while ensuring a good picture
quality.

(Examples 6 and 7)

A liquid crystal device was prepared by using a chi-
ral nematic liquid crystal exhibiting bistability. Details of
the operation principle of this type of liquid crystal
device are disclosed in, e.g., EP-A 569,029 (corre-
sponding to JP-A 6-230751.

More specifically, the liquid crystal material used
was prepared by mixing a chiral dopant ("S811", availa-
ble from Merck Co.) with a commercially available liquid
crystal material ("KN-4000", available from Chisso K.K.)
so as to provide a helical pitch of 3.6 um. The device
was prepared by providing a pair of electrode plates
with a rubbed 100 nm-polyimide alignment film and
assembling the electrode plates so that their rubbing
directions were parallel and opposite to each other and
the cell gap became 2 um.

The liquid crystal device could be driven for writing
under conditions including reset pulse voltages of 120
volts, writing voltages of 2.5 volts, data signal voltage
of +1.5 volts and one-line writing time of 300 psec.

The liquid crystal device was driven by switching
between a high resolution mode wherein all the scan-
ning lines were independently scanned, and the above-
mentioned a-a/b-b simultaneous drive mode, whereby
display at respective resolutions could be attained.

(Example 8)

The drive sequence shown in Figure 4 (Example 1)
and Figure 5 (Example 2) were respectively used for a
partial rewrite scanning wherein a portion to be rewrit-
ten was preferentially scanned by detecting a data
change by the graphic controller 18 in the apparatus of
Figure 3 and supplying the data to the drive control cir-
cuit 13. As a result of adopting the a-a/b-b simultaneous
drive mode in the partial rewrite scanning, a good pic-
ture quality display could be performed.

Incidentally, a high-resolution display may be per-
formed on the whole or a part of the picture area by
scanning all the scanning electrode in the related area
according to the above-mentioned non-interlaced or
interlaced scanning scheme.

(Example 9)
In this Example, Example 8 is modified by including

an additional display mode wherein a partial rewrite
scanning is performed by selecting only scanning elec-
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trodes S1a, S2a, S3a, S4a ... corresponding to larger-
area sub-pixels and not selecting scanning electrodes
S1b, S2b ...

For example, in a first display mode for rewriting the
picture over the entire picture area, all the scanning
electrodes are selected according to the non-interlaced
or interlaced scanning scheme to effect a display of 16
gradation levels for each color and totally 4096 colors
for each pixel.

Then, in a second display mode for a high-speed
display at a low resolution, the set of drive signals
shown in Figure 4 (used in Example 1) are used to dis-
play 31 gradation levels for each color and 29791 colors
for 2x2 pixels. This second display mode is suitable for
a motion picture display.

Then, in a third display mode, the above-mentioned
additional display mode is adopted to perform a partial
rewrite operation while attaching a greater importance
to a high-speed operation.

According to the present invention, a low-resolution
display with little flicker and suitable for motion picture
display can be performed without decreasing the
number of displayable gradation levels or colors.

Figure 10 illustrates a display device according to
another embodiment of the present invention.

In the display device, a substrate 21 is provided
with all the scanning electrodes, odd-numbered a termi-
nals S1a, S3a, S5a, S7a ... each short-circuiting two
scanning electrodes are disposed on a left-side terminal
region 25, and even-numbered a terminals S2a, S4a,
S5a, S8a ... each also short-circuiting the scanning
electrodes are disposed on a right-side terminal region
26.

On the other hand, a group of scanning electrodes
each disposed between the short-circuitted two elec-
trodes are extended to provide terminals S2b, S4b, Séb,
88b ... which are disposed on the left-side terminal
region 25, and the remaining group of scanning elec-
trodes each disposed between the short-circuited two
electrodes are extended to provide terminals S1b, S3b,
S5b, S7b ... which are disposed on the right-side termi-
nal region 26.

Similarly, a substrate 22 is provided with all data
electrodes. Among terminals each short-circuiting two
data electrodes, terminals I1a, 13a, i5a, 17a, 19a ... are
disposed on an upper terminal region 24, and terminals
I2a, |44, 163, 18a, I10a ... are disposed on a lower termi-
nal region 23. On the other hand, among terminals each
connected to one data electrode, terminals I2b, 14b, 16b,
I8b, 110b ... are disposed on the upper terminals region
24, and terminals I1b, 13b, I5b, 19b, I19b ... are disposed
on the lower terminal region.

In Figure 10, each terminal is depicted in a nar-
rower width than each electrode for easy comprehen-
sion of the arrangement, but the terminals actually have
a larger width than the electrode in many cases where
the terminals are disposed at a much higher density
than that supposed from Figure 10.
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The above-mentioned arrangement may be simpli-
fied for one pixel arrangement as shown in Figure 11, so
that a terminal S1a for short-circuitted two scanning
electrodes (first electrodes) and a terminal for one scan-
ning electrode disposed between the two scanning
electrodes may be regarded as being disposed on
mutually opposite left and right edges, respectively, of
one substrate.

On the other hand, a terminal 11a for short-cir-
cuitted two data electrodes (first electrodes) and a ter-
minal I1b for one data electrode disposed between the
two data electrodes may be regarded as being disposed
on mutually opposite upper and lower edges of one sub-
strate.

Figure 12 is a plan view for illustrating a peripheral
arrangement of scanning electrode drivers 11 and data
electrode drivers 12 attached to a display device 10
having a similar structure as the one shown in Figure
10.

Referring to Figure 12, the scanning electrode driv-
ers 11 include flexible films 35 and 36 mounted with IC
chips 41 and 42, respectively, for driving the scanning
electrodes, and the data electrode drivers 12 include
flexible flms 37 and 38 mounted with IC chips 43 and
44, respectively, for driving the data electrodes. These
flexible films are generally called TCPs (tape carrier
packages) according to the TAB (tape-automated bond-
ing) method.

TCPs 35 and 36 ar connected to circuit boards 31
and 32, respectively, for transmitting address signals
and signals for controlling the operation of the IC chips
41 and 42. TCPs 37 and 38 are connected to circuit
boards 33 and 34, respectively, for transmitting picture
data and signals for controlling the operation of the IC
chips 43 and 44.

As shown in Figure 13 which is a sectional view
taken along a line A-A' in Figure 12, a TCP 36, for exam-
ple, comprises a flexible film 49 comprising a resin such
as polyimide and provided with conductor patterns 47
and 48, each comprising an electroconductive material,
such as copper. Also an IC chip 42 is mounted on the
film 49, and terminals of the IC chip 42 are connected
with the conductor patterns 47 and 48. Further, the con-
necting parts are covered with a sealing material 50,
such as silicon resin. The conductor pattern 47 forms
output terminals for supplying drive signals, which are
connected to scanning electrode terminals on the sub-
strate 21 with a connecting member 46, such as an ani-
sotropic conductor film. The conductor pattern 48 forms
input terminals for the IC chip 47, which are connected
to terminals of the print circuit board 32 with a connect-
ing member 45, such as an anisotropic conductor film or
solder.

Figure 14 is a schematic plan view of a TCP includ-
ing one IC chip.

The patterned conductors 47 and 48 as the termi-
nals are respectively arranged along two sides of the
flexible film 49.
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Accordingly, regarding the arrangement of scan-
ning electrode terminals on the substrate 21, compared
with the arrangement of terminals including different
distances from a substrate edge as shown in Figure 21,
the arrangement shown in Figure 10 of terminals having
an identical distance to a substrate edge allows a sim-
pler positional alignment and a simpler pattern of con-
ductors 47, thus being economically advantageous.
Further, it is practically impossible to realize a terminal
arrangement pattern as shown in Figure 17 unless a
multi-layer conductor disposition pattern including a dis-
position of an intermediate insulating layer is adopted.

Further, according to the arrangement shown in
Figure 10 of the present invention, it is possible to
reduce the rate of occurrence of connection failures,
such as a short circuit and the opening of a connection.

The drivers are attached to both upper and lower
edges and/or both left and right edges of the display
device 10.

In the embodiment shown in Figure 10, the terminal
arrangement according to the present invention is
adopted for both the scanning electrodes and the data
electrodes. However, if the sub-pixel arrangement is
modified so as to be achieved only by division in a verti-
cal direction (e.g., as one shown in Figure 8 of JP-A 7-
270813), the terminal arrangement according to the
present invention may be applied to only the scanning
electrodes.

Further, in the embodiment of Figure 10, among the
terminals for two adjacent pixels, the terminals S1a and
S2b are disposed on one side, and the terminals S1b
and S2a are disposed on the other opposite side. This
is for equalizing the loads on both sides of IC chips for
driving the electrodes.

Accordingly, although terminals S1a, S2a, S3a ...
S8a may be disposed on one side and terminals S1b,
S2b, S3b, .. S8b may be disposed on the other side as
another embodiment, but the embodiment of Figure 10
is preferred to such another embodiment.

The display device of Figure 10 may be suitably
driven by using, a set of scanning signal waveforms and
data signal waveforms, e.g., as shown in Figure 4.

More specifically, from scanning electrode drivers
attached to both sides of the substrate, a scanning
selection signal is simultaneously applied to scanning
electrode terminals S1a and S2a. As shown in Figure 4,
the scanning selection signal includes a pulse of one
polarity for simultaneously clearing (or erasing or reset-
ting) sub-pixels on a selected scanning electrode, a
writing pulse of the other polarity and a small pulse of
one polarity for preventing crosstalk.

At this time, the other terminals are supplied with a
reference voltage as a scanning non-selection signal.

Then, scanning electrode terminals S1b and S2b
are simultaneously supplied with a scanning selection
signal to determine display states of sub-pixels on the
selected scanning electrodes.

In synchronism with the application of such a scan-



19 EP 0 836 172 A2 20

ning selection signal, data electrode terminals (I1a, 11b,
123, 12b, .. 104, 110b ...) are supplied with data signals |
(including a B signal for providing a dark display state
and a W signal for providing a bright display state).

As a result of the above-mentioned steps, the dis-
play states of two pixels each disposed along a direction
of extension of data electrodes, are determined.

In the above-described manner, the display device
10 is supplied with scanning selection signals and data
signals always from the drivers disposed on four sides
including the upper and lower sides and the left and
right sides, only a reduced temperature difference can
be developed at any points over the display device 10.
As a result, even a device having a temperature-
dependence of display performance can be driven to
provide an equally good display state similarly as a
device having little temperature-dependence of display
performance.

As described above, the drive waveform shown in
Figure 4 is suitable for effecting a high-speed display at
a number of pixels which is smaller than the number of
pixels potentially displayable by the device. For exam-
ple, in case where the display device shown in Figure 10
has 1280x1024 pixels, mutually adjacent 2x2 pixels may
be driven corresponding to one pixel in order to display
a VGA picture comprising 640x480 pixels. Thus, by
developing one pixel display state of a picture over four
pixels of the device, a VGA picture can be displayed in
an enlarged size by using 1280x960 pixels of the dis-
play device.

In this instance, if plural scanning electrodes con-
nected to larger-area sub-pixels are first selected simul-
taneously and then plural scanning electrodes
connected to smaller-area sub-pixels are selected
simultaneously among the scanning electrodes for the
adjacent pixels to determine the display states of such
adjacent plural pixels in a direction of extension of the
data electrodes, a high-speed display becomes possi-
ble without decreasing the number of displayable grada-
tion levels.

In the case of an ordinary display mode, one frame
scanning period may be divided into at least two field
scanning periods, so that scanning electrode terminals
S1a, S2a, S3a ... S8a are sequentially supplied with a
scanning selection signal in a first field, and scanning
electrode terminals S1b, S2b, S3b ... S8b are sequen-
tially supplied with a scanning selection signal, while
supplying data signals to the data electrode terminals in
synchronism with the application of the scanning selec-
tion signals.

The operation of the display device shown in Figure
10 has been described above with reference to an
embodiment using a set of drive signals shown in Figure
4, but it is also possible to drive the device of Figure 10
for display by using a set of drive waveforms shown in
any of Figure 5, Figures 6 and 7, Figure 8 and Figure 9.

As described above, according to the present
invention, the complication of terminal arrangement pat-
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tern for the scanning electrodes and/or the data elec-
trode can be prevented to allow an easy connection with
the drivers. Further, as the drivers are connected to
both sides of a display device, it is possible to obviate a
temperature increase along one side of the device due
to heat generation disposed thereat, so that it is possi-
ble to effect good operation of even a display device
having temperature-depending display performances.

A display device includes a plurality of scanning
electrodes and a plurality of data electrodes so as to
form a multiplicity of pixels each comprising a plurality of
sub-pixels having mutually different areas for displaying
a plurality of gradation levels by application of an elec-
tric signal corresponding to given gradation data to each
pixel. The display device is driven by applying a scan-
ning selection signal to a plurality of scanning elec-
trodes corresponding to at least two sub-pixels having
an identical area of adjacent two pixels in an identical
selection period. A display device may be formed such
that each pixel includes at least one sub-pixel corre-
sponding to a first electrode and at least one other sub-
pixel corresponding to a second electrode, wherein said
first and second electrodes have their respective termi-
nals which are disposed at one and the other of two
mutually opposite edges of the display device.

Claims

1. A driving method for a display device of the type
comprising a plurality of scanning electrodes and a
plurality of data electrodes so as to form a multiplic-
ity of pixels each comprising a plurality of sub-pixels
including a larger sub-pixel and a smaller sub-pixel
having mutually different areas for displaying a plu-
rality of gradation levels by application of an electric
signal corresponding to given gradation data to
each pixel,

said driving method comprising applying a
scanning selection signal to a plurality of scanning
electrodes corresponding to at least two sub-pixels
having an identical area of adjacent two pixels in an
identical selection period.

2. A driving method according to Claim 1, wherein
scanning electrodes corresponding to a region
including pixels for which picture data has changed
among said multiplicity of pixels are preferentially
selected for rewriting the region.

3. Adriving method according to Claim 1, comprising
a mode of operation wherein one picture is formed
by at least two vertical scanning periods including
one vertical scanning period wherein only scanning
electrodes corresponding to the larger sub-pixels
are vertically scanned.

4. A driving method according to Claim 1, wherein a
frame operation for selecting all the scanning elec-
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trodes is divided into a plurality of vertical scanning
fields so that all the scanning electrodes are divided
into a plurality of groups each including a plurality of
scanning electrodes receiving a scanning selection
signal in an identical selection period and, in each
vertical scanning field, the plurality of groups of
scanning electrodes are selected sequentially while
skipping at least one group of scanning electrodes
for each selection.

A driving method according to Claim 1, wherein
said plurality of sub-pixels of each pixel include a
smallest-area sub-pixel and at least one pair of sub-
pixels disposed at symmetrical positions with
respect to the smallest-area sub-pixel.

A driving method according to Claim 1, wherein
each pixel includes a display medium assuming two
optical states.

A driving method according to any one of Claims 1
- 6, wherein each pixel includes a display medium
comprising a chiral smectic liquid crystal.

A driving method according to any one of Claims 1
- 6, wherein each pixel includes a display medium
comprising a nematic liquid crystal.

A driving method according to any one of Claims 1
- 6, comprising a plurality of operation modes using
different numbers of or different sizes of pixels.

A display apparatus, including:

a display device comprising a plurality of scan-
ning electrodes and a plurality of data elec-
trodes so as to form a multiplicity of pixels each
comprising a plurality of sub-pixels having
mutually different areas, and
drive means for applying electrical signals to
the respective sub-pixels depending on given
gradation data;

said drive means including a scanning
electrode drive circuit for applying a scanning
selection signal to a plurality of scanning elec-
trodes corresponding to at least two sub-pixels
having an identical area of adjacent two pixels
in an identical selection period.

A display device, comprising a plurality of pixels
each comprising a plurality of sub-pixels including
at least one sub-pixels corresponding to a first elec-
trode and at least one other sub-pixel correspond-
ing to a second electrode, wherein said first and
second electrodes have their respective terminals
which are disposed at one and the other of two
mutually opposite edges of the display device.
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A display device according to Claim 11, wherein
said first and second electrodes are scanning elec-
trodes.

A display device according to Claim 11, wherein
said first and second electrodes are data elec-
trodes.

A display device according to Claim 11, wherein
each pixel includes a pair of sub-pixels correspond-
ing to the first electrode and a sub-pixel disposed
between the pair of sub-pixels corresponding to the
second electrode.

A display device according to Claim 11, wherein
two adjacent pixels are disposed such that the first
electrode for one pixel and the first electrode for the
other pixel have terminals disposed at the mutually
opposite edges of the display device.

A display device according to Claim 11, wherein
two adjacent pixels are disposed such that each
pixel includes a sub-pixel corresponding to the sec-
ond electrode disposed between a pair of sub-pix-
els corresponding to the first electrode,

the terminal for the first electrode for one pixel
and the terminal for the second electrode for
the other pixel are disposed at one edge of the
display device, and

the terminal for the second electrode for said
one pixel and the terminal for the first electrode
for said the other pixel are disposed at another
edge opposite to said one edge of the display
device.

A display device according to Claim 11, wherein a
flexible film carrying an IC chip is attached to each
of said mutually opposite two edges of the display
device.

A driving method for a display device according to
Claim 11, wherein each pixel comprises a plurality
of sub-pixels having mutually different areas for dis-
playing a plurality of gradation levels by application
of an electric signal corresponding to given grada-
tion data to each pixel,

said driving method comprising applying a
scanning selection signal to a plurality of scanning
electrodes corresponding to at least two sub-pixels
having an identical area of adjacent two pixels in an
identical selection period.

A driving method according to Claim 18, wherein
said plurality of sub-pixels of each pixel include a
smallest-area sub-pixel and at least one pair of sub-
pixels disposed at symmetrical positions with
respect to the smallest-area sub-pixel.
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20. A driving method according to Claim 18, wherein
each pixel includes a display medium assuming two
optical states.
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