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LIQUID CRYSTAL ELEMENT DRIVE
METHOD, DRIVE CIRCUIT, AND DISPLAY
APPARATUS

CONTINUING APPLICATION DATA

This application is a divisional of Ser. No. 09/277,584,
filed Mar. 26, 1999, now abandoned which is a continuation
of Ser. No. 08/454,037, filed May 30, 1995, issued as U.S.
Pat. No. 5,959,603, which is a continuation of Ser. No.
08/178,949, filed Jan. 7, 1994, issued as U.S. Pat. No.
5,877,738, which is a continuation-in-part of International
Application No. PCT/JP93/00604, filed on May 10, 1993
and a continuation-in-part of U.S. patent application Ser. No.
08/148,083, filed Nov. 4, 1993, issued as U.S. Pat. No.
6,084,563, which is a continuation-in-part of International
Application No. PCT/JP93/00279, filed Mar. 4, 1993, the
contents of each of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention generally relates to a driving appa-
ratus and a driving method for a liquid crystal display having
a plurality of row electrodes and column electrodes. More
particularly, the invention relates to such an apparatus and a
method in which the row electrodes are divided into groups,
each of the electrodes in each group being simultaneously
selected each group being sequentially selected for achiev-
ing a gray scale display.

Matrix liquid crystal displays such as, twisted nematic
(TN) and super twisted nematic (STN), are known in the art.
Reference is made to FIG. 49 in which a conventional matrix
liquid crystal display is provided. A liquid crystal panel
generally indicated as 1 is composed of a liquid crystal layer
5, a first substrate 2 and a second substrate 3 for sandwiching
the liquid crystal layer § therebetween. A group of column
electrodes Y;-Y,, are oriented on substrate 2 in the vertical
direction and a plurality of row electrodes X,—X,, are formed
on substrate 3 in substantially the horizontal direction to
form a matrix. Each intersection of column electrodes
Y,-Y,, and row electrodes X,—X, forms a display element
or pixel 7. Display pixels 7 having the open circle indicate
an ON state and those pixels having a blank indicate an OFF
state.

A conventional multiplex driving based on the amplitude
selective addressing scheme is known to one of ordinary
skill in the art as one method of driving the liquid crystal
panel mentioned above. In such a method, a selected voltage
or non-selected voltage is sequentially applied to each of
row electrodes X;—X, individually. That is, a selection
voltage is applied to only one row electrode at a time. In the
conventional driving method, the time period required to
apply the successive selected or non-selected voltage to all
the row electrodes X,—X,, is known as one frame period,
indicated in FIGS. 43A-E as time period F. Typically the
frame period is approximate Yoth of a second or 16.66
milliseconds.

Simultaneously to the successive application of the
selected voltage or the non-selected voltage to each of the
row electrodes X,—X,, a data signal representing an ON or
OFF voltage is applied to column electrodes Y,-Y,,.
Accordingly, to turn a pixel 7, ¢.g. the area in which the row
electrode intersects the column electrode, to the ON state, an
ON voltage is applied to a desired column electrode when
the row electrode is selected.
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Referring specifically to FIGS. 43A-E, a conventional
multiplex drive method of a simple matrix type liquid crystal
and more specifically the amplitude selective addressing
scheme is shown therein. Such a conventional drive method
is not intended to provide the features of achieving a gray
scale display. FIGS. 43A—C show the row selection voltage
waveforms that are applied in sequence to row electrodes
X1, X, ... X, respectively. More particularly, in time period
t;, a voltage pulse having a magnitude of V, is applied to
row electrode X;, and a voltage of zero is applied to
electrodes X,—X,; in time period t,, a voltage pulse having
a magnitude of V, is applied to row electrode X, and a
voltage of zero is applied to electrodes X, and X;—X,, and in
time period t,,, V, is applied to row electrode X and a
voltage of zero is to electrodes X,—X,,_;. In other words, a
voltage pulse having a magnitude of V, is applied to only
one row electrode X; in time t;. Typically, t; is approximately
69 useconds and V, is approximately 25 volts. As will be
apparent to one who has read this description, all of the row
electrodes are sequentially selected in time periods t,—t, or
one frame period F.

FIG. 43D shows the waveform applied to column elec-
trode Y,, and FIG. 43E shows the synthesized voltage
waveform applied to the pixel 7, ; formed at the intersection
of the column electrode Y, and the row electrode X;. As
shown therein, during time period t,, a voltage pulse having
a magnitude of V, is applied to row X, and a voltage pulse
of -V, is applied to column electrode Y. Typically, V, is
approximately 1.6 volts. The resultant voltage at pixel 7, , is
(V,—V,). This synthesized voltage is sufficient to turn pixel
7., to its ON state.

As noted above this conventional driving method does not
display an image having a gray scale. Furthermore, another
known problem with this method is that in order to select
and drive the one line of the row electrodes, a relatively high
voltage is required to provide good display characteristics,
such as, contrast and low distortion. These conventional
displays, requiring such a high voltage, also consume rela-
tively more energy. When such displays are used in portable
devices, they are supplied with electrical energy by, for
example, batteries. As a result of the higher energy
consumption, the portable devices have relatively shorter
times of operation before the batteries require replacement
and/or recharging.

Various attempts have been made to overcome this prob-
lem. For example U.S. patent application Ser. No. 08/148,
083, filed Nov. 4, 1993, is directed to a method driving a
liquid crystal panel comprising the steps of sequentially
selecting a group of a plurality of row electrodes during a
selection period, simultaneously selecting the row electrodes
comprising the group, and dividing and separating the
selection period into a plurality of intervals within one frame
period.

In another example, it has been suggested in “A Gener-
alized Addressing Technique for RMS Responding Matrix
LCDs,” 1988 International Display Research Conferernce,
pp- 80-85, to simultaneously apply a row selection voltage
to more than one row electrode.

As shown in FIGS. 45A-D, a conventional method for
driving a liquid crystal display is provided by simulta-
neously selecting a group of more than one row electrode.
As shown therein, the n row electrodes are divided in j
groups of row electrodes, each group comprising, for
example, two row electrodes. In this example, row elec-
trodes X;, X, and X5 and X,, X; and X, form first and
second groups of row electrodes, respectively.
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Referring again to FIG. 45A, that figure illustrates row
selection voltage waveforms applied simultaneously to row
electrodes X;, X, and X; in time periods t;;—t;4 and a
voltage of zero is applied to row electrodes X, X, and X,
in the remaining time periods of frame period F. Similarly,
FIG. 45B indicates the row selection voltage waveforms
applied to row electrodes X, X5 and X, during time periods
t,;—t,g and a voltage of zero is applied to row electrodes X,
X5 and X in the other time periods of frame period F. FIG.
45C illustrates the voltage waveform applied to column
electrode Y, and FIG. 45D indicates the synthesized voltage
waveform applied to the pixel 7, ;. Generally, t; ,t; 5 . - .
t; ,,=34.5 useconds, V is approximately 17.0 volts and V, is
approximately 2.3 volts.

As shown in the example of FIGS. 45A-D, every three
row electrodes are selected in sequence. In the first selection
sequence, three row electrodes, X;, X, and X, are selected
and row selection voltage waveforms such as that shown in
FIG. 45A are applied to each row electrode. At the same
time, the designated column voltage, which is described
below, is applied to each column electrode, Y, to Y,,. Next,
row electrodes X,, X and X, are simultaneously selected
with substantially the same type of waveform voltages as
that described above. At the same time, the column voltages
Y, toY,, are applied to each column electrode. One frame
period represents the selection of all row electrodes, X to
X,,. In other words, a complete image is displayed during
one frame.

As will be explained hereinbelow, when h row electrodes
are simultaneously selected, the voltage waveforms that
apply the row electrodes described above use 2 row-select
patterns. In the example illustrated in FIGS. 45A-D, the
number of row electrodes simultaneously selected is three
thus the number of row select patterns is 2° or 8.

Moreover, the column voltages applied to each column
electrode Y, to Y,, provide the same number of pulse
patterns as that of the row select pulse patterns. That is, there
are 2% pulse patterns. These pulse patterns are determined by
comparing the states of pixels on the simultaneously
selected row electrodes i.e., whether the pixels are ON or
OFF, with the polarities of the voltage pulses applied to row
electrode.

In this example, as shown in the previously described
FIGS. 45A-D, when row electrodes X;, X, and X; are
selected and row voltages such as those in FIG. 45A and are
applied thereto and when the pixels on row electrodes X;,
X, and X5 are ON, ON and OFF, respectively, as shown in
FIG. 44, the voltage waveform applied the column electrode
is voltage waveform Y, shown in FIG. 45C.

The above-mentioned column voltage waveform Y, is
determined as follows. At first, each pixel simultaneously
selected is defined to have a first value of 1 when the voltage
applied by the row electrode to the corresponding selected
pixel is positive or a first value of 0 when the row electrode
is negative. In the example shown in FIG. 46A, the voltage
ON/OFF patterns applied to the three simultaneously
selected row electrodes X,, X,, and X, are shown in the
following table using values of 1 and O for ON and OFF

pixel states, respectively.
TABLE A
X, 0 0 0 0 1 1 1 1
X, 0 0 1 1 0 0 1 1
X, 0 1 0 1 0 1 0 1
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Each of the selected pixels is defined to have a second
value of 1 when the display state is ON or a second value of
0 when display state is OFF. The first value is compared to
the second value bit-by-bit, the number of mismatches, i.c.,
when the first value does not equal the second value, is
calculated. When the number of mismatches for the simul-
taneously selected rows is zero, -V, is applied; when 1,
—Vy, is applied; when 2, Vy, is applied; and when 3, Vy, is
applied. In this example the ratio of Vy, to Vy, is 1:3.

For example, when the pulse waveforms shown in FIG.
45A are applied to row electrodes X;, X, and X5, a column
voltage having the waveform of Y, is applied. For time
period t,,, the column voltage is determined as follows. The
pixels formed at the intersections of column electrode Y,
and rows electrodes X, X, and X5 are in the ON, ON and
OFF states, respectively. For the purposes of this discussion,
these pixels will be referred to as the first, second and third
pixels, respectively. In other words, the first pixel has a
second value of 1, the second pixel has a second value of 1
and the third pixel has a second value of 0 (zero). Those
pixels assume the first values, as shown in Table A. Refer-
ring to the first pixel, since the first value is 0 and the second
value is 1, there is a mismatch. With regard to the second
pixel, the first value is O and the second value is 1, thereby
also forming a mismatch. Finally, referring to the third pixel,
the first value is O and the second value is also O, thereby
forming a match. Accordingly, the number of mismatches is
determined to be 2. Therefore, a voltage of Vy is applied to
the column electrode in time t;.

The row select pattern of the voltage applied to the row
electrodes X, X,, and X; in time t,, is OFF-OFF-ON. The
number of mismatches during this time period is three.
Therefore, voltage Vy, is applied as the second pulse to
column electrode Y. Similarly, Vy, is applied as the third
pulse, -V, as the fourth pulse. Thus the following pulses
are, in sequence, —Vy,, Vy,, =V, —Vy, applied to the
column electrode, in the fifth to eight pulses.

The next three row electrodes X,—X, are then selected,
and when the voltage shown in FIG. 45B is applied to these
row electrodes X,—X, a column voltage of the voltage level
corresponding to the number of mismatches between the
on/off states of the pixels shown in FIG. 44 at the intersec-
tions of row electrodes X,—X, and the column electrode Y,
and the on/off states of the voltage row select patterns
applied to the row electrodes X,—X as shown in FIG. 45C
is applied.

The voltage waveforms generated based on these values
for application to the row electrodes are shown in FIG. 46A.
The waveform shown in FIG. 46A, however, contains
dispersions in the frequency component, which can result in
display non-uniformity when applied. In other words, the
applied voltage waveforms, include the following different
frequency components:

X1: 4-At, 4-At

X2: 2-At, 4-At, 2-At

X3: 2:At, 2:At, 2-At, 2-At

Such differences in frequency appear to cause distortion
of the displayed image.

The waveforms modified by reordering the array to elimi-
nate the bias in the frequency component is shown in FIG.
46B. The prior art example shown in FIGS. 45A-D can also
utilize these waveforms.

However, when a driving method, such as shown in FIG.
48A or B is used to drive a liquid crystal display panel, the
pulse width of each pulse becomes narrower. That is par-
ticularly true when the number of simultaneously selected
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row electrodes increases. In other words, there is an expo-
nential increase in the number of bit word patterns with each
pulse width becoming narrower. The narrower pulse width
leads to possible rounding when the waveform is applied to
pixel and/or crosstalk may occur. These distortions are
particularly apparent when a gray scale display is attempted.

In another example, values 1 and -1 are used for the
positive and negative selection pulses of the row voltage
waveform, and -1 and 1 are used for the ON and OFF
display data states of pixel, respectively, and the column
voltage waveform is set according to the difference between
the number of matches and the number of mismatches,
values of 1 or —1 can be used for either, and the column
voltage waveform can be set using only the number of
matches or the number of mismatches without calculating
the difference between the number of matches or the number
of mismatches.

FIGS. 47A, A', B and C depict another example of a
conventional method for driving a liquid crystal display by
simultaneously selecting a group of more than one row
electrode. As shown therein, the n row electrodes are divided
in j groups of row electrodes, each group comprising, for
example, two row electrodes. In this example, row elec-
trodes X, X,; X5, X,; and X,,_;, X,,, each form a group of
row electrodes.

Referring again to FIG. 47A, that figure illustrates row
selection voltage waveforms applied simultaneously to both
row electrodes X, and X, in time periods t; and t, and a
voltage of zero is applied to row electrodes X, and X,, in the
remaining time periods of frame period F. Similarly, FIG.
47 A" indicates the row selection voltage waveforms applied
to row electrodes X5 and X, during time periods ty and t,
and a voltage of zero is applied to row electrodes X5 and X,
in the other time periods of frame period F. FIG. 47B
illustrates the voltage waveform applied to column electrode
Y, and FIG. 47C indicates the synthesized voltage wave-
form applied to the pixel 7, ;. Generally, t,, t,, . . . ,=69
useconds, V, is approximately 17.6 volts and V, is approxi-
mately 2.3 volts.

As shown in the example of FIGS. 47A, A' B and C every
two row electrodes are selected in sequence. In the first
selection sequence, two row electrodes, X; and X,, are
selected and row selection voltage waveforms such as that
shown in FIG. 47A are applied to each row electrode. At the
same time, the designated column voltage, which is
described below, is applied to each column electrode, Y, to
Y,,. Next, row clectrodes X; and X, are simultaneously
selected with substantially the same type of waveform
voltages as that described above. At the same time, the
column voltages Y, to Y,, are applied to each column
electrode. As explained above, one frame period represents
the selection of all row electrodes, X; to X,,.

As will be explained hereinbelow, when h row electrodes
are simultaneously selected, the voltage waveforms that
apply the row electrodes described above use 2” row-select
patterns. In the example illustrated in FIGS. 47A, A', B and
C the number of row electrodes simultaneously selected is
two, thus the number of row select patterns is 2% or 4.

Moreover, the column voltages applied to each column
electrode Y, to Y,, provide the same number of pulse
patterns as that of the row select pulse patterns. That is, there
are 2” pulse patterns. These pulse patterns are determined by
comparing the states of pixels on the simultaneously
selected row electrodes i.e., whether the pixels are ON or
OFF, with the polarities of the voltage pulses applied to row
electrode.

In this example, as shown in the previously described
FIGS. 47A, A' B and C when row electrodes X, and X, are
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selected and row voltages such as those in FIG. 47A and
FIG. 48A are applied thereto and when the pixels on row
electrodes X, and X, are ON and OFF, respectively, the
voltage waveform applied the column electrode is voltage
waveform Y, shown in FIG. 48B. When the pixels are OFF
and ON, respectively, the column voltage waveform Y, is
applied to the column electrode. In another example, when
the pixels are both ON, a voltage waveform Y., is applied to
the column electrode. Finally, when both pixels are OFF, the
a column voltage waveform Y, is applied to the column
electrode.

The above-mentioned column voltage waveforms Y _—-Y,
are determined as follows. At first, each pixel simulta-
neously selected is defined to have a first value of 1 when the
voltage applied by the row electrode to the corresponding
selected pixel is positive or a first value of —1 when the row
electrode is negative. Each of the selected pixels is defined
to have a second value of -1 when the display state is ON
or a second value of 1 when display state is OFF. The first
value is compared to the second value bit-by-bit, the differ-
ence between the number of matches, i.e., when the first
value equals the second wvalue, and the number of
mismatches, i.e., when the first value does not equal the
second value, is calculated. When the difference between the
number of matches and mismatches for the simultaneously
selected rows is two, V, is applied; when 0, V, is applied;
and when -2, -V, is applied.

For example, when the pulse waveforms shown in FIG.
47A are applied to row electrodes X, and X,, a column
voltage having the waveform of Y, is applied. This column
voltage is determined as follows. The pixels formed at the
intersections of column electrode Y, and rows electrodes X,
and X, are in the ON and OFF states, respectively. For the
purposes of this discussion, these pixels will be referred to
as the first and second pixels, respectively. In other words,
the first pixel has a second value of —1 and the second pixel
has a second value of 1. During the period t,, the first pixel
has a first value of -1 and the second pixel has a first value
of -1, since the row voltages X, and X, are both -V,.
Referring to the first pixel, since the first value is —1 and the
second value is -1, there is a match. With regard to the
second pixel, the first value is —1 and the second value is 1,
thereby forming a matches. The difference between the
number of mismatches and mismatches is 1 -1 or zero.
Therefore, a voltage of 0 (zero) is applied to the column
electrode in time t,. Next, concerning the pulse waveforms
of the time interval t,, the applied voltage of row electrode
X, is positive and the applied voltage of row electrode pulse
X, is negative. Using a similar analysis as described above,
the number of matches is zero and the number of mis-
matches is 2. Thus, -V, volts will be applied to the second
half of time interval t;.

As should now be apparent, the first values in time
interval t_ in FIG. 47A are -1 and 1 because the applied
voltage of row electrode X, is negative and the applied
voltage of row electrode X, is positive. When these are
compared with the second values of the first and second
pixels of —1 and 1, the number of matches is two and the
number of mismatches is zero. The difference between the
number of matches and the number of mismatches is 2.
Thus, the column voltage of V, volts will be applied in time
interval t_.

In time interval t,, the applied voltage of row electrodes
X, and X, are both positive. Thus, the first values are 1 and
1. When compared to the pixel states of -1 and 1, the
number of matches is 1 and the number of mismatches is 1,
thus the difference between the number of matches and the
number of mismatches is zero. Accordingly, zero volts will
be applied to Y, for the time interval t.

A summary of this analysis for time periods t,, t,, t. and
ty, is shown in Table B below:
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TABLE B TABLE E
pixel t, ty te ta pixel t, [ te tq
1-ON 5 1 - OFF
first value -1 1 -1 1 first value -1 1 -1 1
second value -1 -1 -1 -1 second value 1 1 1 1
match yes no yes no match no yes no yes
mismatch no yes no yes mismatch yes no yes no
2 - OFF 10 2 - OFF
first value -1 -1 1 1 first value -1 -1 1 1
second value 1 1 1 1 second value 1 1 1 1
match no no yes yes match no no yes yes
mismatch yes yes no no mismatch yes yes no 1o
no. of matches 1 0 2 1 15 no. of matches 0 1 1 2
no. of mismatches 1 2 0 1 no. of mismatches 2 1 1 0
difference 0 -2 2 0 difference -2 0 0 2
column voltage 0 -V, v, 0 column voltage -V, 0 0 v,
Column Voltage Applied =Yy
As is readily apparent, the column voltage Y, corresponds .
to the col ¥ pIIt) ? " di lg d t“ th pl 20 In the examples above, the first value is 1 when the
© the column voiage patiern and is appiied to the coumn row-select voltage has a positive polarity or the first value
Fo place the first pixel in its ON state and the second pixel when the row-select voltage has a negative polarity.
m its OFF state. Additionally, the second value is —1 when the display state
As for the other column Vo]tage waveforms, Yb to Yd’ the 25 of the piXCl is ON, or 1 when the display state is OFF. The
voltages are selected under the same criteria as described Cglumn voltage waveforms were sclected by means of the
above and are summarized in Tables C, D and E hereinbe- dlffer.ence between the number of matches and the number
low: of mismatches.
' As described above, these methods of simultaneously
selecting and driving plural sequential row electrodes can
TABLE C 30 . : -
suppress the drive voltage while achieving the same on/off
pixel t, t, t, ty ratio as the single line selection method shown in FIGS.
43A-E.
1-om The following is a general discussion regarding the con-
first value 1 1 1 1 2 ventional method for simultaneously selecting multiple row
second value 1 1 1 1 electrodes.
match N no yes no yes A. Requirements
mismatc €S no €S no .
2. ON Y y A The N number of row electrodes to be displayed are
divided up into N/h non-intersecting subgroups.
first value -1 -1 1 1 B Each subgroup has h number of address lines
second value -1 -1 -1 -1 40 g p A ) :
match yes yes no no C At a particular time, the display data on each column
mismatch no no yes yes electrode is composed of an h-bit words, e.g.:
no. of matches 1 2 0 1
no. of mismatches 1 0 2 1
difference 0 2 2 0 enrts Qeonsz - - - Geonens Geop=0 01 1
column voltage 0 -V, V, 0 45 Where 0 k (N/h)—l(k: Subgroup)
Column Voltage Applied = Y, In other words, one column of display data is:
dy,d,...d, ... Subgroup 0
TABLE D 50 1> Gy - - - Ayyyy - - - Subgroup 1
pixel ta tp, te ty Ay ni1s A iz - o - Ay - - - Subgroup N/A-1
1-ON Y )
D The row-select pattern has 2” cycle and is represented
first value -1 1 -1 1 by an h-bit words, e.g.:
second value -1 -1 -1 -1 55
match yes no yes no p p p e Oorl
mismatch no yes no yes Kl T2ttt Rkl Bhth
2-ON B. Guidelines
first value 1 1 1 1 (1) One subgroup is .selected simultaneously for addressing.
second value -1 -1 -1 -1 o (2) One h-bit word is selected as the row-select pattern.
match yes yes no 10 (3) The row-select voltages are:
mismatch no yes yes .
no. of matches 2 1 1 0 _Vr for a IOgIC 0,
no. of mismatches 0 1 1 2 +V, for a logic 1,
difference 2 0 0 -2 .
column voltage v, 0 0 v, 0 volts or ground for the unselected period.

Column Voltage Applied = Y,

65 (4) The row-select patterns and the display data patterns in
the selected subgroup are compared bit by bit such as with
digital comparators, viz. exclusive OR logic gates.
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(5) The number of mismatches 1 between these two patterns
is determined by counting the number of exclusive-OR
logic gates having a logical 1 output.

Steps 14 are summarized by the following equation:

h
i= Z W j @ dianj (0 < i< h)

J=1

(where @ is an exclusive OR logic operation)

(6) The column voltage is chosen to be V(i) when the
number of mismatches is i.

(7) The column voltages for each column in the matrix is
determined independently by repeating the steps (4)—6).

(8) Both the row voltage and column voltage are applied
simultaneously to the matrix display for a time duration
At, where At is minimum pulse width.

(9) A new row-select pattern is chosen and the column
voltages are determined using steps (4)—(6). The new row
and column voltages are applied to the display for an
equal duration of time at the end of At.

(10) A frame or cycle is completed when all of the subgroups
(=N/h) are selected with all the 2* row-select patterns
once.

1 cycle=At-2"-N/h

C. Analysis

The row select patterns in a case in which there are i
number of mismatches will now be considered. The number
of h-bit row-select patterns which differ from and h-bit
display data pattern by i bits is given by

hCi=hI/{iN (i) }=Ci

For example, when the case for h=3 and row electrode
selection pattern=(0,0,0) is considered, the results would be
as shown in the table below:

Mismatching number : Display Data pattern 1 Ci

i=0 : (0,0,0) 11 way
i=1 : (0,0,1) (0,1,0) (1,0,0) 1 3 ways
i=2 1 (1,1,0) (1,0,1) (0,1,1) 1 3 ways
i=3 1 (1,1,1) 11 way

These are determined by the number of bits of a word, not
the row electrode selection patterns.

If the amplitude V.., of the instantaneous voltage that is
applied to the pixel had a row voltage of V,,. and column
voltage of V, the synthesized voltage would be as

column?
follows:

VpixeF(chlumn_VroW) o (Vo= Veotumn)

Where, if V,,,,=£V, and V,,,,,,=V(), then V,,,=+V,~V(i) o1
—V,- V(D).

If V=2V, and Vi, ==W(0), then V,,, ~V-V(0), V,+V(i), -V,-
V(i) or =V, +W(i).

That is:

Vouer|V,~ VD) or | V+V(0)

As a consequence, the specific amplitude to be applied to
the pixel is either —-(V,+V(i)) or (V,=V(i)) in the selection
row and is V(i) in the non-selection row.

In general, in order to achieve a high selection ratio, it is
desirable that the voltage across a pixel should be as high as
possible for an ON pixel and as low as possible for an OFF
pixel.
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As a result, when a pixel is in the ON state, the voltage
[V, +V(i)| is favorable for the ON pixel, and the voltage
|V~ V()] is unfavorable for the ON pixel. On the other hand,
when a pixel is in the OFF state, the voltage |V,-V(i)| is
favorable for the OFF pixel, and the voltage |V,+V(i)| is
unfavorable for the OFF pixel.

Here, it is favorable for the ON pixel to increase the
effective voltage and unfavorable for the ON pixel to
decrease the effective voltage. The number of combinations
that selects i units from among the h bits is:

Ci=hCi={h}{i (b=}

The total number of mismatches provides the number of
unfavorable voltages in the selected rows in a column. The
total number of mismatches is i-Ci in Ci row select patterns
considered are equally distributed over the h pixels in the
selected rows. Hence the number of unfavorable voltages
per pixel (Bi) when number of mismatches is i can be
obtained as given following;

Bi=i-Ci/h(units/pixel)

The number of times a pixel gets a favorable voltage
during the Ci time intervals considered is:

Ai={(h-i)/h}-Ci
In addition:
{(h=i)/By-Cix (i) Ci=(h/R)Ci=Ci
Accordingly, the following is obtained:
Ai=Ci-Bi={(h-1}/{it (h-i-1)1}

Where: h=i+1
To summarize the above:

V. (rms)={(S1+52+53)/54}'~

Voﬁ(rms)={(55+56+53)/54}1/2

h
Sy = Z AiV, + V(D) (favorable)
=0

h
S; = Z Bi(V, — V()? (unfavorable)
=0

h
S3={N /W =1} (Ai+ BV ()
=0
Sy =2"(N/h)
h

Ss = Z Ai(Vr— V() (favorable)
=0

h
Ss = Z Bi(Vr + V())? (unfavorable)
=0

In addition:

V,/VD=N1/2h . .. row selection voltage

V(i)/V0=(h-2i)/h={1-(2i/h)}. . . column voltage, and

RV oV ophman={ (W21 (NV2- 1012

When plural sequentially row electrodes are simulta-
neously selected and driven as in prior art example described
above, however, the pulse width applied to the row elec-
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trodes and column electrode also narrows as the number of
simultaneously selected row electrodes increases, and pic-
ture quality deteriorates as crosstalk increases due to wave-
form rounding. This problem is particularly noticeable when
this drive method is applied to gray scale displays using
pulse width modulation.

Moreover, a liquid crystal display driven according to
such a method has poor contrast between its ON and OFF
states.

OBJECTS OF THE INVENTION

It is an object of the present invention to provide an
apparatus that obviates the aforementioned problems of the
conventional liquid crystal devices.

It is a further object of the present invention to provide a
liquid crystal display for displaying a gray scale image
having high image quality, simply and reliably.

It is still another object of the present invention to provide
a gray scale display with a reduced number of column
voltage levels.

It is an additional object of the present invention to
provide a drive method, drive circuit, and display apparatus
for a liquid crystal panel capable of achieving a good gray
scale display even when simultaneously selecting and driv-
ing plural sequentially row electrodes.

It is still yet another object of the present invention to
provide a driving method for a liquid crystal panel having
reduced crosstalk.

These and other objects, features and advantages of the
present invention will become more apparent upon a con-
sideration of the following detailed description of the pre-
ferred embodiments of the present invention in conjunction
with the accompanying drawings.

Although the detailed description and annexed drawings
describe a number of preferred embodiments of the present
invention, it should be appreciated by those skilled in the art
that many variations and modifications of the present inven-
tion fall within the spirit and scope of the present invention
as defined by the appended claims.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, a mul-
tiplex drive method for a liquid crystal panel is provided in
which the selection period is divided into plural periods, and
a weighted voltage is applied in accordance with the desired
display data in the divided selection periods to achieve a
gray scale display.

According to another aspect of the present invention, a
drive method for a liquid crystal panel is provided in which
selected pulse data generated by the scan data generating
circuit and display data pattern for plural simultaneously
selected scan lines by means of an operating circuit is
calculated. The data based on the calculation result is
transferred to a column electrode driver and the scan data is
simultaneously transferred to the row electrode driver to
achieve a desired gray scale display.

According to a further aspect of the present invention, a
liquid crystal display apparatus comprises a drive circuit for
calculating selected pulse data generated by the row-select
pattern generating circuit and the display data for plural
simultaneously selected scan lines by means of an operating
circuit. A means is provided for transferring the data based
on the calculation result to the column electrode driver and
for simultaneously transferring the scan data to the row
electrode driver. This means also divides the selection period
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into plural parts and applies a weighted column voltage in
accordance with the desired display data by the drive circuit
to the column electrodes in each of the divided selection
periods to achieve a gray scale display.

Other objects and attainments together with a fuller
understanding of the invention will become apparent and
appreciated by referring to the following description and
claims taken in conjunction with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, wherein like reference characters denote
similar elements throughout the several views.

FIGS. 1A, A', B and C show applied voltage waveforms
in accordance with the first embodiment of a drive method
of a liquid crystal panel in accordance with the present
invention;

FIG. 2 is a schematic diagram of a liquid crystal display
panel depicting the displayed data;

FIG. 3A is an example of waveforms applied to row
electrodes in accordance with a preferred embodiment of the
present invention;

FIG. 3B is another example of waveforms applied to row
electrodes in accordance with an embodiment of the present
invention;

FIG. 4 is a block diagram of a driving circuit in accor-
dance with the first embodiment of the present invention;

FIG. 4A is a timing diagram of the driving circuit of FIG.
4

FIG. 5 is a block diagram of the row electrode driver of
the row driving circuit of FIG. 4;

FIG. 6 is a block diagram of the column electrode driver
of the column driving circuit of FIG. 4;

FIGS. 7A, A", B and C show the applied voltage wave-
forms of a second embodiment of a driving method of the
liquid crystal display according to the present invention;

FIG. 8 illustrates an example of display data of a liquid
crystal display panel having at least one virtual electrode;

FIGS. 9A, A, B and C show the applied voltage wave-
forms of a third embodiment of a driving method of the
liquid crystal display according to the present invention;

FIG. 10 illustrates the relationship of the time periods
used to achieve a gray scale display by means of a pulse
width modulation method,

FIGS. 11A, A", B, and C show the applied voltage
waveforms of a fourth embodiment of a driving method of
the liquid crystal display according to the present invention;

FIGS. 12A, A', B, and C show the applied voltage
waveforms of a fifth embodiment of a driving method of the
liquid crystal display according to the present invention;

FIG. 13 illustrates another example of display data of a
liquid crystal display panel having at least one virtual
electrode;

FIGS. 14A and 14B show the applied voltage waveforms
of a sixth embodiment of a driving method of the liquid
crystal display according to the present invention;

FIGS. 15A, A', B, and C show the applied voltage
waveforms of a seventh embodiment of a driving method of
the liquid crystal display according to the present invention;

FIG. 16 illustrates another example of display data of a
liquid crystal display panel during two frame periods;

FIGS. 17A and 17B show the applied voltage waveforms
of an eighth embodiment of a driving method of the liquid
crystal display according to the present invention;
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FIG. 18 illustrates another example of display data of a
liquid crystal display panel during two frame periods;

FIG. 19 shows the applied voltage waveforms of a ninth
embodiment of a driving method of the liquid crystal display
according to the present invention;

FIG. 20 shows the applied voltage waveforms of a tenth
embodiment of a driving method of the liquid crystal display
according to the present invention;

FIGS. 21A, A', B and C show the applied voltage wave-
forms of an eleventh embodiment of a driving method of the
liquid crystal display according to the present invention;

FIG. 22 illustrates another example of display data of a
liquid crystal display panel;

FIGS. 23A, A', B and C show the applied voltage wave-
forms of a twelfth embodiment of a driving method of the
liquid crystal display according to the present invention;

FIGS. 24A, B and C show another example of the applied
voltage waveforms of the twelfth embodiment of a driving
method of the liquid crystal display according to the present
invention;

FIGS. 25A-C show another example of the applied volt-
age waveforms of the twelfth embodiment of a driving
method of the liquid crystal display according to the present
invention;

FIGS. 26 A—C show the applied voltage waveforms of a
thirteenth embodiment of a driving method of the liquid
crystal display according to the present invention;

FIGS. 27A-C show the applied voltage waveforms of a
fourteenth embodiment of a driving method of the liquid
crystal display according to the present invention;

FIGS. 28 A—C show another example of the applied volt-
age waveforms of the fourteenth embodiment of a driving
method of the liquid crystal display according to the present
invention;

FIGS. 29A—C show another example of the applied volt-
age waveforms of the fourteenth embodiment of a driving
method of the liquid crystal display according to the present
invention;

FIGS. 30A—C show the applied voltage waveforms of a
fifteenth embodiment of a driving method of the liquid
crystal display according to the present invention;

FIG. 31 illustrates another example of display data of a
liquid crystal display panel,

FIGS. 32A-C show the applied voltage waveforms of a
sixteenth embodiment of a driving method of the liquid
crystal display according to the present invention;

FIGS. 33A-C show the applied voltage waveforms of a
seventeenth embodiment of a driving method of the liquid
crystal display according to the present invention;

FIGS. 34 A—C show the applied voltage waveforms of an
eighteenth embodiment of a driving method of the liquid
crystal display according to the present invention;

FIGS. 35A—C show another example of the applied volt-
age waveforms of the eighteenth embodiment of a driving
method of the liquid crystal display according to the present
invention;

FIGS. 36 A—C show another example of the applied volt-
age waveforms of the eighteenth embodiment of a driving
method of the liquid crystal display according to the present
invention;

FIGS. 37A—C show the applied voltage waveforms of a
nineteenth embodiment of a driving method of the liquid
crystal display according to the present invention;

FIGS. 38A—C show the applied voltage waveforms of a
twentieth embodiment of a driving method of the liquid
crystal display according to the present invention;
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FIGS. 39A-C show another example of the applied volt-
age waveforms of the twentieth embodiment of a driving
method of the liquid crystal display according to the present
invention;

FIGS. 40A—C show another example of the applied volt-
age waveforms of the twentieth embodiment of a driving
method of the liquid crystal display according to the present
invention;

FIGS. 41 A-C show the applied voltage waveforms of a
twenty-first embodiment of a driving method of the liquid
crystal display according to the present invention;

FIGS. 42A-C show the applied voltage waveforms of a
twenty-second embodiment of a driving method of the liquid
crystal display according to the present invention;

FIGS. 43A-E show the applied voltage waveforms of a
conventional driving method of a liquid crystal display;

FIG. 44 illustrates a liquid crystal display panel;

FIGS. 45A-D show the applied voltage waveforms of
another conventional driving method of a liquid crystal
display;

FIGS. 46A and 48B show the applied voltage waveforms
of another conventional driving method of a liquid crystal
display;

FIGS. 47A, A', B and C show the applied voltage wave-
forms of another conventional driving method of a liquid
crystal display;

FIGS. 48A and 48B illustrates the row selection and
column voltage waveforms that are applied to the row and
column electrodes in accordance with the conventional
driving method of FIGS. 47A, A', B and C; and

FIG. 49 illustrates a liquid crystal display panel.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIGS. 4-6, a preferred example of a liquid
crystal panel driving circuit according to the present inven-
tion is illustrated. More specifically, FIG. 4 illustrates a
preferred drive circuit, FIG. 5 illustrates a preferred row
electrode driver circuit and FIG. 6 illustrates a preferred
column electrode driver circuit. Of course, while the circuits
of FIGS. 4-6 are preferred, persons of ordinary skill in the
art who have read this description will recognize that various
modifications and changes may be made therein. The driving
circuit is for driving a liquid crystal display panel 1, as
shown in FIG. 49. In the preferred embodiment, the liquid
crystal display panel comprises m column electrodes,
Y,-Y,,, and n row electrodes, X,—X,,. The intersections of
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the m column electrodes and n row electrodes form nxm
pixels. In the preferred embodiment the n row electrodes are
arranged in j groups of row electrodes, and each of the j
groups of row electrodes comprise i row electrodes. In
accordance with the invention, each of the j groups of row
electrodes are selected sequentially, and each of the i row
electrodes within each group are simultaneously selected. A
detailed explanation of the driving method is presented
hereinbelow.

Turning to FIG. 4, reference numeral 1 denotes the row
electrode driver and reference numeral 2 represents the
column electrode driver. Details of the row and column
electrode driver circuits will be explained hereinbelow and
are shown in FIGS. 5 and 6, respectively. Reference numeral
3 represents the frame memory; reference numeral 4 repre-
sents an arithmetic operations circuit; reference numeral §
represents a row electrode data generation circuit; reference
numeral 30 represents a clock circuit; reference numeral 6
represents a first latch and reference numeral 31 represents
a second latch circuit.

FIG. 5 illustrates a block diagram of the row electrode
driver 1. In this drawing, reference numeral 11 is a first shift
register; reference numeral 12 is a third latch circuit; refer-
ence numeral 13 is a first decoder circuit; reference numeral
14 is a first level shifter; and reference numeral 15 are first
analog switches.

FIG. 6 is a block diagram of the column electrode driver
2. In this drawing, reference numeral 21 is a second shift
register; reference numeral 22 is a fourth latch circuit;
reference 23 is a second decoder; reference numeral 24 is a
second level shifter; and reference numeral 25 are second
analog switches.

The operation of the liquid crystal display panel will now
be described with respect to FIGS. 4—6. Initially, a clock
circuit 30 provides appropriate timing-signals to row elec-
trode generator 5, signal S10, to row driver 1, signal S5, to
column driver 2, signal S7, and to second latch circuit 31,
signal S11.

Row electrode generator 5 generates a row-select pattern
S3 for sequentially selecting a group of row electrodes and
for simultaneously selecting the row electrodes within each
group to row driver 1. As shown in FIG. 5, the row select
pattern is transferred to the first shift register 11 in accor-
dance with clock signal S3. After the data for each row
electrode in one scanning period has been transferred to the
first shift register 11, each data is latched in the third latch
circuit 12 by latch signal S6 from the second latch circuit 31.
The data is then decoded by decoder 13 and the appropriate
voltage level is selected by the first level shifter 14 and the
first analog switches 15. The voltages selected are from
among -V,, 0 and V,. More specifically, when a positive
level has been selected, V; volts is supplied to the selected
row electrodes and when a negative level has been selected,
-V, volts is supplied to the selected row electrodes. During
the unselected period, a voltage of zero is supplied to row
electrodes. The selected woltages are applied to the row
electrodes in accordance with the methods described below.

Image data generated by, for example, a CPU (not shown)
is stored in frame memory 3. A display data signal S1, which
corresponds to each of the row electrodes selected
simultaneously, is read from memory 3 for providing each
column voltage waveform. As shown in FIG. 4, the row-
select pattern signal S3 is latched by the first latch circuit 6.
The display data signal SI and the latched row-select pattern
data signal S4 are converted by arithmetic operations circuit
4. Data conversion by arithmetic operations circuit 4 is
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performed in accordance with, for example, embodiments
one to twenty-two described hereinbelow. The converted
data S2 is then transferred to column electrode driver 2.

As shown in FIG. 6, data signal S2 from arithmetic
operations circuit 4 is transferred to the second shift register
21 in accordance with shift clock signal S7. After each row
electrode data during one scanning period has been
transferred, each data will be latched by fourth latch circuit
22 in accordance with latch signal S8. The data is then
decoded by the second decoder circuit 23. An appropriate
voltage level is selected by the second level shifter 24 and
second analog switches 25. In other words one of eight
voltage levels is selected by analog switches 25, e.g. Vy,,
Vis, Vio, Vi, =V, =V, =V, AND -V,,. Timing
diagrams of the aforementioned signals are shown in FIG.
4A.

First Embodiment

FIGS. 1A, A, B and C illustrate a driving method for a
liquid crystal display panel according to a first embodiment
of the present invention. In this embodiment the selection
signal is divided into plural portions during each frame
period.

Referring specifically to FIG. 1A, voltage waveforms
applied simultaneously to row electrodes X, X,, and X, i.e.
during periods t,, t,, t; and t, in frame period F are shown
therein. During the other times during frame period F, a
voltage of zero is applied to those electrodes. Similarly,
waveforms applied simultaneously to row electrodes X,,, X,
and X, i.e. during periods t,', t,', t;', and t,' in frame period
F are shown in FIG. 1A', and a voltage of zero is applied to
those electrodes during the remaining times of frame period
F. FIG. 1B depicts the voltage waveform applied to column
electrode Y;. A detailed explanation of the determination of
the column electrode waveform is presented hereinbelow.
FIG. 1C illustrates the synthesized voltage at the pixel
formed at the intersection of row electrode X; and column
electrode Y.

In the preferred embodiment, therefore, the voltage wave-
forms applied to the row electrodes are set as described
below so that the pulse width is wider, so as to overcome the
problems associated with conventional driving methods.

The voltage waveforms applied to the row electrodes are
decided based on the conditions that:

(1) cach row electrode must be identifiable,

(2) the frequency components applied to the row elec-
trodes must not differ significantly, and

(3) the AC characteristic must be maintained for one or

plural frames.

In other words, the pattern of the applied voltage is
appropriately determined from a natural binary, Walsh,
Hadamard, or other systems of orthogonal functions con-
sidering the above conditions.

Of these conditions, the first is absolute. To satisfy this
condition the voltage waveforms applied to each row elec-
trode are generated so that the voltage waveforms applied to
each of the row electrodes are orthogonal to each other.

The applied voltage waveforms shown in FIGS. 3A and B
were determined considering the above conditions. The
applied voltage waveforms in FIG. 3A contain different
frequency components where

X,: 4-At,
X0 4-Aty, 2-At,
X4: 2:At.
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The applied voltage waveforms in FIG. 3B contain three
different frequency components where

X 4-Aty, 2-Atg

X, 4-Atg, 2-Atg

X5 6°Aty, 2:At,,.

While the shortest pulse width in the waveforms shown in
FIGS. 46A and B is At,, the narrowest pulse width in the
waveforms in FIGS. 3A and B is 2At,, an increase of two
times. It is thus possible to reduce the effects of waveform
rounding, decrease crosstalk, and increase the number of
simultaneously selected row electrodes by increasing the
pulse width.

It is to be noted that the waveforms shown in FIGS. 3A
and B are but one example and can be changed as appro-
priate. In particular, the row electrode selection sequence
and sequence of the row select patterns applied to the row
electrodes can also be changed using the properties of the
systems of orthogonal functions.

The row voltage waveform shown in FIGS. 1A and A’
form the voltage waveforms applied to the three simulta-
neously selected row electrodes based on the waveforms in
FIG. 3B. In addition, in this embodiment, the selection
period is divided and driven in four portions i.e., t,, t,, t;, and
t, in one frame period F. In other words, the first portion is
applied sequentially to each group of the row electrodes and
simultaneously to each electrode within each group, the
second portion is applied sequentially to each group of the
row electrodes and simultaneously to each electrode within
each group, the third portion is then applied sequentially to
each group of the row electrodes and simultaneously to each
electrode within each group and, finally, the fourth portion
is applied sequentially to each group of the row electrodes
and simultaneously to each electrode within each group. The
application of the four portions of the waveforms to all the
row electrodes is conducted during one frame period.

More specifically, the first group of row electrode com-
prising row electrodes X;, X,, X; are simultancously
selected in period t;. Row selection voltage waveforms in
that time interval similar to those in FIG. 23A are applied in
time interval t,. At the same time, a column voltage wave-
form selected in accordance with the method described
above is applied to each column electrode, Y, to Y,,.. In the
present embodiment, row electrodes X, X5 and X, are then
selected with the row selection voltage waveforms shown in
FIG. 1A'. At the same time column voltages are applied in
the same manner to each column electrode, Y, to Y,,. This
process is repeated until all of the row electrodes have been
selected.

As is readily apparent, all of the row electrodes are
selected four times in one frame period F. That is, an image
or one screen is displayed when each row electrode is
selected four times.

Each of the selection periods t,, t,, ts, t, as described
above is further divided into plural portions as shown in
FIG. 1C, and in each of these divided periods weighted
voltage data is applied to the column electrodes Y,-Y,, to
obtain a desired display having a gray scale.

In other words, in this embodiment, period t; is divided
into two equal parts to form the two periods ta and tb, a
column voltage specifically weighted for each bit based on
the display data shown in FIG. 2 and expressing a four gray
scale display with two bits in a binary format is applied
during period a for the high or most significant bit and to
period b for the low or least significant bit as shown in FIG.
1C.

The column voltage waveforms are determined in a
similar manner as discussed above. Specifically, if voltage
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Vy, is applied to the row electrode in each ON state, -V,
is applied in each OFF state, and the display data value is 0
when OFF and 1 when ON, and the ON/OFF states of the
simultaneously selected row electrodes and the ON/OFF
state of the display data are compared bit by bit to calculate
the number of mismatches. The voltages applied for the high
or most significant bit when the number of mismatches is 3,
2, 1, and 0 are Vy,, V;,, -V;,, and -Vy,, the voltages
applied for the low or the least significant bit when the
number of mismatches is 3, 2, 1, and O are V5, Vi, =V,
and -V, respectively. In other words a weighted voltage is
applied to the column electrodes. In the presently preferred
embodiment the relationship between each of the voltage
levels are:

2¥Vy,=Vyn

2¥V 3=V,

2%Vy=Vys=Vy,y

2¥Vy=Vy=Vy,

For example, during period t; in FIG. 1A, the selected
pulses applied to row electrodes X, X,, and X5 are ON, ON,
OFF, respectively, the display data for the pixels at the
intersections of column electrode Y, and row electrodes X,
X, and X, are (00), (01), (10). In particular, the high or most
significant bits are OFF, OFF, ON, respectively, the number
of mismatches is three, and voltage Vy, is therefore applied
to the column electrode Y, in period ta. The low or least
significant bits are OFF, ON, OFF, respectively, and the
number of mismatches is one. Therefore a voltage of -V,
is therefore applied in period tb.

Thus, the display data on the row electrodes X, X,, and
X, are compared with the selected pulses applied to the row
electrodes for each of the column electrodes Y,-Y,,, and a
column voltage corresponding to the number of mismatches
is applied.

Next, row electrodes X, X5, and X, are simultaneously
selected and the corresponding column electrode waveform
is applied to the column electrodes. When the sequence of
simultaneously selecting the row electrodes three lines at a
time and applying the corresponding column electrode
waveform to the column electrodes until all row electrodes
X,—X,, have been scanned is completed, the operation
returns to the first group of row electrodes X, X,, and X,
and the specified voltages are sequentially applied following
the above sequence in periods t,, t,, and t,. When all row
electrodes X,—X,, have been selected in each of the four
periods t,-t,, the row electrodes are selected in succeeding
frames in a similar manner. Note that the polarity of the
applied voltage is reversed in each frame in this embodiment
for so-called alternating current drive scheme.

A good gray scale display with minimal crosstalk can thus
be achieved by driving as described above.

It is to be noted that the sequence of the row voltage
waveforms applied to the row electrodes in the above
periods t;—t, can be changed for all frames or in single
frames, and the waveforms shown in FIG. 3A or other
waveforms satisfying the conditions described above can be
used as the row voltage waveforms applied to the row
electrodes. Moreover, two waveforms can alternately be
used for each group of simultaneously selected row
electrodes, for example using the waveform shown in FIG.
3A for row electrodes X,—X; and the waveform shown in
FIG. 3B for row electrodes X ,—X, or a sequence of three or
more waveforms can be used alternately. In addition, it is
also possible to combine reordering the waveforms in peri-
ods t,—t, with reordering the waveforms for the groups of
simultaneously selected row electrodes.

While the periods t,—t, can be driven separately in each
period as in the above embodiment, or can be driven
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consecutively in one frame, if the selection period is driven
in plural parts within one frame as in the present
embodiment, the unselected selection period becomes
shorter and contrast can be improved. In this case, while the
selection period is divided into four parts t,—t, in the above
embodiment, any number of divisions can be used. For
example, periods t;—t, can be divided and driven in two
parts, or can be divided and driven in more than two parts.

In addition, row electrodes are selected three at a time in
sequence of position in the above embodiment, but the
number of the selected row elements is an appropriate
number and the row electrode do not necessarily need to be
selected in sequence of position.

The above changes can also be applied to the alternative
embodiments described below.

As understood by one of ordinary skill in the art, the
method for driving a liquid crystal display panel can be
implemented by the circuit illustrated in FIGS. 4-6 previ-
ously described.

Second Embodiment

As described above in the first embodiment, one of four
voltage levels is selected according to the display data and
applied to the column electrodes for each bit of the display
data. However, the number of levels can be reduced by
implementing the following method. By reducing the num-
ber of voltage levels, a driving circuit can be fabricated
which is simpler, less expensive and more reliable.

Initially, a description will be given based on the general
methods of reducing the number of previously mentioned
voltage levels.

In this embodiment, subgroup h comprises a virtual line
e. Line e is a virtual electrode and its sole purpose is for
determining the voltage levels applied to the column elec-
trodes. There is no requirement that the virtual electrode is
to be fabricated on the liquid crystal display panel. However
the virtual electrode may be fabricated in a non-display area
of the display panel.

The number of voltage levels may be reduced by con-
trolling the number of matches and mismatches of the virtual
row electrode data. As a result, the total number of matches
and number of mismatches will be limited, and the number
of drive voltage levels for column electrodes will be
reduced.

With Mi representing the number of mismatches and Ve
representing the appropriate constant, V__, . the applied
voltage to the column electrode, is as follows:

h
Veotumn = VCZ e j B et j
J=1

=V.CMi-h) (VC: constant)

or, more simply:
Veotmn=V(i) © i 1)

In either case, V_,;,,,.. 1s the h+1 level.

Referring to FIGS. 7A, A', B and C, a driving method in
accordance with the second embodiment is shown therein
having voltage waveforms applied to the column electrodes
and the row electrodes. As shown in FIG. 8, the row
electrodes include virtual electrodes X,,, 1, X005 - - - X,y Al
least one virtual electrode is simultaneously selected along
with, for example, row electrodes X;, X,, and X;. The
number of mismatches is calculated as in the first embodi-
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ment described above. As in the first embodiment voltage
V-, 1s applied to the row electrode in each ON state, =V,
is applied in each OFF state, and the display data value is 0
when OFF and 1 when ON. Assuming in this embodiment,
the number of mismatches is always 1 or 3 which is
accomplished by appropriately changing the display state of
the virtual electrode.

In the second embodiment, when the number of mis-
matches between the display data and the high or most
significant bit is 1, -V, is selected, and when the number
of mismatches is 3, Vy, is selected; when the number of
mismatches between the display data and the low or least
significant bit is 1, —Vy, selected, and when the number of
mismatches is 3, Vy, is selected. It is preferable that the
relationship between each of the voltage levels is 2-Vy, =
Vio.

The display shown in FIG. 8 is achieved by the wave-
forms in FIGS. 7A, A", B and C applying the above principle.
Referring specifically to FIG. 7A, during period t,, the
selected pulses applied to row electrodes X,, X,, X5 and
virtual electrode X, ,; are ON, ON, OFF, ON, respectively,
and as shown in FIG. 8, the display data for the pixels at the
intersections of column electrode Y, and row electrodes X,
X,, X5 and virtual electrode X,,, ; are (00), (01), (10), (11).
In other words the high bits are OFF, OFF, ON, ON, and the
low bits are OFF, ON, OFF, and ON, respectively. Sequen-
tial comparison shows the number of mismatches is three;
conversion data S2 is therefore generated according to this
number of mismatches, and voltage V. is therefore applied
to the column electrode Y, in period a.

As noted above, the low bits are OFF, ON, OFF, ON, and
the number of mismatches determined is one. Accordingly,
conversion data S2 is therefore generated according to this
number of mismatches, and voltage -V;, is therefore
applied in period b.

Thus, the display data on the row electrodes X, X,, X5
and virtual electrode X,,,; is compared with the selected
pulses applied to the row electrodes for each of the column
electrodes Y;-Y,,, and a column voltage corresponding to
the number of mismatches is applied.

Next, row electrodes X,, X5, X5 and X,,,, are simulta-
neously selected and the corresponding column electrode
waveform is applied to the column electrodes. The column
voltage waveform is determined in a similar manner. When
the sequence of simultaneously selecting the row electrodes
three lines at a time plus one virtual electrode line and
applying the corresponding column electrode waveform to
the column electrodes until all row electrodes to X,, have
been scanned is completed, the operation returns to the first
group of row electrodes X, X,, and X; and sequential
scanning using the row select pattern shown in t, continues.
One frame period is completed by scanning four times with
the row select patterns shown in t,, t,, t5, and t,, and the
same operation is repeated in the next frame.

By thus providing a virtual electrode as above, the number
of voltage levels applied to the column electrodes can be
made less than that of the first embodiment.

It will be apparent to one of ordinary skill in the art, that
the technique of reducing the number of voltage levels
applied to the column electrodes by means of a virtual
electrode, as described above, can also be applied to each of
the embodiments described below.

Moreover, it will appreciated that the same driving circuit
used in the first embodiment may be used in the second
embodiment and each of the embodiments described below.
In the second embodiment, the arithmetic operation circuit
4 in FIG. 4 is designed to execute data processing to drive
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the liquid crystal display panel in accordance with each of
the embodiments. The voltage levels of the row electrode
driver in FIG. 5 are selected by analog switch 15, and the
voltage levels of the column electrode driver in FIG. 6 are
selected by analog switch 25.

In this embodiment, for example, the arithmetic operation
circuit 4 in FIG. 4 and the row electrode driver in FIG. 5 are
the same as those of the first embodiment, but while eight
voltage levels Vy,, Via, Vin, Vi, =Vyg, =Vyn, =Vya, and
—Vy, are provided in the column electrode driver of the first
embodiment in FIG. 6, it is sufficient to provide four voltage
levels Vy,, Vyq, =Vyq, and =V, in the second embodiment.
Accordingly since four fewer voltage levels are required, the
driving circuit is simpler, less expensive and more reliable.

Third Embodiment

The first and second embodiments, described above,
achieve a gray scale display by changing the voltage value
or applying a weighted voltage in accordance with the
display data. It is also contemplated to achieve a gray scale
display by varying the pulse width of either the voltage
applied to the column or row electrodes. The technique of
varying the pulse width is known as pulse width modulation.

Referring specifically to FIGS. 9A, A', B and C, the third
embodiment is shown therein employing a pulse width
modulation technique for achieving a gray scale display.

The general procedure for achieving a gray scale display
by means of pulse width modulation is now described with
reference to FIG. 10.

In general, the period At of each pulse is divided into
periods of preferably unequal duration to achieve a gray
scale display by means of pulse width modulation.

Az =2871/(2/-1)

where f is the bit number of gradations.

For example, if f=2, there are 2°=4 gradations, and the
period is divided:

At,=(V5)At,

At,=(¥5)At,
as shown in FIG. 10.

The data is then divided into f bits (expressed as f bits).

d1=(d1f> d1,f—1 ... d1,1)
d2=(d2f> d2,f—1 B d2,1)
dh=(dhf> dh,f—l ... dh,l)

Each bit of the row electrode selection patterns and the
data patterns are then compared at an interval of At,.

For example, when f=2,

d1=(d1,2> d1,1)

dz=(d2,z, dz)l)

The low or least significant bit (d, ;) of d; and the row
electrode selection pattern are first compared, and applied to
the display for period At; in a similar manner described
hereinabove. The high or most significant bit, for example,
bit d,, and the row electrode selection pattern is then
compared and applied to the display for period At,.

As is apparent to those who have read this description,
this procedure is sequentially repeated as above for each bit
d.

The embodiment illustrated in FIGS. 9A, A', B and C
achieves a four gray scale display of the data shown in FIG.
2 using the pulse width modulation technique as described
above.

In this example, the row voltage applied to the row
electrodes X,—X,, is the same as in the example illustrated in
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FIG. 45, and the pulse widths of the corresponding column
electrodes Y,-Y,,, are modulated according to the gray scale
display as above.

More specifically, the display data has a gray scale defined
by four gradations 0—3 using a 2-bit binary display data, e.g.
(00), (01), (10), (11). Accordingly, each pulse width At is
divided into three equal parts, e.g. At,, At,; and At,,.
Furthermore, as shown in FIG. 10, applicants define At,=
Aty +At,,. The column voltage level of two of the three
pulse width parts is determined based on the number of
mismatches between the on/off state of the simultaneously
selected row electrodes and the high bit state of the display
data. The signal voltage level of the remaining one part is
determined based on the number of mismatches between the
ON/OFF state of the row electrodes and the low bit state.
Variations in the brightness of the gray scale display can also
be corrected by equally reducing the three parts.

Specifically, if in FIGS. 9A, A", B and C an ON state is
achieved by applying voltage V., to the row electrode and
an OFF state by applying voltage —Vy,, the first pulse
applied to the row electrodes X;, X,, and X, generates an
OFF state for all three row electrodes. Because a low bit
value of O indicates an OFF state and a low bit value of 1 an
ON state in the display data for the row electrodes X, X,,
and X5 in FIG. 2, the corresponding states are OFF, ON,
OFF. The number of mismatches is therefore one, and the
voltage pulse during period At, is —=Vy,. In this example, the
high bit states are OFFE, OFF, ON, and, accordingly, the
number of mismatches is one, and the voltage pulse during
period At, is —V,. It is thus sufficient to obtain the voltage
pulse applied to the column electrodes by a comparison
executed each selection period At.

In this embodiment, the voltage for the high bit is applied
during the latter two of the three period divisions, and the
voltage for the low bit is applied during the first of the three
period divisions.

Fourth Embodiment

FIGS. 11A, A', B and C depict the fourth embodiment of
the present invention. The fourth embodiment is similar to
the third embodiment, in that width of the column voltage is
varied to obtain a gray scale. Another feature of the fourth
embodiment is that the selection period is divided into plural
portions within each frame period. This feature is similar to
the first embodiment described above. While it will be
understood, that in this embodiment the selection period is
preferably divided into eight portions, for a matter of
convenience, only five portions are illustrated in FIGS. 11A,
A, B and C,

Referring specifically to FIG. 11A, voltage waveforms
applied simultaneously to row electrodes X, X,, and X, i.e.
during periods t;—tg (period ts—t; are not shown) in frame
period F are shown therein. During the other times during
frame period F, a voltage of zero is applied to those
electrodes. Similarly, waveforms applied simultaneously to
row electrodes X, X, and X, i.e. during periods t,'—t.', t5'
and t,' in frame period F are shown in FIG. 11A’, and a
voltage of zero is applied to those electrodes during the
remaining times of frame period F. FIG. 11B depicts the
voltage waveform applied to column electrode Y;. A
detailed explanation of the determination of column elec-
trode waveform is presented hereinbelow. FIG. 11C illus-
trates the synthesized voltage at the pixel formed at the
intersection of row electrode X, and column electrode Y.

The column voltages are determined similarly as in the
third embodiment. As noted above, the display data has a
gray scale defined by four gradations 0-3 using a 2-bit
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binary display data, e.g. (00), (01), (10), (11). Accordingly,
each pulse width At is divided into three equal parts, e.g. At,,
At,; and At,,. Furthermore and as shown in FIG. 10,
applicants define At,=At,;+At,,. The column voltage level
of two of the three pulse width parts is determined based on
the number of mismatches between the on/off state of the
simultaneously selected row electrodes and the high bit state
of the display data. The signal voltage level of the remaining
one part is determined based on the number of mismatches
between the ON/OFF state of the row electrodes and the low
bit state. Variations in the brightness of the gray scale display
can also be corrected by equally reducing the three parts.

Specifically, if in FIGS. 11A, A', B and C an ON state is
achieved by applying voltage Vx, to the row electrode and
an OFF state by applying voltage —V,,, the first pulse
applied to the row electrodes X,, X,, and X5 in period t,
generates an OFF state for all three row electrodes. Because
a low bit value of 0 indicates an OFF state and a low bit
value of 1 an ON state in the display data for the row
electrodes X, X,, and X5 in FIG. 2, the corresponding states
are OFF, ON, OFF. The number of mismatches is therefore
one, and the voltage pulse during period t;is —Vy,. In this
example, the high bit states are OFF, OFF, ON, and,
accordingly, the number of mismatches is one, and the
voltage pulse during period t, is —Vy,,. It is thus sufficient to
obtain the voltage pulse applied to the column electrodes by
a comparison executed each selection period t.

In accordance with the fourth embodiment, when the
liquid crystal elements are driven by dividing the selection
period into plural parts in one frame as described above, the
contrast can be improved as in the previous embodiment.

Fifth Embodiment

FIGS. 12A, A', B and C illustrate the fifth embodiment of
the present invention. The fifth embodiment is similar to the
third embodiment, ¢.g. the selection period is divided into
plural portions and the width of the column voltage is varied
to achieve a gray scale display. However, in the fifth
embodiment at least one virtual electrode is employed to
reduce the number of voltage levels. In the third and fourth
embodiments, four voltage levels Vyn, Vyq, =V, and =V,
are used as the column electrode voltage levels, but this
number of voltage levels can be further reduced by provid-
ing a virtual electrode as in the second embodiment.

FIGS. 12A, A', B and C show an example that provides a
virtual electrode in the third embodiment to reduce the
number of voltage levels applied to the column electrode,
and is driven by dividing the selection period in to plural
parts within one frame as in the fourth embodiment.

Reducing the number of voltage levels by providing a
virtual electrode as described above has already been
described in the second embodiment, but is described further
below, including the general methodology.

First, of the h row electrodes in each subgroup, e column
electrodes are operated as virtual row electrodes (virtual
lines). By controlling the data matching/mismatching of
these virtual row electrodes, the overall number of matches/
mismatches can be controlled, and the number of drive
voltage levels for the column electrodes can be reduced.

If the number of mismatches is Mi and Vc is an appro-
priate constant, the voltage V applied to the column
electrode is defined as

column
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h
Veolwnn = VCZ esis j D dicwirr j
J=1

=V.2Mi-h) (VC: constant)

or simply

Vcolumn=v
where 01 h.

In any event, V__,,.... is h+1 levels.

The case where the number of subgroups h=4 and the
number of virtual row electrodes e=1 is considered by way
of example below.

As in the previous embodiment, the number of levels
when h=3 is four (-Vy,, —Vy1, Vi1, Vo). If the number of
mismatches is controlled using the virtual row electrodes to
be an even number, the resulting voltage levels are shown in
the following table.

@

Original Original Virtual Number of
voltage number of row mismatches Voltage level
level mismatches electrode  after correction after correction
-V 0 Match 0 Va
-Vy1 1 Mismatch 2 Vb
Vi 2 Match 2 Vb
Vyo 3 Mismatch 4 vd

As shown in the above table, the original four voltage
levels can be reduced to three. If the number of mismatches
is controlled to be odd, the number of mismatches after
correction will change in the above table to 1, 1, 3, 3 (from
the top), and there will be only two voltage levels (Va, Va,
Vb, Vb from the top) after correction.

If the number of subgroups h=4 and the number of
unreduced voltage levels is therefore five (-Vy.,, —=Vy,, 0,
V1, Vy»), controlling the number of mismatches to be an
even number using the virtual row electrodes results in the
voltage levels shown in the following table.

Number of
Voltage mismatches Number of
levels before before Virtual mismatches Voltage level
reduction reduction line after correction after correction
-Vys 0 Match 0 Va
-V 1 Mismatch 2 Vb
0 2 Match 2 Vb
Veu 3 Mismatch 4 vd
A 4 Match 4 vd

The original number of voltage levels can thus be reduced
from five to three. Note that the voltage levels can also be
set by controlling the number of mismatches to be odd.

It is not always necessary to provide these virtual row
electrodes because they are not normally displayed. When
they are provided, however, the virtual row electrodes can be
provided in an area not affecting the display. When provided
in a liquid crystal display, for example, the virtual row
electrodes X,,, ; . . . are provided outside the display area R
as shown in FIG. 13. Alternatively, any extra row electrodes
outside the normal display area R can also be used as virtual
row electrodes.

The number of voltage levels can be further reduced by
increasing the number ¢ of virtual row electrodes. In the
above example the number of mismatches is controlled to be
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divisible by two when e=1, but if e=2, the same result can
be obtained by controlling the number of mismatches to be
divisible by three. It is also possible to divide by three to
leave a remainder of one or two.

The maximum reduction possible with the above method
is 1/(e+1), or % when e=1 (except for 0 V).

The present embodiment as shown in FIGS. 12A, A', B
and C simultaneously selects three row electrodes and one
virtual electrode to reduce the number of voltage levels
applied to the column electrodes, and drives by dividing the
selection period into plural parts in one frame.

As shown in FIGS. 12A, A", B and C and FIG. 14, the fifth
embodiment divides the selection period into four parts in
one frame, and the number of mismatches with the display
data is counted bit by bit for four row electrodes, including
the virtual row electrode, in each of the four partial periods
to adjust the number of mismatches to an odd number. The
number of mismatches is thus either 1 or 3, and the voltage
level of the column voltage waveform is therefore one of
two levels, Vy, or —Vy,.

Considering the display shown in FIG. 13, the virtual row
electrode X, ,; follows after the first three selected row
electrodes X, X,, and X, as shown in FIG. 8. Note that it
is not essential for the virtual row electrode to be previously
provided, but that when it is the virtual row electrode is
preferably provided outside the display area R.

If a positive voltage applied to the row electrode is ON
and a negative voltage is OFF, each of the selection periods
At is divided into three parts, and the display data on the
simultaneously selected row electrodes X;, X,, and X; is
(00), (01), (10) as shown in FIG. 13, the data for the virtual
row electrode is (11) as shown in FIG. 8.

The number of mismatches is then counted bit by bit to
determine either voltage level Vy,; or —Vy,, and the voltages
for the high bits are applied for the latter two of the three
period divisions and the voltage for the low bit is applied for
the first one period division. Note that, as in the third
embodiment, it is also possible to apply the voltage for the
high bit in the first two period divisions and to apply the
voltage for the low bit in the last one period division.

It is therefore sufficient to determine the pulse width of
voltage Vy,, or =V, by a per bit comparison with the display
data, and the present embodiment can reduce the number of
voltage levels applied to the column electrodes, specifically
to two in the above embodiment, by always setting the
number of mismatches between the display data and the row
select pattern of the selected pulse applied to the virtual row
electrode to 1, 3, or some other odd number. Note that an
even number of mismatches can be alternatively used.

Note also that while the above embodiment has been
described for a four gray scale display, a display with a
larger number of gradations is also possible. For example, an
eight gray scale display can be achieved by using 3-bit
display data and dividing each selection period into three
parts weighted to the pulse width of each display data bit. A
display with 16 gradations can be achieved by using 4-bit
display data and dividing each selection period into four
parts weighted to the pulse width of each display data bit.
Thus, a gray scale display is possible by changing the
number of divisions each selection period is divided into.

Sixth Embodiment

The sixth embodiment is illustrated in FIGS. 14A and B
in which the width of the column voltages are varied by
pulse width modulation and at least one virtual electrode is
employed to reduce the number of voltage levels, similar to
the fifth embodiment. Additionally the row voltages similar
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to the first embodiment are applied to the row electrodes.
The application of such voltages achieves a high quality
gray scale display.

More specifically, the voltage waveforms applied to the
simultaneously selected row electrodes are the same as that
of the first embodiment shown in FIG. 1A as above, each of
the selection periods t;—t,, ts—tg is divided into three parts,
and when the display data of the simultaneously selected
row electrodes X, X,, and X is (00), (01), (10) as shown
in FIG. 13, it is sufficient for the data of the virtual electrode
to be (11) as shown in FIG. 8.

The number of mismatches is then counted bit by bit to
determine the voltage level, and either Vi, or -V, is
applied as the voltage for the high or most significant bit in
two of the three period divisions and the voltage for the low
or least significant bit in one period division.

It is thus possible to obtain as high a quality of a gray scale
display as the fifth embodiment.

It is to be noted that the selection periods t,—t, may be
provided consecutively in one frame F, or separately in one
frame F. The same is true of selection periods ts—t.

Seventh Embodiment

The seventh embodiment illustrated in FIGS. 15A, A", B
and C is directed to a method referred to as frame rate
control modulation. More specifically, a gray scale display
based on frame rate control modulation turns some pixels
ON during a first frame and a succeeding frame, some pixels
OFF during both frames, some pixels ON during the first
frame and OFF during the succeeding frame and some pixels
OFF during the first frames and ON during the succeeding
frame. Those pixels having their states changed from frame
to frame exhibit gray scale characteristics. The gray scale
display employing frame rate control modulation can be
further enhanced by employing various other techniques
described above, such as, the division of the selection period
and the use of virtual electrodes to reduce the number of
voltage levels.

The seventh embodiment is shown in FIGS. 15A, A', B
and C whereby the number of voltage levels applied to the
column electrodes is reduced using three sequential row
electrodes and one virtual row electrode similarly to the
sixth embodiment, and drives the display by dividing the
selection period into plural parts within one frame, achiev-
ing a gray scale display by means of frame rate control
modulation.

As will be understood by those of ordinary skill in the art,
that while the waveform shown in FIG. 3B is used as the
voltage waveform applied to the simultaneously selected
row electrodes in this embodiment, the waveform shown in
FIG. 3A or FIG. 48A or B may also be used.

A gray scale display based on frame rate control modu-
lation turns some frames on and some frames off during any
given frame period, and in the example shown in FIG. 16,
a gradation between on and off is displayed by applying an
ON voltage during F1 and an OFF voltage during F2. Of
course, a gradation can be displayed by applying an OFF
voltage during frame F1 and an ON voltage during frame F2.

In this embodiment, the brightness difference between F1
and F2 is also reduced and flicker becomes less noticeable
because the fields are selected four times during one frame.
For example, in a gray scale display using plural frame
periods as one block, the position of the selection pulse can
be changed within the plural frames, and the difference
between frames can be reduced by interchanging periods t3
and t7, for example, in FIG. 15A.
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As will be apparent, while a gray scale display can be
achieved by turning one of two frames ON and one frame
OFF in the above embodiment, more frames, for example 7
frames, can be grouped in one block to achieve an 8 gray
scale display by changing the number of ON and OFF
frames within the block, or 15 frames can be grouped in one
block to achieve a 16. Thus, a display with the desired
number of gradations is possible depending on the number
of frames of one block.

Eighth Embodiment

The eighth embodiment is shown in FIGS. 17A and B.
The eighth embodiment achieves a gray scale display by
means of frame rate control modulation, dividing the selec-
tion period into plural portions, reducing the number of
applied voltage levels and by varying the column pulse
width by pulse width modulation. FIG. 13 shows an embodi-
ment whereby the number of voltage levels applied to the
column electrodes is reduced using three sequential row
electrodes and one virtual row electrode similar to the fifth
embodiment and dividing the selection period into plural
parts within one frame for achieving a gray scale display by
means of frame rate control modulation as noted above.

The eighth embodiment achieves a finer gray scale dis-
play by displaying plural gradations during plural frame
periods. Thus, gradations between the gradations of the
plural frames can be displayed.

More specifically, by displaying (00) during the first
frame F1 period and during the next frame F2 period as
shown in FIG. 18, a gradation actually between (00) and (01)
can be displayed.

As will be apparent, display flicker can be reduced and a
multiple gray scale display can be achieved by thus dividing
the selection period and reducing the number of applied
voltage levels, and combining pulse width modulation with
frame rate control modulation for the gray scale display. Of
course, the order of the selection pulses can be changed as
in the sixth embodiment above.

While the fifth to eighth embodiments above have been
described assuming the use of a virtual row electrode, it will
be apparent to those who have read this description that a
gray scale display can still be achieved by means of frame
rate control modulation or by a combination of frame rate
control modulation and pulse width modulation even when
a virtual row electrode is not provided.

Ninth Embodiment

Each of the above embodiments have been described as
achieving a four gray scale display by applying a column
voltage weighted according to each bit of 2-bit display data,
but it is possible to drive other numbers of gradations. For
example, an eight gray scale display can be obtained using
a column electrode waveform in accordance with the ninth
embodiment depicted in FIG. 19.

Referring to FIG. 19, the column electrode waveform is
shown therein when the display data for the pixels at the
intersection of the row electrodes X,;, X,, and X; and
column electrode Y, are (001), (010), (100). The row
electrode waveforms applied to each of the row electrodes
are the same as that of the first embodiment as shown in FIG.
2.

In this embodiment, the four selection periods t,—t, in the
first embodiment are each divided into three equal periods a,
b, ¢, and the voltage waveform corresponding to the highest
of the three display data bits is applied in the first period
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division a, the voltage waveform corresponding to the
middle bit is applied in the next period division b, and the
voltage waveform corresponding to the lowest bit is applied
in the last period division c; each of these voltage waveforms
is weighted according to each of the display data bits as in
the first embodiment.

Specifically, one of the voltages —Vy, =V, Vyu, OF Vg
is selected for period a according to the highest display data
bit, one of the voltages —Vys, —Vyn, Vi, 0T Vys is selected
for period b according to the middle display data bit, and one
of the voltages —Vy,, =V, Vs, or Vi, is selected for
period ¢ according to the lowest display data bit. The
relationship between each of the voltage levels is defined as

4¥Vy,=2%V,,=Vy,

4*V 3 =2*V =V

2¥Vy1=Vy3-Vyy

2*Vyn=Vys—Vy

2*Vyy=Vye—Vyu-

Under these conditions, an eight gray scale display can be
achieved as in the first embodiment by generating the
column electrode waveform based on the number of mis-
matches in each bit of the display data.

As described above, a four gray scale display is obtained
in the first embodiment by selecting a voltage for each of the
two equal periods into which the selection period is divided,
and applying this voltage to the column electrode, but in the
present embodiment an eight gray scale display is obtained
by dividing the selection period into three equal parts. In
addition, a sixteen gray scale display can be obtained by
dividing the selection period into four equal parts, and as this
indicates, the number of gradations can be increased by
appropriately dividing the selection period into plural parts
and applying a voltage selected for each of these parts to the
column electrode. The brightness level of each gradation can
also be adjusted by changing the voltage ratio applied to
each column electrode, or by slightly changing the duration
of each part into which the selection period is divided
instead of using equal parts.

Tenth Embodiment

In a gray scale display obtained by changing the voltages
applied to the column electrodes as shown in FIG. 19 of the
ninth embodiment above, a voltage is applied according to
each bit in sequence from the high bit in the periods a, b, c,
divided according to the number of display data bits, but this
sequence can be appropriately changed for each column
electrode.

If, for example, in the ninth embodiment above the
display of the pixels at the intersections of row electrodes
X, X5, and X and column electrodes Y,-Y,, are the same
as the display of the pixels at the intersections of row
electrodes X;, X,, and X; and column electrode Y, the
column voltage waveforms applied to the column electrodes
Y,-Y,, will all be identical to the waveforms shown in FIG.
19. However, rounding of the waveform applied to each
pixel becomes great in this case, and display quality dete-
riorates.

The order of the column electrode waveforms applied to
each of the column electrodes Y,-Y,, is thus changed in this
embodiment as shown in FIG. 20.

In other words, in the ninth embodiment the voltage
corresponding to the highest of the three display data bits is
applied in sequence to column electrode Y,during period a
in FIG. 20, the voltage corresponding to the middle bit
during period b, and the voltage corresponding to the lowest
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bit during period c. The same is true of the other column
electrodes Y,-Y,,.

In the tenth embodiment as shown in FIG. 20, however,
if the period in which the voltage corresponding to the
highest bit is applied is a, the period in which the voltage
corresponding to the middle bit is applied is b, and the period
in which the voltage corresponding to the lowest bit is
applied is ¢, and the voltages are applied to column electrode
Y, in the order (a, b, ¢) in sequence from the highest bit as
in the second embodiment, the order is changed for the next
column electrode, for example to (a, c, b) for column
electrode Y., (b, a, ¢) for column electrode Y3, (b, ¢, a) for
column electrode Y., (¢, a, b) for column electrode Y, and
(c, b, a) for column electrode Y, and similar combinations
are repeated for Y-Y,,.

If this method is applied, the effects of rounding rises and
falls of column electrode waveform cancel each other out,
and rounding of the waveforms applied to each pixel can be
reduced because waveforms in six different order combina-
tions are applied in essentially the same number to the
column electrodes.

It is appreciated that any combination of waveforms
applied to the column electrodes can be used such that, for
example, if there are six column electrode drivers, each
combination of waveforms is applied to each column elec-
trode driver. Thus, display quality can be improved if the
number of rounding rises and falls cancel each other in the
combination of waveforms applied to the respective column
electrodes.

Furthermore, changing the order of the voltages corre-
sponding to each bit of display data for each of the column
electrodes Y,—Y,, as described above can also be applied to
the various embodiments described hereinbefore and below.

Eleventh Embodiment

In the ninth embodiment an eight gray scale display is
obtained using a waveform as shown in FIG. 1A, ie., as
shown in FIG. 3B, as the row voltage waveform applied to
the row electrodes, but the waveform shown in FIG. 3A or
in the FIG. 48A or B for the conventional method can also
be used. The case wherein the waveform shown in FIG. 3A
is used for an eight gray scale display is described in further
detail below.

The waveforms applied in the eleventh embodiment as
shown in FIGS. 21A, A', B and C achieve an eight gray scale
display based on the display data shown in FIG. 22 and using
the waveform shown in FIG. 3A as the row voltage wave-
form applied to the row electrodes. FIG. 21A shows the row
voltage waveform applied to row electrodes X, X,, and X,
FIG. 21B is the column voltage waveform applied to column
electrode Y,, and FIG. 21C is the synthesized voltage
waveform applied to the pixels at the intersection of row
electrode X, and column electrode Y.

In the eleventh embodiment three sequential row elec-
trodes are also simultaneously selected are shown in FIG.
21A, and the next three row electrodes X,, X, and X, are
selected after row electrodes X, X,, and X, are selected as
shown in FIG. 21A', and a voltage is applied to these
electrodes similarly to row electrodes X, X,, and Xj.
Thereafter, the row electrodes are selected in order three at
a time, and one frame ends when all row electrodes have
been selected.

By thus applying a row voltage waveform as shown in
FIG. 3A to the three simultaneously selected row electrodes,
the minimum pulse width At is twice the minimum pulse
width At, of the conventional method shown in FIG. 48A as
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described above, and all selection periods t for each of the
row electrodes in one frame comprise four periods t,—t, of
the size of pulse width At.

The above four periods t,—t, are each divided into three
periods a, b, ¢ according to the number of bits of display
data, and a column voltage specifically weighted according
to the bits of the display data is applied to the column
electrode in each of these period divisions.

Specifically, the high bit of the display data, which is
expressed as a three digit binary number as shown in FIG.
22, corresponds to the first period division a of each period
t,—t,, the middle bit corresponds to the next period division
b, and the low bit corresponds to the last period division c,
and the specifically weighted voltage +V;, or =V, is
applied according to the conditions described below for the
high bit, £V}, or +V< is applied for the middle bit, and
+V;,, or £V, is applied for the low bit.

It is to be noted that the ratio of the above voltage values
is defined as:

V11V Vg, =1:2:4

V3531 Vys Vye=1:2:4

V3,1 Vys=1:3.

As the conditions for the above, ON is when the voltage
waveform of the row electrode is positive and OFF is when
negative, and a display data value of 1 is ON and 0 is OFF;
the on/off state of the simultaneously selected row electrodes
and the on/off state of the corresponding display data bit at
the intersection of the selected row electrode and the column
electrode to which the voltage is to be applied are compared
for each bit position, and a voltage specified according to the
number of mismatches is applied to the column electrode.

Specifically, when the number of mismatches between the
row electrode and the high bitis 0, 1, 2, or 3, a voltage value
~Vye —Vyu» Vyus O Vi, respectively, is applied in this
embodiment; when the number of mismatches between the
row electrode and the middle bit is 0, 1, 2, or 3, a voltage
value —Vy, —V3n, Vi, or Vi, respectively, is applied; and
when the number of mismatches between the row electrode
and the low bit is 0, 1, 2, or 3, a voltage value =V, =V,
Vy,, or Vi, respectively, is applied.

Therefore, in the eleventh embodiment in FIGS. 21A, A',
B and C, the three row electrodes X, X,, and X, are first
selected, the selected row electrodes X, X,, and X5 are
OFF, OFF, ON, respectively, and the high bits of the display
data at the intersection of the column electrode Y, and these
row electrodes X, X, and X, are OFF, ON, ON. Comparing
both, the number of mismatches is 1, and the voltage —Vy,,
is applied to column electrode Y in the first period division
a of the first period t;. A weighted voltage is simultaneously
applied to the other column electrodes Y,—Y,, in the same
manner.

Next, during the next period division b of the first period
t,, the on/off state of row electrodes X,, X,, and X, is the
same OFF, OFF, ON, and the middle bits corresponding to
this period division b are, in order, ON, OFF, OFF; the
number of mismatches is therefore 2, and voltage Vy, is
applied. The low bits corresponding to the last period
division ¢ are OFF, ON, OFF; the number of mismatches is
therefore 2, and voltage Vy, is applied.

During the next period t,, the voltages -V, Vy,, and
-V, respectively, are applied to the column electrode Y,
during period divisions a, b, ¢ because the on/off states of
row electrodes X, X,, and X5 are OFF, ON, OFF, the high
bits of the display data at the intersection of the column
electrode Y, and these row electrodes X, X,, and X5 are
OFF, ON, ON, respectively, and the number of mismatches
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is 1. As described above, the middle bits are ON, OFF, OFF
and the number of mismatches is 2, and the low bits are OFF,
ON, OFF and the number of mismatches is 0.

The above sequence is also followed in the next periods
ty and t, so that a column voltage corresponding to the
number of mismatches is simultaneously applied to all
column electrodes Y,-Y,, and selection of row electrodes
X1, X5, and X5 ends, the next row electrodes X, X, and X
are selected and a specified column voltage is applied in the
same manner to column electrodes Y,—Y,,, and one frame F
ends when all row electrodes have been selected. Thereafter,
the first row electrodes X, X,, and X5 are again selected in
sequence and the next frame is started. The polarity of the
voltage applied to the row electrodes at this time is reversed
or inverted, and the polarity of the voltage applied to the
column electrodes is accordingly reversed, to execute a
so-called alternating current drive scheme.

As will be appreciated by one of ordinary skill in the art,
it is not essential for the above voltage ratio to conform
strictly to the above conditions, and it is not necessary for the
periods t,—t, and the divided periods a, b, ¢ to be strictly
divided into equal parts, and can, for example, be adjusted
according to the characteristics of the liquid crystals. In
addition, the sequence of the divided periods a, b, c can be
changed. Furthermore, display of a various number of
gradations is possible by means of the same principle
described above; for example, to achieve a 16 gray scale
display, it is sufficient to apply voltages weighted according
to each bit of display data expressed using four bits. This is
also true of the other embodiments described below.

Twelfth Embodiment

The twelfth embodiment is depicted in FIGS. 23A, A', B
and C. FIGS. 24A—C and 25A—C illustrate other examples of
the twelfth embodiment. Referring to FIGS. 23 A, the twelfth
embodiment provides a driving method similar to the
eleventh, e.g. a single selection period t is provided for the
row electrodes in one frame F, additionally the selection
period is divided into plural parts in one frame F.

As shown in FIG. 23 A, one field is defined as the period
required for all row electrodes to be selected in each of the
periods t,—t,, and these four fields are preferably repeated in
one frame period F. Moreover these periods can be further
divided and the sequence repeated for all of the row elec-
trodes for each display data bit, as shown in FIGS. 24A-C,
FIGS. 25A-C, and FIGS. 26A—C, more fully discussed
below.

Referring specifically to FIG. 23A voltage waveforms are
applied whereby the four periods t,—t, in the eleventh
embodiment are divided into plural parts for display drive,
and FIG. 23A' illustrates the voltage waveforms applied to
row electrodes X,—X.

First, row electrodes X, X,, and X, are selected and a
column voltage corresponding to the number of mismatches
with three bits is sequentially applied to column electrodes
Y,-Y,, in the same way as in the eleventh embodiment
above, row electrodes X, X, and X, are next selected and
a column voltage is again applied as above, and field f; for
period t; ends when all row electrodes have been selected.
Next, the row electrodes are again selected in sequence from
row electrodes X, X,, and X, field £, corresponding to the
next period t, is executed, and when all four fields f,—f,
corresponding to the four period t;—t, are completed, one
frame F is completed.

Referring to FIGS. 24A—C an example in accordance with
the twelfth embodiment is illustrated in which execution is
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grouped for each display data bit, i.e., for each of the
subdivided periods of the four periods t,—t, in the above
embodiment.

First, the first period division a in the four periods t,—t, in
FIG. 1 is treated as one field f, until all row electrodes have
been selected, and one frame is completed when field f,
corresponding to period division b and field f; correspond-
ing to period division ¢ are similarly completed. Note that
the polarity of the voltage applied to the row electrodes is
reversed each field, and the voltage applied to the column
electrodes is also reversed accordingly.

FIGS. 25A-C depict another example in accordance with
the twelfth embodiment in which execution is further
divided and applied to all row electrodes in each of the
period divisions a, b, ¢ in FIGS. 24A—C. In this example, the
effect is the same as frame rate control modulation applied
for each display data bit in the embodiment in FIG. 21
above.

When the row electrode selection period is executed
plural times within one frame F as described above, the
period in which the selected voltage is not applied to each
row electrode, i.e., to each pixel, can be shortened, the
variation in display brightness can be reduced, and a loss of
contrast can be prevented.

Thirteenth Embodiment

FIGS. 26A—C illustrate the thirteenth embodiment in
accordance with the present invention. In the thirteenth
embodiment, one selection period is divided into the same
number of parts as there are gradation bits n, i.e., three, and
a column voltage of one of six levels Vy,,— V54 1s selectively
applied to the column electrodes as in the eleventh embodi-
ment. Additionally, in the thirteenth embodiment the number
of column voltage levels can be reduced by increasing the
above number of divisions.

For example, the effective voltage when driving the liquid
crystal elements of a liquid crystal display panel, etc., is
generally determined by the voltage amplitude and the
voltage application time (pulse width), and the panel can be
equally driven whether a high voltage is applied for a short
time or a low voltage is applied for a long time. In other
words, it is the amount of energy applied to the liquid crystal
panel that drives the liquid crystal elements.

It is therefore possible to drive the liquid crystal elements
with an equivalent effect by selecting from the plural voltage
levels having a low level voltage and applying this voltage
for an extended period rather than using a high level voltage
for a shorter time period. For example, by using voltage
levels Vy< and Vy, in place of voltage levels Vy and Vy, in
the first embodiment and increasing the application time, the
elements can be driven in the same manner as the first
embodiment. It is thereby possible to reduce the number of
column voltage levels.

FIGS. 26 A-C depicts the thirteenth embodiment in which
voltage waveforms are applied whereby the number of
column voltage levels is decreased.

‘Whereas the selection periods t,, t,, t5, t, are divided into
n parts, i.e., a, b, and ¢, in FIGS. 21A-C, each selection
period is divided into (n+1) parts, ie., a, a, b, ¢, in the
thirteenth embodiment. In the present embodiment the first
two period divisions a, a are assigned to the voltage appli-
cation time of the high display data bit.

Specifically, voltage levels V5 and V,, corresponding to
the middle bit, which are half the level of Vi and Vy,,, are
respectively substituted for the Vi and Vy, voltage levels
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corresponding to the high bit in the eleventh embodiment,
and the application time is twice that of the middle bit. As
a result, the voltage applied to the liquid crystal elements are
applied for twice the time as the middle bit and four times
the low bit values, and the weighting ratio for each bit is
1:2:4, the same as the first embodiment shown in FIG. 1.

Thus, equivalent driving voltages as the eleventh embodi-
ment can be achieved while applying one less column
electrode voltage level.

It is apparent to one of ordinary skill in the art who has
read this description that the two highest voltage levels Vi,
and Vy, in the eleventh embodiment are eliminated by this
embodiment, but the voltage levels V., and V,, for the low
bit can be used, respectively, instead of the middle bit
voltage levels V5 and V,, in the eleventh embodiment,
using an application time twice that of the low bits in the
same way as above. Furthermore, it is also possible to
eliminate four or more voltage levels, and reducing the
number of voltage levels as described above is a particularly
effective means of simplifying the drive circuit configuration
when there are many gradation levels.

Fourteenth Embodiment

The fourteenth embodiment is depicted in FIGS. 27A-C,
28A—C and 29A-C. The fourteenth embodiment is similar to
the thirteenth embodiment above. Additionally, the selection
periods t,—t,, in the fourteenth embodiment, is divided into
plural parts within one frame F as in the twelfth embodi-
ment.

Referring to FIGS. 27A-C, a waveform diagrams are
shown in which one selection period is divided into (n+1)
parts, i.e., 4 parts, and these selection periods are divided
into plural parts in one frame, specifically into four fields f,
similar to the second and third embodiments. Note, however,
that the selection periods can also be divided into two or
three parts.

FIG. 28a shows an example in which the driving is
executed in each of the period divisions of the four periods
t,;—t, in the above embodiment. The first period division a of
the period divisions a, a of the four periods t,—t, in FIG. 21
is treated in sequence as one grouping, and the period until
all row electrodes have been selected is one field f,, and one
frame is completed when field £, for the next period division
a, field f; for period division b, and field f, for period
division ¢ are completed. As in the previous embodiments
the polarity of the voltage applied to the row electrodes is
reversed each field, and the voltage applied to the column
electrodes is also reversed accordingly.

FIGS. 29A—C show another example of the fourteenth
embodiment in which execution is further divided and
applied to all row electrodes in each of the period divisions
a, a, b, ¢ in FIG. 10. In other words, all the groups of row
electrodes are sequentially selected after each period divi-
sion.

The embodiment shown in FIGS. 28A—C and FIGS. 29
A—C above achieve the same effect as a gray scale display
achieved by weighting the voltage applied to the column
electrodes for each field.

Fifteenth Embodiment

FIGS. 30A—C illustrate the fifteenth embodiment of the
present invention. As noted above, the effective voltage
when driving the liquid crystal elements is generally deter-
mined by the voltage magnitude applied and the application
time (pulse width). Thus, the desired gray scale display can
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be achieved by appropriately combining the application time
and the magnitude of the voltage applied to the column
electrodes.

Referring to FIGS. 30A—C the applied voltage waveforms
for an embodiment achieving a 16 gray scale display based
on the display data shown in FIG. 31 by appropriately
combining the application time and the magnitude of the
voltage applied to the column electrode is shown therein.

This embodiment also simultaneously selects three row
electrodes, and applies the row voltage to each of the row
electrodes during the four selection periods t;—t, as in the
first embodiment described above.

Each of these four periods t;—t, is divided into six periods
a—f, and the first two period divisions a, b correspond to the
highest bit in the four digit binary display data shown in FIG.
33, the next period division ¢ corresponds to the second bit,
the next two period divisions d, e to the third bit, and the last
period division f corresponds to the lowest bit.

Column voltage +Vy, or £V is selectively applied to the
column electrodes according to the following conditions for
the highest two bits, and +Vy,, or £V, is selectively applied
for the lowest two bits.

Note that the voltage value ratio is defined as:

Vy,: V=13

V34 Vye=1:3

V3,1 Vy=1:4

As above, the highest two bits and the lowest two bits use
the same two voltage combinations, the highest bit and the
second from the lowest bit are weighted relative to the
second from highest bit and the lowest bit, respectively, by
doubling the respective pulse widths; the two highest bits
can thus express four gradations, the two lowest bits express
four gradations, and combined these express 4x4=16 gra-
dations.

As conditions for the above, ON is when the voltage
waveform of the row electrode is positive and OFF 1s when
negative, and a display data value of 1 is ON and 0 is OFF;
the ON/OFF state of the simultaneously selected row elec-
trodes and the ON/OFF state of the corresponding display
data bits at the intersections of the selected row electrode
and the column electrode to which the voltage is to be
applied are compared for each bit position, and a voltage
specified according to the number of mismatches is applied
to the column electrode.

Specifically, when the number of mismatches between the
row electrode and the highest bit is O, 1, 2, or 3, voltage
value =Vyg _vyas Vyas OF Vyg, respectively, is applied to the
column electrode in period divisions a, b in this embodi-
ment; for the number of mismatches between the row
electrode and the second bit, the same voltages are applied
to the column electrode during period division ¢ under the
same conditions as above. When the number of mismatches
between the row electrode and the third bit is 0, 1, 2, or 3,
a voltage value —Vy5, —Vy,, V34, or V., respectively, is
applied to the column electrode in period divisions d, e; and
for the number of mismatches between the row electrode
and the lowest bit, the same voltages are applied to the
column electrode during period division f under the same
conditions as above.

Referring to FIGS. 30A-C, the three row electrodes X,
X,, and X are first simultaneously selected, and the selected
row electrodes X;, X,, and X; are OFF, OFF, ON,
respectively, and the highest bits of the display data at the
intersection of the column electrode Y; and these row
electrodes X;, X,, and X5 are OFF, OFF, ON. Comparing
both, the number of mismatches is 0, and the voltage —Vy
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is applied to column electrode Y in the first period divisions
a, b of the first period t,.

Next, the second from highest bits are OFF, ON, OFF and
the number of mismatches is 2 when compared with the
OFF, OFF, ON states of the row electrodes X, X,, and X;
voltage Vy, is therefore applied in period division c. The
second bits are ON, OFF, OFF, the number of mismatches is
2, and voltage Vy, is applied in period divisions d, e. The
lowest bits are OFF, ON, OFF, the number of mismatches is
2, and voltage Vy, is therefore applied. A weighted voltage
is applied to the other column electrodes Y,—Y,, in a similar
manner.

A column voltage corresponding to the number of mis-
matches is simultaneously applied to all column electrodes
Y,-Y,, in the following periods t,—t, in the same way,
selection of row electrodes X, X,, and X, ends, the next
group of row electrodes i.e. X,, X5, and X are selected, the
specified column voltages are applied to the column elec-
trodes Y,—Y,, in the same way as described above, and when
all row electrodes have been selected, one frame F ends. The
sign of the voltage applied to the row electrodes is then
reversed because the first row electrodes X, X,, and X, are
again selected in sequence and the next frame begins, and
the sign of the voltage applied to the column electrodes is
also reversed for so-called alternating current drive scheme.

By thus achieving the desired gray scale display by
appropriately combining the time and value of the voltage
applied to the column electrodes as described above, a gray
scale display can be achieved with fewer voltage levels,
even when there are many gradation levels.

As is now apparent it is not essential to set the voltage rate
as described above in the eleventh embodiment strictly
according to the above conditions, and the periods t,—t, and
period divisions a—f do not need to be strictly equal. In
addition, the order of the period divisions a—f can be
changed as appropriate to achieve the same result.

Sixteenth Embodiment

FIGS. 32A—C illustrate the sixteenth embodiment in
which the selection period of the fifteenth embodiment is
divided into plural parts within a single frame F as in the
twelfth embodiment.

More specifically, as shown in FIGS. 32A-C, the periods
t,—t, are separately divided into four parts in a single frame
F as in the second embodiment, one field f is defined as the
selection of all row electrodes in each period, and the
operation is repeated four times in one frame F. These
column voltages are determined as described above.

As will be apparent to those who read this description, the
fifteenth embodiment can also be driven for each display
data bit or can be further divided as shown in FIGS. 28A-C
and FIGS. 29A-C in the fourteenth embodiment.

Seventeenth Embodiment

In embodiments 11-16 above the column voltages were
weighted to effectuate the gray-scale display. In the seven-
teenth embodiment, as shown in FIGS. 33A-C, the row
voltages are weighted to provide a gray-scale display.

FIGS. 33A—C illustrate the applied voltage waveforms for
the seventeenth embodiment changing the voltage levels
applied to the row electrodes according to the display data
bit to display eight gradations based on the display data
shown in FIG. 22, similar to the eleventh embodiment.

As in the eleventh embodiment, the row electrodes are
selected sequentially three lines at a time, and voltage Vy,
or —Vy, is applied to each row electrode for the high display
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data bit, V., or -V, is applied for the middle bit, and V4,
or —V,, is applied for the low bit. The ratios of the row
voltages are preferably Vy,:Vy,:Vy, or 1:2:4.

As with the previous embodiments, the ON/OFF states of
the row electrodes X,, X,, and X; and the display data
ON/OFF states are compared bit by bit, and when the
number of mismatches is 0, 1, 2, and 3, respectively,
voltages —Vy5, —Vyq, Vyy, and V4 are applied to the column
electrodes Y, . . .Y,, preferably the Vy,:Vy, ratio is 1:3.

If the number of voltage levels on the row electrode side
is increased, rather than increasing the voltage levels on the
column electrode side as in the eleventh embodiment, the
number of voltage levels applied to the column electrode can
be significantly reduced, and the structure of the column
electrode-side drive circuit shown in FIGS. 4-6 can be
simplified.

Eighteenth Embodiment

FIGS. 34A-C illustrate the eighteenth embodiment of the
present invention in which the row voltages are weight,
similar to the seventeenth embodiment and the selection
period is divided into plural parts within a single frame F as
in the twelfth embodiment to achieve a gray scale display.
FIGS. 35A—C and FIGS. 36 A—C illustrate other examples of
the eighteenth embodiment.

FIGS. 34A—C depicts an example in which the periods
t,—t, in FIGS. 33A—C are separately divided into four parts
in a single frame F as in the twelfth embodiment, one field
f is defined as the selection of all row electrodes in each
period, and the operation is repeated four times in one frame
F.

FIGS. 35A—-C shows another example of the eighteenth
embodiment wherein the display is driven for each display
data bit, i.e., in each of the period divisions of the four
periods t,—t, in the previous embodiment. Specifically, the
first period division a in the four periods t,—t, is treated as
one field f1 until all row electrodes have been selected, and
one frame is completed when field f, corresponding to the
other period division b and field {5 corresponding to period
division c are similarly completed. Note that the sign of the
voltage applied to the row electrodes is inverted each field,
and the voltage applied to the column electrodes is also
inverted accordingly.

A further example of the eighteenth embodiment is shown
in FIGS. 36 A—C in which the periods are divided so that all
row electrodes are sequentially selected in each period
division. This example achieves a gray scale display similar
to the twelfth embodiment by driving the display in plural
parts within one frame as described above.

Nineteenth Embodiment

FIGS. 37A—C show the nineteenth embodiment of the
present invention in which the number of selection period
divisions, similar to the seventeenth embodiment, are
increased to reduce the number of applied voltage levels as
in the thirteenth embodiment.

More specifically, each of the periods t,—t, in FIGS. 33A
is further divided into four parts in one frame F as in FIGS.
26A—C with the first two period divisions being the appli-
cation time for the high bit, and the other period divisions
being the application times for the middle and low bits,
respectively. Note that the relationship of the applied volt-
ages in this embodiment is Vy:V;,=1:2, and Vy,:V,=1:3.
The column voltages are selected in a similar manner as
described above.
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Twentieth Embodiment

FIGS. 38A—C illustrate one example of the twentieth
embodiment. In the twentieth embodiment the selection
period, similar to the nineteenth embodiment is divided into
plural parts within a single frame F. FIGS. 39A—-C and
40A—C illustrate other examples of the twentieth embodi-
ment.

FIGS. 38A—C show the example where the periods t;—t,,
in FIG. 39, arc separately divided into four parts in a single
frame F as in FIG. 25. More specifically, one field f is
defined as the selection of all row electrodes in each period,
and the operation is repeated four times in one frame F.

Referring to FIGS. 39A-C, another example is shown in
which execution is grouped for each period division of the
four periods t;—t, in the previous embodiment; the first
period division a of period divisions a, a in the four periods
t,;—t, in FIG. 39 is treated as one field f; until all row
electrodes have been selected, and one frame is completed
when field f, corresponding to the other period division a,
field f; corresponding to period division b, and field f;
corresponding to period division ¢ are similarly completed.
Note that the sign of the voltage applied to the row elec-
trodes is inverted each field, and the voltage applied to the
column electrodes is also inverted accordingly.

As shown in FIGS. 40A-C, it is also possible to further
divide the periods so that all row electrodes are selected in
each period division.

Thus, the same effects obtained with the twelfth embodi-
ment can thus be obtained by driving the display in plural
parts within one frame as described above.

Twenty-first Embodiment

The twenty-first embodiment is shown in FIGS. 41A-C.
In this embodiment, a desired gray scale display is achieved
by appropriately combining the application time and the
magnitude of the voltage applied to the column electrodes,
as in the fifteenth embodiment above. The display panel
drives identical to that of the fifteenth embodiment by
increasing the number of voltage levels on the row electrode
side instead of increasing the number of voltage levels on the
column electrode side as in the sixteenth embodiment.

FIGS. 41 A—C show an example in which voltage Vy, or
-V, is used as the applied voltage level to each row
electrode for the two highest display data bits, Vy, or =V,
is applied for the two lowest bits preferably the ratio
Vy1:Vy, is 1:4.

The ON/OFF states of the row electrodes X, X,, and X
and the display data ON/OFF states are compared bit by bit,
and when the number of mismatches is 0, 1, 2, and 3,
respectively, voltages —Vy, —Vy,, V3, and V.5 are applied
to the column electrodes Y, . . . ; the V3,:Vy, ratio is 1:3,
similarly as discussed above.

Twenty-second Embodiment

FIGS. 42A—C illustrate the twenty-second embodiment of
the present invention in which the selection period, similar
to the twenty-first embodiment is divided into plural parts
within a single frame F.

Referring to FIGS. 42A—C the periods t,—t, are separately
divided into four parts in a single frame F, as in FIGS.
24A-C, one field f is defined as the selection of all row
electrodes in each period, and the operation is repeated four
times in one frame F. In this embodiment it is also possible
to further divide and drive as in the previous embodiment.
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As is readily apparent, the twenty-first embodiment can
also be driven for each display data bit or can be further
divided as in the twenticth embodiment shown in FIGS.
39A—C and FIGS. 40A-C.

Itis to be noted that while each of the above embodiments
has been described as simultaneously selecting three row
electrodes, a gray scale display with the desired number of
gradations is possible by simultaneously selecting two, four,
or more row electrodes and applying the same concepts
described above. For example, in an embodiment simulta-
neously selecting six row electrodes, selection periods
divided into eight parts t,—tg are provided in one frame
period, and voltages as shown in the table below are applied
in each of the selection periods t,—tg of the six simulta-
neously selected row electrodes X,—X.

t t t t, ts ts t; tg

Xl VXl VXl VXl VXl _VX1 _VX1 _VX1 _VX1
X2 VXl VXl _VX1 _VX1 _VX1 _VX1 VXl VXl
X3 VXl VXl _VX1 _VX1 VXl VXl _VX1 _VX1
X4 VXl _VX1 _VX1 VXl VXl _VX1 _VX1 VXl
XS VXl _VX1 _VX1 VXl _VX1 VXl VXl _VX1
X6 VXl _VX1 VXl _VX1 _VX1 VXl _VX1 VXl

Note that 0 V is applied during the unselected period. The
specified row voltage is applied to each of the row electrodes
X,—X, as described above, and the specified column voltage
is simultaneously applied as described in the various
embodiments to each of the column electrodes.

In addition, the waveform of the voltages applied to the
row electrodes shall not be limited to the embodiments, and
the waveforms can be changed to the waveforms as shown
in FIGS. 46A and B or FIGS. 3A and B, or the pulse widths
thereof can be appropriately selected or the order changed
insofar as the waveforms applied to the simultaneously
selected row electrodes do not become intermixed and the
row electrodes can be separately driven.

The concept of simultaneously selecting plural sequential
row electrodes and dividing the selection period into plural
parts in one frame for liquid crystal element drive as
described above can also be applied to drive liquid crystal
elements using non-linear (including MIM) elements.

A drive method and display apparatus for liquid crystal
elements according to the present invention as described
above simultaneously selects plural sequential row
electrodes, divides one selection period into plural periods,
and in each of these divided selection periods applies a
voltage weighted according to the desired display data to
achieve a gray scale display. As a result, lengthening of the
time in which the selected voltage is not applied to the pixels
and a drop in contrast, flickering due to lengthening of the
repeat cycle, or crosstalk due to rounding of the applied
voltage waveform are prevented, and a good gray scale
display can be achieved. It is also possible to reduce the
number of applied voltage levels relative to the number of
gradations, the drive means of the drive can be structurally
simplified, and a liquid crystal element drive method and
display apparatus featuring outstanding reliability and dis-
play performance can be provided by means of the inven-
tion.

While the invention has been described in conjunction
with several specific embodiments, it is evident to those
skilled in the art that many further alternatives, modifica-
tions and variations will be apparent in light of the foregoing
description. Thus, the invention described herein is intended
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to embrace all such alternatives, modifications, applications
and variations as may fall within the spirit and scope of the
appended claims.
What is claimed is:
1. A drive method for a liquid crystal display having an
array of rows and columns of pixel cells, each row of pixel
cells being responsive to a corresponding row-select scan-
ning electrode and each column of pixel cells being respon-
sive to a corresponding column-select image data electrode,
the intersection of a row-select scanning electrode and a
column-select image data electrode defining the location of
a corresponding pixel cell, each of said pixel cells having an
adjustable gray-scale defined by a multi-bit data word, said
drive method comprising:
applying a scanning pulse-train sequence to a target
row-select scanning electrode, said scanning pulse-
train sequence comprising a series of logic high scan-
ning pulses and logic low scanning pulses, dividing
each scanning pulse in said scanning pulse-train
sequence into k time segments where k is the number
of bits in said multi-bit data word, assigning each of
said k time segments a one-to-one correspondence with
a data bit in said multi-bit data word;

calculating an image data signal for each of said k time
segments in each scanning pulse based on the current
logic value of each time segment’s corresponding scan-
ning pulse and corresponding data bit;

grouping the calculated image data signals of said k time

segments within each scanning pulse into a correspond-
ing composite mini-pulse-train of duration equal to said
scanning pulse, whereby each composite mini-pulse-
train is made to comprise k image data signals and is
made to have a one-to-one correspondence with a
specific scanning pulse within said scanning pulse-train
sequence;

applying to a target column-select image data electrode,

the composite mini-pulse-train corresponding to each
scanning pulse of said scanning pulse-train sequence
currently applied to said target row-select scanning
electrode.

2. The method of claim 1 wherein said image data signals
are voltage weighted such that the calculated image data
signals corresponding to predetermined bit within said
multi-bit word is made to have at least one of a logic high
and logic low voltage magnitude greater than the corre-
sponding logic high and logic low voltage magnitude of
another bit within said multi-bit word, whereby logic high
and logic low voltage magnitude of an image data signal
corresponding to one time segment within said k time
segments is made greater than logic high and logic low
voltage of another time segment within said k time seg-
ments.

3. The method of claim 1 wherein said k time segments
corresponding to said bits of said multi-bit data word are
selected such that not all of said k time segments are of equal
duration within said scanning pulse-train sequence.

4. The method of claim 3 wherein a predetermined bit
within said multi-bit data word is assigned a corresponding
one of said k time segments of length longer than a prede-
termined other bit within said multi-bit data word.

5. The method of claim 3 wherein the most significant bit
of said multi-bit data word is assigned a longer time segment
than the time segment assigned to the least significant bit of
said multi-bit data word.

6. The method of claim 5 wherein the time segment
corresponding to said most significant bit is twice as long as
the time segment corresponding to said least significant bit.
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7. The method of claim 5 wherein said k time segments
within each scanning pulse are arranged such that the time
segment corresponding to the least significant bit of said
multi-bit word comes in sequence ahead of the time segment
corresponding to the most significant bit of said multi-bit
word.

8. The method of claim 3 wherein said multi-bit data word
is a two-bit data word and the time segment corresponding
to the most significant bit of said two-bit data word is made
twice as long as the time segment corresponding to the least
significant bit of said two-bit data word.

9. The method of claim 8 wherein the first time segment
within said scanning pulse corresponds to said least signifi-
cant bit and the second time segment within said scanning
pulse corresponds to said most significant bit.

10. The method of claim 1 wherein said k time segments
are of equal duration.

11. The method of claim 1 further including the steps of
dividing said rows of pixel cells into multiple row groups
and targeting one row group at a time in succession, each
row-select scanning electrode within a target row group
being defined as a respective target row-select scanning
electrode and receiving a respective scanning pulse-train
sequence.

12. The method of claim 11 wherein all row-select scan-
ning electrodes in non-target row groups receive a non-
scanning signal.

13. The method of claim 11 wherein said respective
scanning pulse-train sequences simultaneously applied to
said target row-select scanning electrodes within a target
row group have dissimilar pulse sequences of equal fre-
quency and equal pulse duty cycle, each of the scanning
pulses within said dissimilar scanning pulse-train sequences
being divided into concurrent k time segments;

said step of calculating an image data signal for each of

said k time segments being further based on the current
logic value of all respective scanning pulses currently
applied to said target row-select scanning electrodes.
14. The method of claim 13 further including the step of
generating an extraneous scanning pulse sequence per row
group in addition to said respective scanning pulse-trains
sequences, said extraneous scanning pulse sequence being
selected based on the logic values of said multi-bit data word
and said respective scanning pulse train sequences to reduce
the number of permutations of said image data signals.
15. The method of claim 13 wherein said respective
scanning pulse-train sequences are comprised of N scanning
pulses;
said step of targeting one row group at a time in succes-
sion further including cycling through all rows of said
array starting with a first row group and sequentially
targeting the remaining row groups in said array before
returning to retarget said first row group, each of said
sequential cycling of row groups through said array
being defined as a scanning cycle, the application of a
complete scanning pulse-train sequence to all row-
select scanning electrodes in said array being defined as
a frame; and

wherein said respective scanning pulse-train sequences
are applied piecemeal to said target row-select scanning
electrodes one scanning pulse per scanning cycle such
that N scanning cycles are needed per frame.

16. The method of claim 15 further including the step of
generating an extraneous scanning pulse-train sequence per
row group in addition to said respective scanning pulse-train
sequences, said extraneous scanning pulse-train sequence
being selected based on the logic values of said multi-bit
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data word and said respective scanning pulse-train
sequences to reduce the number of permitted permutations
of said image data signals.

17. A drive method for a liquid crystal device comprising
the steps of:

(a) applying a scanning signal to each of a plurality of
scanning electrodes comprising a selection signal dur-
ing a selection period and a non-selection signal during
a non-selection period; and

(b) applying a data signal to each of a plurality of signal
electrodes based on display data representing each
pixel cell of an image having a gray scale to be
displayed by the liquid erystal device, said display data
comprising a plurality of bits per pixel cell;

wherein step (a) further comprises the step of:

(1) grouping the plurality of scanning electrodes into p
groups, wherein p is an integer of at least two;

(2) applying the selection signal substantially simulta-
neously to the plurality of the scanning electrodes in
one of the p groups and applying the non-selection
signal substantially simultaneously to the plurality of
scanning electrodes in one of the p groups immedi-
ately after applying the selection signal thereto and
selecting a level of the selection signal based on an
orthogonal function, wherein the selection signal is
sequentially applied to succeeding groups of the
scanning electrodes, wherein the non-selection sig-
nal is sequentially applied to succeeding groups of
the scanning electrode groups immediately after
applying the selection signal thereto, and wherein the
orthogonal function has information for determining
a level of the selection signal; and

(c) applying a weighted voltage in accordance with the
display data in each of the selection periods.

18. A drive method according to claim 17, wherein said
scanning signal includes a scanning pulse-train comprising
a series of logic high scanning pulses and logic low scanning
pulses, and wherein a signal voltage weighted according to
the desired display data is applied to respective ones of the
signal electrodes to achieve a gray scale display.

19. A drive method according to claim 18, wherein the
display data comprises q bits, q being a positive integer,

wherein each scanning pulses is divided into k intervals in
accordance with the q bits, and

wherein the signal voltage corresponding to the display
data of each of the q bits is applied to the signal
electrodes in each of the k intervals to achieve a gray
scale display.

20. A drive method according to claim 18,

wherein the display data comprises g bits, q being a
positive integer,

wherein each of the scanning pulses is divided further into
k portions, k being a positive integer greater than q, and

wherein at least one of the k portions is allocated to the
display data corresponding to one of the bits to reduce
the number of applied voltage levels.

21. A drive method according to claim 18,

wherein the scanning pulses are each divided further into
k portions, k being a positive integer, and

wherein a voltage value of the voltages applied to the
signal electrodes in the k portions are combined over a
time duration to display the image having the gray
scale.

22. A drive method according to claim 17, wherein said

scanning signal includes a scanning pulse-train comprising
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a series of logic high scanning pulses and logic low scanning
pulses, and wherein a scanning voltage weighted according
to the desired display data is applied to the scanning elec-
trodes to display the image having the gray scale.
23. A drive method according to claim 22,
wherein the display data comprises q bits per pixel cell, q
being a positive integer, each of the scanning pulses is
divided into k intervals in accordance with the g bits,
and
wherein a scanning voltage corresponding to the display
data of each of the q bits is applied to the scanning
electrodes in each of the k intervals to display the image
having the gray scale.
24. A drive method according to claim 22,

wherein the display data comprises q bits per pixel cell, q

being a positive integer,
wherein each of the scanning pulses is divided into k
intervals, k being a positive integer greater than q, and

wherein at least one of the k intervals are allocated to the
display data corresponding to one of the q bits to reduce
a number of applied voltage levels.

25. A drive method according to claim 22,

wherein the scanning pulse are each divided into k

intervals, k being a positive integer, and

wherein the voltage values of the voltages applied to the

scanning electrodes in the k intervals are applied for a
predetermined duration to display the image having the
gray scale.

26. A drive method according to claim 22 wherein the
application of each scanning pulse defines a selection
period, and wherein the polarity of the voltages applied to
the scanning electrodes is inverted in each selection period.

27. A drive method according to claim 22, wherein the
image is displayed during one frame period and wherein the
voltages applied to the scanning electrodes are modulated
during a period of plural frames to display the image having
the gray scale.

28. A drive method according to claim 17, wherein a
number of voltage levels applied to the signal electrodes is
reduced by applying a virtual selection signal to a virtual
scanning electrode.

29. A drive method according to claim 17, wherein
voltage waveforms applied to each of the scanning elec-
trodes and signal electrodes are applied in a predetermined
order, wherein the predetermined order is changed within
each frame period.

30. A drive method according to claim 17, wherein
voltage waveforms applied to each of the scanning elec-
trodes and signal electrodes are applied in a predetermined
order, wherein the predetermined order is changed each
succeeding frame period.

31. A drive method according to claim 17, wherein the
order of the signal voltage waveforms applied to each of the
signal electrodes is changed each frame period.

32. A drive method according to claim 17, wherein each
of the scanning signals has N selection periods and N
non-selection periods per frame, N is a integer of at least
two, and said selection signal is applied to each of the
scanning electrodes in each of the N selection periods.

33. Adrive method according to claim 32 wherein each of
said selection periods includes at least one of said scanning
pulses.

34. A drive method according to claim 32 wherein each of
the N selection periods is further divided into x division
periods, x being a positive integer greater than 1, wherein
one field is defined as selecting all of the scanning electrodes
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during one division period, and wherein a frame period is
defined as the selection of the scanning electrodes every x
division periods.

35. A drive method according to claim 32, wherein each
of the N selection periods is further divided into z division
periods, z being a positive integer equal to the number of bits
in the display data, wherein one field is defined as selecting
all of the scanning electrodes during one division period, and
wherein a frame period is defined as the selection of the
scanning electrodes every z division periods.

36. A drive method according to claim 32, wherein each
of the N selection periods is further divided into z division
periods, z being a positive integer greater than the number
of bits in the display data, wherein one field is defined as
selecting all of the scanning electrodes during one division
period, and wherein a frame period is defined as the selec-
tion of the scanning electrodes every z division periods.

37. A drive method according to claim 17, wherein the
polarity of the voltages applied to the scanning electrodes is
inverted each frame.

38. A drive method for a liquid crystal device comprising
the steps of:

(a) applying a scanning signal to each of a plurality of
scanning electrodes comprising a selection signal dur-
ing a selection period and a non-selection signal during
a non-selection period; and

(b) applying a data signal to each of a plurality of signal
electrodes based on display data representing an image
having a gray scale to be displayed by the liquid crystal
device, said display data comprising a plurality of bits;

wherein step (a) further comprises the step of:

(1) grouping the plurality of scanning electrodes into p
groups, wherein p is an integer of at least two;

(2) applying the selection signal substantially simulta-
neously to the plurality of the scanning electrodes in
one of the p groups and applying the non-selection
signal substantially simultaneously to the plurality of
scanning electrodes in one of the p groups immedi-
ately after applying the selection signal thereto and
selecting a level of the selection signal based on an
orthogonal function, wherein the selection signal is
sequentially applied to succeeding groups of the
scanning electrodes, wherein the non-selection sig-
nal is sequentially applied to succeeding groups of
the scanning electrode groups immediately after

44

applying the selection signal thereto, wherein the
orthogonal function has information for determining
a level of the selection signal, and

wherein the display data comprises q bits, q being a

positive integer, each of the selection periods is
divided into unequal k intervals in accordance with
the g bits, and each of the k intervals is allocated to
a corresponding one of said q bits of the display data.

39. A drive method for a liquid crystal device comprising

10 the steps of:
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(a) applying a scanning signal to each of a plurality of
scanning electrodes comprising a selection signal dur-
ing a selection period and a non-selection signal during
a non-selection period; and

(b) applying a data signal to each of a plurality of signal
electrodes based on data representing an image having
a gray scale to be displayed by the liquid crystal device;

wherein step (a) further comprises t he step of:

(1) grouping the plurality of scanning electrodes into p

groups, wherein p is an integer of at least two;

(2) applying the selection signal substantially simulta-

neously to the plurality of the scanning electrodes in
one of the p groups and applying the non-selection
signal substantially simultaneously to the plurality of
scanning electrodes in one of the p groups immedi-
ately after applying the selection signal thereto and
selecting a level of the selection signal based on an
orthogonal function, wherein the selection signal is
sequentially applied to succeeding groups of the
scanning electrodes, wherein the non-selection sig-
nal is sequentially applied to succeeding groups of
the scanning electrode groups immediately after
applying the selection signal thereto, wherein the
orthogonal function has information for determining
a level of the selection signal, wherein a single frame
period is defined as a period during which all of
combined selection signals to be applied to all of
groups of scanning electrodes are applied, wherein a
voltage applied to the signal electrodes is modulated
during an interval of plural frame periods to display
the image having the gray scale; and

(c) applying a voltage in accordance with the display data
in each of the selection periods.
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