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A multiplex driving method is provided for a liquid crystal
cell device having a liquid crystal layer disposed between a
pair of substrates, a plurality of row electrodes arranged on
one of the substrates and a plurality of column electrodes
arranged on the other substrate. The method comprises the
steps of sequentially selecting a group of the plurality of row
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ing the row electrodes comprising the group, and dividing
and separating the selection period into a plurality of inter-
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DRIVE METHOD, A DRIVE CIRCUIT AND A
DISPLAY DEVICE FOR LIQUID CRYSTAL CELLS

CONTINUING APPLICATION DATA

[0001] This application is a divisional of application Ser.
No. 09/821,063, filed Mar. 28, 2001 which is a divisional of
application Ser. No. 09/281,997, filed Mar. 29, 1999, issued
as US. Pat. No. 6,252,573, which is a continuation of
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 on
Mar. 4, 1993 designating the United States, the contents of
each of which are incorporated herein by reference.

[0002] This application is also related to application Ser.
No. 08/457,688, filed May 31, 1995, issued as U.S. Pat. No.
5,963,189, and application Ser. No. 09/277,585, filed Mar.
26, 1999, issued as U.S. Pat. No. 6,208,323.

FIELD OF THE INVENTION

[0003] The present invention generally relates to a driving
apparatus 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 group being sequentially selected and the row
electrodes within each group being simultaneously selected.

BACKGROUND OF THE INVENTION

[0004] Matrix liquid crystal displays such as, twisted
nematic (TN) and super twisted nematic (STN), are known
in the art. Reference is made to FIGS. 21(a)-(¢) and 22 in
which a conventional matrix liquid crystal display is pro-
vided. 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
5 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.

[0005] 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 cells 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 selec-
tion 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. 21(a)-(¢) as time period F. Typically the
frame period is approximate Ysoth of a second or 16.66
milliseconds.

[0006] 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 e.g, the area in which the row

Mar. 6, 2003

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.

[0007] Referring specifically to FIGS. 21(a)-(e), a con-
ventional multiplex drive method of a simple matrix type
liquid crystal and more specifically the amplitude selective
addressing scheme are shown therein. FIGS. 21(a)-(c) show
the row selection voltage waveforms that is applied in
sequence to row electrodes X,, 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 elec-
trodes 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 clectrode 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 sequen-
tially selected in time periods t;-t, or one frame period F.

[0008] FIG. 21(d) shows the waveform applied to column
electrode Y, and FIG. 21(e) 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.

[0009] One 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 relatively 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.

[0010] Various attempts have been made to overcome this
problem. For example, it has been suggested in “A Gener-
alized Addressing Technique for RMS Responding Matrix
LCDs,” 1988 International Display Research Conference,
pp- 80-85. to simultaneously applying a row selection volt-
age to more than one row electrode.

[0011] As shown in FIGS. 23(a)-(d), a conventional
method for driving a liquid crystal display by simulta-
neously selecting a group of more than one row electrode is
shown. 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.

[0012] Referring again to FIG. 23(#), 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
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the remaining time periods of frame period F. Similarly,
FIG. 23(b) indicates the row selection voltage waveforms
applied to row electrodes X5 and X, during time periods t,
and t, and a voltage of zero is applied to row electrodes X,
and X, in the other time periods of frame period F. FIG.
23(c) illustrates the voltage waveform applied to column
electrode Y;, and FIG. 23(d) indicates the synthesized
voltage waveform applied to the pixel 7, ;. Generally, t,,
tyy . . . 1,=69 useconds, V, is approximately 17.6 volts and
V, is approximately 2.3 volts.

[0013] As shown in the example of FIGS. 23(a)-(d) 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. 23(«) 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 X5 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. One frame period represents the selection of all
row electrodes, X, to X,. In other words, a complete image
is displayed during one frame.

[0014] As will be explained hereinbelow, when h row
electrodes are simultaneously selected, the voltage wave-
forms that apply the row electrodes described above use 2"
row-select patterns. In the example illustrated in FIGS.
23(a)-(d), the number of row electrodes simultancously
selected is two, thus the number of row select patterns is 22
or 4.

[0015] 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 simul-
taneously selected row electrodes i.e., whether the pixels are
ON or OFF, with the polarities of the voltage pulses applied
to row electrode.

[0016] In this example, as shown in the previously
described FIGS. 23(a)-(d), when row electrodes X; and X,
are selected and row voltages such as those in FIG. 23(a)
and FIG. 24(a) 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
waveformY, shown in FIG. 24(b). 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.

[0017] The above-mentioned column voltage waveforms
Y -Y, are determined as follows. At first, each pixel simul-
taneously selected is defined to have a first value of 1 when
the voltage applied by the row electrode to the correspond-
ing 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
difference between the number of matches, ie., when the
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first value equals the second value, 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.

[0018] For example, when the pulse waveforms shown in
FIG. 23(a) 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 elec-
trodes 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 mismatch. The difference between
the number of mismatches and matches 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, 1s 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,.

[0019] As should now be apparent, the first values in time
interval t_ in FIG. 23(a) 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_.

[0020] In time interval ty, 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,.

[0021] A summary of this analysis for time periods t,, t,,
t. and t, is shown in Table A below:
TABLE A
pixel t, ty to ty
1-0ON
first value -1 1 -1 1
second value -1 -1 -1 -1
match yes no yes no
mismatch no yes 1o ves
2 - OFF
first value -1 -1 1 1
second value 1 1 1 1
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TABLE A-continued
pixel t, t, [ tq
match no no yes yes
mismatch yes yes no no
no. of matches 1 0 2 1
no. of mismatches 1 2 0 1
difference 0 -2 2 0
column voltage 0 -V, v, 0

[0022] As is readily apparent, the column voltage Y,
corresponds to the column voltage pattern and is applied to
the column to place the first pixel in its ON state and the
second pixel in its OFF state.

[0023] As for the other column voltage waveforms, Yy, to
Yy, the voltages are selected under the same criteria as
described above and are summarized in Tables B, C and D
hereinbelow:

TABLE B
pixel t, tiy t. ty
1 - OFF
first value -1 1 -1 1
second value 1 1 1 1
match no yes no yes
mismatch yes 10 yes ne
2 -ON
first value -1 -1 1 1
second value -1 -1 -1 -1
match yes  ves no ne
mismatch jite} no yes yes
no. of matches 1 2 0 1
no. of mismatches 1 0 2 1
difference 0 -2 2 0
column voltage 0 -V, Vv, 0
Column Voltage Applied =Y,

[0024]

TABLE C
pixel t, ty t, ty
1-ON
first value -1 1 -1 1
second value -1 -1 -1 -1
match yes no yes no
mismatch no yes 1o yes
2-ON
first value -1 -1 1 1
second value -1 -1 -1 -1
match yes yes no no
mismatch no no yes yes
no. of matches 2 1 1 0
no. of mismatches 0 1 1 2
difference 2 0 0 -2
column voltage Vv, 0 0 -V,

Column Voltage Applied = Y,

Mar. 6, 2003
[0025]
TABLE D

pixel t, ty te ty
1-OFF

first value -1 1 -1 1
second value 1 1 1 1
match no yes no yes
mismatch yes no yes no
2-OFF

first value -1 -1 1 1
second value 1 1 1 1
match no no yes yes
mismatch yes yes no no
ne. of matches 0 1 1 2
ne. of mismatches 2 1 1 o
difference -2 0 0 2
column voltage -V, 0 0 Vv,

Column Voltage Applied = Yy

[0026] Inthe examples above, the first value is 1 when the
row-select voltage has a positive polarity or the first value
when the row-select voltage has a negative polarity. Addi-
tionally, the second value is —1 when the display state of the
pixel is ON, or 1 when the display state is OFF. The column
voltage waveforms were selected by means of the difference
between the number of matches and the number of mis-
matches. As will be appreciated by one of ordinary skill in
the art, the sign conventions may be inverted. Moreover, it
also is possible to set the column voltage waveforms with
only the number of matches or the number of mismatches,
without having to calculate the difference between the
number of matches and the number of mismatches as
explained below.

[0027] FIGS. 25(a)-(d) illustrate another example of the
prior art in which a plurality of row electrodes are divided
into groups of row electrodes. The groups of row electrodes
are selected in sequence and the row electrodes within each
group are simultaneously selected. In this example, each
group comprises three row electrodes that are simulta-

neously selected in order to generate a display pattern, as
shown in FIG. 26.

[0028] 1In other words, initially three row electrodes, X,
X, and X, are selected and row selection voltages such as
those shown in FIG. 25(a) are applied to these row elec-
trodes, X;, X, and X, respectively. At the same time, the
designated column voltages, to be discussed later, are
applied to each column electrode Y; to Y. Next, row
¢lectrodes X,, X, and X, shown in FIG. 26, are selected
and row selection voltages such as that in FIG. 25(b) are
applied to these electrodes in the same manner as described
above. At the same time, column voltages are applied to each
column electrode, Y; to Y,,. As with the previous example,
one frame period F is defined as the selection of all of the
row electrodes, X, to X,. One image is completely displayed
in one frame period, and plural images can be display by
repeating this cycle continuously.

[0029] When each row voltage waveform described above
has h as the number of row electrodes that are simulta-
neously selected, as in previous example, the number of 2"
row-select pattern are used. In this example, the number of
2° or 8 patterns are used.
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[0030] Moreover, as in the previous example, the column
voltages applied to each column electrode, Y, to Y,, are the
same as the number of row-select patterns. Also, the voltage
level of each pulse is such that the voltage that corresponds
to the numbers of the ON state and the OFF state of the
selected row electrodes is applied. In other words, the
column voltage level is determined by comparing the row-
select pattern and display pattern. Thus, for example, when
the row voltage waveforms applied to row electrodes X, X,
and X, which are selected simultaneously in this example,
have a positive pulse, they are ON, and when they have a
negative pulse, they are OFF. The ON and the OFF of the
display data are compared at each pulse and the column
voltage waveforms are set according to the number of
mismatches.

[0031] In other words, in the example of FIGS. 25(a)-(d),
when the number of mismatches is zero, =V, volts are
applied; when it is 1, -V, volts are applied; when it is 2, V,
volts are applied; and when it is 3, V, volts are applied. The
voltage ratios for V, and V; above are preferably such that
V,:V,=1:3 In specific terms, in the case of the voltage
waveforms applied to row electrodes X, X, and X, in FIG.
25(a), those waveforms are ON when the V, volts are
applied and OFF when the -V, volts are applied. Referring
to FIG. 26, the pixel is indicated as ON when there is a
closed circle and OFF when there is a open circle. As shown
in FIG. 26, the display states of the pixels that cross with
column electrode Y, and row electrodes X, X, and X; are
ON, ON and OFF, respectively. In contrast to this, the initial
pulse pattern of the voltage applied to each row electrode,
X, X, and X;, is OFF, OFF and OFF, respectively. Com-
paring both in sequence, the number of mismatches is 2.
Therefore, V,, volts are applied to the initial pulse pattern of
the voltage applied to each row electrode Y, as shown in
FIG. 25(c). Using a similar analysis, the second pulse
pattern of the voltage that is applied to each row electrode,
X,, X, and X, is OFF, OFF and ON, respectively. When
compared in sequence the voltage pattern with the ON, ON
and OFF sequence of the aforesaid pixel display pattern, all
are mismatching. Since the number of mismatches is 3,
voltage V is applied to the second pulse of column electrode
Y. As will be understood by one of ordinary skill in the art,
by applying the above described analysis to the third and
fourth time intervals, column voltages -V, and -V, are
applied therein. Thus, a column voltage of -V, V,, -V, and
-V, is applied to provide the pixel states as shown in FIG.
26.

[0032] In the next time period, the next three row elec-
trodes X, to X, are selected by applying selection voltages
thereto, as shown in FIG. 25(b). In accordance with the
analysis described above, column voltages have the voltage
levels that corresponds to the number of mismatches
between the ON and OFF display states of the pixels formed
at the intersection of the row electrodes X, to X¢ and the
column electrode, and the ON and OFF states of pulse
patterns of the synthesized voltages. FIG. 25(d) illustrates
the resultant voltage waveforms that are applied to the pixels
at the intersection of the row electrode X; and column
electrode Y. That is, the synthesized waveform is resultant
of the voltage waveform applied to row electrode X; and the
voltage waveform applied to column electrode Y;.

[0033] As indicated above, the method that simulta-
neously selects a plurality of row electrodes in a group and
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the selection of each group in sequence, has the advantage
of the reducing the drive voltage level.

[0034] Referring now to FIG. 27, the relationship between
the transmissitivity of a pixel of a liquid crystal display and
the applied voltage is shown therein. In a liquid crystal
display driven in a conventional manner, after the selection
voltage has been applied to a particular pixel, during the
period until the next selection voltage is applied to that pixel,
the brightness gradually decreases during the time t. This
reduces the transmissitivity T in the ON condition and, on
the other hand, slightly increase the transmissitivity T in the
OFF condition. As shown in FIG. 21, such conventional
displays have poor contrast between the ON condition and
the OFF condition.

[0035] The following is a general discussion regarding the
conventional method for simultaneously selecting multiple
row electrodes.

[0036] A. Requirements
[0037] (a) The N number of row electrodes to be
displayed are divided up into N/h non-intersecting
subgroups.
[0038] (b) Each subgroup has h number of address
lines.
[0039] (c) At a particular time, the display data on

each column electrode is composed of an h-bit
words, e.g.:

diners deomez - - - dienend dgeny=0 011

[0040] Where 0=k=(N/h)-1 (k: subgroup)
[0041]
[0042]
[0043]

[0044]
N/h-1

In other words, one column of display data is:
dy,d,...d, ... Subgroup O

dirs dpen oo o dpyy, ... Subgroup 1

Aapets Anneo - - - dapen - - - - Subgroup

[0045] (d) The row-select pattern has 2" cycle and is
represented by an h-bit words, €.g.:

Bne1s Bxhe2 - - - Biohedd Beng=0 OF 1
[0046] B. Guidelines

[0047] (1) One subgroup is selected simultancously
for addressing.

[0048] (2) One h-bit word is selected as the row-
select pattern.

[0049] (3) The row-select voltages are:
[0050] -V for a logic O,
[0051] +V, for a logic 1,
[0052] O volts or ground for the non selected
period.
[0053] (4) The row-sclect 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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[0054] (5) The number of mismatches i between
these two patterns is determined by counting the
number of exclusive-OR logic gates having a logical
1 output.

[0055]
tion:

Steps 1-4 are summarized by the following equa-

[
Z gt ] O s j
J=1

(O=i<h)

[0056]

[0057] (6) The column voltage is chosen to be V(i)
when the number of mismatches is i.

[0058] (7) The column voltages for each column in
the matrix is determined independently by repeating
the steps (4)-(6).

[0059] (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.

[0060] (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.

[0061] (10) Aframe or cycle is completed when all of
the subgroups (=N/h) are selected with all the 2"
row-select patterns once.

(where @ is an exclusive OR logic operation)

1 cycle=Ar2"N/h
[0062] C. Analysis

[0063] 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=h!/{it (h-i)t}=Ci
[0064] 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 Ci

i=0 0,0,0) 1 way

i=1 0,0,1)(0,1,0) (1,0,0) 3 ways

i=2 (1,1,0)(1,0,1) (0,1,1) 3 ways

i=3 (1,1,1,) 1 way
[0065] These are determined by the number of bits of a

word, not the row electrode selection patterns.

[0066] If the amplitude V_; , of the instantaneous voliage
that is applied to the pixel had a row voltage of V. and

column voltage of V, the synthesized voltage would be
as follows:

column?

Vpixel=(

[0067]
\

pixel

V. Vcolumn)

column™ Vmw' or (Vrow_
Where, if V_=+V_and V_,,

=+V,-V(i) or -V -V(i).

=V(i), then
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[0068] IfV, =tV andV_, ..

V,SV(i), V,+V(i), -V,=V(i) or -V +V(i).

=+V(i), then V,

pixel™

[0069]
Vpixel=| VI_ V(l)‘ or |VI+V(1)|

[0070] 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.

[0071] 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.

[0072] 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(i)| 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(@)| is unfavorable for the OFF pixel.

[0073] 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 1 units from among the h bits is:

That is:

Ci=hCi={h}/{i/(h-i)!}

[0074] The total number of mismatches provides the num-
ber 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)

[0075] The number of times a pixel gets a favorable
voltage during the Ci time intervals considered is:

Ai={(h=D)/h}Ci
[0076]

{ (b=} -Ci(ih) Ci=(hih)Ci=Ci

In addition:

[0077] Accordingly, the following is obtained:
Ai=Ci-Bi={(h- D)}/ (h-i-1)t}
[0078] Where: h=i+1

[0079]

To summarize the above:

vonrms = {‘514'52 +S3)/S4}1/2

Vegrums) = (55 +56 + 53) /4112

h
S, = ZAi[V, +V@)?  (favorable)
i=0

h
S2= )" Bitv, - v(i)*
i=0

(unfavorable)

h
(N -1} Z (Ai+ BOV(D)
i=0

Sy =2"(N/h
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-continued

h
S5 = Z AiVr=V(H)? (favorable)
i=0

h
S¢ = Z BitVr+ V(D)? (unfavorable)
i=0

[0080]

V/V,=NY2/h .. . row selection voltage
V()/V0=(h-2i)/h={1-(2ifh)} . .. . column voltage, and
R=(Vor/ Vopmax={ OV Z+ AN -1}

[0081] As noted above and as shown in FIG. 27, however,
a liquid crystal display driven according to such a method
has poor contrast between its ON and OFF states.

[0082] Moreover, as shown in FIG. 25, in such conven-
tional driving methods, the pulse width applied to the row
electrodes and the column electrodes narrows as the number
of simultaneously selected row electrodes increases, and this
increases the amount of crosstalk due to the distortion of the
waveforms. This results in, for example, poor image quality.
This problem becomes even more serious, for example, in a
case in which gray shade display, which is caused by the
pulse width modulation (PWM), takes place.

In addition:

OBIJECTS OF THE INVENTION

[0083] Itis an object of the present invention to provide an
apparatus that obviates the aforementioned problems of the
conventional liquid crystal devices.

[0084] Tt is a further object of the present invention to
provide a liquid crystal display for displaying an image
having high image quality.

[0085] It is another object of the present invention to
provide a liquid crystal display with good contrast charac-
teristics.

[0086] Tt is still another object of the present invention to
provide a display with a reduced number of column voltage
levels.

[0087] These and other objects, features and advantages of
the present invention will become more apparent upon a
consideration of the following detailed description of the
preferred embodiments of the present invention in conjunc-
tion with the accompanying drawings.

[0088] 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 invention fall within the spirit and scope of the
present invention as defined by the appended claims.

SUMMARY OF THE INVENTION

[0089] According to an aspect of the present invention, a
multiplex driving method is provided for a liquid crystal
display device having a liquid crystal layer disposed
between a pair of substrates, a plurality of row electrodes
arranged on one of the substrates and a plurality of column
electrodes arranged on the other substrate. The method
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comprises the steps of sequentially selecting a group of the
plurality of row electrodes in a selection period, simulta-
neously selecting the row electrodes comprising each group,
and dividing and separating the selection period into a
plurality of intervals within one frame period.

[0090] By adopting such a driving method, for example,
after a selection voltage has been applied to a particular pixel
in the initial frame, the voltage will be applied to that pixel
several times during the period until the selection voltage is
applied to that pixel in the next frame. This makes it possible
to maintain brightness and prevent a reduction in contrast.

[0091] According to another aspect of the present inven-
tion, a first portion of a selection signal is sequentially
applied to each of j groups of row electrodes in a first
selection period of a frame, such that the first portion of the
selection signal is simultaneously applied to 1 row electrodes
in each of the j groups. A second portion of the selection
signal is sequentially applied to the j groups of row elec-
trodes in a second selection period of the frame, such that the
second portion of the selection signal is simultaneously
applied to the 1 row electrodes in each of the j groups.

[0092] According to a further aspect of the present inven-
tion, a display apparatus is provided comprising a display
having a plurality of row electrodes and column electrodes,
the row electrodes being arranged in groups. A drive circuit
comprises a row electrode data generating circuit for gen-
erating row selection pulse data and a frame memory for
providing display data. An arithmetic operation circuit cal-
culates converted data in accordance with the row selection
pulse data generated by the drive circuit and the display data
provided by the frame memory. A column electrode driver is
responsive to the converted data calculated by the arithmetic
operation circuit for generating column data for the plurality
of column electrodes. A row electrode driver is responsive to
the row selection pulse data generated by said drive circuit
for selecting in sequence each of the groups of row elec-
trodes. The row electrodes comprising each of the groups are
selected simultaneously, and scanning of one screen is
performed a plurality of times in accordance with the row
selection pulse data and the display data during one frame
period. By having a drive circuit such as that described
above, it is possible to execute the drive method described
above easily and reliably.

[0093] In accordance with such a display device, the
display device has a driving circuit which performs the steps
of calculating the row-select pattern generated by the row
electrode data generation circuit and the display data pattern
on the plurality of row electrodes which are read in sequence
from the frame memory. The row electrodes are then
selected simultaneously with the row-select pattern. The
driving circuit transfers the converted data, which is the
result of the calculation, to the column electrode driver, and
transfers the row data, which is generated by the row
electrode data generation circuit, to the row electrode driver.
Further, the driving circuit repeats the above-mentioned
operation by the next row-select pattern data and display
data pattern when scanning of one image is finished. The
screen operation is repeated several times in one frame
period. Thus, the display device according to the present
invention has excellent contrast characteristics.

[0094] According to still yet a further aspect of the present
invention, a method is provided for determining a number of
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voltage levels applied to each of m column electrodes in a
liquid crystal display having a pair of opposing substrates, n
row electrodes disposed on one of the substrates and the m
column electrodes disposed on the other of the substrates,
and a liquid crystal material disposed between the pair of
substrates, nxm pixels being formed at the intersection of the
n row electrodes and the m column electrodes. The n row
electrodes are divided into j groups, each group having at
least 1 row electrodes, 1, j, n and m being positive integers
greater than 1, 1 being less than n and j being less than n. A
selection signal is applied sequentially to each of the j
groups of row electrodes and simultaneously applied to each
of the i row electrodes in a plurality of time periods for
displaying an image in a frame period. The method com-
prising the step of, for each of the time periods, determining
a first number of mismatches between the selection signal
applied to the i row electrodes and display states of the
pixels formed at the intersections of the i row electrodes and
one of the m columns electrodes. A virtual selection signal
is applied to a virtual row electrode and a second number of
mismatches between the virtual selection signal applied to
the virtual electrode and a display state of a virtual pixel
formed at the intersection of the one column electrode and
the virtual row electrode is determined. A third number of
mismatches is defined by the sum of the first and second
number of mismatches, and the virtual selection signal has
a waveform and the virtual pixel has a display state such that
the third number of mismatches is either an odd number or
an even number. A number of matches between the selection
signal applied to the i row electrodes and the display states
of the pixels at the intersections of the 1 row electrodes and
the one column electrode and between the virtual selection
signal applied to the virtual row electrode and the display
state of the virtual pixel formed at the intersection of the
virtual electrode and the one column electrode is deter-
mined. The voltage level for each time period is a level
corresponding to the difference between the third number of
mismatches and the number of matches. The above-dis-
cussed process is repeated for each of the time periods.

BRIEF DESCRIPTION OF THE DRAWINGS

[0095] In the drawings, wherein like reference characters
denote similar elements throughout the several views.

[0096] FIGS. 1(a)-(d) show the applied voltage wave-
forms in accordance with the first embodiment of a driving
method of the liquid crystal display according to the present
invention.

[0097] FIG. 2 shows a top view of a general configuration
of the liquid crystal display.

[0098] FIG. 3 is a graph illustrating the relationship
between the applied voltage of a pixel and the transmissi-
tivity thereof according to the first embodiment of FIGS.

1(a)(d)
[0099] FIG. 4 is a block diagram of a driving circuit in
accordance with embodiments 1-7 of the present invention.

[0100] FIG. 4A is a timing diagram of the driving circuit
of FIG. 4.
[0101] FIG. 5 is a block diagram of the row electrode

driver of the row driving circuit of FIG. 4.

[0102] FIG. 6 is a block diagram of the column electrode
driver of the column driving circuit of FIG. 4.
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[0103] FIGS. 7(a)-(d) show the applied voltage wave-
forms of a second embodiment of a driving method of the
liquid crystal display according to the present invention.

[0104] FIGS. 8(a)-(d) show the applied voltage wave-
forms of a third embodiment of a driving method of the
liquid crystal display according to the present invention.

[0105] FIG. 9 illustrates the display patterns in accor-
dance with the present invention.

[0106] FIGS.10(a)-(b) show the applied row selection and
column electrode voltage waveforms which correspond to
the display patterns of FIG. 9.

[0107] FIGS. 11(a)-(d) show the applied voltage wave-
forms of a fourth embodiment of a driving method of the
liquid crystal display according to the present invention.

[0108] FIG. 12 illustrates the display patterns in accor-
dance with the present invention.

[0109] FIG. 13(a) illustrates the applied row selection
voltage waveforms that are applied to the row electrodes
according to the embodiment of FIG. 11.

[0110] FIG. 13(b) shows the applied column voltage
waveforms that are applied to the column electrodes that
correspond to the display patterns of FIG. 12 .

[0111] FIGS. 14(a)-(d) shows the applied voltage wave-
forms of a fifth embodiment of a driving method of the
liquid crystal display of the present invention.

[0112] FIGS. 15(a)-(c) are other examples of the applied
electrodes voltage waveforms in accordance with the present
invention.

[0113] FIGS. 16(a)-(d) shows another example of the
applied voltage waveforms in accordance with the present
invention.

[0114] FIGS. 17(a)-(d) shows the applied voltage wave-
forms of another embodiment of the FIG. 9 method of the
liquid crystal elements according to the present invention.

[0115] FIG. 18 illustrates a liquid crystal display having
virtual electrodes.

[0116] FIGS. 19(a)-(d) shows the applied voltage wave-
forms of a seventh embodiment of the driving method of the
liquid crystal display of the present invention.

[0117] FIG. 20 illustrates the display pattern of a liquid
crystal display having virtual electrodes in accordance with
the seventh embodiment.

[0118] FIGS. 21(a)-(¢) show the applied voltage wave-
forms of a conventional driving method of a liquid crystal
display.

[0119] FIG. 22 illustrates a liquid crystal display panel.

[0120] FIGS. 23(a)-(d) show the applied voltage wave-
forms of a conventional driving method of a liquid crystal
display.

[0121] FIGS. 24(a)-(b) 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. 23(c)-(d).
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[0122] FIGS. 25(a)-(d) show the applied voltage wave-
forms another conventional driving method of a liquid
crystal display.

[0123]

[0124] FIGS. 27(a)-(c) are graphs that show the relation-
ship between the applied voltage to a liquid crystal display
and the transmissitivity thereof driven in accordance with a
conventional driving method.

[0125] FIGS. 28(a)-(d) are graphs comparing the trans-
missitivity of a liquid crystal panel driven in accordance
with the present invention and driven in accordance with a
conventional method.

FIG. 26 illustrates an example of a display pattern.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0126] Referring to FIGS. 4-6, a preferred example of a
liquid crystal panel driving circuit according to the present
invention is illustrated. More specifically, FIG. 4 illustrates
a preferred drive circuit, FIG. 3 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. 22. In the preferred embodiment, the liquid
crystal display panel comprises m column electrodes,
Y,-Y_, and n row electrodes, X;-X_. The intersections of
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 1 row electrodes. In
accordance with the invention, each of the j groups of row
electrodes are selected sequentially, and each of the 1 row
electrodes within each group are simultaneously selected. A
detailed explanation of the driving method is presented
hereinbelow.

[0127] Turning to FIG. 4, reference numeral 1 denotes the
row electrode driver and reference numeral number 2 rep-
resents the column electrode driver. Details of the row and
column electrode driver circuits will be explained herein-
below and are shown in FIGS. 5 and 6, respectively.
Reference numeral 3 represents the frame memory, refer-
ence numeral 4 represents an arithmetic operations circuit;
reference numeral 5 represents a row electrode data genera-
tion circuit; reference numeral 30 represents a clock circuit;
reference numeral 6 represents a first latch and reference
numeral 31 represents a second latch circuit.

[0128] 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; reference numeral 13 is a first decoder circuit;
reference numeral 14 is a first level shifter; and reference
numeral 15 are first analog switches.

[0129] 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.
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[0130] 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
electrode generator 5, signal S10, to row driver 1, signal S5,
to column driver 2, signal S7, and to second latch circuit 31,
signal S11.

[0131] Row electrode generator 5 generates a row-select
pattern S3 for sequentially selecting a group of row elec-
trodes 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 accordance 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 non-selected period, a voltage of zero is supplied
to row electrodes. The selected voltages are applied to the
row electrodes in accordance with the methods described
below.

[0132] 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 S1 and the latched row-select pattern
data signal S4 are converted by arithmetic operations circuit
4. Data conversion by arithmetic operations circuit 4 is
performed in accordance with, for example, embodiments
one to seven described hereinbelow. The converted data S2
is then transferred to column electrode driver 2.

[0133] Asshown 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 trans-
ferred, 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 three voltage levels is
selected by analog switches 25, e.g. V, volts, -V, volts or
zero volts. A timing diagram of the aforementioned signals
is shown in FIG. 4A.

[0134]

[0135] A driving method for a liquid crystal display in
accordance with a first embodiment of the present invention
will now be described. As will be apparent to one of ordinary
skill in the art, the driving method may be implemented in
a driving circuit as discussed above.

[0136] Referring to FIGS. 1(a)-(d), waveforms for driving
a liquid crystal display panel are shown therein. Specifically,
FIG. 1(a) illustrates row selection voltage waveforms
applied to row electrodes X, and X,, FIG. 1(b) illustrates
row selection voltage waveforms applied to row electrodes

First Embodiment
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X, and X, FIG. 1(c) llustrates voltage waveforms applied
to column electrode Y;, and FIG. 1(d) shows the synthe-
sized voltage waveforms applied to a pixel formed at an
intersection of row electrode X, and column electrode Y.

[0137] FIG. 2 shows a top view of a general configuration
of the liquid crystal display panel having a liquid crystal
material arranged between a pair of substrates. As shown in
that figure, pixels or picture elements are formed at the
intersections of the column and row electrodes. In FIG. 2
those pixels having a circle are in the ON state and the other
pixels are in the OFF state.

[0138] In accordance with the first embodiment, the row
selection period comprises two intervals or portions. That is,
the row electrodes are selected twice within one selection
period or one frame period F. It is during the one frame
period F that a complete image is displayed.

[0139] Referring to FIGS. 1(a)-(d), generally speaking,
the embodiment of FIGS. 1(a)-(d) separates the row selec-
tion voltage waveforms of FIGS. 23(a)-(c), for example,
into two portions. In the embodiment of FIGS. 1(a)-(d), the
first portion is applied sequentially to each group of the row
electrodes and then the second portion is applied sequen-
tially to each group of the row electrodes during one frame
period. This is in contrast to the conventional method, such
as FIGS. 23(a)-(d), in which entire row selection signal is
applied sequentially to each group of electrodes during one
frame period.

[0140] More specifically, the first group of row electrode
comprising row electrodes X, and X, are simultancously
selected in period ti. Row selection voltage waveforms in
that time interval similar to those in the conventional method
illustrated in FIG. 23(a) applied in time interval t,. At the
same time, a column voltage waveform selected in accor-
dance with the method described above is applied to each
column electrode, Y, to Y .. In the present embodiment, row
electrodes X, and X, are then selected with the row selection
voltage waveforms shown in FIG. 1(b). At the same time
column voltage is 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. This is in contrast
to the conventional method of FIGS. 23(a)-(d) in which
voltage waveforms are still applied to row electrodes X, and
X, during the same interval.

[0141] As shown in FIG. 1(a), row electrodes X; and X,
are selected once again in the time duration t,. At the same
time, column voltages are applied to each column electrode,
Y, to Y. The remaining groups of row electrodes are
selected with the second portion of the row selection voltage
waveforms. All of the row electrodes are selected twice in
one frame period F. That is, an image or one screen is
displayed when each row electrode is selected twice. Sub-
sequent images are displayed by repeating the aforemen-
tioned driving method in subsequent frame periods.

[0142] By driving the liquid crystal display panel in this
manner, the optical response shown in FIG. 3 is obtained.
Referring to FIGS. 28A-D, the optical response of the first
embodiment is compared with the optical response of the
conventional driving method. It is readily apparent from
FIGS. 28A-D, that the optical response of the present
invention has a brighter ON state and a darker OFF state
than the conventional driving method. Therefore, a liquid
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crystal display panel driven in accordance with present
invention has improved contrast and a reduction of flicker.

[0143] As will be appreciated by one of ordinary skill in
the art, the row selection period may divided into more than
two intervals in one frame period F. In addition, while in the
embodiment described above, each group of row electrodes
contained two row electrodes, it is contemplated that each
group may contain more than two row electrodes. Moreover
it is also contemplated that each of the groups of row
electrodes may be selected in any arbitrary order.

[0144] Second Embodiment

[0145] FIGS. 7(a)-(d) show a second embodiment of the
present invention. In this embodiment, the row selection
voltage waveforms applied in the first frame are substan-
tially similar to those of the first embodiment. However, in
the second frame, the row selection voltage waveforms
applied to the first row electrode in each group in the first
frame period is now applied to the second row electrode in
each group in the second frame period. Similarly, the row
selection voltage waveforms applied to the second row
electrode in each group in the first frame is now applied to
the first row electrode in each group. In other words, the row
selection waveform is alternately applied to each row elec-
trode of each group in alternate frame periods. As noted
above, it is contemplated that each group of row electrodes
may contain more than two electrodes.

[0146] As described above, if for each frame F, if such
waveforms are applied, it is possible to prevent pictures on
the display from generating non-uniformity caused by dif-
ferences in the applied voltage waveforms as in conven-
tional methods.

[0147] In addition, because in this embodiment the selec-
tion period is divided in two intervals within one frame F,
just as with the aforesaid first embodiment, the contrast is
improved and flickering is also reduced.

[0148] Further, in this embodiment, it is also possible to
use a drive circuit that is the same as the drive circuit that is
explained in the aforesaid embodiment, and to provide with
display device having a high display quality as well. In the
aforesaid embodiment, the row selection voltage waveforms
were replaced after each frame. However, they also can be
replaced after a plurality of frames.

[0149] The description of the aforesaid first embodiment
and second embodiment provided an example in which two
row electrodes were selected simultaneously. However, as in
the embodiments to be described below, it also is possible to
drive by selecting three or more row electrodes simulta-
neously. In such a case, as in the second embodiment, it is
possible to replace in sequence at each one frame or at a
plurality of frames the row selection voltage waveforms that
are applied to the row electrodes that are selected simulta-
neously. For example, if each group contained three row
electrodes, the row selection waveforms would be selec-
tively applied to the three row electrodes in three frame
periods.

[0150] Third Embodiment

[0151] FIGS. 8(a)-(d) illustrate a third embodiment of the
present invention. As shown therein, the row selection
voltage waveforms applied in the first frame are substan-
tially similar to those of the first embodiment. However, in
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the second frame, the row selection voltage waveforms are
inversions of the row selection voltage waveforms applied in
the first frame. That is, the row selection voltage waveforms
in the second frame period have the opposite polarities to
those of the first frame period. In the preferred embodiment,
the polarity of the waveforms are inverted for each frame
period.

[0152] More specifically FIG. 8(a) depicts the row selec-
tion voltage waveforms applied to row electrodes X, and X,,
FIG. 8(b) depicts the row selection voltage waveforms
applied to row electrodes X5 and X, FIG. 8(c) illustrates the
voltage waveforms applied to column electrode Y,, and
FIG. 8(d) illustrates the synthesized voltage waveforms
applied to the pixels that are formed at the intersection of
row electrode X, and column electrode Y.

[0153] Similar to the aforesaid first embodiment, two row
electrodes are selected simultaneously. The row voltage with
the voltage waveforms shown in FIG. 8(a) are applied to the
row electrodes X, and X, for simultaneously selection. A
display such as that shown in FIG. 2 is provided by dividing
the selection period in two intervals or portions within one
frame period.

[0154] The sequence of the row electrode selection is the
same as that in the aforesaid first embodiment. First, row
electrodes X, and X, are sclected and the row selection
voltage waveform is applied to these electrodes for a time
duration t,. At the same time, the designated column voltage,
which corresponds to the display data, is applied to all of the
column electrodes Y, to Y ... Next, row electrodes X5 and X,
are selected and the same row voltage waveforms as the
aforesaid row electrodes X; and X, are applied there for the
time duration t,,. At the same time, the designated column
voltage, which corresponds to the display data pattern, is
applied to all of the column electrodes Y, to Y, This is
repeated until all of the row electrodes X, to X have been
selected.

[0155] Next, row electrodes X, and X, are selected once
again and row selection voltage is applied to them for the
time duration t,. At the same time, the designated column
voltage, which corresponds to the display data, is applied to
all of the column electrodes Y, to Y. Next, row electrodes
X, and X, are selected and the same row voltage waveforms
as the aforesaid row electrodes, X; and X,, are applied
thereto for the time duration t;,. At the same time, the
designated column voltage, which corresponds to the dis-
play data, is applied to all of the column electrodes Y, to Y ..
This sequence is repeated until all of the row electrodes X,
to X, have been selected.

[0156] In this embodiment, the polarity of the row selec-
tion voltage waveforms applied to each row electrode is
inverted or reversed at each frame. This is referred to as an
alternating current drive scheme. In such a case, it is possible
to reverse the positive and negative polarities at alternate
frames. In addition, it also is possible to apply the alternating
current drive method mentioned above to the previously
described embodiments and to the embodiments to be
described below.

[0157] As should now be apparent, the column voltages
are selected in accordance with the method as described
above,

[0158] FIG. 9 illustrates four types of display patterns of
the pixels on, for example, row electrodes X; and X,. As
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noted above, row electrodes X, and X, are selected simul-
taneously. As shown in FIG. 9, those pixels having solid
circles are in the ON state and those pixels having open
circles are in the OFF state. The display pattern on line a
indicates that the pixels on row electrodes X; and X, are
both in the OFF state, the display pattern on line b indicates
that the pixel on row electrode X is in the OFF state and that
the pixel on row electrode X, is in the ON state, the display
pattern on line ¢ indicates that the pixel on row electrode X,
is in the ON state and that the pixel on row electrode X, is
in the OFF state, and the display pattern on line d indicates
that the pixels both row electrodes X, and X, are in the ON
state.

[0159] FIGS. 10(a)-(b) show the relationship between the
row selection voltage waveforms applied to the row elec-
trodes that are selected simultaneously and the signal wave-
forms applied to each column electrode. In FIG. 10(a), X,
and X, represent the row selection voltage waveforms
applied to row electrodes X; and X, and Y, to Y, represent
the column voltage waveforms applied to column electrodes
Y, toY,, in correspondence to display patterns on lines a to
d of FIG. 9.

[0160] In other words, when the pixels on both row
electrodes X, and X, are both in the OFF state, as in display
pattern a in FIG. 9, the Y, column voltage waveforms in
FIG. 10(b) is applied. In the same manner, column voltage
waveforms Y,, Y_ and Y, will be applied to display patterns
b, ¢ and d, respectively.

[0161] As in previously described in the second example
of the conventional method, the column voltage waveform
is similarly determined. In the case of the column voltage
waveforms described above, if assuming that when the row
selection voltage pulse applied to row electrodes X, and X,
is positive, the pixel is assigned a first value of 1. Alterna-
tively, if the voltage pulse is negative, the pixel is assigned
a first value of 1. The pixel is assigned a second value of
-1 if it is in the ON state and a second value of 1 if it is in
the OFF state. As in the example of the conventional
method, the number of mismatches and matches are deter-
mined. When the difference between the number of matches
and the number of mismatches is 2, V, volts is applied, when
the difference is zero, zero volts is applied, and when the
difference is -2, -V, volts is be applied.

[0162] For example, as in display pattern a in FIG. 9,
since both pixels formed in row electrodes X, and X, are in
the OFF state, those pixels each have a second value of 1.
When compared to the voltage pulse in time interval t,,
those pixels have first values of -1 and 1 respectively. As
will now be apparent, the difference between the number of
mismatches and matches is zero. Accordingly, column volt-
age of zero is applied to the column. Similarly, in time
period t, the number of mismatches is zero and the number
of matches is two. Accordingly, a voltage of V, is applied in
period t,.

[0163] As for the other column voltage waveforms, Y, to
Y, are applied to obtain the display patterns as shown in
lines b, ¢, and d, respectively, of FIG. 9. Since the method
to obtain these waveforms are similar to that of Y, a further
discussion is deemed unnecessary.

[0164] Indeed, when 240 row electrodes were fabricated
and the driving took place at drive voltages set to V,=16.8
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volts and V,=2.1 volts, the same optical response as in the
previously described FIG. 3 is obtained. In the ON state, this
embodiment has more brightness and in the OFF state the
display is darker than in the conventional arrangements.

[0165] Moreover, in the drive method of this embodiment,
it also was possible to use a drive circuit that is similar as
that of the first embodiment, which is shown in the previ-
ously described FIG. 4, a row electrode driver that is similar
to that of the first embodiment, which is shown in FIG. 5,
and a column electrode driver that is similar to that of the
first embodiment, which is shown in FIG. 6. In such a case,
as in the previously described embodiment, the calculation
of the difference between the number of matches and num-
ber of mismatches may take place in the arithmetic operation
circuit 4.

[0166] A converted data signal is transferred to the column
electrode driver by arithmetic operation circuit 4, to generate
the column voltage waveforms applied to each column
electrode.

[0167] By using a drive circuit such as that described
above, it is possible to execute the previously described
drive method simply and reliably. In addition, it also is
possible to provide a display device that has excellent
display performance.

[0168]

[0169] FIGS. 11(a)-(d) show voltage waveforms applied
to the row and column electrodes of a liquid crystal display
panel that represent a fourth embodiment of the drive
method of the liquid crystal display panel of the present
invention. In FIGS. 11(a)-(d), each group of row electrodes
comprises four row electrodes and the row selection signal
is applied in the four row electrodes in each group simul-
taneously. Additionally, the row selection waveform com-
prises four portions or time intervals within one frame
period. In other words, each row electrode is sclected four
times during one frame period. More specifically, FIG. 11(a)
illustrates the row selection signal applied to row electrodes
X,-X,, FIG. 11(b) illustrates the row selection signal
applied to the next group of row electrodes. Solely as a
matter of clarity, only row electrodes X5 and X, are shown,
FIG. 11(c) shows the voltage waveforms that are applied to
column electrode Y, and FIG. 11(d) shows the synthesized
voltage waveforms applied to the pixel formed at the inter-
section of row electrode X, and column electrode Y.

[0170] In the fourth embodiment, row electrodes X, to X,
are simultaneously selected for the time duration t,. At the
same time, a designated column voltage that corresponds to
the display data is applied to column electrodes Y, to Y.
Next, row electrodes X5 to X are selected by the application
of the same row voltage as that for the previously described
row electrodes X; to X,, in the time duration t,,. At the same
time, the designated column voltage that corresponds to the
display data is applied to each column electrode, Y, to Y .
This is repeated until all of the row electrodes, X; to X,
have been selected.

[0171] Next, row electrodes X, to X, are selected once
again and row selection voltages are applied to them during
the time duration t,. At the same time, the designated column
voltage that corresponds to the display data will be applied
to each column electrode, Y, to Y. After this, row elec-
trodes X5 to X, are selected and the same row voltage as the

Fourth Embodiment
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previously described row electrodes X; and X, is applied to
them during the time duration t,,. At the same time, the
designated column voltage that corresponds to the display
data is applied to each column electrode, Y, to Y, . This is
repeated until all of the row electrodes, X; to X, have been
selected. By repeating the same operation as the above
operation four times in one frame F, one image or one screen
will be displayed.

[0172] In this embodiment, the polarity of the row selec-
tion waveforms are reversed in the second frame period.
Moreover, in this embodiment, the column voltage is deter-
mined as discussed above.

[0173] FIG. 12 depicts a display pattern according to the
present invention, for example FIG. 12 illustrates the pixels
formed at the intersections of rows electrodes X,-X, and
column electrodes Y,_-Y, . Similar to the previous examples,
those pixels having closed circles are in the ON state and
those pixels having open circles are in the OFF state.

[0174] FIG. 13(a) illustrates the row selection voltage
waveforms applied to each of the row electrodes, X, to X,,
FIG. 13(b) shows the column voltage waveforms applied to
column electrodes Y, to Y, in accordance with the display
patterns a to h in FIG. 12.

[0175] That is to say, when the pixels on simultaneously
selected row electrodes X, to X, are all OFF, such as, for
example, display pattern on line a of FIG. 12, the Y, column
voltage waveform in FIG. 13(b) is applied. Similarly, col-
umn voltage waveform Y, is applied to display the pattern
on line b, voltage waveform Y, is applied to display the
pattern on line ¢, voltage waveform Y, is applied to display
the pattern on line d, voltage waveform Y, is applied to
display the pattern on line ¢, voltage waveform Y is applied
to the case of display pattern f, column voltage waveform Y,
is applied to display the pattern on line g, and column
voltage waveform Y, is applied to display the pattern on line

h.

[0176] Asis apparent to one of ordinary skill in the art, the
column voltage waveforms are determined in accordance
with the previously described method. Accordingly, the
detail of which will be omitted.

[0177] As described above, in this embodiment as well,
four row electrodes are selected in sequence and driving is
carried out by dividing the selection period into four sepa-
rated intervals within the one frame F.

[0178] When fabricating 240 row electrodes and by driv-
ing with the drive voltage as V=12 volts, V,=1.5 volts, and
V=3 volts, the optical response is the same as that shown
in previously described FIG. 3. In the ON condition, the
pixels are brighter than those of the conventional devices.
These allow an improvement in contrast and a reduction in
flicker. As will be understood by one of ordinary skill in the
art, the driving method of the fourth embodiment may be
implement by the circuit diagram of FIGS. 4-6. More
specifically, it is contemplated that the calculation of the
difference between the number of matches and number of
mismatches described above is carried out by arithmetic
operation circuit 4. In this arrangement, the second analog
switches 25 of the column electrode driver 2 selects the
waveform voltage for the column electrodes, Y, to Y, from
among five voltage levels, V5, V,, 0, -V, and -V,.
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[0179] In the third embodiment and the fourth embodi-
ment, driving was accomplished by dividing the selection
period either in two or four intervals and separating them
two times or four times within one frame F. However, the
number of times the selection period is divided may be
changed to improve the displayed image. In addition, the
number of row electrodes comprising each group may be
varied to improve the displayed image.

[0180] Fifth Embodiment

[0181] FIGS. 14(a)-(d) depict a fifth embodiment of the
present invention. In the fifth embodiment, the row selection
voltage waveforms are based on the row selection voltage
waveforms depicted in FIG. 25(a). However, in the fifth
embodiment, the selection period is divided into eight por-
tions. For a matter of convenience, only the first five portions
are illustrated. More particularly, the row electrode voltage
waveforms are divided and separated in 8 intervals having
equal time periods.

[0182] At the same time, the column voltage waveforms
of the designated voltage level, correspond to the difference
between the number of mismatches and matches, as dis-
cussed above.

[0183] A liquid crystal display panel driven according to
this method, has pixels which are brighter in the ON state
and darker in the OFF state. As a result there is an improve-
ment in contrast and reduction in flicker as compared to
conventional arrangements.

[0184] 1t is also contemplated, that the driving method
may be implemented by the circuits of FIGS. 4-6 described
above. As noted above, the number of intervals and the
number of row selected simultaneously may be varied to
improve the display of the image.

[0185]

[0186] As stated above, the number of bit-word patterns
when selecting and driving a plurality (h number) of row
electrodes in sequence is 2", For example, as in the aforesaid
example, when h=3, 2°=8 patterns. With ON is assigned the
value 1 and OFF is assigned the value 0, the voltage ON and
OFF pattern shown in FIG. 15(a) that applies this waveform
to row electrodes, X;, X, and X5, may be expressed as
shown in the Table E below.

Sixth Embodiment

TABLE E
Xl 0 0 0 0 1 1 1 1
X2 0 0 1 1 0 0 1 1
X3 0 1 0 1 0 1 0 1

[0187] Tt is noted that waveforms applied in accordance
with FIG. 15(a) have many different frequency components.
More specifically, the frequencies of the waveforms on row
electrode X, are 4-At and 4-At, the frequencies of the
waveforms on row electrode X, are 2-At, 2-At, 2-At and 2-At,
and the frequencies of the waveforms on row electrode X,
are At, At, At, At, At, At, At, and At. Such differences in
frequency appear to cause distortion of the displayed image.

[0188] For this reason, the voltage waveforms are changed
to eliminate the deviation of the frequency components.
However, using the type of waveform in FIG. 15(b), not
only those shown in FIG. 15(a) above, when the number of
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row electrodes that are simultaneously selected increases,
the number of above described bit-word patterns will
increase exponentially. Additionally, each pulse width is
narrower, and there is a potential for rounding or distorting
the waveforms. Further, when implementing gray shade
display, for example, such as by pulse width modulation
techniques, the narrower the pulse width there is more
likelihood of generating crosstalk.

[0189] For this reason, in this embodiment, the voltage
waveforms applied to the row electrodes are set under the
following guidelines so that the pulse widths become wider.

[0190] For applied voltage waveforms to the row elec-
trodes, these are determined taking the following into con-
sideration:

[0191] (1) Each row clectrode must be distinguish-
able.
[0192] (2) The frequency component added to each

row electrode must not differ significantly.

[0193] (3) There must be alternating current charac-
teristics within one frame or within a plurality of
frames.

[0194] In other words, the applied voltage patterns are to
be appropriately selected, taking the conditions mentioned
above into consideration, from among the systems of
orthogonal functions, such as natural binary, Walsh and
Hadamard.

[0195] Among these, item number (1) is an necessary-
sufficient condition. In particular, in order to satisfy item
number (1), it is preferred that the applied voltage wave-
forms of each row electrode will each have different fre-
quency components. The applied voltage waveforms, which
include different frequency components, are:

[0196] X1: 4-At, 4-At
[0197] X2: 2-At, 4-At, 2-At
[0198] X3: 2:AL, 2:At, 2:At, 2:At
[0199] The voltage waveforms of FIGS. 15(a)-15(c) are

determined as discussed below utilizing the natural type
Hadamard matrix. As is known to one of ordinary skill in the
art, the natural type Hadamard matrix is orthogonal. The
natural type Hadamard matrices are:

H,= + + @
+ _
Hy, = Hn Hn @
Hn -Hn
[0200] In the case of n=2, the formula (1) is included in

formula (2), thus H, or H, can be obtained as follows:

+ 4+ + +

L+ o+

L+ o+
I
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[0201] Further, in the case of n=4, the formula (2) is
included in formula (3), thus H,, or Hg can be obtained as
follows:

+ + + + + o+ + @)
+ -+ -+ - -

++ - -+ + - -

+ - - + - -+

Hg =

+ + o+ - - - -

+ -+ - -+ -+

+ + - - - -

+ - -+ -+ -

[0202] Ttis noted that in the natural type Hadamard matrix
the orthogonal feature is maintained even under the follow-
ing transformations:

[0203] 1. exchanging one row with another,

[0204] 2. exchanging one column with another,
[0205] 3 inverting all the polarities of one row, and
[0206] 4. inverting all the polarities of one column.

[0207] Additionally, the natural type Hadamard matrix is
a square matrix, e.g. the number of row is equal to the
number of columns. However if only a few rows are
selected, the orthogonal feature is not lost. For example if 3
rows are selected from Hg, the matrix remains orthogonal.

[0208] In this example, + corresponds to 1 and - corre-
sponds to 0. Either expression is permissible since the
Hadamard matrix is binary.

[0209] 1In accordance with the above guidelines, the volt-
age waveforms depicted in FIGS. 15(a)-(c) can be obtain by
manipulation of the Hadamard matrix The voltage wave-
forms for FIG. 15(a) are obtained by first preferably select-
ing the second, third and fifth rows of the Hg matrix to form
the matrix A as follows:

A=+ + - - + + - -

-+ -+ -+ -

T T

[0210] Tt is noted that row 1 of the H, matrix was prefer-
ably omitted because it is essentially a DC signal, rows 4, 6,
7 and 8 were preferably omitted because each of those
waveforms contained a larger number of different frequency
component.

[0211] The first row of matrix A is replaced with the third
row to form matrix A' as follows:

A=+ + - — + + - -

R T T S

++++————‘

[0212] Finally matrix A'is inverted to obtained the row
selection waveforms of FIG. 15(a)
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- - - -+ + + o+

Al=|- -+ + - - + +

-+ -+ - -+

[0213] The waveforms depicted in FIG. 15(b) are
obtained by various column transformations of matrix A",
More particularly, the third column is transferred to the
seventh column, the fourth column is transferred to the third
column, the fifth column is transferred to the eighth column,
the seventh column is transferred to the fifth column and the
eighth is transferred to the fourth column as shown below:

Column 1 2 3 4 5 6 7

o

- - - -+ o+ ¥

Atz -+ k- - 4

+ + o+

- + -

+
|
+
|

I
I
I
+ o+ o+ B
+
I
+

[0214] The voltage waveforms shown in FIG. 15(c) are
obtained by selecting the third, fifth and seventh rows of
matrix Hg forming matrix C:

O T N

C=l+ + + + - - - -

4+ - - - -+ +

[0215] Next, the first row is replaced with the third row,
the second row is replaced with the first row and the third
row is replaced with the second row forming matrix C'

4+ + - - = -

C=l++ - - - — + +

O T S S

[0216] Finally, the first and the second rows are inverted
forming matrix C" or the row selection waveform shown in

FIG. 15(c)

C"= - - - - + + +
- - + + + - -
- - + + - -

[0217] 1In these waveforms the polarity of adjacent col-
umns is the same, so if such adjacent columns belong to one
group, the matrix is the same as obtained by selecting the
third, the fourth and the second columns of matrix H,. In
other words, the matrix is obtained without row and column
transformation.
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[0218] Moreover, the row select waveforms may be
obtained by other binary, Hadamard, Walsh, Rademacher
and other orthogonal functions. FIGS. 16(a)-(d) show the
applied row selection voltage waveforms in accordance with
the waveforms of FIG. 15(c) above.

[0219] In contrast to the shortest pulse width in FIGS.
15(a) and (b) above and in contrast to the conventional
example in FIG. 25 above, which is At, the shortest pulse
width of FIG. 15(c) and FIG. 16 above is 2 At, which allows
a pulse width to double. By providing the pulse width large
in this manner, it is possible to lessen the effect of the
waveform rounding, and thus reduce crosstalk. The reduc-
tion in crosstalk allows for the selection of a larger number
of row electrodes simultaneously.

[0220] The waveforms of the embodiment described
above are only one example. They can be changed as
appropriate to further improve the displayed image. In
addition, factors such as the row electrode selection
sequence and the arrangement sequence of the pulse patterns
that are applied to each row electrode can be changed as
desired.

[0221] FIGS. 17(a)-(d) show an example in which the row
selection waveforms in FIG. 16 above are divided into four
selection portion within one frame F period and are applied
similarly as in the fifth embodiment above.

[0222] A liquid crystal display panel driven according to
this method, has pixels which are brighter in the ON state
and darker in the OFF state. As a result there is an improve-
ment in contrast and reduction in flicker as compared to
conventional arrangements. Additionally, crosstalk is
reduced.

[0223]

[0224] 1In the embodiment described above, four levels,
V,, Vo, =V, and -V, were used as the column electrode
voltage levels. However, the number of levels can be
reduced under the following method. By reducing the volt-
age levels, a driving circuit can be fabricated which is
simpler and more reliable.

[0225] Initially, a description will be given based on the
general methods of reducing the number of previously
mentioned voltage levels.

[0226] In thisembodiment, subgroup h comprises a virtual
line e. Line ¢ 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.

[0227] The number of voltage levels may be reduced by
controlling the number of matches and mismatches of the
virtual row ¢lectrode 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.

[0228] With Mi representing the number of mismatches
and Vc representing the appropriate constant, V_; . the
applied voltage to the column electrode, is to be as follows:

Seventh Embodiment
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A
Veotimn = ch Qg ] ® dars
J=1

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

[0229]
Voorumn= VO (0SI<H)
[0230]

[0231] For example, the case in which subgroup h=4 and
virtual row electrode e=1 will be considered. As in the
previous embodiment, the number of levels when h=3 will
be four levels, -V, =V, V, and V.. If control takes place
through the virtual row electrodes so that there are an even
number of mismatches, the results are as shown in the table
below. In other words, a virtual pixel formed by the inter-
section of the virtual row electrode and column electrode has
a display state and row selection voltage waveform such that
it is either a match or a mismatch.

or, more simply:

In either case, V. is the h+1 level.

column

Original Original Virtual Number of Voltage
voltage number of  row mismatches levels on
level mismatches  electrode on revision revision
-V, 0 Match 0 \'A

-V, 1 Mismatch 2 Vi

Vv, 2 Match 2 \'

V, 3 Mismatch 4 \'2
[0232] As shown in this example, the virtual pixel is

provided with a match when the original number of mis-
matches is even or zero and the virtual pixel is provided with
a mismatch when the original number of mismatches is odd.

[0233] As shown above, it is possible to take an original
four levels and reduce them to three levels. Of course the
mismatches on the virtual electrode may be any combination
of matches or mismatches. For example if the virtual pixel
were an odd number, the number of mismatches on revision
in the above table would change in sequence from the top to
1, 1, 3 and 3. Thus it is possible to reduce the number of
voltage levels to two levels.

[0234] 1In another example, a subgroup has h=4 and the
number of voltage levels is five, i.e., -V5, -V,,0, V, and V.
However, if control takes place through the virtual row
electrodes so that there are an even number of mismatches,
the results are shown in the table below.

Original Original Virtual Number of Voltage
voltage number of  scanning mismatches levels on
level mismatches  electrode on revision revision
-V, 0 Match 0 \'A
-V, 1 Mismatch 2 \'
0 2 Match 2 Vi
Vv, 3 Mismatch 4 \'2
Vs, 4 Match 4 \'2




US 2003/0043099 Al

[0235] As shown above, it is possible to take an original
five levels and reduce them to three levels. In the above case,
it is possible to set the voltage levels so that the number of
mismatches is an odd number. As for the virtual row
electrodes above, since normally they need not display, they
do not necessarily have to be fabricated. However, if they are
fabricated, they can be fabricated in an area where they will
not effect the display.

[0236] For example, as shown in FIG. 18, the virtual row
electrodes X, . . . X +1 are fabricated on the outside of
display region R or non-display area of a liquid crystal
display device. If there are extra row electrodes on the
outside of display region R, they may be used as virtual row
electrodes.

[0237] In addition, if ¢ number of virtual row electrodes is
increased, the number of voltage levels can be reduced even
further. In such a case, if as above, e=1, all of the number of
mismatches can be controlled so that they can be divided by
2. For example, in the case of e=2, the number of mis-
maiches all can be controlled so that they can be divided by
3. However, they can all be divided by 3 and have 1 or 2
remaining.

[0238] Finally, the maximum number of reductions pos-
sible under the above method is 14e+1). When e=1, it is %4,
except for zero volts.

[0239] FIGS. 19(a)-(d) illustrate an example in which
three row electrodes and one virtual row electrode are used
in sequence to reduce the applied voltage level to the column
electrodes. In this example there are four intervals in the
frame period. The number of mismatches is determined with
the virtual electrode. In this example, the virtual electrode is
set to an odd number of mismatches, thus making the
number of mismatches a one or a three. In response to this,
the voltage level of the column voltage waveform is one of
two levels, V, or -V,

[0240] More specifically, for example in FIG. 18, after the
initially selected row electrodes, X, X, and Xj, as shown in
FIG. 20, virtual row electrode X +1 is then selected. As
noted above the virtual electrodes need not be fabricated.
However, if the virtual electrode is fabricated, it is preferable
to fabricate the virtual electrode in a non-display region of
a liquid crystal display panel, as shown in FIG. 20. The
calculation of the column voltages, i.e. determining the
number of mismatches, is similar to the column voltage
calculation described above. During the time duration t,,
assuming ON to be positive voltage being applied to the
above row electrodes and OFF to be negative voltage, and
assuming that V,, V, and -V, volts pulses are applied to
each row electrode, X, X, and X, respectively, and assum-
ing that V, is applied to the virtual row electrode X_+1, and
assuming the data that is displayed on the pixels at the
crossing point between column electrode Y, and virtual row
electrode X +1 at that time to be OFF, the number of
mismatches is one. Accordingly, a -V, voltage pulse is be
applied to the column electrode.

[0241] Next, looking at the t, period, assuming that V, is
applied to virtual row electrode X +1, the number of mis-
matches is three, and voltage pulse V,, is to be applied to the
column electrode. In addition, assuming that V, is applied to
virtual row electrode X +1 in the t; period, the number of
mismatches is three, and a voltage pulse V,, is applied to the
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column electrode. Finally, assuming voltage pulse -V, is
applied to virtual row electrode X +1 in the t, period, there
is one mismatch, and a voltage pulse -V, is applied to the
column electrode.

[0242] The voltage levels that are applied to the column
electrodes can be reduced by assuming the polarity and the
display data of the selection pulse to be applied to the virtual
row electrodes in this manner, and by making the number of
mismatches always odd numbers such as one and three. In
the embodiment described above, the voltage levels can be
reduced to two levels. However, as stated above, they also
may be made into even numbers. By reversing each polarity
of the applied voltage in the first frame period F, and the
applied voltage in frame period F,, alternating current drive
scheme is realized.

[0243] By reducing the number of voltage levels that are
applied to the column electrodes as described above, the
circuit configuration of the liquid crystal drive can be
simplified, allowing a drive circuit that is almost identical to
that described in the previous embodiments to be used. In
addition, as in the previously described embodiments, this
allows a display device with excellent display performance
to be obtained.

[0244] Tt should accordingly be understood that the pre-
ferred embodiments and specific examples of modifications
thereto which have been described are for illustrative pur-
poses only and are not intended to be construed as limita-
tions on the scope of the present invention. Thus, while there
have been shown and described and pointed out fundamental
novel features of the invention as applied to preferred
embodiments thereof, it will be further understood that
various omissions and substitutions and changes in the form
and details of the devices illustrated and described, and in
their operation, may be made by those skilled in the art
without departing from the spirit of the invention. It is the
intention, therefore, to be limited only as indicated by the
scope of the claims appended hereto.

What is claimed is:
1. A drive method for a liquid crystal device comprising
the steps of:

(2) 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 to be displayed by the
liquid crystal device;

wherein step (a) further comprises the steps of:

(1) grouping the plurality of scanning electrodes into p
groups, each group comprising at least i scanning
electrodes, wherein p and 1 are integers of at least
two;

(2) applying the selection signal substantially simulta-
neously to the at least i scanning electrodes in one of
the p groups and applying the non-selection signal
substantially simultaneously to the at least i scanning
electrodes in the one of the p groups immediately
after applying the selection signal thereto and select-
ing a level of the selection signal based on an
orthogonal function, wherein the selection signal is
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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
scanning signal has N selection periods and N non-
selection periods per frame, wherein N is an integer
of at least two, and applying the selection signal to
each of the scanning electrodes in each of the N
selection periods, and wherein the orthogonal func-
tion has information for determining a level of the
selection signal, and

wherein step (b) further comprises the step of:

(1) reading the display data from a frame memory, and
determining the level of the data signal based on a
relation between the display data and the level of the
selection signal.

2. A drive circuit for a display device having a plurality of
scanning electrodes to which a selection signal and a non-
selection signal are applied and a plurality of signal elec-
trodes to which a data signal is applied, said drive circuit
comprising;

a scanning electrode drive means for

(1) grouping the plurality of scanning electrodes into p
groups, wherein each of the p groups comprises at
least i scanning electrodes, wherein p and i are
integers of at least two,

(2) sequentially selecting each of the p groups and
applying the selection signal substantially simulta-
neously to the at least 1 scanning electrodes in the
selected one of the p groups during each of N
selection periods per frame, wherein N is an integer
of at least two;

(3) sequentially applying the non-selection signal,
immediately after applying the selection signal, sub-
stantially simultaneously to the at least i scanning
electrodes to each one of the p groups during each of
N non-selection periods per frame;

a scanning data generation means for generating data
representing a level of the selection signal based on an
orthogonal function, wherein the orthogonal function
determines the level of the selection signal from a
plurality of levels of the selection signal to be applied
to each of the p groups during each of the N selection
periods,

wherein said scanning electrode drive means applies the
level of the selection signal to the plurality of scanning
electrodes in accordance with the data generated by
said scanning data generation means;

frame memory means for storing display data,

arithmetic means for determining a data signal based on
the data generated by said scanning data generation
means and the display data stored in said frame
memory means; and

signal electrode drive means for applying a level of the
data signal to the plurality of signal electrodes in
accordance with said arithmetic means.
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3. A liquid crystal display apparatus comprising:

a liquid crystal matrix panel having a plurality of scanning
electrodes to which a selection signal and a non-
selection signal are applied and a plurality of signal
electrodes to which a data signal is applied; and

a driving circuit comprising:
a scanning electrode drive means for

(1) grouping the plurality of scanning electrodes into
p groups, wherein each of the p groups comprises
at least 1 scanning electrodes, wherein p and i are
integers of at least two,

(2) sequentially selecting each of the p groups and
applying the selection signal substantially simul-
taneously to the at least i scanning electrodes in
the selected one of the p groups during each of N
selection periods per frame, wherein N is an
integer of at least two;

(3) sequentially applying the non-selection signal,
immediately after applying the selection signal,
substantially simultaneously to the at least 1 scan-
ning electrodes to each one of the p groups during
each of N non-selection periods per frame;

a scanning data generation means for generating data
representing a level of the selection signal based on an
orthogonal function, wherein the orthogonal function
determines the level of the selection signal from a
plurality of levels of the selection signal to be applied
to each of the p groups during each of the N selection
periods,

wherein said scanning electrode drive means applies the
level of the selection signal to the plurality of scanning
electrodes in accordance with the data generated by
said scanning data generation means;

frame memory means for storing display data,

arithmetic means for determining a data signal based on
the data generated by said scanning data generation
means and the display data stored in said frame
memory means; and

signal electrode drive means for applying a level of the
data signal to the plurality of signal electrodes in
accordance with said arithmetic means.

4. A display apparatus comprising:

a display having a plurality of scanning electrodes and
signal electrodes; and

a drive circuit comprising:
a scanning electrode drive means for

(1) grouping the plurality of scanning electrodes into
p groups, wherein each of the p groups comprises
at least 1 scanning electrodes, wherein p and 1 are
integers of at least two,

(2) sequentially selecting each of the p groups and
applying a selection signal substantially simulta-
neously to the at least i scanning electrodes in the
selected one of the p groups during each of N
selection periods per frame, wherein N is an
integer of at least two;
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(3) sequentially applying a non-selection signal,
immediately after applying the selection signal,
substantially simultaneously to the at least i scan-
ning electrodes to each one of the p groups during
each of N non-selection periods per frame;

a scanning data generation means for generating data
representing a level of the selection signal based on
an orthogonal function, wherein the orthogonal func-
tion determines the level of the selection signal from
a plurality of levels of the selection signal to be
applied to each of the p groups during each of the N
selection periods,

wherein said scanning electrode drive means applies
the level of the selection signal to the plurality of
scanning electrodes in accordance with the data
generated by said scanning data generation means;

frame memory means for storing display data,

arithmetic means for determining a data signal based on
the data generated by said scanning data generation
means and the display data stored in said frame
memory means; and

signal electrode drive means for applying a level of the
data signal to the plurality of signal electrodes in
accordance with said arithmetic means.
5. 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 to be displayed by the
liquid crystal device;

wherein step (a) further comprises the steps of:

(1) grouping the plurality of scanning electrodes into p
groups, each group comprising at least i scanning
electrodes including actual electrodes and at least
one virtual electrode, wherein p and i are integers of
at least two; and

(2) applying the selection signal substantially simulta-
neously to the actual electrodes in one of the p
groups, applying the non-selection signal substan-
tially simultaneously to the actual electrodes in the
one of the p groups immediately 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 signal is sequentially
applied to succeeding groups of the scanning elec-
trode groups immediately after applying the selec-
tion signal thereto, and wherein the orthogonal func-
tion has information for determining a level of the
selection signal;

wherein step (b) further comprises the step of determining
the level of the data signal based on a relation between
the display data and the level of the selection signal
applied to the i scanning electrodes including the at
least one virtual electrode, wherein a virtual pixel is
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defined at an intersection of the virtual electrode and
one of the plurality of signal electrodes.

6. A drive circuit for a display device having a plurality of
scanning electrodes to which a selection signal and a non-
selection signal are applied and a plurality of signal elec-
trodes to which a data signal is applied, said drive circuit
comprising:

a scanning electrode driver that

(1) groups the plurality of scanning electrodes into p
groups, wherein each of the p groups comprises at
least i scanning electrodes, wherein p and i are
integers of at least two,

(2) sequentially selects each of the p groups and applies
the selection signal substantially simultaneously to
the at least 1 scanning electrodes in the selected one
of the p groups during each of N selection periods
per frame, wherein N is an integer of at least two;

(3) sequentially applies the non-selection signal, imme-
diately after applying the selection signal, substan-
tially simultaneously to the at least i scanning elec-
trodes to each one of the p groups during each of N
non-selection periods per frame;

a scanning data generator that generates data representing
a level of the selection signal based on an orthogonal
function, wherein the orthogonal function determines
the level of the selection signal from a plurality of
levels of the selection signal to be applied to each of the
p groups during each of the N selection periods,

wherein said scanning electrode driver applies the level of
the selection signal to the plurality of scanning elec-
trodes in accordance with the data generated by said
scanning data generator;

a frame memory that stores display data;

an arithmetic unit that determines a data signal based on
the data generated by said scanning data generator and
the display data stored in said frame memory; and

a signal electrode driver that applies a level of the data
signal to the plurality of signal electrodes in accordance
with said arithmetic unit.

7. A liquid crystal display apparatus comprising:

a liquid crystal matrix panel having a plurality of scanning
electrodes to which a selection signal and a non-
selection signal are applied and a plurality of signal
electrodes to which a data signal is applied; and

a driving circuit comprising:
a scanning electrode driver that

(1) groups the plurality of scanning electrodes into p
groups, wherein each of the p groups comprises at
least 1 scanning electrodes, wherein p and 1 are
integers of at least two,

(2) sequentially selects each of the p groups and
applies the selection signal substantially simulta-
neously to the at least i scanning electrodes in the
selected one of the p groups during each of N
selection periods per frame, wherein N is an
integer of at least two;
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(3) sequentially applies the non-sclection signal,
immediately after applying the selection signal,
substantially simultaneously to the at least i scan-
ning electrodes to each one of the p groups during
each of N non-selection periods per frame;

a scanning data generator that generates data represent-
ing a level of the selection signal based on an
orthogonal function, wherein the orthogonal func-
tion determines the level of the selection signal from
a plurality of levels of the selection signal to be
applied to each of the p groups during each of the N
selection periods,

wherein said scanning electrode driver applies the level of
the selection signal to the plurality of scanning elec-
trodes in accordance with the data generated by said
scanning data generator;,

a frame memory that stores display data;

an arithmetic unit that determines a data signal based on
the data generated by said scanning data generator and
the display data stored in said frame memory; and

a signal electrode driver that applies a level of the data
signal to the plurality of signal electrodes in accordance
with said arithmetic unit.

8. A display apparatus comprising:

a display having a plurality of scanning electrodes and
signal electrodes; and
a drive circuit comprising:
a scanning electrode driver that
(1) groups the plurality of scanning electrodes into p
groups, wherein each of the p groups comprises at

least 1 scanning electrodes, wherein p and 1 are
integers of at least two,
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(2) sequentially selects each of the p groups and
applies a selection signal substantially simulta-
neously to the at least i scanning electrodes in the
selected one of the p groups during each of N
selection periods per frame, wherein N is an
integer of at least two;

(3) sequentially applies a non-selection signal,
immediately after applying the selection signal,
substantially simultaneously to the at least 1 scan-
ning electrodes to each one of the p groups during
each of N non-selection periods per frame;

a scanning data generator that generates data represent-
ing a level of the selection signal based on an
orthogonal function, wherein the orthogonal func-
tion determines the level of the selection signal from
a plurality of levels of the selection signal to be
applied to each of the p groups during each of the N
selection periods,

wherein said scanning electrode driver applies the level
of the selection signal to the plurality of scanning
electrodes in accordance with the data generated by
said scanning data generator;

a frame memory that stores display data;

an arithmetic unit that determines a data signal based
on the data generated by said scanning data generator
and the display data stored in said frame memory;
and

a signal electrode driver that applies a level of the data
signal to the plurality of signal electrodes in accordance
with said arithmetic unit.
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