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(57) ABSTRACT

A liquid crystal display device which carries out matrix
driving of a liquid crystal layer by applying AC pulses to the
liquid crystal layer through a plurality of scan electrodes and
a plurality of data electrodes which face and cross each
other. A method of driving such a liquid crystal display
comprises a reset step of applying a reset pulse to liquid
crystal to reset the liquid crystal to an initial state, a selection
step of applying a selection pulse to the liquid crystal to
select a final state of the liquid crystal, an evolution step of
applying an evolution pulse to the liquid crystal to cause the
liquid crystal to evolve to the selected final state. The reset
pulse and the evolution pulse have alternating cycles which
are longer than that of the selection pulse, and the adjust-
ment of the alternating cycles of the reset pulse and of the
evolution pulse are made by changing the pulse waveform
applied to each of the scan electrodes.

ReseT sep  SELECTION STEP pyq yrion sTep o DispLAY sTEP

ALTERNATING CYCLE

| /‘SELECHON PULSE APPLIC
EH* I ALTERNATING CYCL
=1 PRE-SELECTION | L

TION STEP

DD o T

: | STEP >—hé ~POST-SELECTION STEP
Wy o |

-Vr U : e

é ,‘VS

'
'
t

T

¢ 1

POLARITY MAINTAINING PERIOD

1

POLARITY MAINTAINING PERIOD

POLARITY MAINTAINING PERIOD



Dec. 6,2001 Sheet 1 of 6 US 2001/0048414 A1

Patent Application Publication

2_:\_ Bl f\_ :\_ :\_ GLE gLl
T e T it s 1 |
% EereraraaTatTess ] = ESEss \\/3_
TR/ NONZZ2\N NN \,Q///\\\///Q/\\\\JQ/ i
kw%%@%&ﬂ?i%dil@% e T T P T DL i \\N:
N o i e s 5
\\E%@A ezt %mem“l
IR 7 NON 7 O\ 0777\ NN
ey \\\\\u@@%@w\\\%\\\y\\\\i\\ \\N:.
R T T S v TS
\\\\\\\\\\\\\\\\\\\\\\\\\K\L\INZ
e \N\ZL) = N\ ZZill
1 RO U N INONZARONY
A PPt T ) TP T ] T TP s WMl 2 i i —
s i A W € A S N A, G . GRS U A W B Y AN W AL WA 071
~
\ Ay
— gLl 611 8LL 611 911 T: 1L gll
00! Y

/

o/ S



Patent Application Publication  Dec. 6,2001 Sheet 2 of 6 US 2001/0048414 A1

Fl G, 2
135
C P U
3
IMAGE PROCESSING DEVICE
138
IMAGE MEMORY
136
/
LCD CONTROLLER DATA ELECTRODE DRIVING IC | 139
C1 | G2 | sewermmmmnn Cn
— —— 100
R1 L R1-C1 LR1-C2 LR1-Cn| /
] | i ] i
SCAN
RZ | |Ro-C1 LR2-C2 LR2-Cn
ELECTRODE — T —
pRIVING | R3 |{R3-C1 LR3-C2 LR3-Cn
I
Rm | | Rm-C1 LRm-C2 LRm-Cn
i i L ] e J




Patent Application Publication  Dec. 6,2001 Sheet 3 of 6 US 2001/0048414 A1

Flrae. 3

Reser step  SELECTION STEP gyg yryoy srep _DISPLAY §TEP

KSELEOTEON PULSE APPLICAT!ON STEP
ALTERNATING CYCLE ALTERNATING CYCLE
‘“*"“‘”“‘f*'g?EPSELECTION <%——1:*“——€’ |

—=\CposT- SELECTION STEP
:+Vé L
i T [Hve
-Vr U i | Ve
Vs '
POLARITY MAINTAINING PERIOD ) POLARITY MAINTAINING PERIOD

POLARITY MAINTAINING PERIOD



Patent Application Publication  Dec. 6,2001 Sheet 4 of 6 US 2001/0048414 A1

r/ra. 4

SELECTION PULSE APPLICATION

POLARETY MAINTAINING PERIOD | POLARITY MAINTAINING PERIOD
el St PRE-SELECTION |+ el olution !
_Reser | [ eosTeseLecTion FYORTION ppogsrai

, ! ! Ve ! : : f |

V1 ey v +V3i

A e E
; L —v2!

RO

T L

[P
'

R SSi— | SELEGTION PULSE APPLICATION
ALK RESET L : CROSSTALK

, g ' *;g;ej POS]- SELECT 10N | EVOLUTIGN
ROWZ L . .
o PRE- SELECT!ON ' |

- ! SELECTION PULSE APPL!CATION :cao
| GROSSTALK:  RESET ; \ ; EVOLUT!ON ThL
: : f"“-- PRE- SELECTION POST SELEC}ION
ROWS = ; , 1 i | .
' : [NTERMEDIATE TONE

TRANSPARENCE REFLECTION == TRANSPARENCE REFLECTION

SS%
K

3 TRANSPARENCE 'w—si . ) = TRANSPARENCE
+V4 Ly B ‘e—i—é REFLECHON | : ;-é——g
’P T : ; : 5 ' : :

~v4 - |
ALTERNAT’NGﬁgfgff_%_€> POLARITY WAINTAINING' PERIGD g
.<—£> é———'—g\

r-r‘1 - S ALTERNATING CYCLE
LCDT et _L_I_J r—14—~L_T_J
L I

o ALTERNAT’NG CYCLE A

' i ) . .
' , X ' : ' .
, I__L.I i | . ‘ : | .
1 ' ' "_! ] i
‘ r'—"! et o p— i ] N — —
LCD3 =
]
‘ 5 , . E :
h '




Patent Application Publication  Dec. 6,2001 Sheet 5 of 6 US 2001/0048414 A1

FlrG6. 5

SELECTION PULSE APPLICATION

POLARITY MAINTAINING PERIOD 1 poLARITY MAINTAINING PER!OD
%5[1_ PRE-SELECTION | ;  f o

RESET 1| HbaToselEoT EVOLUT'ON CROSSTALK

S =
13

IVI+V] l@;:1+V2 5 V%—V3 | v;jva

rowy 4 S s A
CROSS SELECTEON PULSE APPLICATION i :
TALK RESET | . CROSSTALK

S ‘?7;%i POST “SELEDT 10N | EvoLur:ON
—e PRE-SELECT] ON

: } ! SELECTION PULSE APPLJCATEON
 CROSSTALK: RESET | : | | EvoLbTiON
| PRe-SELECTon POST- SELECT!GNE o

T TRANSPARENCE | S
{ INTERMED[ATE TONE . ' ‘NTERMED'ATE TONﬁsgae;

INTERMED [ATE TONE =—> :
TRANSPARENCE SREFLECT!bN F_l_;> TRANSPARENCEREFLECTION |

COLUMN

S

]CROS,
TALK:

ROW3

REELECTION

PO[ARITY MAINTAINING PER]0D ;
VAR se—~———~£:;?‘ALTERNATING CYCLE
1 ! —

.
r— J— pr— !

L - : h;'"Lr‘ﬁ____J“J
DA T e T
ALTERNAT!NG CYCLE : ALTERNAT!NG CYQLE

Vitv4 | VI-V4




Patent Application Publication  Dec. 6,2001 Sheet 6 of 6 US 2001/0048414 A1
F/lG. 6
PRIOR ART
(7D (2) (3) (1)




US 2001/0048414 Al

LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR DRIVING A LIQUID CRYSTAL
DISPLAY

[0001] This application is based on Japanese patent appli-
cation Nos. 2000-158570 and 2001-136725, the contents of
which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display device and a method for driving a liquid crystal
display, and more particularly to a liquid crystal display
device which applies AC pulses to a liquid crystal layer
through a plurality of scan electrodes and a plurality of data
electrodes which face and cross each other and a method for
driving a liquid crystal display.

[0004] 2. Description of Related Art

[0005] TIn recent years, various kinds of reflective type
liquid crystal displays which use liquid crystal which exhib-
its a cholesteric phase at room temperature (mainly, chiral
nematic liquid crystal) have been studied and developed into
media for reproducing digital information into visual infor-
mation because such liquid crystal displays have advantages
of consuming little electric power and of being fabricated at
low cost. However, it is well known that such liquid crystal
displays with a memory effect have a demerit that the
driving speed is low.

[0006] In order to solve this problem, U.S. Pat. No.
5,748,277 disclosed a method of driving such a liquid crystal
display. FIG. 6 shows a driving voltage waveform used in
the method disclosed by this prior art.

[0007] Referring to FIG. 6, the driving method disclosed
by U.S. Pat. No. 5,748,277 is described. The driving method
comprises a reset step (1) of resetting liquid crystal to an
initial state, a selection step (2) of selecting the final state of
the liquid crystal, an evolution step (3) of causing the liquid
crystal to evolve to the selected final state and a display step
(4) of displaying an image. In this method, the selection step
(2) is relatively short, and this method is suited for a
high-speed drive.

[0008] Generally, continuous application of a DC voltage
to liquid crystal causes problems such as degradation of
liquid crystal molecules. For this reason, it is preferred that
liquid crystal is driven by AC pulses.

[0009] The above-mentioned U.S. Pat. No. 5,748,277 dis-
closed a driving voltage waveform which uses AC pulses.
According to this prior art, however, the number of inverting
the polarity of a pulse voltage applied to liquid crystal is
extremely large, which increases the consumption of electric
power.

SUMMARY OF THE INVENTION

[0010] An object of the present invention is to provide an
improved liquid crystal display device and an improved
liquid crystal display driving method in which the above-
described problem is solved.

[0011] Another object of the present invention is to pro-
vide a liquid crystal display device and a liquid crystal
display driving method in which the consumption of electric
power can be reduced easily.
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[0012] Further, another object of the present invention is
to provide a liquid crystal display device and a liquid crystal
display driving method in which a high-speed drive is
possible while the consumption of electric power can be
reduced more.

[0013] The present invention relates to a method for
driving a liquid crystal display by applying AC pulses to a
liquid crystal layer through a plurality of scan electrodes and
a plurality of data electrodes which face and cross each
other, in which the scan electrodes are selected for scanning
successively at specified time intervals. A first method
according to the present invention comprises: a reset step of
applying a reset pulse, which is to reset liquid crystal of the
liquid crystal layer to a predetermined state, to an area of the
liquid crystal layer that corresponds to a selected one of the
scan electrodes; and a selection step of applying a selection
pulse, which is to select a final state of the liquid crystal, to
the area of the liquid crystal after the reset step, and in the
first method, a pulse applied to the selected one of the scan
electrodes during the reset step has an amplitude which is
larger than a maximum amplitude of pulses applied to each
of the data electrodes and has a polarity maintaining period
which is longer than that of the selection pulse, so that the
reset pulse has an alternating cycle which is longer than that
of the selection pulse.

[0014] A second method according to the present inven-
tion comprises: a selection step of applying a selection pulse,
which is to select a final state of the liquid crystal, to an area
of the liquid crystal layer that corresponds to a selected one
of the scan electrodes; and an evolution step of applying an
evolution pulse, which is to cause the liquid crystal to evolve
to the selected final state, to the area of the liquid crystal
layer; and in the second method, a pulse applied to the
selected one of the scan electrodes during the evolution step
has an amplitude which is larger than a maximum amplitude
of pulses applied to each of the data electrodes and has a
polarity maintaining period which is longer than that of the
selection pulse, so that the evolution pulse has an alternating
cycle which is longer than that of the selection pulse.

[0015] The first method may further comprise an evolution
step of applying an evolution pulse, which is to cause the
liquid crystal to evolve to the selected final state, to the area
of the liquid crystal layer. In this case, a pulse applied to the
selected one of the scan electrodes during the evolution step
may have an amplitude which is larger than the maximum
amplitude of the pulses applied to each of the data electrodes
and have a polarity maintaining period which is longer than
that of the selection pulse, so that the evolution pulse may
have an alternating cycle which is longer than that of the
selection pulse.

[0016] The second method may further comprise a reset
step of applying a reset pulse, which is to reset liquid crystal
of the liquid crystal layer to a predetermined state, to the area
of the liquid crystal layer.

[0017] Pulse waveforms applied to the scan electrodes can
be controlled independently of one another without influ-
encing one another. In these methods, by changing the pulse
waveform applied to each of the scan electrodes, the alter-
nating cycle of the reset pulse and/or the alternating cycle of
the evolution pulse is/are set longer than the alternating
cycle of the selection pulse. Thereby, the number of polarity
inversions in the reset step and the number of polarity
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inversions in the evolution step can be reduced, which
results in a reduction in consumption of electric power. Also,
it is not necessary to complicate the pulse waveform applied
to each of the data electrodes, which is effective to suppress
crosstalk.

[0018] In these methods, the alternating cycle of the reset
pulse or the alternating cycle of the evolution pulse is set
sufficiently long to prevent the liquid crystal from being
polarized. Thereby, an exactly desired voltage acts on the
liquid crystal, and degradation in display performance can
be prevented. Also, the liquid crystal display can be pre-
vented from changing its characteristics.

[0019] In these methods, the time intervals to select the
scan electrodes successively are determined based on a
width defined by the selection pulse.

[0020] Further, preferably, the pulses applied to each of
the data electrodes, even at the maximum, are lower than a
threshold to change the state of the liquid crystal so that
crosstalk can be suppressed.

[0021] The liquid crystal to be driven by these methods
may be of a kind which exhibits a cholesteric phase having
a selective reflective characteristic. In this case, the liquid
crystal may further exhibit bistability between a planar state
and a focal-conic state.

[0022] A liquid crystal display device according to the
present invention comprises a driver which carries out one
of the above-described methods. Such a liquid crystal dis-
play device achieves a reduction in consumption of electric
power, suppression of crosstalk and prevention of changes
of the liquid crystal display in characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] These and other objects and features of the present
invention will be apparent from the following description
with reference to the accompanying drawings, in which:

[0024] FIG. 1is a sectional view of a liquid crystal display
which a driving method according to the present invention
is adaptable for;

[0025] FIG. 2 is a block diagram which shows a driving
circuit of the liquid crystal display;

[0026] FIG. 3 is a chart which shows a fundamental
driving voltage waveform in the method according to the
present invention;

[0027] FIG. 4 is a chart which shows a first example of the
driving method according to the present invention;

[0028] FIG. 5 is a chart which shows a second example of
the driving method according to the present invention; and

[0029] FIG. 6 is a chart which shows a fundamental
driving voltage waveform in a conventional driving method.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0030] Embodiments of a liquid crystal display device and
a liquid crystal display driving method according to the
present invention are described with reference to the accom-
panying drawings.
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Liquid Crystal Display: See FIG. 1

[0031] First, a liquid crystal display which a driving
method according to the present invention is adaptable for is
described. The liquid crystal display comprises liquid crystal
which exhibits a cholesteric phase.

[0032] FIG. 1 shows a reflective type full-color liquid
crystal display which is driven by a simple matrix driving
method. In this liquid crystal display 100, on a light absorb-
ing layer 121, a red display layer 111R, a green display layer
111G and a blue display layer 111B are laminated. The red
display layer 111R makes a display by switching between a
red selective reflection state and a transparent state. The
green display layer 111G makes a display by switching
between a green selective reflection state and a transparent
state. The blue display layer 111B makes a display by
switching between a blue sclective reflection state and a
transparent state.

[0033] Each of the display layers 111R, 111G and 111B
has, between transparent substrates 112 on which transpar-
ent electrodes 113 and 114 are formed, resin columnar
nodules 115, liquid crystal 116 and spacers 117. On the
transparent electrodes 113 and 114, an insulating layer 118
and an alignment controlling layer 119 are provided if
necessary. Around the substrates 112 (out of a displaying
area), a sealant 120 is provided to seal the liquid crystal 116
therein.

[0034] The transparent electrodes 113 and 114 are con-
nected to driving ICs 131 and 132 respectively (see FIG. 4),
and specified pulse voltages are applied between the trans-
parent electrodes 113 and 114. In response to the voltages
applied, the liquid crystal 116 switches between a transpar-
ent state to transmit visible light and a selective reflection
state to selectively reflect light of a specified wavelength.

[0035] Ineach of the display layers 111R, 111G and 111B,
the transparent electrodes 113 and 114, respectively, are
composed of a plurality of strip-like electrodes which are
arranged in parallel at fine intervals. The extending direction
of the strip-like electrodes 113 and the extending direction of
the strip-like electrodes 114 are perpendicular to each other,
and the electrodes 113 and the electrodes 114 face each
other. Electric power is applied between these upper elec-
trodes and lower electrodes serially, that is, voltages are
applied to the liquid crystal 116 serially in a matrix, so that
the liquid crystal 116 makes a display. This is referred to as
matrix driving. The intersections between the electrodes 113
and 114 function as pixels. By carrying out this matrix
driving toward the display layers 111R, 111G and 111B
serially or simultaneously, a full-color image is displayed on
the liquid crystal display 100.

[0036] A liquid crystal display which has liquid crystal
which exhibits a cholesteric phase between two substrates
makes a display by switching the liquid crystal between a
planar state and a focal-conic state. When the liquid crystal
is in the planar state, the liquid crystal selectively reflects
light of a wavelength A=Pn (P: helical pitch of the choles-
teric liquid crystal, n: average refractive index). When the
liquid crystal display is in the focal-conic state, if the
wavelength of light selectively reflected by the liquid crystal
is in the infrared spectrum, the liquid crystal scatters light,
and if the wavelength of light selectively reflected by the
liquid crystal is shorter than the infrared spectrum, the liquid
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crystal transmits visible light. Accordingly, if the wave-
length of light selectively reflected by the liquid crystal is set
within the visible spectrum and if a light absorbing layer is
provided in the side opposite the observing side of the
display, the liquid crystal display makes displays as follows:
when the liquid crystal is in the planar state, the liquid
crystal display makes a display of the color determined by
the selectively reflected light; and when the liquid crystal is
in the focal-conic state, the liquid crystal display makes a
display of black. Also, if the wavelength of light selectively
reflected by the liquid crystal is set within the infrared
spectrum and if a light absorbing layer is provided in the side
opposite the observing side of the display, the liquid crystal
display makes displays as follows: when the liquid crystal is
in the planar state, the liquid crystal reflects infrared light but
transmits visible light, and accordingly, the liquid crystal
display makes a display of black; and when the liquid crystal
display is in the focal-conic state, the liquid crystal scatters
light, and accordingly, the liquid crystal display makes a
display of white.

[0037] In the liquid crystal display 100 in which the
display layers 111R, 111G and 111B are laminated, when the
liquid crystal of the blue display layer 111B and the liquid
crystal of the green display layer 111G are in the focal-conic
state (transparent state) and when the liquid crystal of the red
display layer 111R is in the planar state (selective reflection
state), a display of red is made. When the liquid crystal
display of the blue display layer 111B is in the focal-conic
state (transparent state) and when the liquid crystal of the
green display layer 111G and the liquid crystal of the red
display layer 111R are in the planar state (selective reflection
state), a display of yellow is made. Thus, by setting the
display layers 111R, 111G and 111B in the transparent state
or in the selective reflection state appropriately, displays of
red, green, blue, white, cyan, magenta, yellow and black are
possible. Further, by setting the display layers 111R, 111G
and 111B in intermediate states, displays of intermediate
colors are possible, and thus, the liquid crystal display 21
can be used as a full-color display.

[0038] The liquid crystal 116 preferably exhibits a cho-
lesteric phase at room temperature. Especially chiral nem-
atic liquid crystal which is produced by adding a chiral agent
to nematic liquid crystal is suited.

[0039] A chiral agent is an additive which, when it is
added to nematic liquid ecrystal, twists molecules of the
nematic liquid crystal. When a chiral agent is added to
nematic liquid crystal, the liquid crystal molecules form a
helical structure with uniform twist intervals, and thus, the
liquid crystal exhibits a cholesteric phase.

[0040] However, the liquid crystal display with a memory
effect is not necessarily of this structure. The resin nodules
may be of a wall type or may be omitted. It is possible to
structure the liquid crystal display layer to be a polymer-
dispersed type composite layer in which liquid crystal is
dispersed in a conventional three-dimensional polymer net
or in which a three-dimensional polymer net is formed in
liquid crystal.

Driving Circuit; See FIG. 2

[0041] As FIG. 2 shows, the pixels of the liquid crystal
display 100 are structured into a matrix which is composed
of a plurality of scan electrodes R1, R2, . . . Rm and a
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plurality of data electrodes C1, C2, . . . Cn (n, m: natural
numbers). The scan ¢lectrodes R1, R2 . . . Rm are connected
to output terminals of a scan electrode driving IC 131, and
the data electrodes C1, C2, . . . Cn are connected to output
terminals of a data electrode driving IC 132.

[0042] The scan electrode driving IC 131 outputs a selec-
tive signal to a specified one of the scan electrodes R1,
R2, . . . Rm while outputting a non-selective signal to the
other scan electrodes R1, R2, . . . Rm. The scan electrode
driving IC 131 outputs the selective signal to the scan
electrodes R1, R2, . . . Rm one by one at specified time
intervals. In the meantime, the data electrode driving IC 132
outputs signals to the data electrodes C1, C2, . . . Cn
simultaneously in accordance with image data to write the
pixels on the selected scan electrode. For example, while a
scan electrode Ra (a=m, a: natural number) is selected, the
pixels LRa-C1 through [LRa-Cn on the intersections of the
scan electrode Ra and the data electrodes C1, C2, ... Cn are
written simultaneously. In each pixel, the voltage difference
between the scan electrode and the data electrode is a
voltage for writing the pixel (writing voltage), and each
pixel is written in accordance with this writing voltage.

[0043] The driving circuit of the liquid crystal display 100
comprises a CPU 135, an LCD controller 136, an image
processing device 137, and an image memory 138 and the
driving ICs (drivers) 131 and 132. In accordance with image
data stored in the image memory 138, the LCD controller
136 controls the driving ICs 131 and 132. Thereby, voltages
are applied between the scan electrodes and the data elec-
trodes of the liquid crystal display 100 serially, so that an
image is written on the liquid crystal display 100.

[0044] It is preferred to provide three driving ICs 131 and
three driving ICs 132 for the respective red, green and blue
display layers, that is to provide three driving systems. It is,
however, possible that with respect to either the driving IC
131 or the driving IC 132, only a single driving IC is used
for the three display layers.

[0045] Further, when writing on part of the liquid crystal
display, only specified scan electrodes including the part
shall be sclected. In this way, writing is carried out on only
necessary part of the liquid crystal display, which requires a
shorter time.

[0046] Writing can be carried out in the above-described
way. If an image is displayed on the liquid crystal display,
preferably, all the pixels are reset to the same state before
writing a new image so that the newly written image will not
be influenced by the previously displayed image. The reset
of all the pixels may be carried out simultaneously or may
be carried out serially by scan electrode.

[0047] When writing on part of the liquid crystal display,
the scanning lines in the part to be subjected to writing may
be reset serially by scan electrode or may be reset at one
time.

Driving Method; See FIG. 3

[0048] First, the principle of a method for driving the
liquid crystal display 100 is described. FIG. 3 shows a
fundamental voltage waveform applied to liquid crystal in
the driving method according to the present invention. The
waveform using AC pulses shown in FIG. 3 is only an
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example, and the driving method according to the present
invention does not necessarily use this waveform.

[0049] This driving method generally comprises a reset
step, a selection step, an evolution step and a display step.
In the reset step, the liquid crystal is reset to a homeotropic
state. In the selection step, a voltage to select the final state
of the liquid crystal is applied. In the evolution step, the
liquid crystal is caused to evolve to the selected final state.

[0050] As FIG. 3 shows, typically, the reset step is divided
into a plurality of alternating cycles, each of which is
composed of a positive period and a negative period. In each
of the alternating cycles during the reset step, a reset pulse
of a voltage +Vr is applied to the liquid crystal. Such pulses
for one or more cycles are referred to as a reset waveform.

[0051] Likewise, the evolution step is divided into a
plurality of alternating cycles. In each of the cycles during
the evolution step, an evolution pulse of a voltage Ve is
applied to the liquid crystal. Such pulses for one or more
cycles are referred to an evolution waveform.

[0052] Inthe reset step and in the evolution step, a half of
each alternating cycle is a polarity maintaining period.

[0053] In the display step, crosstalk pulses which are
caused by signals to perform writing on pixels on the other
scanning lines are applied. Accordingly, the display step will
be also referred to as a crosstalk step in the following
paragraphs. The voltage of the crosstalk pulses is smaller
than the threshold value to change the state of the liquid
crystal. When writing of an image is completed, that is,
when all the pixels have gone through the evolution step, the
driving ICs 131 and 132 may be stopped so that the voltage
applied to the liquid crystal will be OV.

[0054] In the selection step, a selection pulse is applied.
The selection pulse is modulated in accordance with image
data, that is, depending on whether the pixel is selected to
finally come to a planar state, a focal-conic state or an
intermediate state between the planar state and the focal-
conic state. Further, it is possible to provide break times
(pre-selection step and post-selection step) before and after
the time of applying the selection step.

[0055] Next, the state of the liquid crystal is described.
First, in the reset step, the reset waveform is applied to the
liquid crystal, and thereby, the liquid crystal is reset to a
homeotropic state. The form of the selection pulse to be
applied to the liquid crystal in the succeeding selection step
depends on whether the liquid crystal is desired to finally
come to a planar state or to a focal-conic state.

[0056] First, a case of selecting a planar state as the final
state of the liquid crystal is described. In this case, in the
selection step, an AC selection pulse of a voltage +Vs is
applied to the liquid crystal, and thereby, the liquid crystal
is substantially kept in the homeotropic state. A half of the
alternating cycle of the selection pulse is a polarity main-
taining period. Thereafter, in the evolution step, the evolu-
tion waveform is applied to the liquid crystal. By the
application of the evolution waveform, the liquid crystal is
kept in the homeotropic state.

[0057] Further, if the pre-selection step and/or the post-
selection step are provided, the liquid crystal comes to a
slightly twisted state in these steps; however, the final state
of the liquid crystal after the evolution step is the same as
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that in the case of not providing the pre-selection step and
the post-selection step. The merit of providing the pre-
selection step and the post-selection step is shortening the
application time of the selection pulse, and this results in an
increase in the driving speed.

[0058] In the display step, OV or crosstalk pulses which
are of a voltage smaller than the threshold value to change
the state of the liquid crystal is/are applied to the liquid
crystal, and thereby, the liquid crystal comes to a planar
state. The liquid crystal in a planar state stays in the state
after stoppage of the voltage applied thereto.

[0059] Next, a case of selecting a focal-conic state as the
final state of the liquid crystal 1s described. In this case, in
the selection step, a selection pulse of which energy is lower
than the energy of the selection pulse for selecting a planar
state (for example, a selection pulse of a voltage lower than
Vs) is applied. Thereby, the liquid crystal is twisted and
comes to a transient state in which the helical pitch is
widened approximately double.

[0060] In a case of sclecting a focal-conic state, the
selection pulse may be 0. In this case, it can be considered
that the voltage of the selection pulse is minimized while the
polarity maintaining period is kept. Also, it can be consid-
ered that the pulse width of the selection pulse is minimized
and accordingly, the polarity maintaining period is mini-
mized.

[0061] Thereafter, by application of the evolution wave-
form, the liquid crystal which has come to a twisted state
changes into a focal-conic state. In the display step, as in the
case of selecting a planar state, OV or crosstalk pulses which
are of a voltage smaller than the threshold value to change
the state of the liquid crystal is/are applied to the liquid
crystal. The liquid crystal in a focal-conic state stays in the
state after stoppage of the voltage applied thereto.

[0062] Thus, the final state of the liquid crystal depends on
the selection pulse applied in the selection step. By changing
the voltage and the pulse width of the selection pulse, and
more specifically by changing the pulse form applied to each
of the data electrode in accordance with image data, inter-
mediate tones can be displayed.

[0063] From the start of the reset step to the end of the
evolution step, the liquid crystal is substantially in a trans-
parent state, and accordingly, the light absorbing layer 121
is seen.

[0064] In the driving method according to the present
invention shown by FIG. 3, the polarity maintaining periods
of the reset pulses applied to the liquid crystal and the
polarity maintaining periods of the evolution pulses applied
to the liquid crystal are longer than the polarity maintaining
period of the selection pulse applied to the liquid crystal.
Also, compared with a conventional driving method shown
by FIG. 6, the polarity maintaining periods of the reset
pulses in the reset step and those of the evolution pulses in
the evolution step of the driving method according to the
present invention are longer than those of the conventional
method, and on the contrary, the number of polarity inver-
sions in the reset step and that in the evolution step of the
driving method according to the present invention are
smaller than those of the conventional method. In the driving
method shown by FIG. 3, there are three polarity inversions
in each of the reset waveform and the evolution waveform.
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(The reset waveform and the evolution waveform each have
two alternating cycles, each of which is composed of a
positive period and a negative period.) This contributes to a
reduction in consumption of electric power. However, such
a decrease in number of polarity inversions of the reset
waveform and the evolution waveform shall be in an extent
in which an occurrence of residual potential (electrical
polarization) of the liquid crystal because of ions in impu-
rities contained in the liquid crystal and degradation of the
liquid crystal molecules can be prevented. In each of the
reset waveform and the evolution waveform, there shall be
at least one polarity inversion and preferably two or more
polarity inversions. In such a case, by performing the
polarity inversions in such a way that the number of positive
periods and the number of negative periods of the pulses will
be equal to each other, an occurrence of residual potential
and degradation of liquid crystal molecules can be prevented
more effectively.

Driving Example 1; See FIG. 4

[0065] A first example of matrix driving according to the
above-described method is described.

[0066] FIG. 4 shows exemplary driving voltage wave-
forms which act on pixels LCD1, L.CD2 and L.CD3 which
are arranged in a matrix and exemplary pulse waveforms
which are applied to scan electrodes (ROW1, ROW2 and
ROW3) and to a data electrode (COLUMN) to achieve the
driving voltage waveforms. ROW1, ROW2 and ROW3
mean the lines on the scan electrodes, and COLUMN means
the line on the data electrode. In this example, a signal which
commands transparence, an intermediate tone and total
reflection alternately in this order is sent to the data elec-
trode.

[0067] In FIG. 4, for simplification, the reset step and the
evolution step are twice as long as the step of applying a
selection pulse (selection pulse application step). Actually,
however, it is preferred that the reset step and the evolution
step are long enough that the liquid crystal can be com-
pletely reset and can evolve to the selected state correctly,
and usually, the reset step and the evolution step are suffi-
ciently long compared with the selection pulse application
step, for example, are tens of times as long as the selection
pulse application step.

[0068] In FIG. 4, for simplification of illustration, only
one polarity inversion is illustrated both in the reset step and
in the evolution step; however, the number of polarity
inversions may be three as shown by FIG. 3 or more, or the
number of alternating cycles may be two as shown by FIG.
3 or more.

[0069] As described above, in this first example, the
selection step is divided into a selection pulse application
step, a pre-selection step and a post-selection step which are
before and after the selection pulse application step. The
length of the pre-selection step and the length of the post-
selection step are multiples of the length of the selection
pulse application step. In FIG. 4, the length of the pre-
selection step and that of the post-selection step are equal to
the length of the selection pulse application step.

[0070] In this case, to each of the scan electrodes (ROWI,
ROW2 and ROW3), a reset voltage +V1, a selection voltage
+V2 and an evolution voltage +V3 are applied, and the
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length of the reset step and the length of the evolution step
are multiples of (in FIG. 4, twice) the length of the selection
pulse application step. In the display (crosstalk) step, OV is
applied to the scan electrodes. Meanwhile, to the data
electrode (COLUMN), a pulse waveform of a voltage +V4
is applied, and the phases of pulses are shifted in accordance
with image data.

[0071] In this first example, the form of the selection pulse
is determined by the phase and the value of the voltage +V4
applied to the COLUMN and the selection voltage +V2.
When the voltage +V4 is in phase with the selection voltage
+V2, the selection pulse of a voltage +(V2-V4) acts on the
pixel, and the pixel is selected to finally come to a trans-
parent state (focal-conic state). When the voltage +V4 is in
inverse phase with the selection voltage +V2, the selection
pulse of a voltage +(V2+V4) acts on the pixel, and the pixel
is selected to finally come to a selective reflection state
(planar state). The voltages V2 and V4 are appropriate
values to select the transparent state and the selective
reflection state, and also, the voltage V4, which acts on the
other pixels as a crosstalk voltage, is a value less than a
threshold value to change the state of the liquid crystal.

[0072] In the first example, lines are scanned at uniform
time intervals corresponding to the length of the selection
pulse application step. In other words, the length of the
selection pulse application step is equal to the scanning time.
In a case of providing a pre-selection step and a post-
selection step, line scanning may be performed at time
intervals corresponding to the length of the selection step
including the pre-selection step and the post-selection step.
In this case, the length of the selection step is equal to the
scanning time.

[0073] In FIG. 4, the amplitude of the pulse waveform
applied to the scan electrode in the reset step and the
amplitude of the pulse waveform applied to the scan elec-
trodes in the evolution step are larger than the maximum
amplitude of the pulse waveform applied to the data elec-
trode. In other words, the pulse voltage applied to the data
electrode, even at the maximum, is smaller than the pulse
voltage applied to the scan electrodes in the reset step and
that in the pulse voltage applied to the scan electrodes in the
evolution step (V,>V,, V,>V,) so that crosstalk will not
occur. Therefore, the pulse waveform applied to the scan
electrode substantially determines the number of polarity
inversions and the length of the polarity maintaining periods
of the reset waveform and those of the evolution waveform
applied to the pixels (liquid crystal). It is possible to vary the
pulse waveforms applied to the scan electrodes indepen-
dently of each other. By the variation of the pulse waveforms
applied to the scan electrodes, the waveforms applied to the
pixels can be adjusted line by line in the number of polarity
inversions and the length of the polarity maintaining peri-
ods.

[0074] In the first example, therefore, compared with the
driving method shown by FIG. 6, the polarity maintaining
periods of the pulses applied to each of the scan electrodes
in the reset step are longer than the polarity maintaining
period of the selection pulse acting on the liquid crystal in
the selection pulse application step, and the polarity main-
taining periods of the pulses applied to each of the scan
electrodes in the evolution step are longer than the polarity
maintaining period of the selection pulse acting on the liquid
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crystal. Accordingly, the polarity maintaining periods of the
reset waveform and the evolution waveform acting on the
liquid crystal become longer than the polarity maintaining
period of the selection pulse acting on the liquid crystal, and
the number of polarity inversions of the reset waveform and
the evolution waveform applied to the liquid crystal can be
decreased.

Driving Example 2; See FIG. 5§

[0075] A second example of matrix driving according to
the driving method is described.

[0076] Waveforms applied to the scan electrodes and the
data electrode shown in FIG. 5 are achieved by superim-
posing a voltage V1 on the respective waveforms shown in
FIG. 4. In this case, the waveforms acting on the pixels are
of the same waveforms as those shown in FIG. 4.

[0077] In the second example, the polarity maintaining
periods of the pulses applied to each of the scan electrodes
in the reset step and the polarity maintaining periods of the
pulses applied to each of the scan electrodes in the evolution
step are longer than the polarity maintaining period of the
selection pulse acting on the pixel in the selection pulse
application step. Thereby, the polarity maintaining periods
of the reset waveform and the evolution waveform applied
to the liquid crystal can be lengthened, and the number of
polarity inversions of the reset waveform and the evolution
waveform applied to the liquid crystal can be decreased.

Other Embodiments

[0078] The structure, the materials, the producing method
of the liquid crystal display are arbitrary. The liquid crystal
display is not necessarily of the three-layered structure
composed of R, G and B layers and may be of a single layer
structure. The voltage values and the times of wvoltage
application illustrated as pulse waveforms are merely
examples.

[0079] In the above embodiments, both the polarity main-
taining period of the reset pulse and the polarity maintaining
period of the evolution pulse are longer than the polarity
maintaining period of the selection pulse acting on the pixel
in the selection pulse application step; however, it is possible
to sct only one of the polarity maintaining periods longer
than the polarity maintaining period of the selection pulse.

[0080] Although the present invention has been described
in connection with the preferred embodiments above, it is to
be noted that various changes and modifications are possible
to those who are skilled in the art. Such changes and
modifications are to be understood as being within the scope
of the present invention.

What is claimed is:

1. A method for driving a liquid crystal display by
applying AC pulses to a liquid crystal layer through a
plurality of scan electrodes and a plurality of data electrodes
which face and cross each other, in which the scan electrodes
are selected for scanning successively at specified time
intervals, said method comprising;:

a reset step of applying a reset pulse, which is to reset
liquid crystal of the liquid crystal layer to a predeter-
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mined state, to an area of the liquid crystal layer that
corresponds to a selected one of the scan electrodes;
and

a selection step of applying a selection pulse, which is to
select a final state of the liquid crystal, to the area of the
liquid crystal after the reset step;

wherein:

a pulse applied to the selected one of the scan electrodes
during the reset step has an amplitude which is larger
than a maximum amplitude of pulses applied to each of
the data electrodes and has a polarity maintaining
period which is longer than that of the selection pulse,
so that the reset pulse has an alternating cycle which is
longer than that of the selection pulse.

2. The method according to claim 1, further comprising an
evolution step of applying an evolution pulse, which is to
cause the liquid crystal to evolve to the selected final state,
to the area of the liquid crystal layer.

3. The method according to claim 2, wherein:

a pulse applied to the selected one of the scan electrodes
during the evolution step has an amplitude which is
larger than the maximum amplitude of the pulses
applied to each of the data electrodes and has a polarity
maintaining period which is longer than that of the
selection pulse, so that the evolution pulse has an
alternating cycle which is longer than that of the
selection pulse.

4. The method according to claim 1, wherein the polarity
inversion cycle of the reset pulse is sufficiently long to
prevent the liquid crystal from being polarized.

5. The method according to claim 1, wherein the time
intervals to select the scan electrodes successively is deter-
mined based on a time defined by the selection pulse.

6. The method according to claim 1, wherein the maxi-
mum amplitude of the pulses applied to each of the data
electrodes is lower than a threshold to change the state of the
liquid crystal.

7. The method according to claim 1, wherein the liquid
crystal exhibits a cholesteric phase having a selection reflec-
tive characteristic.

8. The method according to claim 7, wherein the liquid
crystal exhibits bistability between a planar state and a
focal-conic state.

9. A method for driving a liquid crystal display by
applying AC pulses to a liquid crystal layer through a
plurality of scan electrodes and a plurality of data electrodes
which face and cross ¢ach other, in which the scan electrodes
are selected for scanning successively at specified time
intervals, said method comprising:

a selection step of applying a selection pulse, which is to
select a final state of the liquid crystal, to an area of the
liquid crystal layer that corresponds to a selected one of
the scan electrodes; and

an evolution step of applying an evolution pulse, which is
to cause the liquid crystal to evolve to the selected final
state, to the area of the liquid crystal layer;

wherein a pulse applied to the selected one of the scan
electrodes during the evolution step has an amplitude
which is larger than a maximum amplitude of pulses
applied to each of the data electrodes and has a polarity
maintaining period which is longer than that of the
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selection pulse, so that the evolution pulse has an
alternating cycle which is longer than that of the
selection pulse.

10. The method according to claim 9, further comprising
a resct step of applying a reset pulse, which is to reset liquid
crystal of the liquid crystal layer to a predetermined state, to
the area of the liquid crystal layer.

11. The method according to claim 9, wherein the polarity
inversion cycle of the evolution pulse is sufficiently long to
prevent the liquid crystal from being polarized.

12. The method according to claim 9, wherein the time
intervals to select the scan electrodes successively is deter-
mined based on a time defined by the selection pulse.

13. The method according to claim 9, wherein the maxi-
mum amplitude of the pulses applied to each of the data
electrodes is lower than a threshold to change the state of the
liquid crystal.

14. The method according to claim 9, wherein the liquid
crystal exhibits a cholesteric phase having a selective reflec-
tion characteristic.

15. The method according to claim 14, wherein the liquid
crystal exhibits bistability between a planar state and a
focal-conic state.

16. A liquid crystal display device comprising:

a liquid crystal display comprising:
a plurality of scan electrodes;

a plurality of data electrodes crossed over the scan
electrodes; and

a liquid crystal layer sandwiched between the scan
electrodes and the data electrodes, said liquid crystal
layer including liquid crystal; and

a driver which is connected to the scan electrodes and to
the data electrodes, the driver being adapted to scan the
liquid crystal display by successively selecting the scan
electrodes at specified time intervals and thereby apply-
ing AC pulses to an area of the liquid crystal layer
corresponding to a selected one of the scan electrodes,
the AC pulses comprising:

a reset pulse, which is to reset liquid crystal of the
liquid crystal layer to a predetermined state, to the
area of the liquid crystal layer during a reset step; and

a selection pulse, which is to select a final state of the
liquid crystal, to the area of the liquid crystal during
a selection step that is subsequent to the reset step,

wherein a pulse applied to the selected one of the scan
electrodes during the reset step has an amplitude
which is larger than a maximum amplitude of pulses
applied to each of the data electrodes and has a
polarity maintaining period which is longer than that
of the selection pulse, so that the reset pulse has an
alternating cycle which is longer than that of the
selection pulse.

17. The liquid crystal display device according to claim
16, wherein the AC pulses further comprise an evolution
pulse, which is to cause the liquid crystal to evolve to the
selected final state, to the area of the liquid crystal layer
during an evolution step that is subsequent to the selection
step.

18. The liquid crystal display device according to claim
17, wherein the evolution pulse has an amplitude which is
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larger than the maximum amplitude of the pulses applied to
each of the data electrodes and has a polarity maintaining
period which is longer than that of the selection pulse, so that
the evolution pulse has an alternating cycle which is longer
than that of the selection pulse.

19. The liquid crystal display device according to claim
16, wherein the polarity inversion cycle of the reset pulse is
sufficiently long to prevent the liquid crystal from being
polarized.

20. The liquid crystal display device according to claim
16, wherein the time intervals to select the scan electrodes
successively is determined based on a time defined by the
selection pulse.

21. The liquid crystal display device according to claim
16, wherein the maximum amplitude of the pulses applied to
each of the data electrodes is lower than a threshold to
change the state of the liquid crystal.

22. The liquid crystal display device according to claim
16, wherein the liquid crystal exhibits a cholesteric phase
having a selective reflection characteristic.

23. The liquid crystal display device according to claim
22, wherein the liquid crystal exhibits bistability between a
planar state and a focal-conic state.

24. A liquid crystal display device comprising:

a liquid crystal display comprising:
a plurality of scan electrodes;

a plurality of data electrodes crossed over the scan
electrodes; and

a liquid crystal layer sandwiched between the scan
electrodes and the data electrodes, said liquid crystal
layer including liquid crystal; and

a driver which is connected to the scan electrodes and to
the data electrodes, the driver being adapted to scan the
liquid crystal display by successively selecting the scan
electrodes at specified time intervals and thereby apply-
ing AC pulses to an area of the liquid crystal layer
corresponding to a selected one of the scan electrodes,
the AC pulses comprising:

a selection pulse, which is to select a final state of the
liquid crystal, to the area of the liquid crystal during
a selection step; and

an evolution pulse, which is to cause the liquid crystal
to evolve to the selected final state, to the areca of the
liquid crystal layer during an evolution step that is
subsequent to the selection step;

wherein a pulse applied to the selected one of the scan
electrodes during the evolution step has an amplitude
which is larger than a maximum amplitude of pulses
applied to each of the data electrodes and has a
polarity maintaining period which is longer than that
of the selection pulse, so that the evolution pulse has
an alternating cycle which is longer than that of the
selection pulse.

235. The liquid crystal display device according to claim
24, wherein the AC pulses further comprise a reset pulse,
which is to reset the liquid crystal to a predetermined state,
to the area of the liquid crystal layer during a reset step that
is prior to the selection step.
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26. The liquid crystal display device according to claim
24, wherein the polarity inversion cycle of the reset pulse is
sufficiently long to prevent the liquid crystal from being
polarized.

27. The liquid crystal display device according to claim
24, wherein the time intervals to select the scan electrodes
successively is determined based on a time defined by the
selection step.

28. The liquid crystal display device according to claim
24, wherein the maximum amplitude of the pulses applied to
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each of the data electrodes is lower than a threshold to
change the state of the liquid crystal.

29. The liquid crystal display device according to claim
24, wherein the liquid crystal exhibits a cholesteric phase
having a selective reflection characteristic.

30. The liquid crystal display device according to claim
28, wherein the liquid crystal exhibits bistability between a
planar state and a focal-conic state.

* * * * *
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