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CHOLESTERIC LIQUID CRYSTAL DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application and is
based upon PCT/JP2007/070086, filed on Oct. 15, 2007 the
entire contents of which are incorporated herein by reference.

FIELD

[0002] The embodiments discussed herein are related to a
cholesteric liquid crystal display device and a drive method
thereof.

BACKGROUND

[0003] Inrecentyears, the development of electronic paper
has been promoted in companies, universities, etc. Applied
fields expected to utilize electronic paper have been proposed,
including a variety of fields, such as electronic books, a sub-
display for mobile terminal equipment, and a display part of
an IC card. One promising methods of electronic paper is that
which uses cholesteric liquid crystal. A cholesteric liquid
crystal has excellent characteristics, such as the ability to
semipermanently hold a display (memory property), vivid
color display, high contrast, and high resolution.

[0004] Cholesteric liquid crystals are also referred to as
chiral nematic liquid crystals, which form a cholesteric phase
in which molecules of the nematic liquid crystal are in the
form of ahelix by adding a comparatively large amount (a few
tens of percent) of additives (chiral material) having chiral
property to the nematic liquid crystal.

[0005] FIG. 1A and FIG. 1B are diagrams explaining the
states of the cholesteric liquid crystals. As illustrated in FIG.
1A and FIG. 1B, a display element 10 that utilizes cholesteric
liquid crystals has an upper side substrate 11, a cholesteric
liquid crystal layer 12, and a lower side substrate 13. Choles-
teric liquid crystals have a planar state in which incident light
is reflected as illustrated in FIG. 1A and a focal conic state in
which incident light is transmitted as illustrated in FIG. 1B,
and theses states are maintained stably even if there is no
electric field.

[0006] In the planar state, light having a wavelength in
accordance with the helical pitch of liquid crystal molecules
is reflected. A wavelength A at which reflection is maximum
is expressed by the following expression where n is an aver-
age refractive index and p is a helical pitch

A=n-p.

[0007] On the other hand, a reflection band AX differs con-
siderably depending on a refractive index anisotropy An of
liquid crystal.

[0008] In the planar state, a “bright” state can be displayed
because incident light is reflected. On the other hand, in the
focal conic state, a “dark™ state, i.e., black can be displayed
because light having passed through the liquid crystal layer is
absorbed by a light absorbing layer provided under the lower
side substrate 13.

[0009] Next, a method of driving a display element that
utilizes cholesteric liquid crystals is explained.

[0010] FIG. 2 illustrates an example of a voltage-reflection
characteristic of general cholesteric liquid crystals. The hori-
zontal axis represents a voltage value (V) of a pulse voltage to
be applied with a predetermined pulse width between elec-
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trodes that sandwich cholesteric liquid crystals and the verti-
cal axis represents a reflectivity (%) of cholesteric liquid
crystals. A curve P of a solid line illustrated in FIG. 2 repre-
sents the voltage-reflectivity characteristic of cholesteric liq-
uid crystals when the initial state is the planar state and a curve
FC of a broken line represents the voltage-reflectivity char-
acteristic of cholesteric liquid crystals when the initial state is
the focal conic state.

[0011] In FIG. 2, if a predetermined high voltage VP100
(for example, 36 V) is applied between the electrodes to
generate a relatively strong electric field in the cholesteric
liquid crystal, the helical structure of the liquid crystal mol-
ecules is undone completely and a homeotropic state is
brought about, where all of the molecules align in the direc-
tion of the electric field. Next, when the liquid crystal mol-
ecules are in the homeotropic state, if the applied voltage is
reduced rapidly from VP100 to a predetermined low voltage
(for example, VF0=%4 V) to reduce the electric field in the
liquid crystal almost to zero, the helical axis of the liquid
crystal becomes perpendicular to the electrode and the planar
state is brought about, where light in accordance with the
helical pitch is reflected selectively.

[0012] On the other hand, if a predetermined low voltage
VF100b (for example, +24 V) is applied between electrodes
to generate a relatively weak electrical field in the cholesteric
liquid crystal, a state is brought about where the helical struc-
ture of the liquid crystal molecules is not undone completely.
In this state, if the applied voltage is reduced rapidly from
VF100b to the low voltage VFO to rapidly reduce the electric
field in the liquid crystal almost to zero, or a strong electric
field VP100 is removed gradually, the helical axis of the liquid
molecule becomes parallel with the electrode and the focal
conic state where incident light is transmitted is brought
about.

[0013] Further, if the electric field is removed rapidly by
applying an electric field of intermediate strength, the planar
state and the focal conic state coexist in a mixed condition and
it is possible to display a gradation.

[0014] A display is produced by utilizing the above-men-
tioned phenomena.

[0015] The principles of a driving method based on the
voltage response characteristic described above are explained
with reference to FIG. 3A to FIG. 3C.

[0016] FIG. 3A illustrates the pulse response characteristic
when the pulse width of a voltage pulse is a few tens of ms,
FIG. 3B illustrates the pulse response characteristic when the
pulse width of a voltage pulse is 1.88 ms, and FIG. 3C illus-
trates the pulse response characteristic when the pulse width
of'avoltage pulseis 0.94 ms. In each figure, a voltage pulse to
be applied to a cholesteric liquid crystal is illustrated on the
upper side and the voltage-reflectivity characteristic is illus-
trated on the lower side, and the horizontal axis represents a
voltage (V) and the vertical axis represents reflectivity (%).
Asawellknown drive pulse of a liquid crystal, a voltage pulse
is a combination of a positive polarity pulse and a negative
polarity pulse in order to prevent the liquid crystal from
deteriorating due to polarization.

[0017] As illustrated in FIG. 3A, when the pulse width is
great, as illustrated by the solid line, if the initial state is the
planar state, the state changes into the focal conic state when
the voltage is raised to a certain range and if the voltage is
further raised, the state changes into the planar state again. As
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illustrated by the broken line, when the initial state is the focal
conic state, the state gradually changes into the planar state as
the pulse voltage is raised.

[0018] When the pulse width is great, the voltage pulse, at
which the state changes into the planar state whether the
initial state is the planar state or the focal conic state, is £36 V,
and therefore, the initialization pulse is set to a pulse of 36V
as illustrated in FIG. 3A. With a pulse voltage in the middle of
this range, the state is such that the planar state and the focal
conic state coexist in a mixed condition, and therefore, a
gradation can be obtained.

[0019] On the other hand, when the pulse width is 1.88 ms
as illustrated in FIG. 3B, when the initial state is the planar
state, the reflectivity remains unchanged when the voltage
pulse is about 10 V, however, at higher voltages, the state is
such that the planar state and the focal conic state coexist in a
mixed condition, and therefore, the reflectivity is reduced.
The amount of reduction in reflectivity increases as the volt-
age is increased, however, when the voltage is increased than
36 V, the amount of reduction in reflectivity becomes con-
stant. This is also the same when the initial state is a state
where the planar state and the focal conic state coexist in a
mixed condition. Because of this, when the initial state is the
planar state, if a voltage pulse having a pulse width of 1.88 ms
and a pulse voltage of about 20 V is applied once, the reflec-
tivity is reduced by a certain amount. In this manner, in the
state where the planar state and the focal conic state coexist in
a mixed condition and the reflectivity is reduced by a small
amount, if a voltage pulse having a pulse width of 1.88 ms and
apulsevoltage of about 20V is further applied, the reflectivity
is reduced further. If this is repeated, the reflectivity is
reduced to a predetermined value. As described above, when
the pulse width is 1.88 ms, the reflectivity (gradation) changes
by a voltage pulse of about 20 V, but does not change by a
voltage pulse of about 10V, and therefore, the pulse in FIG.
3B is setto x18.6 V when ON, and to £9.3 V when OFF.

[0020] As illustrated in FIG. 3C, when the pulse width is
0.94 ms, the reflectivity is reduced when a voltage pulse is
applied in a manner similar to that when the pulse width is
1.88 ms, however, the amount of reduction in reflectivity is
smaller compared to the case where the pulse width is 1.88
ms.

[0021] From the above, it can be thought that ifa pulse of 36
V having a great width is applied, the planar state is brought
about and if a gradation pulse of about ten-something to 20V
is applied, a state where the planar state and the focal conic
state coexist in a mixed condition is brought about and the
reflectivity is reduced, and the amount of reduction in reflec-
tivity depends on the cumulative time of the gradation pulse.
[0022] As to the multi-gradation display method by choles-
teric liquid crystal, there have been proposed various driving
methods. The method of driving a multi-gradation display by
cholesteric liquid crystal is divided into a dynamic driving
method and a convention driving method.

[0023] Japanese Laid-open Patent Publication No. 2001-
228459 describes a dynamic driving method. Y.-M. Zhu,
D-K. Yang, Cumulative Drive Schemes for Bistable Reflec-
tive Cholesteric LCDs, SID 98 DIGEST, pp798-801, 1998
describes the conventional driving method.

[0024] Japanese Laid-open Patent Publication No. 2000-
147466 and Japanese Laid-open Patent Publication No. 2000-
171837 describe a method of driving a fast-forward mode that
applies resetting to the focal conic state.
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[0025] When a gradation is set by utilizing the cumulative
time by the conventional driving method, there can be thought
a method in which the pulse width is varied, in addition to a
method of adjusting the number of times of application of a
short pulse, as described above. The method of varying the
pulse width has an advantage over the method of adjusting the
number of times of application of a short pulse from the
standpoint of suppression of power consumption. Hereinaf-
ter, a method of setting a gradation by varying the pulse width
to vary the cumulative time is referred to as a pulse width
modulation (PWM) method.

[0026] Japanese Laid-open Patent Publication No.
04-62516 describes a configuration in which a positive polar-
ity pulse and a negative polarity pulse having different pulse
widths are applied in a liquid crystal display device, although
the display device does not use a cholesteric liquid crystal.
[0027] FIG. 4 is a diagram explaining an example of a
writing method in which a gradation is written by varying the
cumulative application time of a pulse in combination of both
the number of times of application of a pulse and the pulse
width.

[0028] Ina first step, initialization processing is performed
in which a high voltage pulse of +36 V having a pulse width
of'40 ms is applied to all of the pixels and all of the pixels are
brought into the planar state.

[0029] In a second step, processing to write a gradation is
performed. The second step is divided into three sub-steps,
that is, first, second and third sub-steps, and the first sub-step
is further divided into three sub-steps, that is, 1-1, 1-2 and 1-3
and the second sub-step is further divided into three sub-
steps, i.e., 2-1, 2-2 and 2-3.

[0030] Inthesub-step 1-1,apulseof£18.6'V havingapulse
width of 1.88 ms is applied, in the sub-step 1-2, a pulse of
+18.6 V having a pulse width 0f 0.94 ms is applied, and in the
sub-step 1-3, a pulse of +18.6 V having a pulse width of 0.47
ms is applied. The three sub-steps 1-1, 1-2 and 1-3 can be
performed continuously when one scan line is selected or can
be performed as different frames. Similarly, in the sub-step
2-1, a pulse of +18.6 V having a pulse width of 2.82 ms is
applied, in the sub-step 2-2, apulse of +18.6 V having a pulse
width of 1.41 ms is applied, and in the sub-step 2-3, a pulse of
+18.6'V having a pulse width 0f 0.94 ms is applied. The three
sub-steps 2-1, 2-2 and 2-3 can be performed continuously
when one scan line is selected or can be performed as differ-
ent frames. In the third sub-step 3, a pulse of £18.6 V having
a pulse width of 5.64 ms is applied. The sub-steps 1-1, 1-2,
1-3, 2-1, 2-2, 2-3 and 3 can also be performed continuously
when one scan line is selected.

[0031] The gradation level of each pixel is determined by
combining the sub-steps to be turned ON. For example, fora
gradation of zero, all of the sub-steps are turned ON. For a
gradation level of 3, the sub-steps 1-1, 1-2, 1-3, 2-1 and 3 are
turned ON and the other sub-steps are turned OFF. For a
gradation level of 12, the sub-steps 1-2 and 1-3 are turned ON
and the other sub-steps are turned OFF.

[0032] FIG.Sisadiagram illustrating a configuration of the
whole display device in the conventional example in which
the display element 10 of simple matrix type having a display
material with memory properties, such as cholesteric liquid
crystal, is used. For example, the display element 10 is in
conformity with the A4 size/XGA specifications and has
1,024x768 pixels. A power source 21 outputs a voltage of, for
example, 3 V to 5 V. A step-up part 22 steps up an input
voltage from the power source 21 to 38 V by a regulator, such
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as a DC-DC converter. A voltage switching part 23 generates
various voltages by voltage division using a resistor etc. A
voltage stabilization part 24 uses a voltage follower circuit of
an operational amplifier in order to stabilize the various volt-
ages supplied from the voltage switching part 23.

[0033] An original oscillation clock part 25 generates a
base clock used as a base of the operation. A divider part 26
divides the base clock and generates various clocks necessary
for the operation, to be described later.

[0034] A control circuit 27 generates a control signal based
on the base clock, various clocks, and image data D and
supplies it to a common driver 28 and a segment driver 29.
[0035] The common driver 28 drives 768 scan lines and the
segment driver 29 drives 1,024 data lines. Because image data
given to each pixel of RGB are different, the segment driver
29 drives each data line independently. The common driver 28
drives the line of RGB commonly. In the present embodi-
ment, a driver IC uses a general-purpose STN driver that
outputs two values. As a general-purpose STN driver that can
be used, various drivers are available.

[0036] As described above, in the cholesteric liquid crystal
display device, a voltage pulse of £36 V having a pulse width
of 40 ms is applied in the first step. In the second step, a
voltage pulse of £18.6 V having a narrow pulse width is
applied to a pixel to be written. Because of this, the scan lines
includes a line to which a selection voltage is applied and a
line to which a non-selection voltage is applied, and the data
lines include a line to which an ON voltage is applied and a
line to which an OFF voltage is applied, and there are four
combinations of applied voltages. It is necessary that only in
a pixel corresponding to a scan line to which a selection
voltage is applied and a data line to which an ON voltage is
applied, the gradation be changed and not changed in other
pixels. A general-purpose STN driver is configured to have
voltage terminals to which four kinds of voltage V0, V21,V34
and V5 are supplied and to output a voltage pulse that satisfies
the above-mentioned requirement.

[0037] FIG. 6A isadiagram illustrating voltage pulses to be
output in the positive polarity and negative polarity phases of
the segment driver 29 and the common driver 28.

[0038] As illustrated in FIG. 6A, the segment driver 29 is
supplied with 18.6V,9.3V,9.3Vand 0V as VO, V218, V34S
and V5 and outputs a voltage pulse with an ON voltage of VO
(18.6 V) and an OFF voltage of V34 (9.3 V) in the positive
polarity phase and outputs a voltage pulse with an ON voltage
of V5 (0 V) and an OFF voltage of V21 (9.3 V) in the negative
polarity phase. Similarly, the common driver 28 is supplied
with 18.6V, 13.95V, 4.65V and 0V as VO, V218, V34S and
V5 and outputs a voltage pulse with an ON voltage of V5 (0
V) and an OFF voltage of V21 (13.95 V) in the positive
polarity phase and outputs a voltage pulse with an ON voltage
of VO (20 V) and an OFF voltage of V34 (4.65 V) in the
negative polarity phase.

[0039] Because the voltage pulses described above are out-
put from the common driver 28 and the segment driver 29,
voltages as illustrated in FIG. 6B are applied to each pixel in
accordance with a combination of ON/OFF voltages of the
common driver 28 and the segment driver 29.

[0040] In the first step, the segment driver 29 is supplied
with 36 V,36 V,0V and 0 V as VO, V218, V34S and V5 and
the common driver 28 is supplied with 36 V,36 V, 0V and 0
V as VO, V21C, V34C and V5.

[0041] The voltage stabilization part 24 of the power source
circuit outputs V5, V218, V21C, V34S and V34C. V5is OV
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(GND) and it does not need to be output from the voltage
stabilization part 24. Consequently, the voltage stabilization
part 24 of the power source circuit outputs 36 V,36 'V, 36 V, 0
Vand 0V asV5,V21S,V21C,V34S and V34Cinthe first step
and outputs 18.6 V, 13.95V, 9.3V, 9.3V and 4.65 V in the
second step.

[0042] FIG. 7 is a diagram illustrating a conventional cir-
cuit configuration example of the voltage switching part 23
and the voltage stabilization part 24 and such a circuit is
provided for V5, V21S,V21C, V34S and V34C, respectively.
In other words, five such circuits are provided. Vout is a
step-up voltage output from the step-up part 22 and 38 V. The
voltage switching part 23 has a serial resistor row to generate
a desired voltage by dividing Vout and an analog switch 31
that switches voltages to be output. For example, a circuit
configured to generate V21C generates 36 V as a voltage A
and 9.3 V as a voltage B by division using a resistor, and the
analog switch 31 selects and outputs one of the voltages A and
B. The voltage stabilization part 24 has an operational ampli-
fier 32 that constitute a voltage follower circuit and realizes a
high source/sink capability required by a liquid crystal driver.
[0043] FIG. 8 is atime chart illustrating the operation in the
conventional liquid crystal display device illustrated in FIG.
5. Immediately before the first step is initiated, the step-up
part 22 is changed from the standby state into the operating
state by a step-up circuit control signal and outputs the step-
up voltage Vout. The output voltage Vout from the step-up part
22 is 38 V, the same both in the first step and in the second
step. When the first step is completed, the voltage switching
signal is switched to another, and accordingly, the voltage to
be supplied to the liquid crystal driver is switched to another.
[0044] The energy consumed in the second step accounts
for about 99% of the total consumed energy in the first step
and in the second step. In the second step, as described above,
a voltage of 38 V is applied to the operational amplifier 32 of
the five voltage stabilization parts 24 and voltages of 18.6'V,
13.95V, 9.3V, 9.3V and 4.65 V are output, respectively, and
therefore, more than half the energy is consumed in the opera-
tional amplifier 32. Consequently, by switching the power
source voltages of the operational amplifier 32 between the
first step and the second step, it is possible to reduce the
consumption of energy.

[0045] For example, if it is assumed that the size of the
display element 10 is A6 and the power source voltage of the
operational amplifier 32 is 38 V, the same both in the first step
and in the second step, while the average power consumption
of the part including the operational amplifier, the common
driver 28, the segment driver 29 and the display element 10 is
146 mW, the average power consumption is reduced to 85
mW when the power source voltage of the operational ampli-
fier 32 is set to 22 V in the second step. The consumed current
of the operational amplifier 32 in the standby state is 220 pA,
and therefore, 1.1 mA in total for the five operational ampli-
fiers, and while a total of the consumed current of the opera-
tional amplifier 32 in the standby state is 41.8 mW at 38V, it
18242 mW at 22'V.

[0046] For a cholesteric liquid crystal display device, con-
sumption of energy is very important because it is related to
the lifetime of a battery. As described above, it is possible to
reduce consumption of energy by setting the power source
voltage of the operational amplifier 32 to an optimum voltage
in the first step and in the second step, respectively, however,
such a measure is not conventionally used. The reason for this
is explained below.



US 2010/0194728 Al

[0047] There are two configurations for switching the out-
put voltages Vout of the step-up part 22. In one configuration,
the step-up part 22 is configured by a one step-up circuit and
the step-up ratios of the step-up circuit are switched and in the
other configuration, the step-up part 22 is configured by two
step-up circuits of different output voltages and an output is
selected.

[0048] FIG.9 is a diagram illustrating a configuration of a
conventional example of the step-up part 22 that has one
step-up circuit and the step-up ratios are switched thereby.
Reference numeral 35 represents a step-up circuit IC, for
example, [[T3463 (brand name) manufactured by Linear
Technology Corporation. This step-up circuit IC is a step-up
DC-DC converter. Reference numeral 36 is an analog switch
element. Between an SW terminal and a Vout terminal of the
step-up circuit IC35, a Schottky barrier diode is incorporated.
The output voltage Vout is set by a voltage to be fed back to a
feedback terminal FB of the step-up circuit IC35. The con-
figuration is such that Vout is divided by two resistors, i.e., a
1,500 KQ resistor and a 51 KQ resistor or a 90.4 KQ resistor
selected by the analog switch element 36 and thus feedback is
performed. As illustrated schematically, when the output
voltage control signal is at L, the 51 KQ resistor is selected by
the analog switch element 36 and Vout changes to 38 V, and
when the output voltage control signal is at H, the 90.4 KQ
resistor is selected by the analog switch element 36 and Vout
changes to 22 V.

[0049] However, the step-up part 22 in FIG. 9 has a problem
in that it takes a long time (settling time) for the output of the
step-up circuit to reach a predetermined low voltage when the
output Vout is switched from a high voltage to a low voltage.
Specifically, with a 4.7 uF decoupling capacitorand a 100 KQ
discharge resistor for reducing settling time, the power con-
sumption at the discharge resistor is 14.4 mW when Vout is 38
V and 4.8 mW when Vout is 22 V, and the settling time is 0.94
sec. In order to reduce the settling time to 0.1 sec or less, it is
necessary to set the resistance value of the discharge resistor
to about Yo and in this case, the power consumption is 135
mW when Vout is 38 V and 45 mW when Vout is 22V, which
are very large values. This makes it meaningless to reduce the
consumption of energy by reducing the voltage to be applied
to the operational amplifier in the second step.

[0050] In the configuration in FIG. 9, the output voltages
Vout are switched by switching the voltages to be fed back by
selecting the 51 KQ resistor and 90.4 K€ resistor by the
analog switch element 36; however, because of the nonlin-
earity of the analog switch element 36, there arises a problem
in that the step-up operation is likely to become unstable
when the step-up ratio is high and Vout=38 V. In particular, it
takes a considerably long time to reach a constant state after
the output voltages are switched and there is a problem that
noise is high.

[0051] Because of the above-mentioned reasons, in the
existing circumstances, the step-up part having a configura-
tion in which one step-up circuit illustrated in FIG. 9 is
provided and its step-up ratios are switched is not used.
[0052] FIG. 10 illustrates a configuration supposed when
two step-up circuits of different output voltages are provided
in the step-up part 22 and an output is selected. Reference
numerals 37 and 38 represent the same IC as the step-up
circuit IC35 in FIG. 9 and reference numeral 39 represents an
analog switch element. The step-up circuit IC 37 is set so that
the feedback voltage is Vout=38V, the step-up circuit IC 38 is
set so that the feedback voltage is Vout=22 V, and the output
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voltage Vout=38 V of the step-up circuit IC 37 and the output
voltage Vout=22 'V of the step-up circuit IC38 are selected by
the analog switch element 39.

[0053] Inthe circuit configuration in FIG. 10, the two step-
up circuit ICs are used and the cost is increased accordingly;
however, what brings about a problem of cost is the analog
switch element 39 rather than the step-up circuit IC. The
analog switch element 39 is used in a large-sized, high voltage
power source, and therefore, very expensive. In order to
reduce the settling time required for the output of the step-up
part 22 to switch from a high voltage to a low voltage, it is
indispensable to use the expensive analog switch element 39.
In actuality, the analog switch element 39 is more expensive
compared to the step-up circuit IC.

SUMMARY

[0054] According to a first aspect of the embodiments, a
cholesteric liquid crystal display device in which a first step
for applying a high voltage pulse to initialize a pixel to be
rewritten into a planar state and a second step for applying a
low voltage pulse to increase a coexistence ratio of a focal
conic state to the planar state in the initialized pixel are
performed and a gradation value is determined by a cumula-
tive time during which the low voltage pulse is applied,
includes: a voltage generation circuit that outputs a predeter-
mined voltage; and a driver circuit that generates a voltage
pulse to be applied to the pixel based on the predetermined
voltage supplied from the voltage generation circuit, wherein:
the voltage generation circuit includes: a step-up part that
generates a step-up voltage from a power source voltage; a
voltage switching part that generates a voltage control signal
specifying a voltage value of an output voltage from the
voltage generation circuit; and a voltage stabilization part that
generates the predetermined voltage in accordance with the
voltage control signal from the step-up voltage supplied from
the step-up part, wherein: the voltage stabilization part is
configured so as to suppress variations in output voltage with
respect to variations in the step-up voltage; and the step-up
part switches step-up ratios between the first step and the
second step.

[0055] According to a second aspect of the embodiments, a
cholesteric liquid crystal display device in which a first step
for applying a high voltage pulse to initialize a pixel to be
rewritten into a planar state and a second step for applying a
low voltage pulse to increase a coexistence ratio of a focal
conic state to the planar state in the initialized pixel are
performed and a gradation value is determined by a cumula-
tive time during which the low voltage pulse is applied,
includes: a voltage generation circuit that outputs a predeter-
mined voltage; and a driver circuit that generates a voltage
pulse to be applied to the pixel based on the predetermined
voltage supplied from the voltage generation circuit, wherein:
the voltage generation circuit includes: a step-up part that
generates a step-up voltage from a power source voltage; a
voltage switching part that generates a voltage control signal
specifying a voltage value of an output voltage from the
voltage generation circuit; and a voltage stabilization part that
generates the predetermined voltage in accordance with the
voltage control signal from the step-up voltage supplied from
the step-up part; the voltage stabilization part is configured so
as to suppress variations in output voltage with respect to
variations in the step-up voltage; the step-up part has two
step-up DC-DC converters that use one inductor each, and an
output voltage of one of the two step-up DC-DC converters is
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higher than the pulse wave height of a high voltage pulse at
the time of the first step and the other output voltage is higher
than the pulse wave height of a lower voltage pulse at the time
of the second step, and an output terminal of the two step-up
DC-DC converters is connected to one output terminal via a
diode; and the step-up part switches the step-up voltages
between the first step and the second step by controlling the
turning on/off of the two step-up DC-DC converters.

[0056] According to athird aspect of the embodiments, in a
method of driving a cholesteric liquid crystal display device,
the device including: a voltage generation circuit that outputs
a predetermined voltage; and a driver circuit that generates a
voltage pulse to be applied to a pixel based on the predeter-
mined voltage supplied from the voltage generation circuit,
wherein: the voltage generation circuit includes: a step-up
part that generates a step-up voltage from a power source
voltage; a voltage switching part that generates a voltage
control signal specifying a voltage value of an output voltage
from the voltage generation circuit; and a voltage stabiliza-
tion part that generates the predetermined voltage in accor-
dance with the voltage control signal from the step-up voltage
supplied from the step-up part, wherein the voltage stabiliza-
tion part is configured so as to suppress variations in output
voltage with respect to variations in the step-up voltage, the
method includes: a first step for applying a high voltage pulse
to initialize a pixel to be rewritten into a planar state and a
second step for applying a low voltage pulse to increase a
coexistence ratio of a focal conic state to the planar state in the
initialized pixel are performed and a gradation value is deter-
mined by a cumulative time during which the low voltage
pulse is applied; and the step-up ratios of the step-up part are
switched between the first step and the second step.

[0057] The object and advantages of the embodiments will
be realized and attained by means of the elements and com-
bination particularly pointed out in the claims.

[0058] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0059] FIG. 1A is a diagram explaining a planar state of
cholesteric liquid crystal;

[0060] FIG. 1B is a diagram explaining a focal conic state
of cholesteric liquid crystal;

[0061] FIG. 2 is a diagram explaining a state change of
cholesteric liquid crystal by a pulse voltage;

[0062] FIG. 3A is a diagram explaining a change in reflec-
tivity by a pulse having a high voltage and a great pulse width
to be applied to cholesteric liquid crystal;

[0063] FIG. 3B is a diagram explaining a change in reflec-
tivity by a pulse having an intermediate voltage and a narrow
pulse width to be applied to cholesteric liquid crystal;
[0064] FIG. 3C is a diagram explaining a change in reflec-
tivity by a pulse having an intermediate voltage and a nar-
rower pulse width to be applied to cholesteric liquid crystal;
[0065] FIG. 4 is a diagram explaining an example of a
method of writing a gradation by varying the cumulative
application time of a pulse in combination of both the number
of times of pulse application and the pulse width;

[0066] FIG. 5 is a diagram illustrating a general configura-
tion of a conventional display device that uses cholesteric
liquid crystal;
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[0067] FIG. 6A is a diagram illustrating an output pulse of
a general-purpose segment driver and a general-purpose com-
mon driver;

[0068] FIG. 6B is a diagram illustrating an applied voltage
of liquid crystal by the output pulse in FIG. 6A.

[0069] FIG. 7 is a diagram illustrating a configuration
example of a conventional voltage switching part and a volt-
age stabilization part;

[0070] FIG. 8 is a time chart illustrating the operation in a
device in a conventional example;

[0071] FIG.9is a diagram illustrating a conventional con-
figuration example supposed of a step-up part;

[0072] FIG. 10 is a diagram illustrating another conven-
tional configuration example supposed of a step-up part;
[0073] FIG. 11 is a diagram illustrating a general configu-
ration of a color display device in a first embodiment;
[0074] FIG. 12 is a diagram illustrating a configuration of a
step-up part of the color display device in the first embodi-
ment;

[0075] FIG. 13 is a diagram illustrating a configuration of a
voltage switching part and a voltage stabilization part of the
color display device in the first embodiment;

[0076] FIG. 14 is a diagram illustrating another configura-
tion example of the voltage switching part and the voltage
stabilization part of the color display device in the first
embodiment;

[0077] FIG. 15 is a time chart illustrating the operation of
the color display device in the first embodiment;

[0078] FIG. 16 is a diagram illustrating a configuration of a
step-up part of a color display device in a second embodi-
ment;

[0079] FIG. 17 is a diagram illustrating a configuration of a
step-up part of a color display device in a third embodiment;
and

[0080] FIG. 18 is a time chart illustrating the operation of
the color display device in the third embodiment.

DESCRIPTION OF EMBODIMENTS

[0081] Embodiments are explained below with reference to
the drawings.
[0082] FIG. 11 is a diagram illustrating a configuration of

the whole of a cholesteric liquid crystal display device of a
first embodiment. As is obvious from comparison with FIG.
5, the cholesteric liquid crystal display device has a configu-
ration similar to that of the conventional display device but
differs from the conventional display device in a step-up part
41, a voltage switching part 42 and a voltage stabilization part
43. Consequently, only the different parts are explained and
explanation of the other parts is omitted here.

[0083] As illustrated in FIG. 5, in the conventional device,
the step-up part 22 generates the high voltage Vout (for
example, 38 V) by stepping up the voltage of the power source
21, the voltage switching part 23 generates the voltages VO,
V218, V21C, V348 and V34C to be output by dividing the
voltage Vout by a resistor, and the voltage stabilization part 24
stabilizes and outputs the voltages. In contrast to this, as
illustrated in FIG. 11, in the first embodiment, the high volt-
age generated in the step-up part 41 is supplied to the voltage
stabilization part 43. The voltage switching part 42 generates
a voltage of 1/G of the voltage to be output from the voltage
stabilization part 43 (output voltage to the driver) from the
output voltage of the power source 21 by voltage division
using a resistor etc., where the amplification factor in the
voltage stabilization part 43 is assumed to be G. The voltage
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stabilization part 43 amplifies the voltage generated as
described above and generates an output voltage to the driver.
To the voltage stabilization part 43, the high voltage gener-
ated in the step-up part 41 is supplied and it is possible to
generate any voltage as long as it is equal to or less than the
voltage supplied from the step-up part 41, and the precision of
a voltage to be generated is not affected by the voltage to be
supplied.

[0084] FIG. 21 is a diagram illustrating a configuration of
the step-up part 41 in the first embodiment. Reference
numeral 51 represents a step-up circuit IC, which can be
configured by the above-described ['T3463 (brand name)
manufactured by Linear Technology Corporation, LM2733Y
(brand name) by National Semiconductor Corporation, etc.
Reference numeral 52 represents an analog switch element.
Between the switching terminal SW and the output terminal
Vout of L'T3463 (brand name), a Schottky barrier diode is
incorporated. The maximum output voltage of LT3463 (brand
name) and LM2733Y (brand name) is 40V, respectively.
[0085] As illustrated in FIG. 12, between the output termi-
nal Vout and the feedback terminal FB of the step-up circuit
IC 51, a 1,500 K resistor is connected and between the
feedback terminal FB and the ground (0 V), a 90.4 K€ resis-
tor is connected. Further, between the feedback terminal FB
and an output terminal Y of the analog switch element 52, a
117 KQ resistor is connected. The analog switch element 52
outputs the ground level (0 V) or 1.25V to the output terminal
Y in accordance with the output voltage control signal. The
output voltage control signal is at L and when OV is output to
the output terminal Y, the 90.4 KQ resistor and the 117 KQ
resistor are connected in parallel, equivalent to the 51.0 KQ
resistor and the output voltage Vout of the step-up circuit IC
51 becomes 38 V. The output voltage control signal is at H and
when 1.25 V is output to the output terminal Y, the voltage is
the same as that of the FB terminal, and therefore, the 117 KQ
resistor is brought into a state equivalent to an open state and
the output voltage Vout of the step-up circuit IC 51 becomes
22 V. As the analog switch element 52, a circuit that uses, for
example, a D/A converter or operational amplifier, the output
impedance of which is almost zero is used. Due to this, the
linearity of the feedback loop can be maintained.

[0086] The method itself is publicly known, in which the
step-up ratio is controlled by applying a voltage to one end of
a resistor for division; however, as described above, the
method cannot be used actually because the settling time
when the voltage is changed from a high voltage to a low
voltage is too long. In the present embodiment, as described
above, the step-up voltage is supplied to the voltage stabili-
zation part 43 and the voltage stabilization part 43 amplifies
the voltage from the voltage switching part 42 and generates
an output voltage regardless of the voltage value of the step-
up voltage to be supplied, and therefore, it is possible for the
voltage stabilization part 43 to immediately switch the output
voltages accurately even if the settling time when the step-up
voltage is changed from a high voltage to a low voltage is
long.

[0087] FIG. 13 is a diagram illustrating a configuration of
the voltage switching part 42 and the voltage stabilization part
43 in the first embodiment.

[0088] Reference numeral 42 represents an analog switch
element that selects and outputs one of voltages to be input to
the input terminals A and B in accordance with the output
voltage control signal. To the input terminal A, 3.60V is input
and to the input terminal B, 1.86 V is input, and when the
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output voltage control signal is at L, 3.60 V is output and
when the output voltage control signal is at H, 1.86 V is
output. The voltages of 3.60 V and 1.86 V are generated by
dividing the output voltage of the power source 21 by a
resistor.

[0089] The voltage stabilization part 43 amplifies the volt-
age output from the voltage switching part 42 by a factor of 10
and outputs using an operational amplifier 53. Consequently,
the voltage stabilization part 43 outputs 36.0 V when the
output voltage control signal is at L and 18.6 V when the
output voltage control signal is at H. The amplification factor
is determined by the 900 KQ and 100 KQ resistors. Specifi-
cally, it is determined by a ratio of 100 K to (900 KQ+100
KQ).

[0090] As described above, to the voltage stabilization part
43, a step-up voltage is supplied and it is possible to generate
any voltage less than the step-up voltage and the voltage to be
generated is not affected by the step-up voltage. In order to set
the power source variation suppression ratio when suppress-
ing the influence of variations in step-up voltage to a prede-
termined value or greater, a power source variation compen-
sation circuit in which a capacitor Cc and a resistor Rc are
directly connected is connected between the output of the
operational amplifier and the ground. The power source varia-
tion compensation circuit is a circuit that compensates for the
power source variation suppression effect at the time of light
load and is set experimentally in accordance with the ripple
frequency of the operational amplifier 53 and the step-up part
41. When MC33174 manufactured by ON Semiconductor
Corp. is used as the operational amplifier 53, the capacitor Cc
is set to 300 PF and the resistor Re to 10 K€2 in a combination
with a step-up part (step-up circuit) the switching frequency
of which is 1 MHz or less. The switching frequency of
LT3463, which is the above-described step-up circuit IC, is
300 KHz or less and this setting will not bring about any
problem.

[0091] FIG. 14 is a diagram illustrating another configura-
tion example of the voltage switching part 42. In the voltage
switching part 42 illustrated in F1G. 13, the reference voltages
are switched by the analog switch element, however, in the
configuration illustrated in FIG. 14, a data selector 55 and a
D/A converter 56 are used. The data selector 55 selects one of
an A input to input an 8-bit digital value for 3.60 V and a B
input to input an 8-bit digital value for 1.86 V according to the
output voltage control signal and outputs it to the D/A con-
verter 56. The D/A converter 56 converts the input 8-bit
digital value for 3.60 V or 1.86 V into an analog signal and
outputs it to the operational amplifier of the voltage stabili-
zation part 43.

[0092] The configuration of the voltage switching part 42
and the voltage stabilization part 43 is explained as above, and
the number of the circuit configurations explained above to be
provided corresponds to the number of kinds of voltage out-
put from the voltage generation circuit (voltage stabilization
part 43). In the first embodiment, as described above, the
voltage generation circuit (voltage stabilization part 43) out-
puts the five kinds of voltage, that is, VO, V218, V21C, V348
and V34C, and therefore, the five circuits described above are
provided.

[0093] FIG. 15 is a time chart illustrating the operation of
the display device in the first embodiment. Immediately
before the first step is initiated, the step-up part 22 is switched
from the standby state into the operating state by the output
voltage control signal and generates a step-up voltage of
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Vout=38 V. In accordance with the voltage switching signal,
the voltage stabilization part 43 supplies 36 V, 36V, 36V, 0V
and 0V as VO, V218, V21C, V34S and V34C to the liquid
crystal drivers 28, 29.

[0094] When the first step is completed, the voltage switch-
ing signal changes and the output voltage Vout of the step-up
part 41 gradually changes from 38 V to 22 V. However, the
voltages V0, V218, V21C, V34S and V34C output from the
voltage generation circuit (voltage stabilization part 43)
immediately change to 18.6V, 9.3V, 13.95V, 9.3V and 4.65
V. Because of this, it is possible to initiate the second step
immediately after the first step is completed.

[0095] FIG. 16 isadiagram illustrating the configuration of
the step-up part 41 of a cholesteric liquid crystal display
device of a second embodiment. The cholesteric liquid crystal
display device in the second embodiment differs from the first
embodiment in that an step-up circuit IC 61 is different from
the IC 51 in the first embodiment but the other parts are same
as those in the first embodiment.

[0096] For example, when the power source 21 outputs 2.7
V, it is necessary for the step-up part 41 to step up a voltage of
2.7V to 38 V. However, the number of kinds of high voltage
step-up IC capable of directly realizing such a large step-up
ratio is limited and there is a problem that the conversion
efficiency of'each IC is not sufficient. It is publicly known that
a high conversion efficiency can be obtained by also using a
high voltage NMOS-FET that is attached externally to a
highly efficient, intermediate voltage step-up IC. In the sec-
ond embodiment, this configuration is applied.

[0097] It is recommended to use MAX8574 (brand name)
manufactured by Maxim Integrated Products, Inc., which has
a maximum output voltage of 28V, as the step-up circuit IC
61. As illustrated schematically, one of terminals of a MOS-
FET 62 is connected to the switching terminal SW of the IC
61 and a 47 pH inductor is connected between the other
terminal and an input voltage terminal Vin and a Schottky
barrier diode is connected between the other terminal and a
1,500 KQ resistor. The gate of the MOS-FET 62 is connected
to the input voltage terminal Vin and at the same time, con-
nected to the switching terminal SW via a diode. Because of
the above, a high conversion efficiency can be obtained in an
extremely wide output current range; however, such a use
method is already known, and therefore, a detailed explana-
tion is omitted here.

[0098] FIG. 17 is a diagram illustrating a configuration of
the step-up part 41 of a cholesteric liquid crystal display
device of a third embodiment. The cholesteric liquid crystal
display device in the third embodiment differs from the first
embodiment in that the configuration of the step-up part 41 is
different from that of the step-up part 41 in the first embodi-
ment and other parts are the same as those in the first embodi-
ment.

[0099] The step-up part 41 in the third embodiment uses
two step-up circuit ICs in a step-up DC/DC converter. To one
of'step-up circuit ICs, that is, a step-up circuit IC 65, a voltage,
which is an output Voutl divided by a 1,500 K resistor and
a 51 KQ resistor, is fed back and the output voltage Voutl is
38 V. To the other step-up circuit IC, that is, a step-up circuit
IC 66, a voltage, which is an output Vout2 divided by a 864
KQ resistor and a 51 KQ resistor, is fed back and the output
voltage Vout2 is 22 V. The output of the step-up circuit IC 65
and the output of the step-up circuit IC 66 are connected to the
output terminal via a Schottky barrier diode, respectively. The
step-up circuit IC 65 and the step-up circuit IC 66 are in the
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standby state when the output voltage control signal to be
applied to a control terminal SHDN* is at H and in the
operating state at L.

[0100] FIG. 18 is a time chart illustrating the operation of
the display device in the third embodiment. Before the first
step is initiated, the output voltage control signal is set to L
and the step-up circuit IC 65 is brought into the operating state
and the step-up circuit IC 66 into the standby state. In
response to this, the output of the step-up circuit IC 65 rapidly
rises up to 38 V; however, the output of the step-up circuit IC
66 gradually reduces to 0 V. At this time, Vout immediately
changes to 38 V, and therefore, it is possible to initiate the first
step immediately.

[0101] When the first step is completed, the output voltage
control signal is set to H and the step-up circuit IC 65 is
brought into the standby state and the step-up circuit IC 66
into the operating state. In response to this, the output of the
step-up circuit IC 65 gradually reduces to OV and the output
of'the step-up circuit IC 66 rapidly rises up to 22 V. Because
Vout changes to 22 V in a sufficiently brief time, and there-
fore, when the voltage changes to 22 V, the second step is
initiated.

[0102] The states of the step-up circuit IC 65 and the step-
up circuit IC 66 can be switched alternately between the
standby state and the operating state as described above,
however, when the output voltage Vout is 22 V, the consumed
energy is close to that in the standby state, and therefore, no
problem will arise even if the step-up circuit IC 66 is brought
into the operating state before the first step is initiated.
[0103] The embodiments are described as above; however,
it is obvious that there can also be various embodiments.
[0104] Tt is also obvious that the various conditions should
be determined in accordance with the specifications of a
target display element.

[0105] As described above, according to the embodiments,
it is possible to considerably reduce energy consumed by an
operational amplifier when a gradation is displayed with a
small increase in circuit area and circuit cost, and to reduce
the total cost by appropriately setting the capacity of a cell,
etc., in a cholesteric liquid crystal display device.

[0106] As described above, the embodiments relate to a
cholesteric liquid crystal display device in which a high volt-
age pulse is applied to liquid crystal to initialize the state into
a planar state and then, a low voltage pulse is applied to bring
part thereof into a focal conic state, and a halftone value is
determined by their coexistence ratio, wherein the coexist-
ence ratio depends on an application cumulative time of the
low voltage pulse.

[0107] Theembodiments are applied to a cholesteric liquid
crystal display device in which a first step for applying a high
voltage pulse to initialize a pixel to be rewritten into a planar
state and a second step for applying a low voltage pulse to
increase a coexistence ratio of a focal conic state to the planar
state in the initialized pixel are executed, and thereby, a gra-
dation value is determined by the cumulative time during
which the low voltage pulse is applied. The cholesteric liquid
crystal display device includes a voltage generation circuit
that outputs a predetermined voltage and a driver circuit that
generates a voltage pulse to be applied to a pixel based on a
predetermined voltage supplied from the voltage generation
circuit, and the driver circuit is configured by a general-
purpose STN liquid crystal driver. As described above, in the
first step, a high voltage (36 V) pulse is applied and the liquid
crystal is brought into the planar state; however, the voltage to
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be applied does not necessarily need to be exactly +36 V, but
an error to a certain level is allowable. In contrast to this, it
should be noted that the low voltage pulse to be applied in the
second step needs to be exact because it is used to set a
gradation by the cumulative time of application of the pulse
and exhibits the same effect to lengthen the cumulative time if
the voltage is large, or shorten the cumulative time if the
voltage is small.

[0108] The voltage generation circuit includes a step-up
part to generate a step-up voltage from a power source volt-
age, a voltage switching part that generates a voltage control
signal to specify a voltage value of the output voltage from the
voltage generation circuit, and a voltage stabilization part that
generates a predetermined voltage in accordance with the
voltage control signal from the step-up voltage supplied from
the step-up part.

[0109] This object can be realized by configuring a display
device in which a voltage stabilization part is configured so as
to suppress variations in output voltage with respect to varia-
tions in step-up voltage, a step-up part is configured by one
step-up circuit, and the step-up ratios of the step-up circuit are
switched between the first step and the second step.

[0110] Inthedisplay device, the voltage stabilization partis
configured so as to suppress variations in output voltage with
respect to variations in step-up voltage, and therefore, if the
step-up voltage to be supplied to the voltage stabilization part
is equal to or greater than the output voltage, it is possible to
output a predetermined voltage regardless of the step-up volt-
age. Consequently, it is possible to obtain a predetermined
output voltage during the long hours of switching of the
step-up voltage from a high voltage to a low voltage, and
therefore, the second step can be initiated immediately after
the first step is completed. As described above, the output
voltage of the voltage generation circuit is required to be more
precise in the second step than in the first step. In the display
device, itis possible to immediately obtain a low voltage with
high precision even when the step-up voltage is switched
from ahigh voltage to a low voltage, and therefore, the second
step can be initiated immediately after the first step is com-
pleted. Further, even if the output voltage has not reached a
low voltage yet when the second step is initiated, the output
voltage gradually reduces to a low voltage, and therefore, it is
possible to reduce consumption of energy in the voltage sta-
bilization part.

[0111] The step-up part includes a step-up DC-DC con-
verter and the step-up ratio is controlled by varying the volt-
age to be applied to a feedback terminal of the step-up DC-DC
converter via a resistor. With this configuration, it is possible
to reduce the influence of the nonlinearity of an analog switch
element when generating a feedback voltage to be applied to
the feedback terminal. This also applies to a second aspect, to
be described later.

[0112] The configuration is designed so that the step-up
part comprises a step-up DC-DC converter, the maximum
output voltage of the step-up DC-DC converter is lower that
the pulse wave height of a high voltage pulse at the time of the
first step but higher than the pulse wave height of a low
voltage pulse at the time of the second step, and a transistor to
be connected to a switch output of the step-up DC-DC con-
verter has a withstand voltage higher than the pulse wave
height of the high voltage pulse at the time of the first step.
Preferably, the transistor to be connected to the switch output
of the step-up DC-DC converter is an NMOS-FET.
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[0113] Further, the object can be also realized by configur-
ing a display device in which a voltage stabilization part is
configured so as to suppress variations in output voltage with
respect to variations in step-up voltage, a step-up part has two
step-up DC-DC converters that use one inductor each, and
step-up voltages are switched between a first step and a sec-
ond step by controlling the turning on/off of the two step-up
DC-DC converters.

[0114] Inthe display device, the step-up part includes two
step-up DC-DC converters, and therefore, the cost is
increased accordingly; however, a high voltage power source
switch, which is a factor that considerably increases the cost,
is not used, and therefore, an increase in the cost is small. On
the other hand, consumed energy can be reduced by half or
more, and therefore, it is possible to reduce the total cost by
making appropriate the capacity of a cell, etc.

[0115] The reason for the use of an expensive high voltage
power source switch in the conventional example is to reduce
the settling time at the time of switching from a high voltage
to a low voltage; however, the voltage stabilization part is
configured to suppress variations in output voltage with
respect to variation in step-up voltage, and therefore, it is
possible to solve the problem of the long settling time. Due to
this, it is possible to use two inexpensive Schottky barrier
diodes instead of the expensive high voltage power source
switch.

[0116] In the above display devices, the voltage stabiliza-
tion part is configured to include an amplifier circuit config-
ured to suppress variations in output voltage with respect to
variations in step-up voltage, a voltage amplification factor G
of the amplifier circuit is greater than one, and the input
voltage of the amplifier circuit is 1/G of the voltage to be
applied to a pixel by a driver circuit and not affected by the
output voltage of the step-up DC-DC converter. The number
of the amplifier circuits to be provided corresponds to the
number of kinds of voltage output from the power source
circuit (voltage stabilization circuit).

[0117] Specifically, the amplifier circuit has an inverting
amplifier circuit or a non-inverting amplifier circuit of an
operational amplifier having a power source variation sup-
pression function and a circuit that compensates for the
reduction in power source voltage variation suppression ratio
in a high frequency region. By making use of the power
source variation suppression function of the operational
amplifier in this manner, it is possible to avoid the settling
time accompanying the change in step-up voltage, in particu-
lar, the influence within the long settling hours accompanying
the change from a high voltage to a low voltage. At the time of
light load, the power source variation suppression function of
the operational amplifier is degraded, and therefore, it is
desirable to provide a compensation circuit for a light load.
Specifically, the compensation circuit is realized by a serially
connected circuit of a capacitive element and a resistor con-
nected to the output terminal of the operational amplifier.

[0118] All examples and conditional language recited
herein are intended for pedagogical purposes to aid the reader
in understanding the invention and the concepts contributed
by the inventor to furthering the art, and are to be construed as
being without limitation to such specifically recited examples
and conditions, nor does the organization of such examples in
the specification relate to a illustrating of the superiority and
inferiority of the invention. Although the embodiments of the
present invention have been described in detail, it should be
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understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

What is claimed is:

1. A cholesteric liquid crystal display device in which a first
step for applying a high voltage pulse to initialize a pixel to be
rewritten into a planar state and a second step for applying a
low voltage pulse to increase a coexistence ratio of a focal
conic state to the planar state in the initialized pixel are
performed and a gradation value is determined by a cumula-
tive time during which the low voltage pulse is applied, the
device comprising:

a voltage generation circuit that outputs a predetermined

voltage; and

a driver circuit that generates a voltage pulse to be applied

to the pixel based on the predetermined voltage supplied

from the voltage generation circuit, wherein:

the voltage generation circuit comprises:

a step-up part that generates a step-up voltage from a
power source voltage;

a voltage switching part that generates a voltage control
signal specifying a voltage value of an output voltage
from the voltage generation circuit; and

a voltage stabilization part that generates the predeter-
mined voltage in accordance with the voltage control
signal from the step-up voltage supplied from the
step-up part, wherein:

the voltage stabilization part is configured so as to suppress

variations in output voltage with respect to variations in

the step-up voltage; and

the step-up part switches step-up ratios between the first

step and the second step.

2. The cholesteric liquid crystal display device according
to claim 1, wherein:

the voltage stabilization part comprises an amplifier circuit

configured to suppress variations in output voltage with

respect to variations in the step-up voltage;

a voltage amplification factor G of the amplifier circuit is

greater than one; and

an input voltage of the amplifier circuit is 1/G of a voltage

that driver circuit applies to a pixel and is not affected by

an output voltage of the step-up part.

3. The cholesteric liquid crystal display device according
to claim 1, wherein the amplifier circuit has an inverting
amplifier circuit or non-inverting amplifier circuit of an
operational amplifier and a circuit that compensates for the
reduction in power source voltage variation suppression ratio
in a high frequency region.

4. The cholesteric liquid crystal display device according
to claim 3, wherein

the circuit that compensates for the reduction in power

source voltage variation suppression ratio in a high fre-

quency region is a serially connected circuit of a capaci-
tive element and a resistor connected to an output termi-
nal of the operational amplifier.

5. The cholesteric liquid crystal display device according
to claim 1, wherein

the step-up part comprises a step-up DC-DC converter and

a step-up ratio is controlled by changing a voltage to be

applied to a feedback terminal of the step-up DC-DC

converter via a resistor.

6. The cholesteric liquid crystal display device according
to claim 1, wherein:
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the step-up part comprises a step-up DC-DC converter;

the maximum output voltage of the step-up DC-DC con-

verter is lower than the wave pulse height of a high
voltage pulse at the time of the first step, however, higher
than the pulse wave height of a low voltage pulse at the
time of the second step; and

a transistor to be connected to a switch output of the step-up

DC-DC converter has a withstand voltage higher than

the pulse wave height of a high voltage pulse at the time

of the first step.

7. The cholesteric liquid crystal display device according
to claim 6, wherein the transistor to be connected to the switch
output of the step-up DC-DC converter is an NMOS-FET.

8. A cholesteric liquid crystal display device in which a first
step for applying a high voltage pulse to initialize a pixel to be
rewritten into a planar state and a second step for applying a
low voltage pulse to increase a coexistence ratio of a focal
conic state to the planar state in the initialized pixel are
performed and a gradation value is determined by a cumula-
tive time during which the low voltage pulse is applied, the
device comprising:

a voltage generation circuit that outputs a predetermined

voltage; and

a driver circuit that generates a voltage pulse to be applied

to the pixel based on the predetermined voltage supplied

from the voltage generation circuit, wherein:

the voltage generation circuit comprises:

a step-up part that generates a step-up voltage from a
power source voltage;

a voltage switching part that generates a voltage control
signal specifying a voltage value of an output voltage
from the voltage generation circuit; and

a voltage stabilization part that generates the predeter-
mined voltage in accordance with the voltage control
signal from the step-up voltage supplied from the
step-up part;

the voltage stabilization part is configured so as to suppress

variations in output voltage with respect to variations in

the step-up voltage;

the step-up part has two step-up DC-DC converters that use

one inductor each, and an output voltage of one of the

two step-up DC-DC converters is higher than the pulse
wave height of a high voltage pulse at the time of the first
step and the other output voltage is higher than the pulse
wave height of a lower voltage pulse at the time of the
second step, and an output terminal of the two step-up

DC-DC converters is connected to one output terminal

via a diode; and

the step-up part switches the step-up voltages between the

first step and the second step by controlling the turning

on/off of the two step-up DC-DC converters.

9. The cholesteric liquid crystal display device according
to claim 8, wherein the diode is a Schottky barrier diode
having a small forward voltage.

10. The cholesteric liquid crystal display device according
to claim 8, wherein:

the voltage stabilization part comprises an amplifier circuit

configured to suppress variations in output voltage with

respect to variations in the step-up voltage;

a voltage amplification factor G of the amplifier circuit is

greater than one; and

an input voltage of the amplifier circuit is 1/G of a voltage

that driver circuit applies to a pixel and is not affected by

an output voltage of the two step-up DC-DC converters.
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11. The cholesteric liquid crystal display device according
to claim 8, wherein

the amplifier circuit has an inverting amplifier circuit or

non-inverting amplifier circuit of an operational ampli-

fier and a circuit that compensates for the reduction in

power source voltage variation suppression ratio in a

high frequency region.

12. The cholesteric liquid crystal display device according
to claim 11, wherein

the circuit that compensates for the reduction in power

source voltage variation suppression ratio in a high fre-

quency region is a serially connected circuit of a capaci-
tive element and a resistor connected to an output termi-
nal of the operational amplifier.

13. The cholesteric liquid crystal display device according
to claim 8, wherein the step-up part comprises a step-up
DC-DC converter and a step-up ratio is controlled by chang-
ing a voltage to be applied to a feedback terminal of the
step-up DC-DC converter via a resistor.

14. A method of driving a cholesteric liquid crystal display
device, the device comprising:

a voltage generation circuit that outputs a predetermined

voltage; and

adriver circuit that generates a voltage pulse to be applied

to a pixel based on the predetermined voltage supplied

from the voltage generation circuit, wherein:

the voltage generation circuit comprises:

a step-up part that generates a step-up voltage from a
power source voltage;

a voltage switching part that generates a voltage control
signal specifying a voltage value of an output voltage
from the voltage generation circuit; and

a voltage stabilization part that generates the predeter-
mined voltage in accordance with the voltage control
signal from the step-up voltage supplied from the
step-up part, wherein
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the voltage stabilization part is configured so as to suppress
variations in output voltage with respect to variations in
the step-up voltage, in the method:

a first step for applying a high voltage pulse to initialize a
pixel to be rewritten into a planar state and a second step
for applying a low voltage pulse to increase a coexist-
ence ratio of a focal conic state to the planar state in the
initialized pixel are performed and a gradation value is
determined by a cumulative time during which the low
voltage pulse is applied; and

the step-up ratios of the step-up part are switched between
the first step and the second step.

15. The method of driving a cholesteric liquid crystal dis-

play device according to claim 14, wherein:

the voltage stabilization part comprises an amplifier circuit
configured to suppress variations in output voltage with
respect to variations in the step-up voltage;

a voltage amplification factor G of the amplifier circuit is
greater than one; and

an input voltage of the amplifier circuit is 1/G of a voltage
that driver circuit applies to a pixel and is not affected by
an output voltage of the step-up DC-DC converter.

16. The method of driving a cholesteric liquid crystal dis-
play device according to claim 14, wherein the amplifier
circuit has an inverting amplifier circuit or non-inverting
amplifier circuit of an operational amplifier and a circuit that
compensates for the reduction in power source voltage varia-
tion suppression ratio in a high frequency region.

17. The method of driving a cholesteric liquid crystal dis-
play device according to claim 16, wherein the circuit that
compensates for the reduction in power source voltage varia-
tion suppression ratio in a high frequency region is a serially
connected circuit of a capacitive element and a resistor con-
nected to an output terminal of the operational amplifier.
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