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7) ABSTRACT

There is provided a method of driving a cholesteric liquid
crystal display (LCD) panel by sequentially applying a
selection line voltage to individual scan electrode lines and
simultaneously applying data signals to all data electrode
lines in order to selecting a state of each cholesteric liquid
crystal cell according to a given gray scale level. Each
selection time, during which the selection line voltage is
applied to a certain scan electrode line and simultaneously
the data signals are applied to all of the data electrode lines,
is constant. Each selection time is divided into a first part
time and a second part time. A low selection line voltage is
applied to a relevant scan electrode line during the first part
time. A high selection line voltage having a different level
from the low selection line voltage is applied to the relevant
scan electrode line during the second part time. A data pulse
having a width corresponding to either the first part time or
the second part time is applied to all of the data electrode
lines at different time points according to the gray scale level
of a relevant cholesteric liquid crystal cell during the selec-
tion time.
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METHOD OF DRIVING CHOLESTERIC LIQUID
CRYSTAL DISPLAY PANEL FOR ACCURATE
GRAY-SCALE DISPLAY

CLAIM OF PRIORITY

[0001] This application makes reference to, incorporates
the same herein, and claims all benefits accruing under 35
U.S.C. §119 from my application METHOD OF DRIVING
CHOLESTRIC LIQUID CRYSTAL DISPLAY PANEL
FOR ACCURATE GRAY-SCALE DISPLAY filed with the
Korean Industrial Property Office on Dec. 27,2001 and there
duly assigned Serial No. 2001-0085908.

BACKGROUND OF THE INVENTION
[0002] 1. Technical Field

[0003] The present invention relates to a method of driv-
ing a cholesteric liquid crystal display panel, and more
particularly, to a method of driving a cholesteric liquid
crystal display panel causing the state of each cholesteric
liquid crystal cell to be selected according to a given gray
scale level.

[0004] 2. Related Art

[0005] Cholesteric liquid crystal display (LCD) panels are
reflective liquid crystal display panels having a structure in
which cholesteric liquid crystal is filled among transparent
electrode lines formed of, for example, indium-tin-oxide
(ITO), which are arranged on two transparent substrates, for
example, glass substrates, facing each other.

[0006] Liquid crystal displays can be wvulnerable to
crosstalk which can occur while driving a matrix liquid
crystal display panel. In addition, the gray scale may not be
accurately displayed.

[0007] T have found that crosstalk and inaccurate display
of gray scale is particularly undesirable due to a lack of
image display quality. Efforts have been made to improve
liquid crystal display panels.

[0008] Exemplars of recent efforts in the art include U.S.
Pat. No. 5,748,277 for DYNAMIC DRIVE METHOD AND
APPARATUS FOR A BISTABLE LIQUID CRYSTAL DIS-
PLAY issued on May 5, 1998 to Huang et al. and U.S. Pat.
No. 6,154,190 for DYNAMIC DRIVE METHODS AND
APPARATUS FOR A BISTABLE LIQUID CRYSTAL DIS-
PLAY issued on Nov. 28, 2000 to Yang et al.

[0009] While these recent efforts provide advantages, I
note that they fail to adequately provide an improved
method of driving a cholesteric liquid crystal display panel
for accurate gray scale display.

SUMMARY OF THE INVENTION

[0010] To solve the above-described problems, it is an
object of the present invention to provide an improved
method of driving a cholesteric liquid crystal display (LCD)
panel, and it is an object of the present invention to provide
an improved method of driving a cholesteric liquid crystal
display panel through which gray scale can be accurately
displayed by removing the influence of crosstalk.

[0011] To achieve the above objects and others, the present
invention provides a method of driving an liquid crystal
display panel by sequentially applying a selection line
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voltage to individual scan electrode lines and simultaneously
applying data signals to all data electrode lines in order to
selecting a state of each cholesteric liquid crystal cell
according to a given or predetermined gray scale level. Each
selection time, during which the selection line voltage is
applied to a certain scan electrode line and simultaneously
the data signals are applied to all of the data electrode lines,
is constant. Each selection time is divided into a first part
time and a second part time. A low selection line voltage is
applied to a relevant scan electrode line during the first part
time. A high selection line voltage having a different level
from the low selection line voltage is applied to the relevant
scan electrode line during the second part time. A data pulse
having a width corresponding to either the first part time or
the second part time is applied to all of the data electrode
lines at different time points according to the gray scale level
of a relevant cholesteric liquid crystal cell during the selec-
tion time.

[0012] In a method of driving a cholesteric liquid crystal
display panel according to the present invention, since only
the application time point of the data pulse having the width
corresponding to half of the selection time varies with gray
scale, a root-mean-square (RMS) voltage, which is applied
to all data electrode lines during a unit selection time, is
constant regardless of the gray scale. Consequently, a volt-
age which is applied to cholesteric liquid crystal cells of scan
electrode lines which are not scanned is constant, thereby
removing crosstalk. Therefore, accurate gray-scale display
can be accomplished.

[0013] To achieve these and other objects in accordance
with the principles of the present invention, as embodied and
broadly described, the present invention provides a method
of driving a cholesteric liquid crystal display panel having
cholesteric liquid crystal cells, the method comprising:
during a selection time, applying at least one selection line
voltage to a particular scan electrode line of the panel and
substantially simultaneously applying data signals to all data
electrode lines in order to select a state of the cholesteric
liquid crystal cells in dependence upon a predetermined gray
scale level, the selection time being a constant, the selection
time being divided into a first part of the selection time and
a second part of the selection time; said applying of the at
least one selection line voltage further comprising: applying
a low selection line voltage during the first part; and apply-
ing a high selection line voltage during the second part, the
high selection line voltage having a different level than the
low selection line voltage; said applying of the data signals
further comprising applying a data pulse to all the data
electrode lines at different time points, the different time
points being selected in dependence upon gray scale levels
of respective ones of the cholesteric liquid crystal cells, the
data pulse having a width corresponding to one selected
from among the first part and the second part.

[0014] To achieve these and other objects in accordance
with the principles of the present invention, as embodied and
broadly described, the present invention provides a method
of driving a liquid crystal display panel, the method com-
prising: during a selection time, applying at least one selec-
tion line voltage to a particular scan electrode line of the
panel and substantially simultaneously applying data signals
to all data electrode lines in order to select a state of
cholesteric liquid crystal cells of the panel in dependence
upon a predetermined gray scale level, the selection time
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being a constant, the selection time being divided into a first
part of the selection time and a second part of the selection
time; said applying of the data signals further comprising
applying a data pulse to all the data electrode lines at
different time points, the different time points being selected
in dependence upon gray scale levels of respective ones of
the cholesteric liquid crystal cells, the data pulse having a
width corresponding to one selected from among the first
part and the second part.

[0015] To achieve these and other objects in accordance
with the principles of the present invention, as embodied and
broadly described, the present invention provides a method
of driving a cholesteric liquid crystal display panel, the
method comprising: during a selection time, applying at
least one selection line voltage to a particular scan electrode
line of the panel and substantially simultaneously applying
data signals to all data electrode lines in order to select a
state of cholesteric liquid crystal cells of the panel in
dependence upon a predetermined gray scale level, the
selection time being a constant, the selection time being
divided into a first part of the selection time and a second
part of the selection time; said applying of the at least one
selection line voltage further comprising: applying a low
selection line voltage during the first part; and applying a
high selection line voltage during the second part, the high
selection line voltage having a different level than the low
selection line voltage.

[0016] The present invention is more specifically
described in the following paragraphs by reference to the
drawings attached only by way of example. Other advan-
tages and features will become apparent from the following
description and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] In the accompanying drawings, which are incor-
porated in and constitute a part of this specification, embodi-
ments of the invention are illustrated, which, together with
a general description of the invention given above, and the
detailed description given below, serve to exemplify the
principles of this invention.

[0018] FIG. 1 shows the fundamental characteristics of a
cholesteric liquid crystal cell;

[0019] FIG. 2 is a conceptual timing diagram for explain-
ing a dynamic driving method for a cholesteric liquid crystal
display (LCD) panel,

[0020] FIG.3 is a timing diagram for explaining a method
of dynamically driving a cholesteric liquid crystal display
panel, in accordance with the principles of the present
invention;

[0021] FIG. 4 is a timing diagram showing operations
during a selection time shown in FIG. 3 in detail;

[0022] FIG. 5 is a timing diagram showing the waveform
of a signal which is applied to a certain cholesteric liquid
crystal cell according to the driving method shown in FIG.
3

[0023] FIG. 6 is a graph of the reflectivity of cholesteric
liquid crystal cells versus a selection line voltage, which is
applied to a scan electrode line during a second part time
shown in FIG. 3, when a time point, at which a data pulse
shown in FIGS. 3 and 4 is applied, varies; and
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[0024] FIG. 7 is a graph of the reflectivity of cholesteric
liquid crystal cells with respect to an application time point
of a data pulse shown in FIGS. 3 and 4.

DETAILED DESCRIPTION OF THE
INVENTION

[0025] While the present invention will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which preferred embodiments of the present inven-
tion are shown, it is to be understood at the outset of the
description which follows that persons of skill in the appro-
priate arts may modify the invention here described while
still achieving the favorable results of this invention.
Accordingly, the description which follows is to be under-
stood as being a broad, teaching disclosure directed to
persons of skill in the appropriate arts, and not as limiting
upon the present invention.

[0026] Illustrative embodiments of the invention are
described below. In the interest of clarity, not all features of
an actual implementation are described. In the following
description, well-known functions, constructions, and con-
figurations are not described in detail since they could
obscure the invention with unnecessary detail. It will be
appreciated that in the development of any actual embodi-
ment numerous implementation-specific decisions must be
made to achieve the developers’ specific goals, such as
compliance with system-related and business-related con-
straints, which will vary from one implementation to
another. Moreover, it will be appreciated that such a devel-
opment effort might be complex and time-consuming, but
would nevertheless be a routine undertaking for those of
ordinary skill having the benefit of this disclosure.

[0027] FIG. 1 shows the fundamental characteristics of a
cholesteric liquid crystal cell. Referring to FIG. 1, when a
voltage E higher than a first threshold voltage E,, is applied
to a cholesteric liquid crystal cell, the cholesteric liquid
crystal changes into a homeotropic state H. In the homeo-
tropic state H, molecules of the cell are vertically arranged
with respect to the surface of the cell.

[0028] When the voltage E, which is lower than the first
threshold voltage E,, and is higher than a second threshold
voltage Ep, is applied to the cholesteric liquid crystal cell in
the homeotropic state H, specifically, when the voltage E
that is applied to the cell in the homeotropic state H is
gradually lowered, the cell changes from the homeotropic
state H into a focal conic state F. In the focal conic state F,
the molecules of the cell are arranged in a helical structure,
and a helical axis is nearly parallel to the surface of the cell.
Accordingly, light is mostly transmitted without being
reflected so that the cell is almost transparent.

[0029] When the voltage E lower than the second thresh-
old voltage Ey is applied to the cholesteric liquid crystal cell
in the homeotropic state H, specifically, when the voltage E
that is applied to the cell in the homeotropic state H is
rapidly lowered, the cell changes from the homeotropic state
H via a transient planar state and incomplete-planar state
into a planar state P. In the planar state P, the molecules of
the cell have a periodic helical structure, and a helical axis
is perpendicular to the surface of the cell. Accordingly, only
light having a wavelength corresponding to the product nP
of an average refractive index “n” of the cholesteric liquid
crystal cell and a helical pitch P can be reflected. Meanwhile,
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the transient-planar state has a similar structure to the planar
state P and has an about twice longer helical pitch than the
planar state P. The incomplete-planar state is a variable state
appearing in the middle of relaxation from the transient-
planar state into the planar state P.

[0030] The focal conic state F and the planar state P have
a memory effect through which the states are maintained for
a long period of time even if supply of voltage is stopped.
Due to such memory effect produced by bistability, the
planar state P and the focal conic state F are employed
depending on selection of a certain cholesteric liquid crystal
cell in cholesteric liquid crystal display panels, thereby
decreasing power consumption. In addition, since choles-
teric liquid crystal display panels use a selective reflection
driving scheme due to their characteristics, they have a high
luminance characteristic.

[0031] FIG. 2 is a conceptual timing diagram for explain-
ing a dynamic driving method for a cholesteric liquid crystal
display panel. A dynamic driving method is described in
detail in U.S. Pat. Nos. 5,748,277 and 6,154,190. The
dynamic driving method described in U.S. Pat. Nos. 5,748,
277 and 6,154,190 could be useful to refer to, for informa-
tion generally relating to the dynamic driving method infor-
mation shown in FIG. 2. However, the dynamic driving
method described in U.S. Pat. Nos. 5,748,277 and 6,154,190
is not identical in every respect to the dynamic driving
method information shown in FIG. 2.

[0032] Referring to FIG. 2, a unit frame, which is applied
to each row electrode line, i.c., each scan electrode line,
includes a preparation time Tp, a selection time Tg, an
evolution time Ty, and a maintenance time T,,.

[0033] During the preparation time T, a preparation cell
voltage Vp, 1.e., a first voltage, is applied to all cholesteric
liquid crystal cells of a certain scan e¢lectrode line in a
cholesteric liquid crystal display panel, thereby changing all
of the cholesteric liquid crystal cells into the homeotropic
state H shown in FIG. 1.

[0034] During the selection time Tg, a second voltage Vg
lower than the first voltage V, is applied to all cholesteric
liquid crystal cells of the scan electrode line, and the second
voltage Vg or the pulse width Ty of the second voltage Vg,
are changed according to the gray scale of each cholesteric
liquid crystal cell in a voltage modulation mode or time
modulation mode. For example, to cholesteric liquid crystal
cells having the highest gray scale level is applied the
highest second voltage Vg during the selection time T or
the constant second voltage Vg during the longest selection
time Tg.

[0035] Accordingly, the cholesteric liquid crystal cells
having the highest gray scale level maintain the homeotropic
state H shown in FIG. 1, and the cholesteric liquid crystal
cells having the lowest gray scale level relax into the
transient-planar state. Cholesteric liquid crystal cells having
other gray scale levels change into a similar state to the
homeotropic state H as the gray scale level increases and
change into a similar state to the transient-planar state as the
gray scale level decreases. The gray-scale display method
shown in FIG. 2 has a problem in that the voltages Vp, Vg,
and Vg, which are applied during the preparation time Tp,
the evolution time Ty, and the maintenance time T, respec-
tively, vary according to data signals which are applied to all
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data electrode lines during a selection time for each scan
line. In other words, the method shown in FIG. 2 is
vulnerable to crosstalk which inevitably occurs while driv-
ing a matrix liquid crystal display panel. In addition, since
the evolution cell voltage Vi changes during the evolution
time Ty, the gray scale is not accurately displayed.

[0036] During the evolution time Ty, the evolution cell
voltage Vg, i.e., a fourth voltage, which is lower than the
first voltage Vp and is higher than the second voltage Vg,
is applied to all of the cholesteric liquid crystal cells.
Accordingly, the cholesteric liquid crystal cells having the
highest gray scale level continuously maintain the homeo-
tropic state H, and the cholesteric liquid crystal cells having
the lowest gray scale level change into the focal conic state
F shown in FIG. 1. The cholesteric liquid crystal cells
having other gray scale levels change into a similar state to
the homeotropic state H as the gray scale level increases and
change into a similar state to the focal conic state F as the
gray scale level decreases.

[0037] During the maintenance time Ty, a maintenance
cell voltage equal to a third voltage Vg; is applied to all of
the cholesteric liquid crystal cells so that the cholesteric
liquid crystal cells having the highest gray scale level relax
into the planar state P shown in FIG. 1, and the cholesteric
liquid crystal cells having the lowest gray scale level main-
tain the focal conic state F. The cholesteric liquid crystal
cells having other gray scale levels change into a similar
state to the planar state P as the gray scale level increases and
change into a similar state to the focal conic state F as the
gray scale level decreases. Accordingly, the cholesteric
liquid crystal cells having the highest gray scale level reflect
a largest quantity of light having a wavelength correspond-
ing to the product nP of an average refractive index “n” and
a helical pitch P. However, the cholesteric liquid crystal cells
having the lowest gray scale level transmit most of light in
an almost transparent state. The cholesteric liquid crystal
cells having other gray scale levels have higher reflectivity
as the gray scale level increases and have lower reflectivity
as the gray scale level decreases.

[0038] According to the above-described method of driv-
ing a cholesteric liquid crystal display panel as shown in
FIG. 2, the voltages V,, Vi, and Vg, which are applied
during the preparation time T, the evolution time Tg, and
the maintenance time T,,, respectively, vary according to
data signals which are applied to all data electrode lines
during a selection time for each scan line. In other words, the
method of FIG. 2 is vulnerable to crosstalk which inevitably
occurs while driving a matrix liquid crystal display panel. In
addition, since the evolution cell voltage V|, changes during
the evolution time Ty, the gray scale is not accurately
displayed.

[0039] FIG. 3 shows a method of dynamically driving a
cholesteric liquid crystal display (LCD) panel according to
the principles of the present invention. In FIG. 3, a reference
character S, denotes a driving signal applied to an n-th scan
electrode line, a reference character S denotes a data
signal applied to a m-th data electrode line, and a reference
character T,,, denotes a maintenance time in the previous
modulation period. FIG. 4 illustrates a timing diagram
showing detailed operations during the selection time T, of
FIG. 3. In FIGS. 3 and 4, the same reference characters
denote the element having the same function. FIG. 5 is a
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timing diagram showing the waveform of a signal which is
applied to a certain cholesteric liquid crystal cell according
to the driving method shown in FIG. 3. In FIG. §, a
reference character S, . denotes a signal which is applied to
a cholesteric liquid crystal cell at the intersection between
the n-th scan electrode line and the m-th data electrode line.

[0040] Referring to FIGS. 3 through 5, in a method of
dynamically driving a cholesteric liquid crystal display
panel according to the present invention, a unit modulation
period, which is applied to each row electrode line, that is,
each scan electrode line, includes a preparation time Tp,, a
selection time Tg,, an evolution time Tj,, and a maintenance
time Tyyo.

[0041] During the preparation time Tp,, a preparation line
voltage Ry is applied to the n-th scan electrode line of the
cholesteric liquid crystal display panel so that all cholesteric
liquid crystal cells of the n-th scan electrode line changes
into the homeotropic state H shown in FIG. 1. A preparation
cell voltage, 1.e., a first voltage, which is applied to all of the
cholesteric liquid crystal cells of the n-th scan electrode line
during the preparation time Tp,, is determined by data
signals Cy<->C; (see FIG. 5), which are applied to data
electrode lines during selection times for other scan elec-
trode lines. This phenomenon is referred to as crosstalk,
which inevitably occurs while driving a matrix liquid crystal
display panel.

[0042] However, in the present invention, for a selection
time, for example, the selection time Tg,, only a time point,
at which a data pulse having a width corresponding to time
t6a-t7a which is half of the unit selection time T, is applied,
changes according to gray scale. Accordingly, a root-mean-
square (RMS) voltage applied to all data electrode lines is
constant regardless of the gray scale. Consequently, a volt-
age which is applied to cholesteric liquid crystal cells of scan
electrode lines which are not scanned is constant, thereby
removing crosstalk. For example, a preparation cell voltage,
i.€., a first voltage, which is applied to all of the cholesteric
liquid crystal cells of the n-th scan electrode line during the
preparation time Tp,, is not changed by the data signals
Cy<->C;, which are applied to data electrode lines during
selection times for other scan electrode lines.

[0043] Each sclection time, for example, the selection time
Tg,, during which selection line voltages R; and R,, are
applied to a certain or particular scan electrode line, and
simultaneously, data signals are applied to all data electrode
lines, is always constant. The selection time Ty, is divided
into a first part and a second part. The first part of the
selection time Ty, is also known as ‘first part time t6-t7°
corresponding to the time t6-t7. The second part of the
selection time T, is also known as ‘second part time (7-t8”
corresponding to the time t7-t8.

[0044] During the first part time t6-t7, the low seclection
line voltage R is applied to the n-the scan electrode line.
During the second part time t7-t8, the high selection line
voltage R, higher than the low selection line voltage R; is
applied to the n-the scan electrode line. In addition, during
the selection time Tg,, a data pulse P, having a width
corresponding to the first or second part time t6-t7 or t7-t8
is applied to all data electrode lines, and an application time
point téa of the data pulse Py, varies with the gray scale level
of a relevant or respective cholesteric liquid crystal cell.

[0045] More specifically, during the selection time T,
the data pulse Pr, is applied to cholesteric liquid crystal cells
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having the highest gray scale level at the earliest time t6a.
Here, the time T between the application time point téa and
the middle point t7 of the selection time Tg, occupies the
entire first part time t6-t7. In this case, a ratio of the data
pulse Py, to the first part time t6-t7, i.e., a gray-scale ratio
2T4/Tg,, 1s 1. Accordingly, a negative voltage having a level
corresponding to the difference (R; —Cyy) between the low
selection line voltage R; and a high data voltage Cy is
continuously applied to cholesteric liquid crystal cells hav-
ing the highest gray scale level during the first part time
t6-t7. In addition, a high positive voltage, which has a level
corresponding to the difference (Ry,~C;) between the high
selection line voltage R,; and a low data voltage C;, is
continuously applied to the cholesteric liquid crystal cells
having the highest gray scale level during the second part
time t7-t8. Accordingly, the cholesteric liquid crystal cells
having the highest gray scale level maintain the homeotropic
state H during the selection time Tg,. Here, since the
negative voltage having the level corresponding to the
difference (R;-Cyy) is continuously applied during the first
part time t6-t7, the cholesteric liquid crystal cells are pre-
vented from relaxing into the transient-planar state.

[0046] In contrast, during the selection time Ty,, the data
pulse Py, is applied to cholesteric liquid crystal cells having
the lowest gray scale level at a latest time point t7. Here, the
time Ty between the application time point tba and the
middle point t7 of the selection time T, is zero. In this case,
a gray-scale ratio 2T5/Tg, is 0. Accordingly, a differential
voltage (R, -C; ) between the low selection line voltage R;.
and the low data voltage C; is continuously applied to the
cholesteric liquid crystal cells having the lowest gray scale
level during the first part time t6-t7. Actually, since the low
selection line voltage R; has the same level as the low data
voltage C;, no voltage is applied to the cholesteric liquid
crystal cells having the lowest gray scale level during the
first part time t6-t7. In addition, a low positive voltage,
which has a level corresponding to the difference (Ry;—Cpy)
between the high selection line voltage R, and the high data
voltage C;, 1s continuously applied to the cholesteric liquid
crystal cells having the lowest gray scale level during the
second part time t7-t8. Accordingly, the cholesteric liquid
crystal cells having the lowest gray scale level relax into the
transient-planar state. Here, since no voltage is applied
during the first part time t6-t7, the cholesteric liquid crystal
cells freely relax into the transient-planar state without any
constraint.

[0047] To put it briefly, the cholesteric liquid crystal cells
having the highest gray scale level maintain the homeotropic
state H while the cholesteric liquid crystal cells having the
lowest gray scale level relax into the transient-planar state.
In addition, cholesteric liquid crystal cells having other gray
scale levels maintain the similar state to the homeotropic
state H as the gray scale level increases and change into a
similar state to the transient-planar state as the gray scale
level decreases. Since only an application time point (t6a in
the case of the selection time Tg,) of a data pulse having the
width (t6a-t7« in the case of the selection time Tg,) corre-
sponding to half of a unit selection time (e.g., Ty,) during the
unit selection time varies with gray scale, a root-mean-
square voltage applied to all data electrode lines is constant
regardless of the gray scale. Consequently, a voltage which
is applied to cholesteric liquid crystal cells of scan electrode
lines which are not scanned is constant, thereby removing
crosstalk.
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[0048] During the evolution time Tg.,, the preparation line
voltage Ry and the high selection line voltage R,, are
alternately applied to the n-th scan electrode line. That is, the
root-mean-square voltage of the two voltages Ry and R,
ie., a fourth voltage VR >+R, >, is applied to the n-th scan
electrode line. Accordingly, while the cholesteric liquid
crystal cells having the highest gray scale level maintain the
homeotropic state H, the cholesteric liquid crystal cells
having the lowest gray scale level change into the focal
conic state F shown in FIG. 1. The cholesteric liquid crystal
cells having other gray scale levels maintain the similar state
to the homeotropic state as the gray scale level increases and
change into a similar state to the focal conic state as the gray
scale level decreases.

[0049] In the meantime, during the evolution time Ty, the
fourth voltage VR"+R,,” is applied to the n-th scan elec-
trode line so that the number of output voltage levels of a
scan-electrode driving device can be reduced to 3, thereby
simplifying the internal circuit of the device and decreasing
the manufacturing costs. In addition, as described above, an
evolution cell voltage, which is applied to all cholesteric
liquid crystal cells of the n-th scan electrode line during the
evolution time Tg,, is not changed by the data signals
Cy<->C;, which are applied to the data electrode lines
during selection times for other scan electrode lines.

[0050] During the maintenance time T,,,, a voltage equal
to the low selection line voltage R; is applied to the n-th scan
electrode line so that the cholesteric liquid crystal cells
having the highest gray scale level relax into the planar state
P shown in FIG. 1 while the cholesteric liquid crystal cells
having the lowest gray scale level maintain the focal state F.
In addition, the cholesteric liquid crystal cells having other
gray scale levels change into a similar state to the planar
state P as the gray scale level increases and maintain the
similar state to the focal conic state F as the gray scale level
decreases. Accordingly, the cholesteric liquid crystal cells
having the highest gray scale level reflect light, which has a
wavelength corresponding to the product nP of an average
refractive index “n” and a helical pitch P, most. However, the
cholesteric liquid crystal cells having the lowest gray scale
level transmit light in an almost transparent state. The
reflectivity of the cholesteric liquid crystal cells having other
gray scale levels increases as the gray scale level increases
and decreases as the gray scale level decreases. In addition,
as described above, a maintenance cell voltage, which is
applied to all cholesteric liquid crystal cells of the n-th scan
electrode line during the maintenance time T,,,, is not
changed by the data signals Cz<->C;, which are applied to
the data electrode lines during selection times for other scan
electrode lines.

[0051] Meanwhile, when the polarity of a driving voltage
applied to all cholesteric liquid crystal cells is inverted with
a unit modulation period, a mean direct current (DC) voltage
can be removed, thereby preventing the physical properties
of cholesteric liquid crystal from changing. In another
embodiment of the present invention, the polarity of a
driving voltage applied to all cholesteric liquid crystal cells
can be inverted with a unit modulation period without using
an extra negative voltage. More specifically, for the data
signal Sc,,, a voltage C; (M) having a level equal to the
preparation line voltage Ry, e.g., 32 V, is used instead of the
low data voltage C;, e.g., 0V, and a voltage C;(M) having
a level of C;(M)-Cy, e.g., 27 V, is used instead of the high
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data voltage Cg, €.g., 5 V. In addition, for the scan signal
Sgus While the high selection line voltage R, is maintained,
the preparation line voltage Ry; and the low selection line
voltage R; are in opposition to each other in two consecutive
unit modulation periods. For example, in a case where
inversion driving is performed with a unit modulation
period, during the maintenance time Ty, in previous unit
modulation period, a high maintenance line voltage Ry is
applied to the n-th scan electrode line, while the voltages
C; (M) and Cy(M) resulting from crosstalk are applied to the
m-the data electrode line. During such inversion driving,
only the polarity of a driving voltage applied to all choles-
teric liquid crystal cells changes, and the operations are the
same as those described above.

[0052] FIG. 6 shows the reflectivity of cholesteric liquid
crystal cells versus the high selection line voltage R, which
is applied to a scan electrode line during the second part time
t7-t8 shown in FIG. 3, when the application time point tba
of the data pulse P shown in FIGS. 3 and 4 changes. In
FIG. 6, a reference character R.1 denotes a characteristic
curve when the gray-scale ratio 2T5/Tg, is 1, a reference
character R.875 denotes a characteristic curve when the
gray-scale ratio 2T/ T, is 0.875, a reference character R.75
denotes a characteristic curve when the grayscale ratio
2T s 15 0.75, a reference character R.625 denotes a char-
acteristic curve when the gray-scale ratio 2T4/Tg, is 0.625,
a reference character R.5 denotes a characteristic curve
when the gray-scale ratio 2T5/T, is 0.5, a reference char-
acter R.375 denotes a characteristic curve when the gray-
scale ratio 2T,/Tg, is 0.375, a reference character R.25
denotes a characteristic curve when the gray-scale ratio
2T /T, is 0.25, a reference character R.125 denotes a
characteristic curve when the gray-scale ratio 2T5/Tg, is
0.125, and a reference character R.0 denotes a characteristic
curve when the gray-scale ratio 2T5/Tg, is 0.

[0053] Referring to FIG. 6, as the gray-scale ratio 2T/
Tg, increases, a voltage, which is required to change cho-
lesteric liquid crystal cells into a planar state having high
reflectivity, decreases. In addition, it can be seen from FIG.
6 that difference in reflectivity with respect to all of the
gray-scale ratios 2T5/Tg, is appropriate when the high
selection line voltage R, is about 16 V. In other words, when
the high selection line voltage R,, is about 16 V, best
gray-scale display can be accomplished.

[0054] FIG. 7 shows the reflectivity of cholesteric liquid
crystal cells with respect to the application time point téa of
the data pulse P, shown in FIGS. 3 and 4. More particu-
larly, FIG. 7 shows the reflectivity of cholesteric liquid
crystal cells versus the gray-scale ratio 2T,/Ty, regarding
the data pulse Pr,. The graph shown in FIG. 7 is based on
the result obtained when the gray-scale ratio 2T4/Tg, is
divided into 20 divisions and the result obtained when the
gray-scale ratio 2T5/ T, is divided into 40 divisions. Refer-
ring to FIG. 7, difference in reflectivity is appropriate in the
AP range of the gray-scale ratio 2T/Ty,. That is, applica-
tion of the AP range of the gray-scale ratio 2T /T, is most
appropriate for gray-scale display.

[0055] As described above, in a method of driving a
cholesteric liquid crystal display panel according to the
present invention, since only an application time point of a
data pulse having the width corresponding to half of a
selection time varies with gray scale, a root-mean-square
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voltage, which is applied to all data electrode lines during a
unit selection time, is constant regardless of the gray scale.
Consequently, a voltage which is applied to cholesteric
liquid crystal cells of scan electrode lines which are not
scanned is constant, thereby removing crosstalk. Therefore,
accurate gray-scale display can be accomplished.

[0056] The foregoing paragraphs describe the details of a
method of driving a cholesteric liquid crystal display (LCD)
panel, and more particularly, of a method of driving a
cholesteric liquid crystal display panel by sequentially
applying a selection line voltage to scan electrode lines of
the cholesteric liquid crystal display panel and simulta-
neously applying data signals to all data electrode lines so
that the state of each cholesteric liquid crystal cell is selected
according to a given gray scale level

[0057] While the present invention has been illustrated by
the description of embodiments thereof, and while the
embodiments have been described in considerable detail, it
is not the intention of the applicant to restrict or in any way
limit the scope of the appended claims to such detail.
Additional advantages and modifications will readily appear
to those skilled in the art. Therefore, the invention in its
broader aspects is not limited to the specific details, repre-
sentative apparatus and method, and illustrative examples
shown and described. Accordingly, departures may be made
from such details without departing from the spirit or scope
of the applicant’s general inventive concept.

What is claimed is:

1. Amethod of driving a cholesteric liquid crystal display
panel having cholesteric liquid crystal cells, the method
comprising:

during a selection time, applying at least one selection line
voltage to a particular scan electrode line of the panel
and substantially simultaneously applying data signals
to all data electrode lines in order to select a state of the
cholesteric liquid crystal cells in dependence upon a
predetermined gray scale level, the selection time being
a constant, the selection time being divided into a first
part of the selection time and a second part of the
selection time;

said applying of the at least one selection line voltage
further comprising;:

applying a low selection line voltage during the first
part; and

applying a high selection line voltage during the second
part, the high selection line voltage having a different
level than the low selection line voltage;

said applying of the data signals further comprising
applying a data pulse to all the data electrode lines at
different time points, the different time points being
selected in dependence upon gray scale levels of
respective ones of the cholesteric liquid crystal cells,
the data pulse having a width corresponding to one
selected from among the first part and the second part.

2. The method of claim 1, further comprising:

the selection time corresponding to a sequence of selec-
tion times; and
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sequentially performing said applying of the at least one
selection line voltage and said applying of the data
signals during the sequence of selection times.

3. The method of claim 1, further comprising;:

before the selection time, applying a first predetermined
voltage to all cholesteric liquid crystal cells of the panel
to change all cholesteric liquid crystal cells of the
relevant scan electrode line into a homeotropic state.
4. The method of claim 3, said applying of the first
predetermined voltage being performed during a preparation
step immediately prior to the selection time.

5. The method of claim 3, further comprising:

during the selection time, maintaining the homeotropic
state in the cholesteric liquid crystal cells having a
highest gray scale level,

during the selection time, relaxing the state of the cho-
lesteric liquid crystal cells having a lowest gray scale
level into a transient-planer state; and

during the selection time, in the cholesteric liquid crystal
cells not having the highest gray scale level and not
having the lowest gray scale level, changing the state of
the cholesteric liquid crystal cells into a state similar to
the homeotropic state when the gray scale level
increases, and changing the state of the cholesteric
liquid crystal cells into a state similar to the transient-
planar state when the gray scale level decreases.

6. The method of claim 5, further comprising:

after the selection time, applying a second predetermined
voltage to all of the cholesteric liquid crystal cells of the
panel to maintain the homeotropic state in the choles-
teric liquid crystal cells having the highest gray scale
level and to change the state of the cholesteric liquid
crystal cells having the lowest gray scale level into a
focal conic state; and

said applying of the second predetermined voltage chang-
ing the cholesteric liquid crystal cells not having the
highest gray scale level and not having the lowest gray
scale level into a state similar to the homeotropic state
when the gray scale level increases and into a state
similar to the focal conic state when the gray scale level
decreases.

7. The method of claim 6, said applying of the second
predetermined voltage being performed during an evolution
step immediately after the selection time.

8. The method of claim 7, further comprising:

after the evolution step, applying a third predetermined
voltage to all of the cholesteric liquid crystal cells of the
panel to relax the state of the cholesteric liquid crystal
cells having the highest gray scale level into a planar
state and to maintain the focal conic state of the
cholesteric liquid crystal cells having the lowest gray
scale level; and

said applying of the third predetermined voltage changing
the cholesteric liquid crystal cells not having the high-
est gray scale level and not having the lowest gray scale
level into a state similar to the planar state when the
gray scale level increases and into a state similar to the
focal conic state when the gray scale level decreases.
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9. The method of claim 1, further comprising;:

during the selection time, maintaining a homeotropic state
in the cholesteric liquid crystal cells having a highest
gray scale level;

during the selection time, relaxing the state of the cho-
lesteric liquid crystal cells having a lowest gray scale
level into a transient-planer state; and

during the selection time, in the cholesteric liquid crystal
cells not having the highest gray scale level and not
having the lowest gray scale level, changing the state of
the cholesteric liquid crystal cells into a state similar to
the homeotropic state when the gray scale level
increases, and changing the state of the cholesteric
liquid crystal cells into a state similar to the transient-
planar state when the gray scale level decreases.

10. The method of claim 1, further comprising:

after the selection time, applying a predetermined voltage
to all of the cholesteric liquid crystal cells of the panel
to maintain a homeotropic state in the cholesteric liquid
crystal cells having the highest gray scale level and to
change the state of the cholesteric liquid crystal cells
having the lowest gray scale level into a focal conic
state; and

said applying of the predetermined voltage changing the
cholesteric liquid crystal cells not having the highest
gray scale level and not having the lowest gray scale
level into a state similar to the homeotropic state when
the gray scale level increases and into a state similar to
the focal conic state when the gray scale level
decreases.

11. A method of driving a liquid crystal display panel, the

method comprising:

during a selection time, applying at least one selection line
voltage to a particular scan electrode line of the panel
and substantially simultaneously applying data signals
to all data electrode lines in order to select a state of
cholesteric liquid crystal cells of the panel in depen-
dence upon a predetermined gray scale level, the selec-
tion time being a constant, the selection time being
divided into a first part of the selection time and a
second part of the selection time;

said applying of the data signals further comprising
applying a data pulse to all the data electrode lines at
different time points, the different time points being
selected in dependence upon gray scale levels of
respective ones of the cholesteric liquid crystal cells,
the data pulse having a width corresponding to one
selected from among the first part and the second part.

12. The method of claim 11, further comprising:

before the selection time, applying a predetermined volt-
age to all cholesteric liquid crystal cells of the panel to
change all cholesteric liquid crystal cells of the relevant
scan electrode line into a homeotropic state.

13. The method of claim 11, further comprising:

during the selection time, maintaining a homeotropic state
in the cholesteric liquid crystal cells having a highest
gray scale level;

during the selection time, relaxing the state of the cho-
lesteric liquid crystal cells having a lowest gray scale
level into a transient-planer state; and
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during the selection time, in the cholesteric liquid crystal
cells not having the highest gray scale level and not
having the lowest gray scale level, changing the state of
the cholesteric liquid crystal cells into a state similar to
the homeotropic state when the gray scale level
increases, and changing the state of the cholesteric
liquid crystal cells into a state similar to the transient-
planar state when the gray scale level decreases.

14. The method of claim 11, further comprising:

after the selection time, applying a predetermined voltage
to all of the cholesteric liquid crystal cells of the panel
to maintain a homeotropic state in the cholesteric liquid
crystal cells having the highest gray scale level and to
change the state of the cholesteric liquid crystal cells
having the lowest gray scale level into a focal conic
state; and

said applying of the predetermined voltage changing the
cholesteric liquid crystal cells not having the highest
gray scale level and not having the lowest gray scale
level into a state similar to the homeotropic state when
the gray scale level increases and into a state similar to
the focal conic state when the gray scale level
decreases.

15. The method of claim 11, further comprising:

after the selection time, applying a predetermined voltage
to all of the cholesteric liquid crystal cells of the panel
to relax the state of the cholesteric liquid crystal cells
having the highest gray scale level into a planar state
and to maintain a focal conic state of the cholesteric
liquid crystal cells having the lowest gray scale level;
and

said applying of the predetermined voltage changing the
cholesteric liquid crystal cells not having the highest
gray scale level and not having the lowest gray scale
level into a state similar to the planar state when the
gray scale level increases and into a state similar to the
focal conic state when the gray scale level decreases.
16. A method of driving a cholesteric liquid crystal

display panel, the method comprising:

during a selection time, applying at least one selection line
voltage to a particular scan electrode line of the panel
and substantially simultancously applying data signals
to all data electrode lines in order to select a state of
cholesteric liquid crystal cells of the panel in depen-
dence upon a predetermined gray scale level, the selec-
tion time being a constant, the selection time being
divided into a first part of the selection time and a
second part of the selection time;

said applying of the at least one selection line voltage
further comprising:

applying a low selection line voltage during the first
part; and

applying a high selection line voltage during the second
part, the high selection line voltage having a different
level than the low selection line voltage.
17. The method of claim 16, further comprising:

before the selection time, applying a predetermined volt-
age to all cholesteric liquid crystal cells of the panel to
change all cholesteric liquid crystal cells of the relevant
scan electrode line into a homeotropic state.
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18. The method of claim 16, further comprising:

during the selection time, maintaining a homeotropic state
in the cholesteric liquid crystal cells having a highest
gray scale level;

during the selection time, relaxing the state of the cho-
lesteric liquid crystal cells having a lowest gray scale
level into a transient-planer state; and

during the selection time, in the cholesteric liquid crystal
cells not having the highest gray scale level and not
having the lowest gray scale level, changing the state of
the cholesteric liquid crystal cells into a state similar to
the homeotropic state when the gray scale level
increases, and changing the state of the cholesteric
liquid crystal cells into a state similar to the transient-
planar state when the gray scale level decreases.

19. The method of claim 16, further comprising:

after the selection time, applying a predetermined voltage
to all of the cholesteric liquid crystal cells of the panel
to maintain a homeotropic state in the cholesteric liquid
crystal cells having the highest gray scale level and to
change the state of the cholesteric liquid crystal cells
having the lowest gray scale level into a focal conic
state; and
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said applying of the predetermined voltage changing the
cholesteric liquid crystal cells not having the highest
gray scale level and not having the lowest gray scale
level into a state similar to the homeotropic state when
the gray scale level increases and into a state similar to
the focal conic state when the gray scale level
decreases.

20. The method of claim 16, further comprising:

after the selection time, applying a predetermined voltage
to all of the cholesteric liquid crystal cells of the panel
to relax the state of the cholesteric liquid crystal cells
having the highest gray scale level into a planar state
and to maintain a focal conic state of the cholesteric
liquid crystal cells having the lowest gray scale level;
and

said applying of the predetermined voltage changing the
cholesteric liquid crystal cells not having the highest
gray scale level and not having the lowest gray scale
level into a state similar to the planar state when the
gray scale level increases and into a state similar to the
focal conic state when the gray scale level decreases.
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