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PCT/US98/00108       APPARATUS FOR AND METHOD OF DRIVING A CHOLESTERIC
LIQUID      CRYSTAL FLAT PANEL DISPLAY WITH INITIAL SETTING INTO THE
NEMATIC STATE                       TECHNICAL FIELD OF THE INVENTION
The present invention is directed, in general, to liquid crystal
displays and, more specifically, to an apparatus for and method of driving
a cholesteric liquid crystal ("CLC") flat panel display.
BACKGROUND OF THE INVENTION          5          The development of improved
liquid crystal ("LC") flat-panel              displays is an area of very
active research, driven in large part by the              proliferation of
and demand for portable electronic appliances, including
computers and wireless telecommunications devices. Moreover, as the
quality of LC displays improves, and the cost of manufacturing declines,
10   it is projected that LC displays may eventually displace conventional
display technologies, such as cathode-ray-tubes.              Cholesteric
liquid crystal ("CLC") technology is a particularly-
attractive candidate for many display applications. Cholesteric liquid
crystals may be used to provide bi-stable and multi-stable displays that,
15   due to their non-volatile "memory" characteristic, do not require a
continuous driving circuit to maintain a display image, thereby  



significantly reducing power consumption. Moreover, some CLC
displays may be easily viewed in ambient light without the need for back-
lighting. The elimination of the need for back-lighting is particularly
WO 98/31002
PCT/US98/00108                capable of displaying full-motion video will
eventually displace            conventional cathode-ray tubes in television
and computer display            applications. Several characteristics of
conventional CLC materials and            driving circuits, however,
present limitations to achieving CLC displays       5   that can be driven
fast enough to support the frame rates necessary to            display
full-motion video.                   CLC displays are constructed by
trapping a thin film of liquid            crystal between two substrates of
glass or transparent plastic. The            substrates are usually
manufactured with transparent electrodes, typically      10   made of
indium tin oxide ("ITO"), to which electrical "driving" signals
are coupled. The driving signals induce an electric field which can cause
a phase change or state change in the CLC material; the CLC exhibiting
different light-reflecting characteristics according to its phase and/or
state.                    CLCs can exhibit a field-induced "nematic" phase
and a stable      15   "cholesteric" phase. The field-induced "nematic"
phase of a conventional            CLC is a "non-stable" state, meaning
that the CLC will not remain in that            state if the electric field
necessary to drive the CLC into the nematic phase            is removed;
i.e. upon removal of the electrical field, the CLC will
transform to a "stable" cholesteric phase. Thus, to reduce display power
20   requirements, conventional CLC displays are generally operated only in
the stable cholesteric phase in which two different molecular domain
structures (planar and focal-conic), or states, of the CLC are used to
modulate incident light. When a CLC in the planar state is illuminated
with ambient light, the CLC reflects light that is within an intrinsic
25   spectral bandwidth centered about a wavelength [err]; all other
wavelengths            of incident light are transmitted through the CLC.
The wavelength [err]            may be within the invisible or visible
("color") light spectrum; a CLC            having an intrinsic wavelength
in the infra-red spectrum being particularly            useful in
transmissive mode displays where the reflection of color to an 
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varying the proportion of chiral            compound present in the CLC,
this selective reflection can be achieved            for any wavelength
[err] within the infra-red and color spectrums. When            the CLC is
in the focal-conic state, the CLC optically scatters all       5
wavelengths of incident light; a substantial portion of the incident light
being forward-scattered and a lesser portion being back-scattered.
The structure and operation of CLCs is not fully understood;
empirical data, however, has provided a basis for different hypothetical
models that can be used to characterize the response of a CLC to      10
controlled stimuli. The principles of the present invention, however, are
not limited by the model used herein to describe the structure and
response of a CLC. As used hereinafter, "on" and "off" refer to the
rerative states of local domains within the CLC. Each pixel of a CLC
may be composed of domains in a planar ("on") or focal-conic ("off")
15   state, or "texture;" the planar state corresponding to a maximum level
of            reflectivity and the focal-conic state corresponding to a
minimum level of            reflectivity. Furthermore, a multi-stable CLC
is capable of displaying            "gray scale" images, wherein each
display pixel can be driven to a            desired gray scale level by
selectively driving the local domains to any     20   one of multiple
stable intermediate states between the planar and focal-            conic
states; each intermediate state having a level of reflectivity between
those of the planar and focal-conic states.                   A driving
signal can be selectively applied to a CLC to switch            between the
cholesteric-phase focal-conic and planar states. An important     25
characteristic of CLC materials in display applications is that the
cholesteric-phase planar and focal-conic states are stable states; i.e. the
state of the CLC does not change when the driving signal is removed.
This characteristic of CLCs is generally referred to as "bi-stability" for
two state (e.g. black and white) displays, and "multi-stability" for multi-
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stability, or "memory,"             characteristic of CLCs eliminates the
need to continually refresh the             display as is required by other
LC materials and cathode-ray tubes,             thereby reducing power
consumption. For full-motion video applications,       5   however, a CLC
display must be driven at a rate sufficient to display _             smooth
transitions between video frames, referred to as the video "frame
rate."                    Two approaches may be taken to increase the frame
rate of             conventional CLC displays. One approach, disclosed by
Bao-Gang Wu,      10   et al. in copending United States Patent application
Serial No.             08/445,181, filed on May 19, 1995 (commonly assigned
with the present             application), incorporated herein by
reference, is to improve the state             transition characteristics
of the CLC material by modifying the texture of             the material. A
second approach is to improve the method by which       15   electrical
drive signals are used to control the state transitions of the CLC.
United States Patent No. 5,453,863, issued to West, et al. on
September 26, 1995, discloses the use of signals of varying electrical
magnitudes to transform the CLC from focal-conic to planar states, and
vice versa; a continuum of signal magnitudes being used to drive the CLC
20   to intermediate "gray scale" states. As hereinafter described, the
portion             of a typical CLC electro-optical response curve
corresponding to the             intermediate (i.e. gray scale) states has
a steep slope; i.e. the portion of             the curve corresponds to a
narrow voltage range over which signals of             varying electrical
magnitudes can be used to drive a CLC to different      25   intermediate
states. Because the voltage range is typically narrow, a
principal disadvantage of the method disclosed by West, et al. is that it
is difficult to precisely drive the CLC to a preferred intermediate state.
Furthermore, the electro-optical response curve of a CLC will shift to the
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gap (i.e. the thickness of the CLC).             Because the portion of a
typical CLC electro-optical response curve             corresponding to the
intermediate (i.e. gray scale) states has a steep slope,             even a
slight shift in the curve will cause a particular drive voltage to       5
produce different intermediate states in pixels having slightly different
cell             gaps.                    Therefore, what is needed in the
art is an apparatus for and             method of driving a CLC flat panel
display at full-motion video frame             rates. Furthermore, there is
a need in the art for an apparatus and method      10   of driving a CLC
flat panel display to intermediate (gray scale) states,             wherein
the intermediate states are not a function of a drive signal
voltage.                     
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To address the above-discussed deficiencies of the prior art, it is
a primary object of the present invention to provide a driver apparatus and
methods of driving at least a portion of a cholesteric liquid crystal
5   ("CLC") panel to a state having a given reflectivity, the apparatus and
methods of driving suitable to drive a CLC display at full-motion video
frame rates.                   In the attainment of the above-described
primary object, the            present invention recognizes that a matrix
CLC display may be driven      10   faster when it is reset to a
cholesteric phase focal-conic state prior to            being driven to a
final state of given reflectivity. The present invention
initializes, or "resets," the one or more portions of a CLC display by
initially driving the one or more portions to the nematic phase and
subsequently driving the one or more portions to the cholesteric phase
15   focal-conic state. In a conventional matrix display, the one or more
portions correspond to the picture elements, or "pixels," of the matrix
display. The cholesteric phase focal-conic state has known characteristics
and, therefore, can be used to provide a known reference state for the
subsequent driving of the portion to the desired state having the given
20   reflectivity. 



In one embodiment of the present invention, the step of initially
driving comprises the step of applying a sequence of pulses to drive the
portion to the nematic phase, and the step of subsequently driving
comprises the step of applying a sequence of pulses to drive the portion
25   to the cholesteric phase focal-conic state. As described hereinafter,
initially driving the portion to the nematic phase and subsequently to the
cholesteric phase focal-conic state has the advantage of increasing the
WO 98/31002
PCT/US98/00108                 speed at which the display can be driven, as
well as improving the quality             of a display image.
In one embodiment of the present invention, the step of initially
driving comprises the step of applying a first sequence of pulses having
5   a first amplitude to drive the portion to the nematic phase and the
step of             subsequently driving comprises the step of applying a
second sequence of             pulses having a second amplitude to drive
the portion to the cholesteric             phase focal-conic state. The
steps of applying the first and second             sequence of pulses are
referred to as an 'initialization" stage, which       10   erases the
previous state of the portion in preparation for driving the
portion to a new state in an "addressing" stage. In related embodiments,
the first and second amplitudes are a function of a composition of CLC
in the CLC panel and/or a function of a thickness of the CLC panel. The
apparatus for and method of driving a CLC disclosed by the present       15
invention is not limited to a particular CLC composition or CLC panel
structure; the principles disclosed herein may be employed to advantage
in many different CLC flat panel display structures using different CLC
materials.                     Following the selective initialization of
portions of the CLC       20   display, a portion of the display can be
"addressed" by thereafter driving             the state of the portion to a
desired final state having a given reflectivity.             In one
embodiment of the present invention, the step of thereafter driving
includes the step of applying an addressing pulse, or sequence of pulses,
having a predetermined amplitude to drive the portion from the      25
cholesteric phase focal-conic state to a cholesteric phase planar state. In
a related embodiment, the desired state having a given reflectivity is an
intermediate state between the cholesteric phase focal-conic state and a 



cholesteric phase planar state, and the step of thereafter driving includes
the step of applying a sequence of addressing pulses having a
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from the cholesteric phase             focal-conic state to the
intermediate state, the given reflectivity being a             function of
a duration of the sequence of addressing pulses. In another
embodiment, the step of applying a sequence of addressing pulses having
5   a predetermined amplitude is preceded by the step of applying a first
sequence of pulses having an amplitude less than a minimum amplitude
necessary to drive the CLC from the focal-conic state, a duration of the
first sequence of pulses adjusted such that the sum of the duration of the
first sequence of pulses and the duration of the sequence of addressing
10   pulses equals a predetermined value.                    The foregoing
has outlined rather broadly the features and             technical
advantages of the present invention so that those skilled in the
art may better understand the detailed description of the invention that
follows. Additional features and advantages of the invention will be
15   described hereinafter that form the subject of the claims of the
invention.             Those skilled in the art should appreciate that they
may readily use the             conception and the specific embodiment
disclosed as a basis for modifying             or designing other
structures for carrying out the same purposes of the             present
invention. Those skilled in the art should also realize that such       20
equivalent constructions do not depart from the spirit and scope of the
invention in its broadest form.       
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For a more complete understanding of the present invention, and the
advantages thereof, reference is now made to the following descriptions
taken in conjunction with the accompanying drawings, in which:       5
FIGURE 1-A illustrates a schematic representation of the helical
twisted structure of a cholesteric liquid crystal ("CLC") molecule;
FIGURE 1-B illustrates a schematic representation of a CLC
domain;                    FIGURE 2 illustrates a schematic representation
of a CLC domain        10   in a predominantly planar state;
FIGURE 3 illustrates a schematic representation of a CLC domain
in a predominantly focal-conic state;                    FIGURE 4
illustrates a schematic representation of a CLC domain             in an
intermediate ("gray scale") state between a predominantly planar       15
state and a predominantly focal-conic state;                    FIGURE 5
illustrates a schematic representation of a CLC in a
field-induced nematic phase;                    FIGURE 6 illustrates an
exemplary electro-optical response             characteristic of a CLC;
20           FIGURE 7-A illustrates an exemplary electro-optical response
characteristic of a CLC for a driving pulse having a pulse duration of 50
ms;                    FIGURE 7-B illustrates an exemplary electro-optical
response             characteristic of a CLC for a driving pulse having a
pulse duration of 3      25   ms;                    FIGURE 7-C illustrates
an exemplary electro-optical response             characteristic of a CLC
for a driving pulse having a pulse duration of 1             ms;
-9-     
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electro-optical response            characteristic of a CLC for a driving
pulse having a pulse duration of 70            [err]s;
FIGURE 8 illustrates exemplary waveforms and an exemplary       5   timing
sequence for a CLC driving apparatus and method according to the
principles of the present invention;                   FIGURE 9-A
illustrates an exemplary first pulse sequence of an
initialization waveform for a CLC driving apparatus and method
according to the principles of the present invention;      10
FIGURE 9-B illustrates an exemplary second pulse sequence of an
initialization waveform for a CLC driving apparatus and method
according to the principles of the present invention;
FIGURE 10 illustrates exemplary column and row initialization
signals for a frame initialization CLC driving method according to the
15   principles of the present invention;                   FIGURE 11
illustrates exemplary column and row polar            addressing signals
for a frame initialization CLC driving method            according to the
principles of the present invention;                   FIGURE 12
illustrates exemplary column and row initialization      20   and
addressing signals for a multi-row CLC driving method according to
the principles of the present invention;                   FIGURE 13
illustrates an exemplary addressing waveform pulse            sequence for
a gray-scale CLC driving method according to the principles            of
the present invention;      25           FIGURE 14 illustrates an exemplary
electro-optical response            characteristic of a CLC for addressing
waveform pulse sequences of            different pulse sequence durations;
WO 98/31002
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FIGURE 15 illustrates an exemplary apparatus for employing the
method for driving a CLC display according to the principles of the
present invention;                    FIGURE 16-A illustrates the effect of
temperature on the phase        5   change voltage V[err] of an exemplary
CLC; and                    FIGURE 16-B illustrates the effect of
temperature on the required             driving time, according to the
principles of the present invention, for an             exemplary CLC.
WO 98/31002
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Before describing the novel apparatus for and method of driving
a cholesteric liquid crystal ("CLC") flat panel display disclosed by the
present invention, a description of the various structures of CLC materials
5   is necessary to appreciate the advantages of the present invention.
Referring initially to FIGURE 1-A, illustrated is a schematic
representation of the helical twisted structure of a CLC 100. A CLC
helical structure 100 consists of molecular directors 110 that interact to
produce a helical twisted structure having a pitch p; the pitch p is
10   predetermined by the amount of chiral material added to the CLC
material. In FIGURE 1-A, the molecular directors 110 are shown as two-
dimensional projections for each hypothetical layer; the different
projected             lengths of the directors illustrating the twisted
structure of the CLC helical             structure 100. A volume of CLC
material consists of many CLC helical      15   structures 100 arranged in
"domains." FIGURE 1-B illustrates a             schematic representation of
a CLC domain. The helical axis of the CLC             helical structure 100
is called the "domain director. " A CLC matrix flat             panel
display includes many picture elements, or "pixels," each of which
contain many CLC domains.      20           A CLC can be forced to change
its structure by applying an             electric field. Under the force of
the applied electrical field, the domain             directors are
reoriented, resulting in various light-reflecting and light-
scattering states. The light-reflecting planar state can exhibit a bright
color and the light-scattering focal-conic state can exhibit a
substantially 



25   black color, as hereinafter described. If the CLC display includes a
plurality of separately-addressable pixels, the CLC display can be used to
display text and/or images.       WO 98/31002
PCT/US98/00108                        An important characteristic of CLCs
is the existence of stable             states even when no driving signal
is applied; i.e. "zero field" conditions.             A CLC can exhibit a
stable light-reflective planar state, a stable light-
scattering focal-conic state, and many stable intermediate (i.e. gray
scale)        5   states between the planar and focal-conic states. FIGURE
2 illustrates a             schematic representation of a CLC domain in a
predominantly planar             state. In the planar state, the CLC
molecules are arranged in hypothetical             layers with the long
axes of the molecules in each layer substantially             parallel to
each other (and the display substrates); the director of the       10
domains thus being substantially perpendicular to the layers.  The
periodicity of the planar state selectively reflects electromagnetic
radiation             (e.g. ambient light) that is perpendicularly incident
on these layers. The             center wavelength of the selective
radiation band is given by [err]= np,             where [err] is the
wavelength of the radiation, n is the average refractive       15   index
of liquid crystal and p is the predetermined pitch of the CLC
material. In the planar state, the CLC exhibits a bright state having an
intrinsic color having a wavelength substantially equal to [err], which can
be             changed by varying the amount of chiral material in the CLC.
Turning now to FIGURE 3, illustrated is a schematic      20
representation of a CLC domain in a predominantly focal-conic state. In
the focal-conic state, the director of each CLC domain is substantially
parallel to the display substrates and randomly oriented with respect to
the             directors of other CLC domains. The randomly-oriented
directors causes             a scattering of all wavelengths of the
incident light. If the thickness of the      25   CLC is thin enough (e.g.,
less than 5 [err]m), only a very small percentage             of the
incident radiation is reflected, or "back-scattered;" the remainder
being transmitted, or "forward-scattered." If the CLC panel includes a
back plate that absorbs the transmitted radiation, then the portion of the
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substantially "black" to an             observer.
Turning now to FIGURE 4, illustrated is a schematic
representation of a CLC domain in an intermediate ("gray scale") state
5   between a predominantly planar state and a predominantly focal-conic
state. Because the director of each local domain in a display pixel may
not be substantially perpendicular or parallel to the display substrates,
as             described supra for the predominantly planar and focal-conic
states,             respectively, each pixel can be driven to a state that
exhibits a light-      10   reflectivity level intermediate between the
predominantly planar and             predominantly focal-conic states; the
average angle of the directors of the             local domains, relative
to the display substrates, determining the light-             reflection
intensity (i.e. intermediate state) of the CLC pixel. For
example, if a substantial portion of the local domains are in the planar
15   state, the pixel appearance will correspond to one extreme of the gray
scale; if a substantial portion of the local domains are in the focal-conic
state, the pixel appearance will correspond to the other extreme of the
gray scale; each intermediate gray scale level corresponding to a relative
proportion of local domains having a particular average angle.      20
Another important structure of CLCs is the "field induced"
nematic phase. FIGURE 5 illustrates a schematic representation of a CLC
in a field-induced nematic phase. "Field induced" means that the a
driving signal must be continually applied to the CLC to maintain the
nematic phase; thus, the nematic phase is not a stable state. If a strong
25   electric field is applied to the CLC, the CLC transitions to a nematic
phase, regardless of whether the initial state of the CLC was the planar or
focal-conic state. When the strong electric field is removed, the CLC will
reform to a cholesteric phase planar or focal-conic. If the electric field
is removed relatively fast, the CLC will transition to the light-reflective
WO 98/31002
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planar state. If the electric field is not reduced to zero immediately
(e.g.,             the strong electric field is followed by a lower
electric field), however,             the CLC will transition to the
light-scattering focal-conic state.                    Turning now to
FIGURE 6, illustrated is an exemplary electro-       5   optical response
characteristic of a CLC.  The experimental data             illustrated in
FIGURE 6 confirm the existence of zero-field stable states             of a
conventional CLC driven to various levels of reflectivity by a single
voltage pulse having a fixed duration; the reflectivity of the CLC plotted
as a function of the magnitude of the voltage pulse employed. The       10
reflection measurements were made under zero-field conditions; i.e. the
measurements were taken after the driving pulse was removed. The scale
of reflectivity illustrated is an arbitrary scale of reflectance values
normalized to a maximum level of reflectivity. The solid circles represent
the reflectivity of the CLC, following application of various driving
15   pulses having voltages as shown, for a CLC initially in a
predominantly             light-reflecting planar state; i.e. initial
reflectivity equal to approximately             1. The empty circles
represent the reflectivity of the CLC, following             application of
various driving pulses having voltages as shown, for a CLC
initially in a predominantly light-scattering state; i.e. initial
reflectivity       20   equal to approximately .12 .                     As
the data reveal for a CLC initially in the predominantly planar
state, there is an apparent threshold voltage (V[err]); if the pulse
voltage is             below the threshold, the state (reflectivity) of the
CLC is unchanged by             the pulse. At pulse voltages above the
threshold, however, the state of       25   the CLC is progressively
changed to a more light-scattering, and less             light-reflective,
state, as shown by the decrease in reflectivity with             increasing
pulse voltage. At a pulse voltage equal to V, the CLC
transitions to a nematic phase and then relaxes to a light-reflective
planar             state when the pulse is removed. Thus, the pulse voltage
V[err] is the                                                -15-       WO
98/31002
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maximum voltage at which a zero-field stable reflective (planar) state is
realized; i.e. voltages above V[err] drive the CLC into the unstable
nematic             phase.                     With continuing reference to
FIGURE 6, the voltage V[err] is defined        5   as the critical phase
change voltage; for pulse voltages between V[err] and V[err],             a
phase change from the cholesteric phase to the nematic phase is partially
induced in the CLC domains. Also, the voltage V[err] is used to describe
the             driving voltage necessary to drive a CLC initially in the
light-reflecting             planar state to the light-scattering
focal-conic state; the value of V[err] being       10   intermediate
between V[err] and V[err]. Experimental data reveal that, for a
particular CLC, the values of V[err], V[err], V[err], and V[err] are a
function of the             width of the driving pulse applied; in general,
the values increase with             decreasing pulse widths.
Those skilled in the art will recognize from the data illustrated in
15   FIGURE 6 that the CLC can be driven between a light-reflective planar
and a light-scattering focal-conic state by applying a pulse having an
appropriate amplitude, and vice versa. It has been observed, however,
that the time required to drive a CLC from a focal-conic state to a planar
state is quite different from the time required to change from a planar
20   state to a focal-conic; the former possibly requiring tens of
microseconds,             while the latter is in the order of milliseconds.
It has been observed that the predominantly planar state (i.e.
reflectivity approximately equal to "1") of a CLC can only be achieved
by applying a high-voltage at or above the voltage V[err], which      25
homeotropically aligns the CLC in a field-induced nematic phase, and
then quickly removing the applied voltage. If the CLC is initially in a
predominantly planar state P, an applied electrical field can convert the
CLC into a predominantly focal-conic state F by a pulse voltage slightly
below the critical phase change voltage V[err], provided that the pulse
-16-       WO 98/31002
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duration is sufficiently long. Alternatively, a CLC can be transitioned to
a predominantly focal-conic state F by applying a high-voltage at or
above the voltage V[err], which homeotropically aligns the CLC in a field-
induced nematic phase, and then applying a lower-voltage pulse or       5
gradually reducing the pulse voltage to force the liquid crystal to
transition to a predominantly focal-conic state. The present invention
recognizes that it takes less time to switch to a predominantly focal-conic
state by driving the CLC with a high-voltage pulse into the field-induced
nematic phase and then applying a lower-voltage pulse, than by driving
10   the CLC with a sufficiently-long duration pulse having a voltage
slightly             below the critical phase change voltage V[err]. An
additional advantage of             this method is that, by first driving a
CLC into the nematic phase, the             predominantly focal-conic state
realized always has the same low             reflectivity (i.e.
substantially "black"). In contrast, the reflectivity of the       15
resulting focal-conic state arrived at by other driving methods is
sensitive             to the thickness of the CLC employed, the pulse
voltage and the pulse             duration. The sensitivity of the
electro-optical response characteristic of             a CLC to variations
in pulse duration can be described with reference to             FIGURE 7.
20           Turning now to FIGURE 7, illustrated are exemplary electro-
optical response characteristics of a CLC for driving pulses of different
durations; FIGURE 7-a illustrating the response characteristic for a
driving pulse having a pulse duration of 50 ms; FIGURE 7-B illustrating
the response characteristic for a driving pulse having a pulse duration of
25   3 ms; FIGURE 7-C illustrating the response characteristic for a
driving             pulse having a pulse duration of 1 ms; and FIGURE 7-D
illustrating the             response characteristic for a driving pulse
having a pulse duration of 70             [err]s.. The reflectivity
measurements in FIGUREs 7-A, 7-B, 7-C, and 7-D             were made under
zero-field conditions. The solid circles represent the
-17-       WO 98/31002
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reflectivity of the CLC, following application of various driving pulses
having voltages as shown, for a CLC initially in a predominantly light-
reflecting planar state; i.e. initial reflectivity equal to approximately
1.             The empty circles represent the reflectivity of the CLC,
following        5   application of various driving-pulses having voltages
as shown, for a CLC             initially in a predominantly
light-scattering state; i.e. initial reflectivity             equal to
approximately .18 . The initial focal-conic state was obtained by
applying a high-voltage pulse followed by a lower-voltage pulse; the CLC
changing its phase to a field-induced nematic phase in response to the
10   high-voltage pulse and then reforming to a cholesteric-phase
focal-conic             state in response to the lower-voltage pulse.
It can be noted in FIGURES 7-B, C, and D that, in each case, the
lowest point of reflectivity R[err] for the electro-optical response of a
CLC             initially in the predominantly planar state (shown by solid
circles) exceeds       15   the reflectivity level of the predominantly
focalconic state (represented             by the lower plateau of the curve
marked by the empty circles). Thus, an             important observation
can be made from FIGUREs 7-A, B, C, and D: if             the CLC is
initially in a predominantly light-reflective planar state P, it
can only be switched to a predominantly light-scattering focal-conic state
20   F (without first driving the CLC to the nematic phase) with a wide
driving             pulse (e.g. 50 ms), as shown in FIGURE 7-A; i.e. the
CLC can not be             directly driven from the planar state P to the
focal-conic state F with             relatively short duration pulses
(FIGURES 7-B, C, and D).                    Predicated in part by the
heretofore-described observations of the      25   effect of various
driving-pulse voltages and durations on the electro-             optical
response of a CLC, the present invention discloses a novel
apparatus for and method of driving a CLC flat panel display by which
it is possible to drive a CLC at sufficiently-fast frame rates necessary
for             full-motion video applications. The disclosed method,
employing a two-       WO 98/31002
PCT/US98/00108                 stage driving scheme, takes advantage of the
rapid transition of a CLC             from a light-scattering focal-conic
state to a light-reflective planar state.             The two-stage driving
scheme includes an "initialization" and an             "addressing" stage.
5           Turning now to FIGURE 8, illustrated are exemplary waveforms 



and an exemplary timing sequence for a CLC driving method according
to the principles of the present invention. The first stage of the
disclosed             method is the initialization stage 800 in which the
pixels of the CLC             display are selectively driven to a
focal-conic state; the second, or      10   "addressing," stage consisting
of selectively driving the CLC pixels to a             desired display
state. The desired display state of each pixel can be a
predominantly light-scattering focal-conic state (i.e. the initial state
following the initialization stage), a predominantly light-reflecting
planar             state, or any intermediate state between the
predominantly light-scattering       15   focal-conic and predominantly
light-reflecting planar states.  In the             initialization stage,
two sequences of pulses are selectively applied to             pixels of
the CLC; a pixel being driven into the nematic phase by a first
sequence of high-amplitude pulses 810, which are followed by a second
sequence of low-amplitude pulses 820, which cause the pixel's CLC      20
domains to transition from the nematic phase to a predominantly focal-
conic state. Following the initialization sequence, the selected pixel is
in             a light-scattering state (regardless of the initial state of
the pixel), which             has a substantially "black" appearance. The
purpose of the initialization             stage is to erase the previous
state "memorized" in the pixel and prepare      25   the pixel for a new
state in the addressing stage.                    Turning now to FIGUREs
9-A and 9-B, illustrated are an             exemplary first pulse sequence
910 and an exemplary second pulse             sequence 920 of an
initialization waveform for a CLC driving apparatus             and method
according to the principles of the present invention. In one
-19-       WO 98/31002
PCT/US98/00108                  embodiment, the frequency of the pulses is
selected to be 14.3 kHz; the             first sequence of pulses 910
having an amplitude of 50 volts and a             duration of 2 ms (FIGURE
9-A); the second sequence of pulses 920             having an amplitude of
18 volts and a duration of 4 ms (FIGURE 9-B); 



5   the specific pulse amplitudes and durations required for a CLC are a
function of the electro-optical response of each particular embodiment,
defined in part by the CLC material and thickness employed.
The initialization stage is very important to realize a CLC display
capable of operating at full-motion video frame rates. For a CLC display
10   having a matrix of pixels, the state of each pixel should be switched
as             quickly as possible. Thus, as described supra, the
relatively-slow speed             (in the order of milliseconds) at which a
CLC can be switched from a             predominantly light-reflective
planar state to a predominantly light-             scattering focal-conic
state should be avoided. This is accomplished by      15   only employing,
in the addressing stage, the relatively-fast speed (in the
order of tens of microseconds) at which a CLC can be switched from a
predominantly light-scattering focal-conic state to light-reflective planar
and intermediate states. Thus, to only employ state transitions from a
focal-conic state to a planar or intermediate state during the addressing
20   stage, it is necessary to drive each pixel to a predominantly
focal-conic             state during an initialization stage; a
predominantly focal-conic state             providing a reference state
from which each pixel can be driven very             quickly to any desired
state during the addressing stage. Although the             initialization
stage may require milliseconds to perform, every pixel in a      25
display, or in selected rows, can be initialized at the same time. Because
the display pixels can only be addressed by rows, as hereinafter described,
the display frame rate is primarily affected by the time required for
addressing. The novel driving method disclosed herein minimizes the
time required for addressing, thereby maximizing a CLCs frame rate.
-20-      WO 98/31002
PCT/US98/00108                        Two specific embodiments for
employing the driving methods             disclosed by the present
invention are the "frame initialization" and the             "multi-row
initialization" techniques. The frame initialization technique
disclosed herein employs polar drive signals, selectively applied to
5   column and row electrodes. In the frame initialization technique, every
display pixel is first initialized to a predominantly focal-conic state. 



FIGURE 10 illustrates exemplary column and row initialization signals
for a frame initialization CLC driving technique. All pixels are driven to
a predominantly focal-conic state by two consecutive pulse sequences.
10   The signals illustrated in the first row and first column of FIGURE 10
are             polar pulses, which are applied simultaneously to the row
and column             electrodes. The resulting electric field waveforms
applied on each pixel             (shown in the center section of FIGURE
10) are a combination of the             signals applied on the
corresponding row and column electrodes.       15   Although the input
signal to each row and column electrode is polar, the             combined
waveforms acting on each pixel are bi-polar; thus, DC signal
components, which can ionize a CLC and thereby reduce the life of the
cell, are eliminated.                    Turning now to FIGURE 11,
illustrated are exemplary column and       20   row polar addressing
signals for a frame initialization CLC driving             method according
to the principles of the present invention. The signals
illustrated in the first row and first column of FIGURE 11 are polar
pulses, which are applied simultaneously to the row and column
electrodes. The resulting electric field waveforms applied on each pixel
25   (shown in the center section of FIGURE 11) are a combination of the
signals applied on the corresponding row and column electrodes.
Although the input signal to each row and column electrode is polar, the
combined waveforms acting on each pixel are bi-polar; thereby avoiding
the undesirable effect of DC signal components, as described supra.
WO 98/31002
PCT/US98/00108                        In order to drive a LC matrix display
using a passive driving             method, those skilled in the art will
understand that it is important to             recognize that an addressing
signal applied to a column electrode will             influence the
electrical field appearing across every pixel in that column;        5
the CLC threshold voltage V[err] (reference FIGURE 6, described supra)
being a limiting factor for the signals employed. Furthermore, the
addressing signals must optimize the switching (i.e. state transition) of
selected pixels over non-selected pixels. Thus, to eliminate the crosstalk
generally associated with passive-matrix LC driving methods, the voltage
10   of the applied pulse on the pixels in each non-selected row must be
below             the threshold voltage V[err]. For a selected row, a
higher-voltage pulse 



having an amplitude V[err] should be applied to the pixels for which a
state             change is desired, while a lower-voltage pulse having an
amplitude V[err]             should be applied to the pixels for which a
state change is not desired.       15           The addressing method may
preferably use the conventional             practice of selectively
applying "data" signals to column electrodes and             "scan" signals
to row electrodes; as used herein, both "data" signals and
"scan" signals are components of "addressing" signals. A CLC display
frame can be completely addressed by sequentially activating each row of
20   pixels with a scan signal 1103 while selectively applying data signals
1101, 1102 for each pixel in a selected row to the column electrodes; the
pixels in a row being driven by a combined bi-polar pulse 1105/1106
having an amplitude of V[err] or V[err] during addressing of the selected
row.             If the state of a pixel is to be changed, the data signal
applied to the       25   column containing the pixel has an amplitude of
V[err]; otherwise, the data             signal has an amplitude of V[err].
In order to maintain the states of all pixels in non-selected rows,
the following formula should be satisfied to determine an appropriate
driving pulse 1104 for non-selected rows:
-22-      WO 98/31002
PCT/US98/00108                                          V[err] = [err]  <
V[err]               From this requirement, it is clear that the voltage
V[err] is limited by: V[err] <             2 V[err] + V[err]. For an
appropriate driving pulse 1104 having an amplitude             V[err], the
state of a pixel in a non-selected row will not be changed,        5
regardless of whether column driving signal 1101 or 1102 is applied to
the pixel's column electrode.                     The general approach to
driving a passive-matrix CLC display             using the frame
initialization driving technique can be summarized as:             frame
initialization and row-to-row addressing. All pixels in a frame are
10   simultaneously initialized to a predominantly focal-conic state by two



pulse sequences as described with reference to FIGUREs 8-10. During
the initialization stage, all of the rows in a frame are selected, and each
pixel is driven by a first sequence of pulses to change from a cholesteric
phase to a field-induced nematic phase; a second sequence of pulses
15   driving each pixel to a cholesteric-phase predominantly focal-conic
state.             To initialize a total frame may only require several
milliseconds. In the             addressing stage, an addressing signal
1103 (FIGURE 11) having an             amplitude V[err] is applied to the
row electrode for the selected row.             Depending on the desired
state of each pixel in the selected row, the       20   signal applied to
the column electrodes are either an "ON" waveform              1101 or
"OFF" waveform 1102 as shown in FIGURE 11. Each pixel in              a
selected row is driven by the combination of signals applied to the row
and column electrodes. A non-selected row driving signal 1104 is applied
to each row other than the row currently being addressed. The amplitude
25   of the combined bi-polar pulses applied to each pixel in a
non-selected             row is always below the threshold voltage V[err],
and thus there is no effect             on the state of the pixels in a
non-selected row. The stability of the CLC             cholesteric phase
maintains the image on the display until initialization of
-23-       WO 98/31002
PCT/US98/00108                 the next frame. In some applications, an
idle period may be required             between frame initializations to
improve the contrast ratio of the display.             The time between
each frame initialization is the frame driving time; the
reciprocal of the driving time is the frame rate.       5           The
frame initialization technique described above may be suitable
for certain applications, but a disadvantage of the technique, however, is
that (except for the first row of [err] in a frame) the addressing of each
pixel can not be performed immediately following the initialization of the
pixel. Moreover, since the pixels in a frame are initialized at the same
10   time but addressed at different times, the static display time of each
pixel             will be different. A second embodiment for employing the
driving             methods disclosed by the present invention is the
"multi-row 



initialization" technique, which uses bi-polar driving signals to overcome
the disadvantages of the frame initialization technique.       15
FIGURE 12 illustrates exemplary column and row initialization
and addressing signals for a multi-row initialization CLC driving
technique. Similar to FIGUREs 10 and 11, FIGURE 12 illustrates the
driving signals applied to row and column electrodes. All of the signals,
however, are symmetric bi-polar, rather than polar, waveforms. Using
20     the multi-row addressing technique, high-voltage bi-polar signals
are             applied to the row electrodes and low-voltage bi-polar
signals are applied             to the column electrodes.
The first row of FIGURE 12 illustrates exemplary waveforms
1201, 1202 for column electrode addressing signals corresponding to      25
"ON" and "OFF" states. The waveform 1203 illustrates an exemplary
addressing pulse that is applied to the row electrode of a selected row of
pixels. The waveform 1204 illustrates the combined pulse applied to a
pixel in the selected row that is to be driven to the "ON" state; the
waveform 1205 illustrates the combined pulse applied to a pixel that is
WO 98/31002
PCT/US98/00108                  to be maintained in the predominantly
focal-conic ("OFF") state. In              order to drive a pixel "OFF", or
"ON", the addressing signal applied to              a row electrode for a
selected row must be in phase or out of phase,              respectively,
with the addressing signal applied to a pixel's column         5
electrode. The "waveform" 1206 is a zero voltage applied to the row
electrode of each non-selected row. The waveforms 1207, 1208 illustrate
the combined pulses applied to each pixel in a non-selected row. Because
the amplitude of the pulses 1207, 1208 are below the CLC threshold
voltage V[err], the pulses will not affect the state of the pixels.
10         In accordance with the principles of the present invention, each
pixel must be initialized prior to being addressed. The waveforms 1209,
1210 in FIGURE 12 illustrate a first and second sequence of signals
(described supra), respectively, that are applied to the row electrodes of
each row of pixels that is to be initialized. The waveforms 1211, 1212
15   and 1213, 1214 illustrate the combined signals applied to each pixel
during the first and second sequence of initialization signals,
respectively.              The voltages V and V[err] for the row
initialization signals 1209, 1210 are 



selected such that the amplitudes of the first and second sequence of
combined initialization signals drive each pixel to a nematic phase and,
20   subsequently, to a predominantly focal-conic state, as described
supra.                      The frequency of the signals 1201, 1202 applied
to the column              electrodes preferably have the same frequency as
the addressing signals              1203, 1206 that are applied to the row
electrodes. The frequency of the              signals 1209, 1210 for the
initialization stage, denoted as f[err], and the        25   frequency of
the addressing signals 1203, 1206, denoted as f[err], however,
can be different, provided the following relationship is satisfied:
f[err] = Nf[err],              where N is a positive integer. The signals
illustrated in FIGURE 12 are              for the case where N is equal to
1. When N=1, the phase difference
-25-       WO 98/31002
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1210 applied to the row electrodes             and the signals 1201, 1202
applied to the column electrodes must equal             90[err]. Using the
combined signal waveforms 1204, 1205, 1207, 1208,             1211-1214
illustrated in FIGURE 12, the present invention recognizes        5   that
four different signals can be applied simultaneously-to four different
rows of a CLC display, without any crosstalk. One, or more, rows can
be initialized at the same time that another row is being addressed. Thus,
the addressing stage for every row can immediately follow the
initialization stage for that row. An advantage of the bi-polar multi-row
10   initialization technique is that every pixel can have the same
"dynamic"             and "static" display times. The dynamic display time
is defined as the             time during which the pixel is being driven
by an electrical field, and the             static display time is defined
as the time during which the pixel is not             being driven; i.e.
the pixel is in a stable cholesteric phase.       15           Referring
again to FIGURE 6, those skilled in the art will 



recognize that a CLC can be driven from a light-reflective planar to a
light-scattering focal-conic state by applying a pulse having an
appropriate             amplitude, and vice versa. As noted supra, United
States Patent No.             5,453,863, issued to West, et al. on
September 26, 1995, discloses the      20   use of signals of varying
electrical magnitudes to transform the CLC from             focal-conic to
planar states, and vice versa; a continuum of signal             magnitudes
being used to drive the CLC to intermediate "gray scale"
states. The portion of a typical CLC electro-optical response curve
corresponding to the intermediate (i.e. gray scale) states has a steep
slope;      25   i.e. the portion of the curve corresponds to a narrow
voltage range over             which signals of varying electrical
magnitudes can be used to drive a CLC             to different intermediate
states. Because the voltage range is typically             narrow, a
principal disadvantage of the method disclosed by West, et al.
is that it is difficult to precisely drive the CLC to a preferred
intermediate                                                 -26-      WO
98/31002
PCT/US98/00108                  state. Furthermore, the electro-optical
response curve of a CLC will shift              to the left or right with
variations in the cell gap (i.e. the thickness of the              CLC).
Because the portion of a typical CLC electro-optical response
curve corresponding to the intermediate (i.e. gray scale) states has a
steep         5   slope, even a slight shift in the curve will cause a
particular drive voltage              to produce different intermediate
states in pixels having slightly different              cell gaps. The
present invention recognizes that a gray scale CLC display              can
be realized by applying a single pulse, or sequence of pulses, having
a fixed predetermined amplitude; each successive pulse causing a        10
progressive change in the state of the CLC. Thus, the method disclosed
herein for driving a CLC display does not rely on the use of signals of
varying electrical magnitudes to realize a gray scale display, but employs
pulses having a fixed predetermined amplitude whereby each gray scale
level (i.e. intermediate state) is a function of a duration of the pulses.
15           According to the two-stage driving techniques disclosed
herein,              each pixel is first initialized to a predominantly
focal-conic state. In 



response to an address pulse, or sequence of address pulses, a progressive
change from the predominantly focal-conic state to the predominantly
planar state can be obtained. Moreover, it has been observed that each
20   intermediate, or gray scale, state is perfectly stable under
zero-field              conditions. Furthermore, a benefit of employing a
single address pulse,              or sequence of address pulses, having a
fixed predetermined amplitude is              that the gray scale states
can be precisely controlled.                     To employ the
pulse-sequence addressing technique to full       25   advantage, those
skilled in the art will recognize that it is important to
equalize the addressing-stage driving time for each pixel in a selected
row. Because the technique requires either a single pulse or a sequence
of pulses to drive a pixel from a predominantly focal-conic state to a
predominantly planar state, and states therebetween, the minimum time
-27-       WO 98/31002
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desired state.  Thus, to             compensate for the different times
required to change a pixel from an             initial state to a desired
state, a sequence of pulses having an amplitude             which has no
effect on a pixel's state can be applied ahead of a sequence        5   of
pulses having an amplitude sufficient to cause a change in state.
FIGURE 13 illustrate an exemplary addressing waveform pulse
sequence for a gray-scale CLC driving apparatus and method according
to the principles of the present invention. The duration of the two pulse
sequences 1301, 1302 is equal to a predetermined addressing time T,
10   which is equal to or greater than the time necessary to drive a pixel
from             a predominantly focal-conic state to a predominantly
planar state: if the             desired pixel state is intermediate these
states, a sequence of pulses 1302             having an amplitude which has
no effect on the pixel's state is applied             ahead of the sequence
of pulses 1301 having an amplitude sufficient to       15   cause a change
in state. T[err] is the duration of the lower-voltage pulse 



sequence and T[err] is the duration of the higher-voltage pulse sequence;
those skilled in the art will recognize that the order of applying pulse
sequences 1301, 1302 may be reversed.                    The gray scale
state of each pixel is determined by the ratio of the       20   duration
T2 of the sequence of pulses 1301 to the predetermined
addressing time T. The amplitude of the sequence of pulses (or single
pulse) 1301 is equal to the phase change voltage V[err], for the specific
CLC             employed, that corresponds to a single addressing pulse
having a pulse             width of T; i.e. if a pulse of duration T and
amplitude V[err] is applied to the       25   CLC, the CLC will transition
to the nematic phase. The number of             distinct gray scale states
is determined by the frequency of the address             pulses; e.g. if
eight pulses can occur during time T, then an eight-level             gray
scale for each pixel can be realized.       WO 98/31002
PCT/US98/00108                        Turning now to FIGURE 14, illustrated
is an exemplary electro-             optical response characteristic of a
CLC for addressing waveform pulse             sequences of different pulse
sequence durations T2; the reflectivity of a             single cell,
measured under zero-field conditions, being plotted as a        5
function of the ratio of T[err] to T. Those skilled in the art will observe
the             wide linear region which can be employed to advantage to
realize a gray             scare CLC display. Because the reflectivity is a
function of the ratio of             T[err] to T, which can be accurately
contolled, the method disclosed herein             does not suffer from the
disadvantages associated with using a magnitude       10   of the driving
signal to control the reflectivity, as disclosed by West, et
al. (described hereinabove). Furthermore, even though the curve
illustrated in FIGURE 14 may shift to the left or right as a function of
the             CLC cell gap, those skilled in the art will recognize that,
because of the             wide linear region, a slight shift in the curve
will only have a negligable       15   effect on the resulting cell
reflectivity.                    Turning now to FIGURE 15, illustrated is
an exemplary apparatus             for employing the above-described method
for driving a CLC display             according to the principles of the
present invention. FIGURE 15             illustrates a driving apparatus
1510 coupled to a CLC panel 1540. In one      20   embodiment, the CLC
panel 1540 includes a plurality of controllable             display
elements 1545-1, 1545-2, 1545-3, 1545-n (e.g. pixels) defined by 



a matrix of row and column electrodes (not shown). The driving
apparatus includes a data circuit 1520 that is coupled to the column
electrodes and a scan circuit 1530 that is coupled to the row electrodes of
25   CLC panel 1540. The data circuit 1520 and scan circuit 1530
selectively             apply the initialization and addressing signals
disclosed hereinabove to the             CLC panel 1540, the signals
applied to the column electrodes cooperating             with the signals
applied to the row electrodes to selectively drive each
controllable display element 1545 from a predominantly focal-conic state
-29-       WO 98/31002
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intermediate states therebetween.            The principles of the present
invention are not limited to a particular            embodiment of the
driving apparatus 1510, except to the extent that data            circuit
1520 and scan circuit 1530 must be suitably operative to generate       5
initialization and addressing signals in accordance with the principles of
the present invention.                   Those of skill in the art
understand the effect of ambient            temperature on the performance
of CLC displays; particularly at            relatively-low temperatures.
The response of a CLC to an applied voltage      10   is directly related
to the viscosity of the CLC material; the viscosity            generally
rising exponentially with decreasing temperature, which results
in a corresponding increase in the response time of the CLC. At a
particular temperature, the viscosity of the CLC material is related to the
material's structure. Thus, the synthesization of low-viscosity CLC      15
materials is one approach to avoid slower response times at low
temperatures; however, only slight improvements in CLC viscosity at low
temperatures can be anticipated. A second approach to overcome the
problem of low viscosity at low temperatures is to compensate for the
change in viscosity by altering the driving waveforms applied to the CLC.
20           Turning now to FIGURE 16-A, illustrated is the effect of
temperature on the phase change voltage V[err] of an exemplary CLC, for a 



driving time of 5 ms. As can be seen, the phase change voltage V[err]
increases with decreasing temperature. Referring to FIGURE 16-B,
which illustrates the effect of temperature on the required driving time
for      25   an applied voltage of 40 volts, it can be seen that the
driving time rises            exponentially with decreasing temperature.
Thus, in order to realize full-            motion video frame rates at low
temperatures; employing the driving            methods disclosed
hereinabove, the effects of temperature on display            driving time
can be compensated for by increasing the driving voltage.
-30-      WO 98/31002
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temperature of the CLC display,            can be employed to provide a
temperature compensation signal to the            driving apparatus, which
can appropriately increase, or decrease, the            amplitude of the
initialization and addressing signals; alternatively,       5   although
less desirable for most applications, the driving apparatus can
appropriately increase, or decrease, the duration of the driving signals to
compensate for variations in display temperature.
Although the present invention and its advantages have been
described in detail, those skilled in the art should understand that they
can      10   make various changes, substitutions and alterations herein
without            departing from the spirit and scope of the invention in
its broadest form.         WO 98/31002
PCT/US98/00108     



WE CLAIM:                        1.    A method of driving at least a
portion of a cholesteric     2        liquid crystal (CLC) panel to a state
having a given reflectivity, -   3         comprising the steps of:     4
initially driving said portion to a nematic phase;     5
subsequently driving said portion to a cholesteric phase focal-conic     6
state, said cholesteric phase focal-conic state providing a known reference
7        state for subsequent driving of said portion; and     8
thereafter driving said portion to said state having said given     9
reflectivity.                        2.    The method of driving as recited
in Claim 1 wherein said     2        step of initially driving comprises
the step of applying a sequence of     3        pulses to drive said
portion to said nematic phase.                        3.    The method of
driving as recited in Claim l wherein said     2        step of
subsequently driving comprises the step of applying a sequence of     3
pulses to drive said portion to said cholesteric phase focal-conic state.
4.    The method of driving as recited in Claim 1 wherein said     2
step of initially driving comprises the step of applying a first sequence
of     3        pulses having a first amplitude to drive said portion to
said nematic phase     4        and said step of subsequently driving
comprises the step of applying a     5        second sequence of pulses
having a second amplitude to drive said portion     6        to said
cholesteric phase focal-conic state.
-32-     
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PCT/US98/00108                         5.    The method of driving as
recited in Claim 4 wherein said    2        first and second amplitudes are
a function of a composition of CLC in    3        said CLC panel.
6.    The method of driving as recited in Claim 4 wherein said    2
first and second amplitudes are a function of a thickness of said CLC    3
panel.                       7.    The method of driving as recited in
Claim 1 wherein said    2        step of thereafter driving comprises the
step of applying a sequence of    3        pulses to drive said portion
from said cholesteric phase focal-conic state    4        to said state
having said given reflectivity.                       8.    The method of
driving as recited in Claim 1 wherein said    2        state having said
given reflectivity is an intermediate state between said    3
cholesteric phase focal-conic state and a cholesteric phase planar state,
4        and wherein said step of thereafter driving said portion to said
5        intermediate state comprises the step of applying a sequence of
addressing    6        pulses having a predetermined amplitude to drive
said portion from said    7        cholesteric phase focal-conic state to
said intermediate state, said given    8        reflectivity being a
function of a duration of said sequence of addressing    9        pulses.
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in Claim 8 wherein said   2        step of applying a sequence of
addressing pulses having a predetermined   3        amplitude is preceded
by the step of applying a first sequence of pulses   4        having an
amplitude less than a minimum amplitude necessary to drive the   5
CLC from the focal-conic state, a duration of said first sequence of pulses
6        adjusted such that the sum of said duration of said first sequence
of pulses   7        and said duration of said sequence of addressing
pulses equals a   8        predetermined value.                     10.   A
driving apparatus for a cholesteric liquid crystal (CLC)   2        panel,
said driving apparatus comprising:   3               a data circuit,
couplable to said CLC panel, that selectively applies   4        a first
initialization signal and a first addressing signal to said CLC panel;   5
and   6               a scan circuit, couplable to said CLC panel, that
selectively applies   7        a second initialization signal and a second
addressing signal to said CLC   8        panel, said first and second
initialization signals cooperating to drive a   9        CLC in said CLC
panel into a nematic phase and subsequently to drive 10        said CLC to
a cholesteric phase focal-conic state, said first and second 11
addressing signals cooperating to selectively drive said CLC from said 12
cholesteric phase focal-conic state to a state having a given reflectivity.
11.   The driving apparatus as recited in Claim 10 wherein each   2
of said first and second initialization signals comprises a first sequence
of   3        pulses having a first amplitude and a second sequence of
pulses having a   4        second amplitude, said first sequence of pulses
driving said CLC into said   5        nematic phase and said second
sequence of pulses driving said CLC to   6        said cholesteric phase
focal-conic state. 
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recited in Claim 11 wherein said    2        first amplitude and second
amplitudes are a function of a composition and    3        thickness of
said CLC.                       13.   The driving apparatus as recited in
Claim 11 wherein said    2        first and second sequence of pulses have
a frequency of about 14.3 kHz.                       14.   The driving
apparatus as recited in Claim 11 wherein said    2        first sequence of
pulses has a duration of about 2 ms and said second    3        sequence of
pulses has a duration of about 4 ms.                       15.   The
driving apparatus as recited in Claim 10 wherein each    2        of said
first and second addressing signals comprises a sequence of    3
addressing pulses having a predetermined amplitude, said driving    4
apparatus operative to drive said CLC to said state having said given    5
reflectivity by varying a duration of said sequence of addressing pulses.
16.   The driving apparatus as recited in Claim 15 wherein said    2
predetermined amplitude is a function of a composition and thickness of
3    said CLC.                       17.  The driving apparatus as recited
in Claim 15 wherein said    2        first and second sequence of pulses
have a frequency of about 14.3 kHz. 
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recited in Claim 15 wherein said    2        sequence of addressing pulses
having a predetermined amplitude is   3        preceded by a first sequence
of pulses having an amplitude less than a   4        minimum amplitude
necessary to drive said CLC from the focal-conic   5       state, a
duration of said first sequence of pulses varied such that the sum   6
of the duration of the first sequence of pulses and the duration of the   7
sequence of addressing pulses has a constant value.
19.   The driving apparatus as recited in Claim 10 wherein said   2
first and second initialization signals and said first and second
addressing   3        signals comprise bipolar electrical waveforms.   4
20.   A driving apparatus for a cholesteric liquid crystal (CLC)   2
panel having first and second electrodes coupled to opposing sides   3
thereof, said driving apparatus comprising:   4                a data
circuit couplable to said first electrode for selectively 



5        applying a first initialization signal and a first addressing
signal to said   6        CLC panel; and   7               a scan circuit
couplable to said second electrode for selectively   8        applying a
second initialization signal and a second addressing signal to   9
said CLC panel, said first and second initialization signals cooperating to
10         drive a CLC in said CLC panel into a nematic phase and
subsequently to   11         drive said CLC to a cholesteric phase
focal-conic state, said first and   12         second addressing signals
cooperating to selectively drive said CLC from   13         said
cholesteric phase focal-conic state to a state having a given
reflectivity.                                                        -36-
WO 98/31002
PCT/US98/00108        2               21.   The driving apparatus as
recited in Claim 20 wherein each    3        of said first and second
initialization signals comprises a first sequence of    4        pulses
having a first amplitude and a second sequence of pulses having a    5
second amplitude, said first sequence of pulses driving said CLC into said
6        nematic phase and said second sequence of pulses driving said CLC
to    7        said cholesteric phase focal-conic state.
22.   The driving apparatus as recited in Claim 21 wherein said
first and second amplitudes are a function of a composition and thickness
3        of said CLC.                       23.  The driving apparatus as
recited in Claim 21 wherein said 



2        first and second sequence of pulses have a frequency of about 14.3
kHz.                       24.   The driving apparatus as recited in Claim
21 wherein said    2        first sequence of pulses has a duration of
about 2 ms and said second    3        sequence of pulses has a duration of
about 4 ms.                       25.   The driving apparatus as recited in
Claim 20 wherein each    2        of said first and second addressing
signals comprises a sequence of    3        addressing pulses having a
predetermined amplitude, said driving    4        apparatus operative to
drive said CLC to said state having said given    5        reflectivity by
varying a duration of said sequence of addressing pulses.
26.   The driving apparatus as recited in Claim 25 wherein said     2
predetermined amplitude is a function of a composition and thickness of
3        said CLC.       WO 98/31002
PCT/US98/00108                        27.   The driving apparatus as
recited in Claim 25 wherein said            first and second sequence of
pulses have a frequency of about 14.3 kHz.                      28.   The
driving apparatus as recited in Claim 25 wherein said   2        sequence
of addressing pulses having a predetermined amplitude is   3
preceded by a first sequence of pulses having an amplitude less than a   4
minimum amplitude necessary to drive said CLC from the focal-conic   5
state, a duration of said first sequence of pulses yaried such that the sum
6        of the duration of the first sequence of pulses and the duration
of the   7        sequence of addressing pulses has a constant value.
29.   The driving apparatus as recited in Claim 20 wherein said   2
first and second initialization signals and said first and second
addressing   3        signals comprise bipolar electrical waveforms. 



-38-       WO 98/31002
PCT/US98/00108                         30.   A driving apparatus for a
cholesteric liquid crystal (CLC)    2        display having a plurality of
controllable display elements, said CLC   3        display having a matrix
of row and column electrodes that define each of 



4        said controllable display elements, said driving apparatus
comprising:   5                a data circuit couplable to said column
electrodes for selectively   6        applying a first initialization
signal and a first addressing signal to each   7        of said display
elements; and   8                a scan circuit couplable to said row
electrodes for selectively   9        applying a second initialization
signal and a second addressing signal to 10         each of said display
elements, said first and second initialization signals 11
cooperating to drive said controllable display elements into a nematic 12
phase and subsequently to drive said controllable display elements to a 13
cholesteric phase focal-conic state, said first and second addressing
signals 14         cooperating to selectively drive said controllable
display elements from 15         said cholesteric phase focal-conic state
to a state having a given 16       reflectivity.                      31.
The driving apparatus as recited in Claim 30 wherein each   2        of
said first and second initialization signals comprises a first sequence of
3        pulses having a first amplitude and a second sequence of pulses
having a   4        second amplitude, said first sequence of pulses driving
selected ones of   5        said controllable display elements into said
nematic phase and said second   6        sequence of pulses driving said
selected ones of said controllable display   7        elements to said
cholesteric phase focal-conic state.                      32.   The driving
apparatus as recited in Claim 31 wherein said   2        first and second
amplitudes are a function of a composition and thickness   3        of said
CLC.                                                      -39-       WO
98/31002
PCT/US98/00108     



33.   The driving apparatus as recited in Claim 31 wherein said    2
first and second sequence of pulses have a frequency of about 14.3 kHz.
34.   The driving apparatus as recited in Claim 31 wherein said   2
first sequence-of pulses has a duration of about 2 ms and said second   3
sequence of pulses has a duration of about 4 ms.                     35.
The driving apparatus as recited in Claim 30 wherein said   2        first
and second addressing signals comprise a sequence of addressing   3
pulses having first and second predetermined amplitudes, respectively,   4
said driving apparatus operative to drive said CLC to said state having   5
said given reflectivity by varying a duration of said sequence of   6
addressing pulses.                      36.   The driving apparatus as
recited in Claim 35 wherein said   2        first and second predetermined
amplitudes are a function of a composition   3        and thickness of said
CLC.                      37.   The driving apparatus as recited in Claim
35 wherein said   2        first and second sequence of pulses have a
frequency of about 14.3 kHz.                      38.   The driving
apparatus as recited in Claim 35 wherein said   2        sequence of
addressing pulses is preceded by a first sequence of pulses   3
having an amplitude less than a minimum amplitude necessary to drive   4
said CLC from the focal-conic state, a duration of said first sequence of
5        pulses varied such that the sum of the duration of the first
sequence of   6        pulses and the duration of the sequence of
addressing pulses has a constant   7        value.
-40-     



WO 98/31002
PCT/US98/00108                         39.   The driving apparatus as
recited in Claim 30 wherein said   2        first and second initialization
signals are applied simultaneously to each   3        of said plurality of
controllable display elements.                      40.   The driving
apparatus as recited in Claim 30 wherein said   2        first and second
initialization signals are applied to at least a first selected   3
row of said plurality of controllable display elements, said first and   4
second addressing signals being applied simultaneously therewith to at   5
least a second selected row of said plurality of controllable display   6
elements.                      41.   The driving apparatus as recited in
Claim 30 wherein said   2        first and second initialization signals
and said first and second addressing   3        signals comprise bipolar
electrical waveforms.   4                     



-41-       WO 98/31002
PCT/US98/00108                        42.   A method of driving a
cholesteric liquid crystal (CLC)   2        display having a plurality of
controllable display elements, said CLC   3        display having a matrix
of row and column electrodes that define each of   4        said
controllable display elements, said method of driving comprising:   5
selectively initializing at least one of said controllable display   6
elements by applying a first initialization signal to at least one of said
7        column electrodes and a second initialization signal to at least
one of said   8       row electrodes, said first and second initialization
signals cooperating to   9        drive said at least one of said
controllable display elements into a nematic   10      phase and
subsequently to drive said at least one of said controllable   11
display elements to a cholesteric phase focal-conic state; and   12
selectively addressing said at least one of said controllable display   13
elements by applying a first addressing signal to said at least one of said
14         column electrodes and a second addressing signal to said at
least one of   15         said row electrodes, said first and second
addressing signals cooperating   16         to selectively drive said at
least one of said controllable display elements   17         from said
cholesteric phase focal-conic state to a state having a given   18
reflectivity.                       43.   The method of driving as recited
in Claim 42 wherein each   2        of said first and second initialization
signals comprises a first sequence of   3        pulses having a first
amplitude and a second sequence of pulses having a   4        second
amplitude, said first sequence of pulses driving selected ones of   5
said controllable display elements into said nematic phase and said second 



6        sequence of pulses driving said selected ones of said controllable
display   7        elements to said cholesteric phase focal-conic state.
WO 98/31002
PCT/US98/00108                        44.   The method of driving as
recited in Claim 43 wherein said   2        first and second amplitudes are
a function of a composition and thickness   3        of a CLC in said CLC
display.                      45.   The method of driving as recited in
Claim 43 wherein said   2        first and second sequence of pulses have a
frequency of about 14.3 kHz.                      46.   The method of
driving as recited in Claim 43 wherein said   2        first sequence of
pulses has a duration of about 2 ms and said second   3        sequence of
pulses has a duration of about 4 ms.                      47.   The method
of driving as recited in Claim 42 wherein said   2        first and second
addressing signals comprise a sequence of addressing   3        pulses
having first and second predetermined amplitudes, respectively,   4
said step of selectively addressing comprising the step of driving ones of
5        said controllable display elements to said state having said given
6        reflectivity by varying a duration of said sequence of addressing
pulses.                      48.   The method of driving as recited in
Claim 47 wherein said   2      first and second predetermined amplitudes
are a function of a composition   3        and thickness of a CLC in said
CLC display.                      49.   The method of driving as recited in
Claim 47 wherein said   2        first and second sequence of pulses have a
frequency of about 14.3 kHz.     



-43-       WO 98/31002
PCT/US98/00108                       50.   The method of driving as recited
in Claim 47 wherein said  2        sequence of addressing pulses is
preceded by a first sequence of pulses  3        having an amplitude less
than a minimum amplitude necessary to drive  4        said CLC from the
focal-conic state, a duration of said first sequence of  5        pulses
varied such that the-sum of the duration of the first sequence of  6
pulses and the duration of the sequence of addressing pulses has a constant
7        value.                     51.   The method of driving as recited
in Claim 42 wherein said  2        step of selectively initializing
comprises simultaneously applying said first  3        and second
initialization signals to each of said plurality of controllable  4
display elements.                     52.   The method of driving as
recited in Claim 42 wherein said   2        step of selectively
initializing is performed on at least a first selected row   3        of
said plurality of controllable display elements while said step of   4
selectively addressing is performed simultaneously therewith on at least
5        a second selected row of said plurality of controllable display
elements.                      53.   The method of driving as recited in
Claim 42 wherein said   2        first and second initialization signals
and said first and second addressing   3        signals comprise bipolar
electrical waveforms. 



-44-      WO 98/31002
PCT/US98/00108                        54.   A  cholesteric liquid crystal
(CLC) display system   2        comprising:   3                a CLC panel
having a plurality of controllable display elements,   4        said CLC
panel having a matrix of row and column electrodes that define   5
each of said controllable display elements;   6               a data
circuit coupled to said column electrodes for selectively   7
applying a first initialization signal and a first addressing signal to
each   8        of said plurality of controllable display elements; and   9
a scan circuit coupled to said row electrodes for selectively   10
applying a second initialization signal and a second addressing signal to
11         each of said plurality of controllable display elements, said
first and 12         second initialization signals cooperating to drive
said controllable display 13         elements into a nematic phase and
subsequently to drive said controllable 14         display elements to a
cholesteric phase focal-conic state, said first and 15         second
addressing signals cooperating to selectively drive said controllable 16
display elements from said cholesteric phase focal-conic state to a state
17         having a given reflectivity.   



55.   The CLC display system as recited in Claim 54 wherein   2       each
of said first and second initialization signals comprises a first   3
sequence of pulses having a first amplitude and a second sequence of   4
pulses having a second amplitude, said first sequence of pulses driving   5
selected ones of said plurality of controllable display elements into said
6        nematic phase and said second sequence of pulses driving said
selected   7        ones of said controllable display elements to said
cholesteric phase focal-   8        conic state.
-45-       WO 98/31002
PCT/US98/00108       2               56.   The CLC display system as
recited in Claim 54 wherein   3        said first and second addressing
signals comprise a sequence of addressing   4        pulses having first
and second predetermined amplitudes, respectively,   5        said CLC
display system operative to drive said controllable display   6
elements from said cholesteric phase focal-conic state to said state having
7        said given reflectivity by varying a duration of said sequence of
8        addressing pulses.                     57.   The CLC display
system as recited in Claim 56 wherein   2        said sequence of
addressing pulses is preceded by a first sequence of   3        pulses
having an amplitude less than a minimum amplitude necessary to   4
drive said CLC from the focal-conic state, a duration of said first   5
sequence of pulses varied such that the sum of the duration of the first
6        sequence of pulses and the duration of the sequence of addressing
pulses   7      has a constant value.  



58.   The CLC display system as recited in Claim 54 wherein   2        said
first and second initialization signals are applied simultaneously to   3
each of said plurality of controllable display elements.
59.   The CLC display system as recited in Claim 54 wherein   2        said
first and second initialization signals are applied to at least a first   3
selected row of said plurality of controllable display elements, said first
4        and second addressing signals being applied simultaneously
therewith to   5        at least a second selected row of said plurality of
controllable display   6        elements.      WO 98/31002
PCT/US98/00108                        60.   The CLC display system as
recited in Claim 54 wherein            said first and second initialization
signals and said first and second  3        addressing signals comprise
bipolar electrical waveforms.                    
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