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GRAPHIC CONTROLLER FOR ACTIVE
MATRIX ADDRESSED BISTABLE
REFLECTIVE CHOLESTERIC DISPLAYS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 09/836,640, filed Apr. 18, 2001, now U.S. Pat.
No. 6,816,138 which claims priority under 35 U.S.C. Sec-
tion 119(e) of U.S. provisional Patent Application Ser. No.
60/200,001, filed Apr. 27, 2000.

BACKGROUND OF THE INVENTION

The present invention relates generally to bistable, reflec-
tive Cholesteric displays. More specifically, the present
invention relates to a graphic controller for active matrix
addressed bistable, reflective Cholesteric displays. Advan-
tageously, a corresponding system and method of operation
for driving the bistable, reflective Cholesteric displays are
also disclosed.

The present application claims priority from previously
filed Provisional Patent Application Ser. No. 60/200,001,
which was filed on Apr. 27, 2000. The Provisional Patent
Application is incorporated herein, in its entirety, by refer-
ence.

Liquid crystal displays (LCD’s) have been widely adapted
for use in a number of products such as digital watches and
clocks, laptop computers, and information and advertising
display signs. LCD’s are generally classified according to
their drive scheme, e.g., passive matrix LCD’s and active
matrix LCD’s.

With respect to passive matrix LCD’s, the display
includes a thin layer of liquid crystal material sandwiched
between two transparent panels. An electrode array com-
prising a first set or plurality of parallel oriented electrode
segments (row electrode segments) disposed on an inwardly
facing side of one panel and a second set or plurality of
parallel oriented electrode segments (column electrode seg-
ments) which are perpendicular to the row electrode seg-
ments disposed on an inwardly facing side of the other panel
is provided. The row and column electrode segments are
spaced apart by spacer material and the liquid crystal
material is filled in the spaced apart region between the
panels.

Display picture elements or pixels are defined by regions
of liquid crystal material adjacent the intersections of
aligned electrodes of the horizontal and vertical electrode
segments of the electrode array. Upon application of a
suitable electric field, a pixel in a reflective display will
assume either a reflective or a non-reflective state. A pixel,
pi,j. formed at the overlapping or intersection of the ith row
electrode and the jth column electrode is subject to an
electric field resulting from the potential difference between
a voltage applied to the ith row electrode segment and a
voltage applied to the jth column electrode segment.

Recent advances in liquid crystal material research have
resulted in the discovery of bistable chiral nematic (also
called cholesteric) liquid crystal materials. Cholesteric lig-
uid crystal materials are able to maintain a given state
(reflective or nonreflective) without the need for the constant
application of an electric field. When data or an image
displayed on a display is to be changed, the display driver
circuitry will update the display corresponding to the
changes.
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If the panel furthest from the viewer is painted with a
black substrate, a pixel with a low reflectance will appear as
a black area to the viewer. If the liquid crystal material has
a light color appearance (such as yellow) in its highly
reflective state, a pixel in a high reflectance state will appear
to the viewer as an iridescent colored area on a black
background.

Bistable Cholesteric liquid crystal displays (hereinafter
Ch-LCD) have received considerable attention of display
designers and manufacturers in recent years for portable
applications because of their advantageous optical propet-
ties and low power consumption. It will be appreciated that
this interest has resulted in the introduction of a significant
number of products employed in a wide variety of applica-
tions. Moreover, this interest has produced various improve-
ments in bistable, reflective Cholesteric displays in terms of
optical properties such as brightness, contrast, and full color.

The most prevalent technique for driving the Ch-LCD is
by passive matrix addressing. In that case, display driver
circuitry is coupled to the vertical and horizontal electrodes
of the electrode array. Operating under the control of a logic
and control unit, the display driver circuitry energizes the
row and column electrodes with appropriate voltage wave-
forms such that an appropriate voltage across each pixel is
generated. The voltage across a pixel will either cause it to
remain in its present state of reflectance or change its state
of reflectance. The image generated by the display pixels
may be modified by changing the state of selected pixels. In
this way, text or image data can be presented for viewing.

In the invention disclosed in U.S. Pat. No. 5,748,277 (the
*277 patent), which is entitled “Dynamic Drive Method and
Apparatus for a Bistable Liquid Crystal Display,” a method
and display driver circuitry for speeding the rate of updating
a 1,000 row cholesteric liquid crystal display was disclosed.
The °277 patent is incorporated herein in its entirety by
reference. An updating time of approximately one-second
for a 1000 row display was achieved. By simultaneously
addressing multiple rows of the display with a pipelining
scheme, the overall updating time for the display was kept
at one second.

With suitable thresholds, zero voltage bistability enables
low cost passive matrix addressing for Ch-LCD. However,
the slow material response time and the unique switching
scheme required by the bistable display makes it difficult for
a Ch-LCD to achieve video rate updates on a large format
display. While a significant amount of effort has also been
devoted to improving the update speed (in milliseconds
(ms)) of the bistable, reflective Cholesteric displays, results
to date have been less than optimal, as discussed in greater
detail immediately below.

The dynamic and electro-optical responses of a typical,
bistable reflective Ch-LCD are illustrated in FIGS. 1A and
1B. As shown in FIG. la, an AC voltage in the form of
pulses varying from OV to 50V is applied to the display and
the reflectance is plotted; in FIG. 15, reflectance is plotted as
a function of time.

Referring to FIG. 1a, the reflectance is initially high, i.e.,
before any voltage is applied. Upon the application of the
voltage pulse, the display is switched into the Homeotropic
State and the reflectance becomes very low. Once the
voltage pulse is switched off, the reflectance gradually
increases to the maximum. The rise time of the display is
about 250 ms, as illustrated in FIG. 15. It will be appreciated
that in video applications, this long rise time will cause
unpleasant image ghosting.

It will be noted that the final display reflectance versus the
voltage amplitude is shown in FIG. 1a More specifically,
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there are two initial (stable) states: the planar (higher reflec-
tance) state and the focal conic (lower reflectance) state. It
will also be noted that there are several threshold voltages.
When the applied voltage is below V1, the display will stay
in either of its initial states after the pulse. When the voltage
increases from V1 to V2, the reflectance of the initially ON
display will decrease to a minimal value. The reflectance of
the initially OFF display begins to increase when the voltage
is above V3' and the reflectance reaches the maximum when
the voltage is above V4. The reflectance of the initially ON
display begins to increase its reflectance when the voltage is
above V3 and the reflectance reaches the maximum when
the voltage is above V4'. Therefore, for voltage between V2
and V3, the display is switched to the low Reflectance State
regardless of its initial state; for voltage above V4, the
display is switched to the high reflective state regardless of
its initial state. Note that there are regions in the voltage
response diagram such as between V1 and V2, where there
exists stable partially reflecting states providing the oppor-
tunity for gray scale addressing.

Basic concepts and schemes for passive matrix addressing
of a bistable reflective cholesteric display are disclosed in
U.S. Pat. No. 5,251,048 and U.S. Pat. No. 5,644,330, which
patents are incorporated herein by reference. A basic require-
ment for passive matrix addressing is that:

[(V4-F3)12]5V1.

This requirement can be met by adjusting the display
process and associated material parameters. However, this
requirement also limits the adaptation of certain display
configurations, which configurations may have other ben-
efits.

Several drive methods have been developed in an effort to
improve the speed at which the cells of a bistable, reflective
Cholesteric display can be changed between the ON and
OFF states. For example, specialized drive schemes and
erase sequences can be employed to improve the speed of a
conventional drive system to approximately 3 ms/row, as
described in U.S. Pat. No. 5,644,330. In contrast, dynamic
driving of the bistable, reflective Cholesteric display makes
use of the fast homeotropic-transient planar transition,
which results in a drive speed of approximately 0.5 ms/row.
The dynamic driving technique is described in greater detail
U.S. Pat. No. 5,748,277 and in the paper by X. Y. Huang et
al. in the SID >95 Technical Digest, p. 347 (1995).

It should be noted that, due to the use of a passive matrix
addressing scheme, the user always sees a black scan line
sweeping across the entire screen. The development of a
cumulative drive scheme removes the black scan line;
however, it is limited by how many rows that can be
addressed in one frame period. Additional details regarding
the cumulative drive are disclosed in U.S. Pat. No. 6,133,
895, which patent is incorporated herein be reference in its
entirety for all purposes. All of these limitations are inherent
in the passive matrix addressing methods used in addressing
and driving bistable, reflective Cholesteric displays.

An active matrix addressing method for bistable, reflec-
tive Cholesteric displays has been proposed which makes
use of the planar and the homeotropic states. Further details
regarding this proposed method are available in the article
by J. Y. Nahm et al. presented in the proceedings of at Asia
Display "98 (18" International Display Research Confer-
ence, Seoul, Korea), p. 979 (1998), and by Y. Kawata et. al.
in Proceedings Of The International Research Conference
97 (Toronto, Canada), p. 246 (1997). However, in that
addressing scheme, the bistability of the Cholesteric display
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was sacrificed, which, in turn, resulted in an increase in the
power required to drive the active matrix Cholesteric dis-
plays. Furthermore, it will be noted that it is not possible to
provide a gray scale using the previously proposed active
matrix addressing method.

Before discussing the present invention in greater detail,
it should be mentioned that all of the patents and articles
cited within the instant specification are incorporated herein
by reference.

What is needed is a drive method and corresponding
circuitry for an active matrix addressed bistable, reflective
Cholesteric display which avoids the relatively low update
speed limitation associated with such displays. Moreover,
what is needed is a drive method and corresponding circuitry
for an active matrix addressed bistable, reflective Choles-
teric display which maintains the low power benefit of
Cholesteric display technology. What is also needed is a
combination including an active matrix addressed bistable,
reflective Cholesteric display and associated drive circuitry.
It would be beneficial if the combination could be included
into a plurality of different products.

SUMMARY OF THE INVENTION

Based on the above and foregoing, it can be appreciated
that there presently exists a need in the art for a graphic
controller for an active matrix addressed bistable, reflective
Cholesteric display which overcomes the above-described
deficiencies. The present invention was motivated by a
desire to overcome the drawbacks and shortcomings of the
presently available technology, and thereby fulfill this need
in the art.

According to one aspect of the present invention, an
active matrix addressed Cholesteric display is achieved by
careful design of the drive scheme, implemented via the
driver and controller, to thereby allow the Cholesteric dis-
play to maintain its superior optical performance, e.g., high
brightness, high contrast, flicker-free viewing, and the low
power bistability, 1.e., only the pixels that need to be changed
are updated. The improved active matrix addressed bistable,
reflective Cholesteric display according to the present inven-
tion advantageously provides a video rate compatible, scan-
line free update capability.

According to one aspect, the present invention provides
graphics controller for a color display system having a
bistable liquid crystal display (LCD) for displaying a plu-
rality of pixels arranged in a matrix, the graphics controller
including a memory device for storing color data and status
bits corresponding to each of the pixels, and a generating
device for generating voltage data corresponding to the
pixels based on the color data and the status bits for each of
the pixels. In an exemplary case, the bistable LCD is a
Cholesteric LCD. Preferably, the generating device has a
first mode of operation in which the data corresponding to
the pixels is generated for each corresponding pixel and a
second mode of operation in which no data is generated; the
generating device switches from the first operating mode to
the second operating mode when all of the status bits for all
of the pixels are zeros.

According to another aspect, the present invention pro-
vides a graphics controller for a low power color display
having a bistable liquid crystal display (LCD) including a
plurality of cells arranged in a matrix, each cell correspond-
ing to a pixel, including a memory which stores color data
and status bits corresponding to all of the pixels, and
circuitry which generates voltage data corresponding to the
pixels based on the color data and the status bits for each of
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the pixels. Preferably, the circuitry generates the voltage
data for a corresponding pixel when the status bits corre-
spond to a non-zero binary number. Most preferably, the
circuitry has a first mode of operation in which the voltage
data corresponding to the pixels is generated for each
corresponding pixel and a second mode of operation in
which no voltage data is generated, the circuitry switching
from the first operating mode to the second operating mode
when all of the status bits for all of the pixels are zeros.
Advantageously, the circuitry generates the data for a cor-
responding pixel N times to thereby permit application of
the generated pixel data to the LCD N time, where N is an
integer established by the status bits.

According to yet another aspect, the present invention
provides a graphics controller for a low power color display
including a bistable liquid crystal display (LCD) having
multiple cells arranged in a matrix, each cell corresponding
to a pixel. Preferably, the graphics controller includes a
memory which stores color data and status bits correspond-
ing to a plurality of pixels, status logic which generates the
status bits responsive to receipt of color data for a respective
one of the pixels, a data generator which generates voltage
data corresponding to the pixels based on the color data and
the status bits for each of the pixels, and driver circuitry
which generates voltage signals responsive to receipt of the
voltage data for each of the pixels, wherein the LCD is
responsive to the voltage signals produced by the driver
circuitry. In an exemplary case, the bistable LCD comprises
a Cholesteric LCD. Advantageously, the graphics controller
includes a power supply which provides power to the driver
circuitry, and a power manager which turns the power
supply ON when the data generator is in a first operating
mode and which turns the power supply OFF when the data
generator is in a second operating mode. In an exemplary
embodiment, the data generator cycles between the first and
second operating modes based on the integer value of the
status bits. In another exemplary embodiment, the graphics
controller includes status logic which decrements the status
bits of a corresponding one of the pixels each time the
voltage data for that corresponding pixel is generated by the
data generator, and replaces the status bits with decremented
status bits after the voltage data is output by the data
generator, permitting the data generator to generate the
voltage data for a corresponding pixel N times and thereby
permit application of the voltage signal corresponding to the
pixel data to the LCD N time, where N is an integer
established by the status bits.

BRIEF DESCRIPTION OF THE DRAWINGS

These and various other features and aspects of the
present invention will be readily understood with reference
to the following detailed description taken in conjunction
with the accompanying drawings, in which like or similar
numbers are used throughout, and in which:

FIGS. 1a and 15 illustrate the dynamic and electro-optical
response of a surface stabilized Cholesteric display with
respect to variations in applied voltage and relaxation time,
respectively;

FIG. 2 illustrates the pixel waveforms of the pulses
employed in driving the active matrix addressed Cholesteric
display between its various states;

FIG. 3 is a representational diagram illustrating the stor-
age of both status and image data in a single frame buffer,

FIG. 4 illustrates the row, column, and back plane (BP)
voltage combination employed by the method according to
the present invention;
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FIG. 5a illustrate the row, column and backplane wave-
forms corresponding to the pixels illustrated in FIG. 5b;

FIG. 6 illustrates circuitry employed in driving the active
matrix addressed Cholesteric display according to the
present invention;

FIGS. 7a and 75 illustrate the dynamic and electro-optical
response of a polymer stabilized finger-print cholesteric
texture (PSFPCI) display with respect to variations in
applied voltage and relaxation time, respectively; and

FIGS. 8a and 85 illustrate the dynamic and electro-optical
response of a surface stabilized bistable cholesteric display
with respect to variations in applied voltage and relaxation
time, respectively.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

As mentioned above, the present invention provides an
active matrix addressed Cholesteric display, e.g., the Ch-
LCD. Careful design of the drive scheme, implemented via
the driver and controller, permits the Cholesteric display to
maintain its superior optical performance, e.g., high bright-
ness, high contrast, flicker-free viewing, and the low power
bistability, i.e., only the pixels that need to be changed are
updated. Moreover, the improved active matrix addressed
bistable, reflective Ch-LCD according to the present inven-
tion advantageously provides a video rate compatible, scan-
line free update capability.

Before describing the preferred embodiments of the
present invention in detail, it should be mentioned that there
are two stable states of a bistable reflective Ch-LCD, the
planar state and the focal conic state. The planar state
exhibits high reflectivity and is commonly referred to as the
ON state. The focal conic state has low reflectivity and is, in
contrast, referred to as the OFF state. With a black paint on
the back of the substrate of the Ch-LCD, the planar state
appears in some pre-selected color, e.g., yellow, while the
focal conic state appears to be black. The amount of light
reflected from the planar state can be adjusted to achieve
different shades of a particular reflected color or gray levels.
This feature makes possible a full-color display as described
in publication “Full color (4096) reflective cholesteric liquid
crystal display” by Huang et.al. Asia Display *98 Technical
Digest, p883. A full-color display is made by stacking three
display cells, each of a different primary color, red, green
and blue with the black background painted on the back
substrate of the bottom cell.

It should be noted that the display could be switched from
the planar state to the focal conic state directly by applica-
tion of a suitable pulse having a proper magnitude as
characterized by voltage level and time duration or pulse
width. However, the display cannot be switched from the
focal conic state to the planar state directly. Instead, a large
magnitude pulse is first applied to the cells of the display in
the focal conic state to thereby align the liquid crystal in the
selected cells to the homeotropic state, which is then
switched OFF quickly. It will be appreciated that the liquid
crystal material first relaxes into the transient planar state in
about 1 ms, and then more slowly to the planar state. At
room temperature, a typical voltage pulse would be about 10
ms in duration, which would permit the Cholesteric liquid
crystal to relax into the planar state approximately 100-300
ms after the pulse has been terminated. During this transient
time, each effected pixel in the Ch-LCD changes from black
to a state with predetermined reflectivity.

In contrast, i.e., in the case of passive matrix addressing,
the data voltage difference between the ON and OFF states
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is limited. Therefore, all the pixels in a row are selected,
independent of their previous image state, and the voltage
pulse with suitable magnitude is applied according to the
desired final state of the pixel, i.e., a relatively low magni-
tude for the focal conic state and a relatively high magnitude
for the planar state. The relatively low magnitude immedi-
ately drives each pixel in the row to the focal conic state and
the pixel appears black. The relatively high magnitude
drives the pixel to the homeotropic state in which each pixel
also appears to be black. Therefore, the whole selected row
appears black. It will be appreciated that the maximum drive
speed for this one-line-at-a-time drive scheme, i.e., passive
matrix addressing, is approximately 5 ms/row. For a large
display panel with many rows, e.g., 100 rows, the users can
actually see a black line scan down the screen. In the
dynamic drive scheme, the average row selection time can
be reduced to about 1 ms/row. However, there are many
driven rows, e.g., 40 rows, in the active driving pipeline.
Thus, the user will still see a black band; the black line is just
sweeping down the screen at a faster rate.

It should also be mentioned that the cumulative drive
scheme is able to remove the black scan line by scanning the
screen, or at least a selected portion of the screen, repeti-
tively at a high refresh rate, ie., greater than 40 scans/
second. Due to image retention characteristic of the human
eye, the black scanning line disappears. However, the maxi-
mum driver voltage, maximum data voltage and the material
response time limits the row selection time to about 2
ms/row, which is equivalent to eight rows at a 60 Hz
scanning rate. The limited number of rows that advanta-
geously can be driven while avoiding the characteristic
black scan line of Ch-LCD’s implies that this passive matrix
drive scheme can only be of benefit in a limited number of
specific applications. In any event, the cumulative drive
scheme’s ability to minimize black scan lines down the face
of the Ch-LCD also demonstrates that the Cholesteric mate-
rial advantageously can be operated at speeds approaching
that of a conventional video update rate, provide that the
proper drive scheme can be applied.

Fundamentally, an active matrix display can be concep-
tualized as a matrix display in which each pixel of the
display advantageously can be switched ON and OFF inde-
pendently. Examples of active matrix displays are disclosed
in US. Pat. Nos. 4,042,854, 4,062,626, 4,404,555, and
4,717,244, to name but a few. In a conventional active
matrix display without bistability, a voltage is always
applied to maintain the pixels at the selected ON or OFF
state. To make the best use of the bistability of Ch-LCD, the
Ch-LCD according to the present invention implements a
estate drive method for an active matrix display. The three
states are:

(1) OFF to ON;

(2) ON to OFF; and

(3) NC (no change).

When any pixel in the active matrix display is to be
switched from the OFF state to the ON state, a high voltage
is applied to the selected pixel to thereby effect the change
of state. When a pixel or group of pixels in the active matrix
display is to be switched from the ON state to the OFF state,
a low voltage is applied to thereby cause the desired change
of state. Furthermore, when any pixel in the active matrix
display is needs to maintain its current state, zero volts are
applied to the pixel. The waveform on each pixel is shown
in FIG. 2. The characteristics and features associated with
these waveforms are discussed immediately below.

1. The high or low pulse is applied repetitively with a time

interval depending on the frame rate. If the frame rate
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is 60 Hz, the interval is 16.7 ms. If the frame rate is 30
Hz, the interval is 33.3 ms.

2. The width and the number of the pulses depend on the
material response time. The goal is for the pixels that
need to be switched from OFF to ON, during the last
pulse the whole pixel should be switched to the homeo-
tropic state; for the pixels that need to be switched from
ON to OFF, during the last pulse, the whole pixel
should be switched to the focal conic state.

3. The pixel voltages are turned OFF at the end of each
frame to reduce the operation voltage of driver cost in
the frame inversion scheme.

4. The voltage difference between the ON and OFF
waveform is not as limited as that of the passive matrix
drive.

5. The cumulative effect of the display is also used so that
the pixel can be completely switched in several frames.
However, once the destination state is achieved, the
voltage applied to the pixel is zero. This can signifi-
cantly reduce the power consumption.

It will be appreciated that the use of the active matrix
enables the whole display to be updated almost at the same
time. However, it will also be appreciated that the pixel
voltage level is changed inside a frame time. Therefore,
modifications in the drive control circuitry are needed.

It will be noted that there are two states in the row driver,
i.e., select and non-select, for an active matrix display. Thus,
the row data only needs to be 1 bit. In contrast, in order to
implement the three state drive scheme according to the
present invention, the column drive needs to have three
states: ON, OFF, and NC (no change). For that reason, the
column driver requires two data bits in order to select
between the three states. Thus, the column driver advanta-
geously receives both pixel image data and pixel status data.
An exemplary image array block representing storage of
these data bits is shown in FIG. 3.

Referring specifically to the exemplary data organization
illustrated in FIG. 3, it will be appreciated that the frame
buffer data includes both 24 bits of image data, permitting
display in excess of one million colors in the resultant
image, and 3 bits of status data. It will be appreciated that
colors are represent by three groups each having 8 bits
representing 256 gray levels for each color, which require-
ment dictates that the column driver are amplitude modu-
lated. In addition, the 3 bits of status data allow as many as
8 frames to update an image. In other words, for every frame
advance the status bits are decrement by 1 bit; once the
status bits are cleared, NC state is assumed, and no further
updates occur to the pixel. Moreover, once the pixel has been
changed, all status bits are set to 1’s.

It should be mentioned that the number of status bits and
color bits described above relate to only one exemplary
embodiment according to the present invention; other com-
binations of status and color bits are considered to be within
the scope of the present invention. For example, four status
bits and sixteen bits, advantageously could be used. More-
over, the four status bit, twelve color bit configuration
illustrated in FIG. 6 beneficially can be employed in par-
ticular applications.

It will be appreciated that, with the help of the three status
bits, more complicated drive sequences can be implemented.
For example, the status bits advantageously can be
employed in connection with erase cycles to enhance the
contrast and the gray scale accuracy.

FIG. 4 shows the row, column and back plane (BP)
voltage combination, assuming 40V for ON and 30V for
OFF, provided by the drive circuitry according to the present
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invention, which drive circuitry will be discussed in greater
detail below. It will be appreciated that in all cases, the row
voltage for selection is preferably about 5 V and, most
preferably, at least 5V higher than column voltage.

In order to change the voltage level inside one frame, the
row, column and backplane voltages need to be arranged as
shown in FIG. 5a to drive the pixel pattern illustrated in FIG.
5b. Referring to FIG. 55, pixel 11 is switched from OFF to
ON and Pixel 22 is switched from ON to OFF. Pixel 12 and
Pixel 21 are maintained in their previous state, i.e., no
change.

It should be mentioned that, during one frame, each row
is selected twice. More specifically, the first selection, i.e.,
pulse, advantageously can be employed to charge the pixel
according to the image data and pixel status while the second
selection is used to discharge the pixel to zero voltage with
respect to the back plane voltage. Therefore, the column
voltage during the first selection should reflect the pixel
image data and pixel status, and the column voltage during
the second selection should be set as NC (no change) so as
to discharge the pixel.

It will be appreciated that the time difference between the
two selection pulses defines the pulse width. Typically, the
pulse width should be kept as short as possible so that the
Cholesteric material can have time to relax to the desired
state.

One preferred embodiment of the drive circuitry accord-
ing to the present invention will now be described in detail
with reference to FIG. 6. However, before the discussion of
the embodiment is presented, it would be helpful to provide
some additional general discussion. In particular, it should
be mentioned that combining an active matrix-addressing
scheme with a bistable reflective Cholesteric liquid crystal
display (Ch-LCD) could significantly improve the response
speed of the display. Moreover, active matrix addressing of
the Ch-LCD advantageously maintains the lower power
advantage offered by its bistability and reflective viewing
characteristic of the Ch-LCD. It should also be mentioned
that the controller design is predicated on the concept that,
unlike existing active matrix displays, the drive circuitry for
the active matrix Ch-LCD can be completely shut down
when the image does not need to be changed. It will be
appreciated that the power consumption of the active matrix
Ch-LCD is extremely low with respect to other LCD’s
currently available in the market.

FIG. 6 is a high-level block diagram of an active matrix
Ch-LCD system 1 according to the present invention. The
display system 1 includes an active matrix CH-LCD 100,
row (gate) and column (data) drivers 200, a back plane
driver 300, a power supply 400 for the above-mentioned
drivers, and the controller 500. The controller 500 receives
both commands and image data from a processor 600, which
processor will be discussed in greater detail below. It should
be mentioned that the power supply 400 powering the
drivers 200, 300 is controlled by the controller 500 for the
efficient power management. As previously discussed, dur-
ing a wake up operation, the power supplied to the drivers
200, 300 by the power supply 400 is active; during the sleep
mode, the power provided to the drivers 200, 300 is removed
completely.

An exemplary embodiment of the controller 500 accord-
ing to the present invention includes a memory 502, which
advantageously can be partitioned into image memory 502a
and status memory 5025. Preferably, the memory 502 is a
static random access memory; alternatively, other types of
non-volatile memory, e.g., ferromagnetic random access
memory (FRAM), advantageously can be employed. It will
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be appreciated that a non-volatile memory is preferred, since
this type of memory complements the low power charac-
teristic of the Ch-LCD 100. The controller 500 includes a
status manager 504, which receives commands via the
control/status input/output (I/O) port 506 and which receives
data via the data /O port 508 and a buffer 510. Preferably,
buffer 510 facilitates the writing of data into memory 502a
under control of a memory arbiter 512 driving address
counter 514. The commands received via I/O port 506 are
also applied to command decoder 516. In addition, the
controller includes a power manager 518, which commands
the startup and/or shutdown of the power supply 400. In the
controller 500, the image data is read out of memory 502 by
column data generator 520 and row data generator 522 in
accordance with timing signals produced by the display
timing circuit 524. Moreover, the display timing is influ-
enced by the temperature of the display 100, as discussed in
greater detail below.

The preferred embodiment of the controller 500 advan-
tageously can be constructed from several ICs, such as an
SRAM, an Altera programmable logic, and a National
Semiconductor COP8, a power supply chip set, and some
other discrete components. However, it will be appreciated
that FIG. 6 is a functional block diagram, i.e., FIG. 6
illustrates functions, not discrete components, which func-
tions are discussed in greater detail below. A detailed
description of each of these functions is provided below.

In the exemplary embodiment, the Power Manager (func-
tion block) 518 advantageously oversees the power supply
to the active matrix Ch-LCD system 1. A “wake up”
generated by the host 600 will toggle at least the controller
500 of the active matrix Ch-LCD system 1 into the high
power awake mode. As noted above, the signal from the
Status Manager 504 (discussed below) can determine
whether to continue operation in the power consuming
awake mode or to power down to the power conserving
sleep mode. It will be appreciated that there will be a
predetermined amount of delay between the time that the
status manager 504 signals the power manager to enter the
sleep mode of operation and the time that the system 1
actually powers down, thereby preventing cycling between
the sleep and awake modes of operation when the host 600
issues a sequence of widely spaced commands or data, e.g,,
a hunt and peck typist enters a data string with relatively
long pauses between characters.

The I/O port 506 permits receipt of commands from the
host 600 to the controller 500. In addition, the status if the
controller, i.e., Sleep mode, Busy mode, and Awake mode,
advantageously can be sensed by the host 600 via this port.
This is the I/O control logic and the controller status port.
The controller status can be detected by the host from this
port. In contrast, the I/O port 508 and buffer 510 receives
and buffers the data or commands provided on lines D0~D7
from the host 600.

In controller 500, the command decoder 516, which
advantageously could be a section of logic in a larger logic
device, decodes commands received from the host 600,
which commands control the overall operation of the active
matrix CH-LCD system 1, e.g., brightness control, frame
rate adjustment, image SRAM allocation, etc. In contrast the
display timing circuit 524, which again may be a section of
a larger device, provides all necessary ting signals for
controller 500 and display 100 operation, e.g., column shift
clock, row shift clock, frame, data latch, SRAM clock, ete.
The address counter 514 accesses the SRAM memory 502a
in response to timing signal from the display timing circuit
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524. As will be discussed below, some of the clock frequen-
cies are temperature dependent.

It will be appreciate that access to/from the SRAM
memory 502a necessitates the presence of a memory arbi-
trator 512. This section of logic accommodates memory
access priority and resolves any possible conflicts between
the host 600 and display driver 200, 300 demand for
memory 502 access. It will be appreciated that, in any active
matrix addressing scheme, display scanning can not be
stopped while the host 600 accesses (read from or writes to)
memory 502; the host 600 can only access the memory 502
while the drivers 200, 300 are not demanding data.

Tt will be appreciated from FIG. 6 that the memory 502
advantageously includes both an image SRAM 502q and a
status SRAM 5025. The image SRAM 5024 provides the
memory required for storing the display image, pixel by
pixel. In the exemplary embodiment of system 1, the display
100 displays 16 level of gray scale for each layer in a
three-layer full color display. Therefore, each pixel corre-
sponds to 12 data bits. The memory 502a advantageously
provides a low power standby mode so that the display
image can be stored in the low power sleep mode. Moreover,
the status SRAM 5025 advantageously can be employed to
the pixel status information needed for the active matrix-
addressing scheme according to the present invention. In the
exemplary embodiment, a complete update of a pixel will
take 16 frames, which can be represented by 4 data bits.
When the host 600 updates a pixel, all of its corresponding
status bits preferably are set to all 1’s. For every frame in
which image data is provided to the active matrix Ch-LCD
100, the status bits are decremented by 1. When all of the
status bits reach zero, the controller 500 will determine that
the “NC” criteria has been satisfied, and the pixel on the
display 100 will not be updated, i.e., the row/column driver
200 will apply zero voltage with respect to the back plane.

The status manager 504 provides logic functions with
respect to: setting status bits to 1’s in the status SRAM 5025
when a pixel is changed by the host 600; decrementing the
status bits by 1 and storing the decremented status bits back
into the status SRAM 5025 after every frame update;
monitoring the status SRAM 5025 to determine whether
there is any pixel in the memory needing to be updated
further, and issuing the power down signal to the power
manager 518.

As mentioned above, the controller 500 advantageously
includes both a column data generator 520 and a row data
generator 522. The logic incorporated into the column data
generator 520 takes image data, frame, and the status bits
and forms the column voltage data which is to be applied to
the row/column driver 200. If the status bits are zero, the
column voltage should be the same as the back plane
voltage. If the status bits are not zero, this logic device, i.e,,
the column data generator 520, will form the voltage data
needed to update each pixel. It will be appreciated that the
data generator 520 advantageously can include a lookup
table (LUT) or comparable device for using the values
stored in memories 520a, 5025 as addresses to predeter-
mined values which are to be output by data generator 520.
Thus, the data generator 520 provides the capability to
implement more complicated multistage drive schemes by,
for example, varying the values stored in the LUT. Likewise,
the row data generator 522 permits row voltage data to be
generated according to the frame and drive progress of each
frame.

It will be appreciated from the brief discussion above, the
frequencies of respective ones of the timing signals gener-
ated by the display timing circuit 524 are temperature
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dependent. This is because Ch-LCD’s are very sensitive to
the temperature, especially in gray scale implementation. In
the exemplary embodiment of the present invention illus-
trated in FIG. 6, it will be appreciated that temperature data
derived from the substrate of the controller 500 advanta-
geously can be employed to determine the drive voltage,
pulse width, and even updating frequency of the controller
500, providing the display and the controller are in thermal
contact and their temperatures are very close to one another.

A better understanding of the operation of the controller
500 can be obtained by considering the input/output (I/O)
signals applied to or generated by the controller, as listed in
TABLE 1 immediately below.

TABLE 1
nRes Hardware reset. nRes=0 to reset the complete controller to its
default state.
nBrror  Indicates controller error when nError=0
D/nC  Indicates the D0~D7 is data or command from host.
D/nC=1: data
D/nC=0: command
Sleep  Indicates the controller power status
Sleep=1: low power sleep mode
Sleep=0: high power awake mode
Busy Indicates the controller process status
Busy=1: controller is processing last command
Busy=0: controller is ready for next command
nWk Host wake up signal. Falling edge wakes up the controller.
nWk=0: controller needs to stay awake
nWk=1: controller can go to sleep once finished its current task
nWr Write pulse. Falling edge to latch DO~D7
DO~D7 Image data or command
Vee 5V power supply
Gnd Power ground

The essential functionality provided by the controller 500
illustrated in FIG. 6 is summarized immediately below.

1. When the image on the display does not need to be
updated, the controller 500 advantageously can be in
the Sleep Mode.

2. Minimal power is drained in maintaining the image
data in the SRAM 5024 and in monitoring the interface
activity, i.e., I/O ports 506 and 508.

3. Once the host (e.g., central processing unit (CPU)) 600
transmits data which needs to be reflected in the display
100, the power manager circuitry 518 advantageously
will wake up the controller 500 by driving the nWk line
low.

4. After powering up from the Sleep Mode, the controller
500 advantageously can start to respond to commands
and accept the new image data from host 600.

5. Immediately after new image data is received, the
controller 500 starts to update the display 100.

6. After the update of the display 100 has been completed,
i.e., if no more new image data exists, the controller
500 powers down and returns to the Sleep Mode.

7. The controller 600 will stay in the Sleep Mode until the
host 600, e.g., a computer, again wakes up the control-
ler, i.e., until the host computer applies a predetermined
“wake up” signal to the controller.

It should be mentioned here that during the display update
period, the drive voltage is only applied to those pixels that
need to be changed. No voltage is needed to maintain the
respective pixel in its previous state. It should also be
mentioned that this drive-when-change method advanta-
geously can be employed to dramatically reduce display
power consumption.

As discussed above in connection with FIG. 3, the drive-
when-changed operating method of the controller requires
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status bits associated with every displayed pixel in addition
to the data corresponding to that pixel. In addition, the
controller must employ “Status Manager” logic to direct the
controller with respect to the employment of the status bits.
Preferably, the number of status bits is determined in accor-
dance with the number of frames that are needed to update
each displayed pixel. For example, 3 bits indicates that 8=2°
frames are employed in updating a pixel while 4 bits
indicates that 16=2"* frames are employed. In an exemplary
case, when a pixel is changed in image memory, i.e., image
SRAM, 5024, that pixel’s related status bits are all set to a
predetermined value, e.g., all 1°s, by the status manager 504.
For each frame in which the pixel is driven, the status bits
is decremented by 1 and written back to the status SRAM
502b. Once the status bits corresponding to a particular pixel
in the image data are counted down to zero, the related pixel
will not be driven any more, i.e., zero voltage will be applied
to that pixel with respect to the back plane. It will be
appreciated that the status manager 504 advantageously can
monitor whether or not any particular pixel needs to be
updated, ie., the status manager 504 simply checks to
determine if there are any non-zero status bits after each
frame has been updated. If there is no pixel requiring an
update, the status manager 504 informs the power manager
518 of the controller 500, which power manager cycles
controller 500 into the Sleep mode of operation.

As mentioned above, the three state active matrix drive
scheme or method can significantly improve the update
speed of Ch-LCD while maintaining the bistability for low
power operation. This drive method can be also extended to
full color gray scale application. With the removal of cross
talk voltage afforded by the active matrix-driving scheme,
the power consumption advantageously can be even lower
than the passive matrix display in the page update mode.

Moreover, from the discussion provided above, it will be
appreciated that the operating characteristic of the Ch-LCD
100 advantageously can be tailored to permit operation of
the Ch-LCD 100 with a reduced V1 threshold. Advanta-
geously, in order to achieve a rapid response speed, the
display 100 can be a Polymer stabilized finger-print choles-
teric texture (PSFPCT) display or a Ch-LCD having a strong
homeotropic alignment layer with a lower V1 threshold of
the display.

It should be mentioned that a polymer stabilized finger
print cholesteric texture (PSFPCI) display was disclosed in
U.S. Pat. No. 5,570,216 and described in a paper entitled
“Bistable Reflective Cholesteric Liquid Crystal Display” (J.
Appl. Phys. 81(3), (1 Feb. 1997)), by Min-Hua Lu. This
display can be fabricated mixing a predetermined percentage
of monomer with the cholesteric liquid crystal mixture.
After vacuum filling the display, the display is heated to the
isotropic state, and is then slowly cooled down to the room
temperature. In this manner, a large domain focal conic fan
texture is formed during the cooling with the assistance of a
side chain polyimide alignment layer. UV curing is facili-
tated without any external electric field.

The polymer networks are locked into the large domain
fan texture. With proper polymer selection and concentra-
tion, the display exhibits fast homeotropic to planar transi-
tion, e.g., on the order of 10 ms. Several test displays
fabricated according to the procedure set forth above have
been characterized as having a repeatable rise time of
approximately 10 ms. FIGS. 7a and 75 illustrate the
dynamic response and the switching response, respectively,
of a typical PSFPCT cell. It will be noticed that this display
also has very good black state. It will also be noted that the
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V1 threshold for this cell is so low that the driving of such
a display using a passive matrix drive scheme is not pos-
sible.

A typical surface stabilized bistable cholesteric display
can be made according to method described in U.S. Pat. No.
5,453,863 by Yang and West. However, if the alignment
layer has too strong of a homeotropic alignment effect, the
display will exhibit a low V1 threshold value, meaning that
the device can not be driven by the passive matrix method.
Advantageously, this kind of device also exhibits a very fast
homeotropic-to-planar (H—P) transition. The dynamic
response and the electro-optical response, respectively, are
shown in FIGS. 8a and 8b. Tt will be appreciated from their
figures that the rise time in the H-P transition is about 10 ms
and the hysteresis between V3 and V3', V4 and V4' is very
small. It should be mentioned that the advantage of this
device is that it does not require a polymer network. This can
significantly simplify the manufacturing process and
improve the display reliability.

Application of the active matrix driving method according
to the present invention can fundamentally resolve any
limitation on the V1 value relative to the ON and OFF
voltage values. For example, in a thin film transistor based
active matrix display, the drive voltage on the selected rows
are not seen by any of the non-selected rows. The state of the
non-selected rows is not effected by the driving the pixels in
the selected row. This enables the selection of materials,
display process parameters, surface treatment, etc., without
regard to cell crosstalk. It will be appreciated that the very
attractive features of a Ch-LCD with low V1 threshold,
while not particularly suitable for existing passive matrix
driving methods, provides a display with a fast H-P transi-
tion, which satisfies a key requirement for displays
employed in video rate applications.

It should be mentioned at this point that the active matrix
Ch-LCD system 1 according to the present invention advan-
tageously can be employed as the display of such a devices
as personal digital assistants (PDAs), electronic books
(e-books), advertising displays, etc. It will also be men-
tioned that the active matrix Ch-LCD system can be adapted
to accept inputs from devices such as desktop and laptop
computers, particularly the latter. It will be appreciated that
the graphics subsystem of the typical computer generates
data sufficient to update the display at 30 or more frames per
second. Since much of this data does not vary from frame to
frame, providing such repetitive pixel data to the active
matrix Ch-LCD system according to the present invention
would be counter productive. However, it will be appreci-
ated that the logic provided by the status manager 504 can
be augmented with comparison logic. In that case, data
provided to the status manager can be compared with the
data already stored in image SRAM 502a; only new color
data would be written to memory 502¢ and, consequently,
only the status bits corresponding to the new color data
would be changed.

It should also be mentioned that the active matrix Ch-
LCD system 1 is not limited to the specific embodiments
discussed above. For example, when large Ch-LCD’s are to
be driven according to the present invention, multiple ones
of row/column drivers 200 advantageously can be included
so that rows 1-50 are driven by row/column driver 200q,
rows 51-100 are driven by row/column driver 2005, etc.

Although presently preferred embodiments of the present
invention have been described in detail above, it should be
clearly understood that many variations and/or modifica-
tions of the basic inventive concepts taught herein, which
may appear to those skilled in the pertinent art, will still fall
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within the spirit and scope of the present invention. For
example, while an exemplary SRAM stores 24 bits of image
data and 3 bits of status data per pixel, other memory
arrangements advantageously could be employed. Thus, the
SRAM could store 12 bits of image data and 4 bits of status
data per pixel without departing from the teachings of the
present invention.

What is claimed is:

1. An active matrix liquid crystal display including a
plurality of active components each for driving a corre-
sponding one of a plurality of pixels of said display, said
display comprising:

a layer of cholesteric liquid crystal material including a
plurality of pixels that produce images having various
levels of light reflectance including a level of minimum
reflectance, a level of maximum reflectance and levels
of reflectance therebetween, said level of maximum
reflectance and said level of minimum reflectance being
stable in the absence of an electric field;

an active matrix array including conductive active ele-
ments each of which corresponds to one of said plu-
rality of pixels of said liquid crystal layer; and

drive electronics adapted to provide signals to the active
elements of said active matrix display in order to:

a) cause some subset of said active matrix active
elements to apply voltage pulses for updating a
corresponding first subset of said pixels when infor-
mation intended to be displayed by said first subset
of pixels has changed from previous information
displayed by said first subset of pixels; and

b) at the same time as a), enable said active matrix array
to maintain previous information displayed by a
second subset of-said pixels when information
intended to be displayed by said second subset of
said pixels has not changed from said previous
information displayed by said second subset of said
pixels,

wherein said pixels are thereby updated and maintained at
said levels of reflectance.

2. The display of claim 1 wherein said drive electronics is
adapted to provide each of said pixels with a plurality of
levels of gray scale, said pulses that are applied by said drive
electronics to cause said pixel to reflect the updated pixel
information being applied in a plurality of frames each of
which incrementally changes said level of reflectance of said
pixel.

3. The liquid crystal display of claim 1 wherein said
voltage pulses comprise an AC waveform.

4. An active matrix liquid crystal display comprising:

a layer of liquid crystal material forming a plurality of
pixels that produce images having levels of light reflec-
tance including a level of maximum reflectance, a level
of minimum reflectance and levels of reflectance ther-
ebetween;

an active matrix device including a plurality of active
components each for driving a corresponding one of
said plurality of pixels, said device adapted to apply
voltage pulses to each of said pixels independently of
other pixels;

means for examining previous information of said pixels;

means for examining updated information of said pixels;

a driver for providing signals to said active components,
wherein

when the updated pixel information of a first subset of
said pixels has changed from the previous pixel infor-
mation of said first subset of said pixels, said driver
drives the subset of said active components correspond-
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ing to said first subset of said pixels to provide signals
for causing said first subset of pixels to reflect updated
pixel information, and wherein

when the updated pixel information of a second subset of
said pixels has not changed from the previous pixel
information of said second subset of pixels, said driver
drives the subset of said active components correspond-
ing to said second subset of said pixels to provide
signals to cause said second subset of pixels to maintain
the previous pixel information,

wherein said pixels are thereby updated and maintained at
said levels of reflectance.

5. The display of claim 4 wherein said driver is adapted
to provide each of said pixels with a plurality of levels of
gray scale, said pulses that are applied by said driver to cause
said pixel to reflect the updated pixel information being
applied in a plurality of frames each of which incrementally
changes said level of reflectance of said pixel.

6. The display of claim 4 wherein said liquid crystal
display is a bistable cholesteric liquid crystal display in
which said maximum level of reflectance is achieved by a
predominantly planar texture of said liquid crystal material,
said minimum level of reflectance is achieved by a predomi-
nantly focal conic texture of said liquid crystal material, and
said planar texture and said focal conic texture are stable in
an absence of an electric field.

7. The liquid crystal display of claim 4 wherein said
voltage pulses comprise an AC waveform.

8. A liquid crystal display comprising:

a layer of liquid crystal material forming a plurality of
pixels that produce images having levels of light reflec-
tance including a level of minimum reflectance, a level
of maximum reflectance and levels of reflectance ther-
ebetween, which are stable in the absence of an electric
field;

a plurality of active elements, with at least one of said
active elements being associated with a corresponding
one of said pixels;

means for examining previous pixel information of one of
the plurality of pixels;

means for examining updated pixel information of said
pixel; and

driver means for providing signals to the active element
corresponding to said pixel for driving said pixel,
wherein

when the updated pixel information has changed from the
previous pixel information, said driver means provides
a first signal to the corresponding active element for
enabling voltage pulses to be applied to the pixel via the
corresponding active element causing the pixel to
reflect the updated pixel information, and wherein

when the updated pixel information has not changed from
the previous pixel information, said driver means pro-
vides a second signal to the corresponding active
element for enabling voltage pulses to be applied to the
pixel less than a threshold voltage, which maintains the
previous pixel information, wherein

said pixels thereby are updated and maintained at said
levels of reflectance.

9. The display of claim 8 wherein said driver means is
adapted to provide each of said pixels with a plurality of
levels of gray scale, said pulses that are applied by said
driver means to cause said pixel to reflect the updated pixel
information being applied in a plurality of frames each of
which incrementally changes said level of reflectance of said
pixel.
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10. The display of claim 8 wherein said liquid crystal
display is a bistable cholesteric liquid crystal display in
which said maximum level of reflectance is achieved by a
predominantly planar texture of said liquid crystal matetial,
said minimum level of reflectance is achieved by a predomi-
nantly focal conic texture of said liquid crystal material, and
said planar texture and said focal conic texture are stable in
an absence of an electric field.

11. The liquid crystal display of claim 8 wherein said
voltage pulses comprise an AC waveform.

12. A liquid crystal display for displaying an image, said
display comprising:

a layer of cholesteric liquid crystal material forming a
plurality of pixels, wherein said liquid crystal material
includes focal conic and planar textures that are stable
in an absence of an electric field;

a plurality of active elements each being individually
addressable and also being associated with a corre-
sponding one of said pixels for applying a voltage to
said liquid crystal material of said corresponding one of
said pixels;

determining means for determining when a state of each
of said pixels should be changed based on said image
to be displayed; and

a driver for individually driving each of said active
elements with a signal to enable said active elements to
apply said voltage to said liquid crystal material of said
corresponding pixel only when said determining means
indicates the state of said corresponding pixel is to be
changed, and wherein said driver individually drives
said active elements with another signal such that said
voltage is not applied to said corresponding pixel when
said determining means indicates the state of said
corresponding pixel is not to be changed.

13. A liquid crystal display comprising:

a layer of liquid crystal material Including a plurality of
pixels that produce images having levels of light reflec-
tance including a level of minimum reflectance, a level
of maximum reflectance and levels of reflectance ther-
ebetween, which are stable in the absence of an electric
field;

a plurality of active elements, with at least one of said
active elements being associated with a corresponding
one of said pixels;

means for examining previous pixel information of one of
the plurality of pixels;

means for examining updated pixel information of said
pixel; and

driver means for driving said pixel, wherein

when the updated pixel information has changed from the
previous pixel information, said driver means enables
voltage pulses to be applied to the pixel via the corre-
sponding active elements causing the pixel to reflect the
updated pixel information, and wherein

when the updated pixel information has not changed from
the previous pixel information, said driver enables
voltage pulses to be applied to the pixel less than a
threshold voltage, which maintains the previous pixel
information, wherein

said pixels are updated and maintained at said levels of
reflectance, and further wherein

said driver means is adapted to provide each of said pixels
with a plurality of levels of gray scale, said pulses that
are applied by said driver means to cause said pixel to
reflect the updated pixel information being applied in a
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plurality of frames each of which incrementally

changes said level of reflectance of said pixel.

14. An active matrix liquid crystal display comprising:

a layer of liquid crystal material including a plurality of
pixels that produce images having levels of light reflec-
tance including a level of maximum reflectance, a level
of minimum reflectance and levels of reflectance ther-
ebetween;

an active matrix device adapted to apply voltage pulses to
each of said pixels independently of other pixels;

means for examining previous information of said pixels;

means for examining updated information of said pixels;

a driver for driving said active matrix device, wherein

when the updated pixel information of a first said pixels
has changed from the previous pixel information of
said first pixels, said driver drives said active matrix
device to cause said first pixels to reflect updated pixel
information, and wherein

when the updated pixel information of second said pixels
has not changed from the previous pixel intonation of
said second pixels, said driver drives said active matrix
device to cause said second pixels to maintain the
previous pixel information,

wherein said pixels are updated and maintained at said
levels of reflectance, and wherein

said driver is adapted to provide each of said pixels with

a plurality of levels of gray scale, said pulses that are

applied by said driver to cause said pixel to reflect the

updated pixel information being applied in a plurality
of frames each of which incrementally changes said
level of reflectance of said pixel.

15. An active matrix liquid crystal display comprising:

a layer of cholesteric liquid crystal material including a
plurality of pixels that produce images having various
levels of light reflectance including a level of minimum
reflectance, a level of maximum reflectance and levels
of reflectance therebetween, said level of maximum
reflectance and said level of minimum reflectance being
stable in the absence of an electric field;

an active matrix array including conductive elements each
of which corresponds to one of said plurality of pixels
of said liquid crystal layer, and

drive electronics adapted to:

a) cause said active matrix array to apply voltage pulses
that update first said pixels when information
intended to be displayed by said first pixels has
changed from previous Information displayed by
said first pixels; and

b) at the same time as a), enable said active matrix array
to maintain previous information displayed by sec-
ond said pixels when information intended to be
displayed by said second pixels has not changed
from said previous information displayed by said
second pixels,

wherein said pixels are updated and maintained at said
levels of reflectance, and wherein

said drive electronics is adapted to provide each of said
pixels with a plurality of levels of gray scale, said
pulses that are applied by said drive electronics to cause
said pixel to reflect the updated pixel information being
applied in a plurality of frames each of which incre-
mentally changes said level of reflectance of said pixel.
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