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(57) ABSTRACT

A display element corresponds to a pixel of a display. The
display element includes a first electrode connected to a first
addressable line of the display, and a number of second
electrodes, each of which is connected to a corresponding
second addressable line of the display. The display element
includes a display mechanism situated between the first and
the second electrodes, and which has a number of individu-
ally turned-on steps organized into a number of groups
corresponding to the number of second electrodes. For each
group of the individually turned-on steps, each step of the
group has a turn-on voltage threshold at which the step is
turned on upon a voltage applied between the first electrode
and the second electrode to which the group corresponds
that is equal to or greater than the turn-on voltage threshold.
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FOR EACH DISPLAY ELEMENT OF A DISPLAY DEMICE

804
\ .CONNECT THE DISPLAY ELEMENT TO A
UNIQUE PAIR OF A FIRST ADDRESSABLE LINE
AND MORE THAN ONE SECOND ADDRESSABLE
LINE OF THE DISPLAY DEVICE

PROVIDE THE DISPLAY ELEMENTS WITH A
NUMBER OF INDIVIDUALLY TURNED-ON STEPS,
ORGANIZED INTO GROUPS, AS DESIRED
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DISPLAY ELEMENT HAVING GROUPS OF
INDIVIDUALLY TURNED-ON STEPS

BACKGROUND

[0001] The most common type of display device requires
the individual display elements of the display device to be
refreshed a number of times per second to maintain the
picture being displayed. If power is removed from the
display device, then no picture can be displayed on the
display device. Another type of display device is one that
only requires that power be provided to the display device
when the picture displayed on the device is modified or
changed. Otherwise, a static image remains displayed on the
display device substantially indefinitely even in the absence
of power to the display device, although power may still be
needed for backlighting purposes.

[0002] The latter type of display device includes those
implemented using bi-stable display elements. Bi-stable
display elements have an on state, in which the display
element is on and displaying image data, and an off state, in
which the display element is off and not displaying image
data. Because such bi-stable display elements have just two
states, a number of independently addressable elements may
be needed to implement a single pixel of a display device.
For instance, to implement a single color of a pixel having
three bits, or eight levels, of color depth, three such bi-stable

display elements may be needed, since 2*> ** equals eight
levels.
[0003] To realize a display device using such bi-stable

display elements in which each pixel includes three colors,
red, green, and blue, and each sub-pixel has eight, sixteen,
or more tonal levels, a large number of bi-stable display
elements may be needed. This in turn means that a large
number of addressable lines have to be connected to the
display elements, since each display element is indepen-
dently addressable. The resulting display device, however,
may be difficult to cost effectively manufacture, owing to the
large number of bi-stable display elements and the large
number of addressable lines connected to these elements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIGS. 1A and 1B are diagrams of a front view and
a cross-sectional top view, respectively, of a display element
having a number of independently turned-on steps, accord-
ing to an embodiment of the invention.

[0005] FIGS. 2, 3, 4, and 5 are diagrams of a cross-
sectional top view of a display element, according to dif-
ferent embodiments of the invention.

[0006] FIG. 6 is a diagram of a cross-sectional top view of
a number of display elements, according to an embodiment
of the invention.

[0007] FIG. 7 is a diagram of a display device, according
to an embodiment of the invention.

[0008] FIG. 8 is a diagram of a column of display elements
of a display device, according to an embodiment of the
invention.

[0009] FIG. 9 is a flowchart of a method, according to an
embodiment of the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

[0010] FIGS. 1A and 1B show a front view and a cross-
sectional top view, respectively, of a display element 100
corresponding to a pixel of a display, according to an
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embodiment of the invention. The display element 100
includes a top electrode 102 and two bottom electrodes
104A and 104B, collectively referred to as the bottom
electrodes 104. The top electrode 102 is connected to a first
addressable line 114 of the display, and the bottom elec-
trodes 104 are correspondingly connected to second addres-
sable lines 116A and 116B of the display, collectively
referred to as the second addressable lines 116.

[0011] Between the electrodes 102 and 104 is a display
mechanism 106. In the embodiment of FIGS. 1A and 1B, the
display mechanism 106 includes a conductive layer 108 and
a liquid crystal layer 110. The conductive layer 108 may be
polyethylenedioxythiophene (PEDOT), or another type of
conductive layer. The conductive layer 108 is patterned such
that the conductive layer 108A is connected to the electrode
104A and the conductive layer 108B is connected to the
electrode 104B. The liquid crystal layer 110 may be a post
aligned bi-stable nematic (PABN) liquid crystal layer, or
another type of liquid crystal layer. The display element 100
is bi-stable, in that once it has been turned on by applying
a first voltage between the electrodes 102 and 104A and/or
a second voltage between the electrodes 102 and 104B, the
element 100 remains in its current state, until it is turned off.
That is, voltages do not have to be continually applied
between the electrodes 102 and 104A and the electrodes 102
and 104B for the element 100 to remain in its current state,
once the element 100 has been switched to that state. Stated
another way and most generally, the display element 100
remains in its current state until one or more voltages are
applied to change the state of the display element 100.
[0012] The display mechanism 106 has a number of
individually turned-on steps 112A, 112B, and 112C, collec-
tively referred to as the individually turned-on steps 112, and
a number of individually turned-on steps 113A, 113B, and
113C, collectively referred to as the individually turned-on
steps 113. The steps 112 and 113 are organized into two
groups of steps: a first group corresponding to the steps 112,
and a second group corresponding to the steps 113. While
there are three such steps 112 and three such steps 113 in the
example of FIGS. 1A and 1B, in other embodiments there
may be more or less of the steps 112 and of the steps 113.
Furthermore, while there are two groups of steps in the
example of FIGS. 1A and 1B, in other embodiments there
may be more than two groups.

[0013] The group of steps 112 corresponds to the bottom
electrode 104A, and to a first sub-display element 118A to
the left of the dotted line 120. The group of steps 113
corresponds to the bottom electrode 104B, and to a second
sub-display element 118B to the right of the dotted line 120.
The number of groups of steps corresponds to the number of
the bottom electrodes 104. The top electrode 102 is shared
by all the groups of steps. While there are two sub-display
elements 118A and 118B depicted in the example of FIGS.
1A and 1B, in other embodiments there may be more than
two sub-display elements.

[0014] The steps 112 and 113 can further correspond to
different pillars or other types of structures within the
display mechanism 106. That is, the terminology step as
used herein is used in a broad, encompassing sense. As such,
this terminology encompasses different types of structures
that can be implemented within the display mechanism 106,
such as pillars.

[0015] The steps 112 and 113 are individually turned on in
that each of the steps 112 and 113 may be turned on, and
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display image data, while the other of the steps 112 and 113
remain off. In one embodiment, when a given step is turned
on, it displays image data, and when a given step is turned
off, it does not display image data. (Alternatively, when a
given step is turned on, it does not display image data, and
when it is turned off, it does display image data.) As depicted
in FIG. 1B in particular, each of the steps 112 and 113
corresponds to a different area of the display mechanism
106.

[0016] The individually turned-on steps 112 and 113 are
defined by varying the heights of the layers 108 and 110,
from top to bottom in FIG. 1A, along the width of the display
element 100, from left to right in both FIGS. 1A and 1B. The
steps 112 and 113 may have the same or different widths
from left to right in FIGS. 1A and 1B. The smaller the gap
between a given step of the conductive steps 112 and 113
and the opposing electrode 102, the lower the required
voltage to turn on that step.

[0017] Thus, the steps 112A, 112B, and 112C have posi-
tive turn-on voltage thresholds PV1A, PV1B, and PVI1C,
respectively, where PV1A>PV1B>PVI1C. Therefore, a
given applied positive voltage PV1 between the electrodes
102 and 104A turns on all the steps 112 having positive
turn-on voltage thresholds equal to or less than the positive
voltage PV1. Likewise, the steps 113A, 113B, and 113C
have positive turn-on voltage thresholds PV2A, PV2B, and
PV2C, respectively, where PV2A>PV2B>PV2C. A given
applied positive voltage PV2 between the electrodes 102 and
104B turns on all the steps 113 having positive turn-on
voltage thresholds equal to or less than the positive voltage
PV2.

[0018] Furthermore, the larger the gap between a given
step of the conductive steps 112 and 113 and the opposing
electrode 102 in FIG. 1A, the greater the magnitude of the
negative voltage that is needed to be applied to turn off that
step. Thus, the steps 112A, 112B, and 112C have negative
turn-off voltage thresholds NV1A, NVI1B, and NVIC,
respectively, where INV1AISINV1BIINV1CI, where x| is the
absolute value of x. If the (negative) signage of the voltage
thresholds are taken into account, then
NV1A<NV1B<NVIC. Therefore, a given applied negative
voltage NV1 between the electrodes 102 and 104 A turns off
all the steps having negative turn-off voltage thresholds
having absolute magnitudes equal to or less than the abso-
lute magnitude of the negative voltage NV1.

[0019] Likewise, the steps 113A, 113B, and 113C have
negative turn-off voltage thresholds NV2A, NV2B, and
NV2C, respectively, where INV2AI>INV2BI>INV2Cl, where
Ixl is the absolute value of x. If the (negative) signage of the
voltage thresholds are taken into account, then
NV2A<NV2B<NV2C. A given applied negative voltage
NV2 between the electrodes 102 and 104B turns off all the
steps having negative turn-off voltage thresholds having
absolute magnitudes equal to or less than the absolute
magnitude of the negative voltage NV2.

[0020] In general, the steps 112 and 113 are turned on in
a desired combination. For each sub-display element, a
positive voltage is applied that is equal to or greater than the
step of this sub-display element having the highest positive
turn-on voltage threshold that is to be turned on. This
positive voltage turns on all the steps of this sub-display
element having positive turn-on voltage thresholds less than
the positive voltage applied. Next, a negative voltage is
applied that is equal to or less than the step of the sub-display
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element having the lowest, most negative turn-off voltage
threshold that has been turned on but should be turned off.
That is, a negative-voltage is applied that has an absolute
magnitude that is greater than or equal to the step of the
sub-display element having a turn-off voltage threshold that
has the highest absolute magnitude and that has been turned
on but should be turned off. This negative voltage turns off
all the steps of the sub-display element having negative
turn-off voltage thresholds having absolute magnitudes less
than the absolute magnitude of the negative voltage applied.
[0021] This process is then repeated for the step having the
next-highest positive turn-on voltage threshold that is to be
turned on, the next-lowest negative turn-off voltage thresh-
old (i.e., the negative turn-off voltage having the next-
highest absolute magnitude) that is to be turned off, and so
on, until the steps of the sub-display element have been
turned on in the desired combination. The process is then
repeated for each other sub-display element, so that the
desired step or steps of each other sub-display element are
turned on. Therefore, in the example of FIGS. 1A and 1B,
the process can be first performed for the sub-display
element 118A, and then performed for the sub-display
element 118B, or vice-versa.

[0022] For example, consider the situation where the steps
112A and 112C of the sub-display element 118A are to be
turned on, and the step 112B of the sub-display element
118A and all the steps 113 of the sub-display element 118B
are to remain off. A positive voltage is applied between the
electrodes 102 and 104A that is equal to or greater than
PV1A, the positive turn-on voltage threshold for the step
112A. This turns on all the steps 112. Next, a negative
voltage is applied between the electrodes 102 and 104 A that
is equal to or less than NV1B, the negative turn-off voltage
threshold for the step 112B, but greater than NV1A, the
negative turn-off voltage threshold for-the step 112A. (That
is, the negative voltage has an absolute magnitude that is
equal to or greater than the absolute magnitude of NV1B,
but that is less than the absolute magnitude of NV1A.) This
turns off the steps 112B and 112C, while the step 112A
remains on.

[0023] However, the step 112C is also to be turned on.
Therefore, another positive voltage between the electrodes
102 and 104A is applied, which is equal to or greater than
PV1C, the positive turn-on voltage threshold for the step
112C, but is less than PV1B, the positive turn-on voltage
threshold for the step 112B. This turns on the step 112C.
Because none of the steps 113 of the sub-display element
118B have to be turned on, no voltages need to be applied
between the electrodes 102 and 104B.

[0024] There are advantages of having a display element
100 having individually turned-on steps 112 and 113 orga-
nized into groups of steps corresponding to the number of
electrodes 104 and thus defining multiple sub-display ele-
ments 118. As compared to having a display element having
individually turned-on steps in which there is just one
electrode 104 and thus not defining multiple sub-display
elements, embodiments of the invention provide for
improved manufacturability, yield, and design margin.
These advantages are now described in detail.

[0025] For example, consider the case where the display
element 100 has six steps 112 and 113, as in the embodiment
of FIGS. 1A and 1B. In the embodiment of FIGS. 1A and
1B, where these steps are divided over two sub-display
elements, a greater margin is allowed in the turn-on and
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turn-off voltage threshold differences among the steps 112,
and in the voltage threshold differences among the steps 113.
The voltage thresholds of the steps 112 are independent of
the voltage threshold of the steps 113, and indeed, the
voltage thresholds for the steps 112 can correspondingly
equate to those for the steps 113. Thus, there is greater
separation among the voltage thresholds for the steps 112
and among the voltage thresholds for the steps 113, since for
a given range of allowable voltage thresholds, just three
different voltage thresholds have to be selected in the
example of FIGS. 1A and 1B for each group of steps 112 and
113.

[0026] If a display element were to have six steps that
were not divided over two sub-display elements, a lesser
margin would be afforded in the turn-on and turn-off voltage
threshold differences among the steps. For the same given
range of allowable voltage thresholds, six different voltage
thresholds would have to be selected for the six steps.
Therefore, higher precision would be needed in manufac-
turing the display element, which can result in reduced yield
and lesser design margin. By comparison, dividing the six
steps into two groups of three steps each means that less
precision would be needed in manufacturing the display
element, which can result in increased yield due to greater
design margin. Other design advantages include enabling
large display sizes or integration of addressing electronics.
[0027] Forexample, the range of allowable voltage thresh-
olds may be from V1 to V2, where V2 minus V1 is equal to
Vrange. As such, if a display element were to have six steps
that were not divided over two or more sub-display ele-
ments, and assuming the simple case where the voltage
thresholds for the steps are equidistant from one another,
then the voltage threshold of each step would be separated
by a voltage of Vrange divided by five from the voltage
thresholds of the adjacent steps. By comparison, the display
element 100 of FIGS. 1A and 1B, where the six steps are
divided over two sub-display elements, then the voltage
threshold of each step of each group is separated by a
voltage of Vrange divided by two from the voltage thresh-
olds of the adjacent steps in that group.

[0028] Therefore, in this example, dividing the six steps of
a display element into two groups and two sub-display
elements increases the spacing between voltage thresholds
of adjacent steps by

Vrange Vrange
2 5
Vrange
5

The spacing between voltage thresholds of adjacent steps is
thus increased by 150%. Increasing the spacing between
voltage thresholds of adjacent steps means that less preci-
sion is needed in manufacturing the steps of the display
element as well as the associated drive electronics used to
address the display element, thus resulting in increased
yield.

[0029] The manner by which the individually turned-on
steps of the groups of the display element are realized is not
limited by embodiments of the invention. For instance,
FIGS. 1A and 1B show an example in which the display
element 100 has a left side and a right side. The groups of
the steps 112 and 113, as well as the bottom electrodes 104,
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are organized contiguously from the left side to the right side
of the display element 100. Thus, all of the steps 112 of one
group, and the electrode 104A, are to the left of the dotted
line 120, whereas all of the steps 113 of another group, and
the electrode 104B, are to the right of the dotted line 120.
[0030] FIG. 2 shows a top view of the display element 100
in which the groups of steps 112 and 113 and the electrodes
104 are non-contiguously organized from the left side to the
right side of the display element 100, according to a different
embodiment of the invention. In particular, the steps 112C
and 113C are divided, as are the electrodes 104A and 104B.
Thus, from left to right, the complete steps 112A and 112B
of'the group of steps 112 are situated, followed by a first part
of the step 112C of this same group of steps. Thereafter, the
complete steps 113A and 113B of the group of steps 113 are
situated, followed by the second part of the step 112C of the
group of steps 112. Finally, the second part of the step 113C
of the group of steps 113 is situated.

[0031] Even though the electrodes 104 are divided, the
parts of the electrode 104A are electrically connected to one
another, which is diagrammatically illustrated in FIG. 2 as a
wire 202A for illustrative convenience, and the parts of the
electrode 104B are electrically connected to one another,
which is diagrammatically illustrated in FIG. 2 as a wire
202B for illustrative convenience. Organizing the groups of
steps 112 and 113 non-contiguously from the left side to the
right side of the display element 100 can be advantageous.
In particular, it ensures that there are not large lit or non-lit
regions of the display element 100, reducing the likelihood
of generating observable patterns in the displayed image.
For instance, where just the step 112C is lit, having the step
112C divided into two non-contiguous parts ensures that no
large non-lit region of the display element 100 exists.
[0032] The groups of steps 112 and 113 can be arranged
non-contiguous from the left side to the right side of the
display element 100 in other ways than is shown in FIG. 2.
In FIG. 2, non-contiguous arrangement or organization is
achieved by splitting one step of each group, namely the
steps 112C and 113C, in non-contiguous fashion. Alterna-
tively, however, as one example, none of the steps 112 and
113 may be divided or split. For instance, the steps 112 and
113 may be organized from left to right as follows: complete
steps 112A, 112B, 113A, 112C, 113B, and 113C. In this
example, steps 112A and 112B are non-contiguous with the
step 112C of the same group of steps 112, and steps 113B
and 113C are non-contiguous with the step 113 A of the same
group of steps 113.

[0033] The examples of FIGS. 1A, 1B, and 2 have the
groups of the steps 112 and 113 organized such that each
step extends completely from the top side to the bottom side
of'the display element 100. For example, in FIG. 2, all of the
steps 112 and 113 extend completely from the top to the
bottom of the display element 100, even though the steps
112C and 113C are divided from the left side to the right side
of'the display element 100. However, other embodiments of
the invention are not so limited.

[0034] FIG. 3 shows a top view of the display element 100
in which none of the steps 112 and 113 extend completely
from the top side to the bottom side of the display element
100, according to a different embodiment of the invention.
Of the group of steps 112, the step 112A is located within the
interior of the sub-display element 118A to the left of the
dotted line 120. The step 112B is divided into two parts, each
of which has a top side flush with the top side of the step
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112A and a bottom side flush with the bottom side of the step
112A. The step 112C is also divided into two parts, each of
which extend from the left side of the sub-display element
118A to the right side of the sub-display element 118A.
[0035] Of the group of steps 113, the step 113A is located
within the interior of the sub-display element 118B to the
right of the dotted line 120. The step 113B surrounds the step
113A, and indeed shares a common center with the step
113A. The step 113C is divided into two parts, of which
extend from the left side of the sub-display element 118B to
the right side of the sub-display element 118B. Neither of the
electrodes 104 is divided in the example of FIG. 3.

[0036] It is noted that the steps 112A, 112B, and 112C can
each further be sub-divided into many non-contiguous areas
distributed throughout the entire area occupied by the steps
112A, 112B, and 112C, to further distribute lit and non-lit
areas. In addition, the ratio of the area of each of the steps
112A, 112B, and 112C to the total area occupied by all the
steps 112A, 112B, and 112C may be unequal to optimally
match the lightness response of the human visual system.
[0037] The examples of FIGS. 1A, 1B, 2, and 3 substan-
tially have the groups of the steps 112 and 113 having
equally sized areas, such that the electrodes 104 substan-
tially have equally sized areas. For example, in FIG. 3, the
area occupied by the group of steps 112 is substantially equal
to the area occupied by the group of steps 113. As such, the
area occupied by the electrode 104A is substantially equally
to the area occupied by the electrode 104B. However, other
embodiments are not so limited.

[0038] FIG. 4 shows a top view of the display element 100
in which the groups of steps 112 and 113 have unequal areas
and the electrodes 104 have unequal areas, according to a
different embodiment of the invention. As depicted in FIG.
4, the group of steps 112, of which the individual steps 112A,
112B, and 112C are not particularly shown, has a larger area
than the group of steps 113, of which the individual steps
113A, 113B, and 113C are not particularly shown, does.
Likewise, the electrode 104A has a larger area than the
electrode 104B does.

[0039] The examples of FIGS. 1A, 1B, 2, 3, and 4 sub-
stantially have the groups of the steps 112 and 113 having a
rectangular shape from the top view, such that the electrodes
104 likewise have a rectangular shape from the top view. For
example, in FIG. 4, the shape of the group of steps 112 is
rectangular, and the corresponding electrode 104A is rect-
angular. Likewise, the shape of the group of steps 113 is
rectangular, and the corresponding electrode 104B is rect-
angular. However, other embodiments are not so limited.
[0040] FIG. 5 shows a top view of the display element 100
in which the groups of steps 112 and 113 have non-
rectangular shapes and the electrodes 104 likewise have
non-rectangular shapes, according to a different embodiment
of the invention. As depicted in FIG. 5, the groups of steps
112 and 113 both have non-rectangular shapes. The elec-
trodes 104 likewise correspondingly have non-rectangular
shapes that effectively mirror the shapes of their correspond-
ing groups of steps 112 and 113.

[0041] In one embodiment, each of the individually
turned-on steps of all the groups of steps of a display
element corresponds to a single color of a pixel of a display.
For instance, the steps of all the groups of the display
element may correspond to the color red of the pixel, the
color green of the pixel, or the color blue of the pixel. As
such, the steps provide for multiple tone levels of the display
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element for this color of the pixel. For example, where there
are N steps, the steps provide for 2 tonal levels for the color
of the pixel to which the display element corresponds. That
is, the display element can realize a desired grayscale value
in question by, for each group of the individually turned-on
steps, applying an appropriate voltage between the top
electrode and the bottom electrode to which the group of
steps corresponds.

[0042] In another embodiment, the individually turned-on
steps of a display element may be divided into groups, where
each group is connected to its own bottom electrode and
corresponds to a different color of a pixel of a display to
which the display element itself corresponds. For instance,
the steps of the display element may be grouped into three
groups: a red group corresponding to the color red of the
pixel and connected to a first bottom electrode, a green
group corresponding to the color green of the pixel and
connected to a second bottom electrode, and a blue group
corresponding to the color blue of the pixel and connected
to a third bottom electrode. In this way, the steps provide for
multiple levels of contrast depth of the display element for
each of the three colors of the pixel. For example, where
there are R steps in the red group, G steps in the green group,
and B steps in the blue group, the steps provide for 2% levels
of contrast depth for red, 2 levels of contrast depth for
green, and 27 levels of contrast depth for blue of the pixel to
which the display element corresponds.

[0043] FIG. 6 shows a top view of two display elements
602A and 602B, according to an embodiment of the inven-
tion. The display elements 602A and 602B are collectively
referred to as the display elements 602. The display element
602A is connected to the first addressable line 612A,
whereas the display element 602B is connected to the first
addressable line 612B. Both of the display elements 602 are
connected to both second addressable lines 614A and 614B.
[0044] The display element 602A has a red group of steps
604 and a blue group of steps 606, where the former group
604 is connected to the second addressable line 614 A and the
latter group of steps 606 is connected to the second addres-
sable line 614B. Both groups of steps 604 and 606 of the
display element 602A are connected to the first addressable
line 612A. The electrodes of the display element 602A are
not shown. The red group of steps 604 corresponds to a first
sub-display element of the display element 602A, and the
blue group of steps 606 corresponds to a second sub-display
element of the display element 602A. Therefore, by appro-
priately applying a voltage between the lines 612A and
614A, and by appropriately applying a voltage between the
lines 612A and 614B, different grayscale values of each of
red and blue can be displayed by the display element 602A,
by turning on a different number of the red steps 604 and a
different number of the blue steps 606.

[0045] The display element 602B has two green groups of
steps 608 and 610. The group of steps 608 is connected to
the second addressable line 614A and the group of steps 610
is connected to the second addressable line 614B, where
both groups of steps 608 and 610 are connected to the first
addressable line 612B. The electrodes of the display element
602B are not shown. The group of steps 608 corresponds to
a first sub-display element of the display element 602B,
whereas the group of steps 610 corresponds to a second
sub-display element of the display element 602B. By appro-
priately applying a voltage between the lines 612B and
614A, and by appropriately applying a voltage between the
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lines 612B and 614B, different grayscale values of green can
be displayed by the display element 602B, by turning on
different of the steps 604 and 606.

[0046] For example, where each of the groups of steps
604, 606, 608, and 610 has three steps, there can be at most
23, or eight, shades of red, 2°, or eight, shades of blue, and
25, or 64 shades of green. A display element is thus defined
in the example of FIG. 6 as having a number of different
groups of steps, where each group is connected to a different
second addressable line as compared to the other groups of
steps of this display element. A display element is also
defined in the example of FIG. 6 as connected to one and
only one first addressable line, which is connected to all the
groups of steps of the display element. Each of the display
elements 602 of FIG. 6 may correspond to the same pixel of
a display, where the display element 602A is responsible for
displaying the red and blue color components of the pixel,
and the display element 602B is responsible for displaying
the green color component of the pixel. An advantage of this
approach is a reduction in the number of addressing lines
needed.

[0047] FIG. 7 shows a representative display device 700,
according to an embodiment of the invention. The display
device 700 includes a number of display elements 702A,
702B, . . ., 702N, collectively referred to as the display
elements 702, and which correspond to the pixels of the
display device 700. Each display element may correspond to
a different pixel, or groups of two or more display elements
may correspond to the same pixel, as in the example of FIG.
6 that has been described. The display elements 702 are
organized in rows 704A, 704B, . . ., 704], collectively
referred to as the rows 704, and columns 706A, 7068, . . .
, 706K, collectively referred to as the columns 706.

[0048] Each of the display elements 702 can be imple-
mented as the display element 100 as has been described.
The display elements 702 can be bi-stable display elements,
such that they retain their current states being displayed even
if power is removed from the elements 702. Thus, power is
needed only to change the states of the display elements 702,
and not to retain the states of the display element 702.
[0049] The display device 700 also includes first addres-
sable lines 708A, 708B, . . ., 708], collectively referred to
as the addressable lines 708 and corresponding to the rows
704 into which the display elements 702 are organized. The
display device 700 further includes second addressable line
groups 710A, 710B, . . ., 710K, collectively referred to as
the second addressable line groups 710 and corresponding to
the columns 706 into which the display elements 702 are
organized. Each second addressable line group includes at
least two second addressable lines. Thus, each display
element of the display device 700 is connected to a first
addressable line, and at least two second addressable lines.
The display device 700 can and typically will include other
components, in addition to the display elements 702, the
addressable lines 708 and the addressable line groups 710,
as can be appreciated by those of ordinary skill within the
art.

[0050] The first addressable lines 708 are connected to all
of'the display elements 702 within their respective rows 704.
Thus, the first addressable line 708A is connected to all of
the display elements 702 within the row 704A, the first
addressable line 708B is connected to all of the display
elements 702 within the row 704B, and so on. Similarly, the
second addressable line groups 710 are connected to all of
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the display elements within their respective columns 706.
Thus, the second addressable lines of the second addressable
line group 710A are connected to all of the display elements
702 within the column 706 A, the second addressable lines of
the second addressable line group 710B are connected to all
of'the display elements 702 within the column 706B, and so
on.

[0051] In this way, each of the display elements 702 is
addressable by a unique pair of a first addressable line and
a second addressable line group, including one of the
addressable lines 708 and all the second addressable lines of
one of the second addressable line groups 710. That is, no
two display elements are connected to both the same one of
the addressable lines 708 and the same one of the address-
able line groups 710. To change the state of a given display
element, positive and/or negative voltages are applied
between the first addressable line and at least one of the
second addressable lines to which the display element in
question is connected. This process is performed for each of
the display elements 702, to change the states of all of the
display elements 702.

[0052] In one embodiment, all the display elements 702
are instances of the same display element. For instance, all
of the display elements 702 may be instances of the same
display element 100, as in FIG. 4, where the left side of each
display element is occupied by a first group of steps 112 that
is larger in area than the right side of the display element as
occupied by a second group of steps 113. However, other
embodiments of the invention are not so limited.

[0053] FIG. 8 shows the column 706A of the display
device 700 of FIG. 7 in more detail, according to a particular
embodiment of the invention. Those of the display elements
702 of the display device 700 of FIG. 7 residing within the
column 706A are referenced as display elements 802A,
802B, 802C, . . ., 802], for descriptive convenience, and
collectively referred to as the display elements 802. The
display elements 802 reside in different instances of the rows
704 as shown. The display elements 802 correspondingly

have first groups of steps 804A, 804B, 804C, . . ., 804,
collectively referred to as the first groups of steps 804, and
second groups of steps 806A, 8068, 806C, . . . , 806J,

collectively referred to as the second groups of steps 806.
The first groups of steps 804 are larger in area than the
second groups of steps 806.

[0054] In the embodiment of FIG. 8, not all the display
elements 802 are instances of the exact same display ele-
ment. Rather, the display elements 802 within the column
706 A alternate by row as to being instances of two different
display elements. The display elements 802 within odd-
numbered rows, such as the display elements 802A and
802C, have their corresponding first groups of steps 804,
such as the first groups of steps 804A and 804C, to the left
side, and their corresponding second groups of steps 806,
such as the second groups of steps 806A and 806C, to the
right side. By comparison, the display elements 802 within
even-numbered rows, such as the display element 802B,
have their corresponding first groups of steps 804, such as
the first group of steps 804B, to the right side, and their
corresponding second groups of steps 806, such as the
second group of steps 8068, to the right side.

[0055] Thus, within the example of FIG. 8, there are two
types of display elements, where even-row display elements
are of one type, and odd-row display elements are of another
type. As such, corresponding groups of steps among the
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display elements 802 are not inline with one another. That is,
all of the groups of steps 804 are not inline with one another,
but rather alternate in position. Likewise, all of the groups of
steps 806 are not inline with one another, but also rather
alternate in position. This implementation can be advanta-
geous, in that it ensures if a large number of display elements
are all displaying the same color and/or grayscale value,
imaging artifact patterns resulting from each display element
being an instance of the same display element type may not
be perceptible to the human eye.

[0056] FIG. 9 shows a rudimentary method 900, according
to an embodiment of the invention. As indicated by part 902
of the method 900, the method 900 is performed for each
display element of a display device that corresponds to a
pixel of the display device. First, the display element in
question is connected to a unique pair of a first addressable
line and more than one second addressable line of the
display device (904), such as has been described in relation
to FIG. 7. Second, the display element is provided with a
number of individually turned-on steps as desired (906), as
has been described above. That is, the steps are organized
into a number of groups corresponding to the number of
second addressable lines to which the display element is
connected.

[0057] Embodiments of the invention thus provide for
advantages over other approaches to achieve multiple-bit
contrast depth display elements (i.e., display elements with
multiple levels of contrast), particularly to achieve multiple-
bit contrast depth bi-stable display elements. Within the
prior art, a given bi-stable display element has just two
states, on and off. As a result, to achieve multiple-bit contrast
depth, a number of such display elements may need to be
used to correspond to a given pixel or a given pixel color.
However, where these display elements each is addressable
by a unique pair of addressable lines of the display device,
the resulting number of addressable lines needed can be
quite large, resulting in a cost-prohibitive display device
design.

[0058] By comparison, embodiments of the invention pro-
vide for a bi-stable display element that has more than two
states. Multiple-bit contrast depth can then be achieved by
using a single display element. All of the states of such a
display element are controlled by the same unique pair of a
first addressable line and more than one second addressable
line of the display device connected to this display element.
As a result, as compared to the prior art, less addressable
lines are needed to achieve the same multiple-bit contrast
depth, which renders the resulting display device design
more cost effective.

We claim:

1. A display element corresponding to a pixel of a display,

comprising:

a first electrode connected to a first addressable line of the
display;

a plurality of second electrodes, each second electrode
connected to a corresponding second addressable line
of the display; and,

a display mechanism situated between the first and the
second electrodes, and having a plurality of individu-
ally turned-on steps organized into a number of groups
corresponding to a number of the second electrodes,

wherein, for each group of the individually turned-on
steps, each individually turned-on step of the group has
a turn-on voltage threshold at which the step is turned
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on upon a voltage applied between the first electrode
and the second electrode to which the group corre-
sponds equal to or greater than the turn-on voltage
threshold,

and wherein each group of the individually turned-on
steps corresponds to a different color of the pixel, as
one of red, green, and blue.

2. The display element of claim 1, wherein the display
element is to realize a desired grayscale value by, for each
group of the individually turned-on steps, applying a voltage
between the first electrode and the second electrode to which
the group corresponds.

3. The display element of claim 1, wherein, for each group
of'the individually turned-on steps, each individually turned-
on step of the group has a turn-off voltage threshold at which
the step is turned off upon a voltage applied between the first
electrode and the second electrode to which the group
corresponds equal to or less than the turn-off voltage thresh-
old.

4. The display element of claim 1, wherein the display
element has a left side and a right side, the groups of the
individually turned-on steps and the second electrodes orga-
nized contiguously from the left side to the right side of the
display element.

5. The display element of claim 1, wherein the display
element has a left side and a right side, the groups of the
individually turned-on steps and the second electrodes orga-
nized non-contiguously from the left side to the right side of
the display element.

6. The display element of claim 1, wherein the display
element has a front side and a back side, each individually
turned-on step extending from the front side to the back side
of the display element.

7. The display element of claim 1, wherein at least a
sub-plurality of the individually turned-on steps are orga-
nized such that the individually turned-on steps of the
sub-plurality have a common center.

8. The display element of claim 1, wherein at least one of
the groups of the individually turned-on steps is unequal in
area as compared to other of the groups of the individually
turned-on steps, such that at least one of the second elec-
trodes is unequal in area as compared to other of the second
electrodes.

9. The display element of claim 1, wherein at least one of
the second electrodes is non-rectangular in shape.

10. The display element of claim 1, wherein the display
mechanism comprises:

a post aligned bi-stable nematic (PABN) liquid crystal

layer; and,

a conductive layer.

11. The display element of claim 1, wherein the display
element is a bi-stable display element.

12. A display device comprising:

a plurality of first addressable lines;

a plurality of second addressable lines;

a plurality of display elements corresponding to a plural-
ity of pixels of the display device, each display element
connected to one of the first addressable lines and a
sub-plurality of the second addressable lines, such that
no two of the display elements are connected to a same
one of the first addressable lines and a same sub-
plurality of the second addressable lines,

wherein each display element has a plurality of individu-
ally turned-on steps organized into a number of groups
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corresponding to a number of the sub-plurality of the
second addressable lines to which the display element
is connected,

wherein for each group of the individually turned-on steps

of each display element, each individually turned-on
step of the group has a turn-on voltage threshold at
which the step is turned on upon a voltage applied
between the first addressable line and the second
addressable line to which the group corresponds equal
to or greater than the turn-on voltage threshold,

and wherein each group of the individually turned-on

steps corresponds to a different color of the pixel, as
one of red, green, and blue.

13. The display device of claim 12, wherein each display
element is to realize a desired grayscale value for each group
of'the individually turned-on steps of the display element, by
applying a voltage between the first addressable line and the
second addressable line to which the group corresponds.

14. The display device of claim 12, wherein, for each
group of the individually turned-on steps of each display
element, each individually turned-on step of the group has a
turn-oft voltage threshold at which the step is turned off
upon a voltage applied between the first addressable line and
the second addressable line to which the group corresponds
equal to or less than the turn-off voltage.

15. The display device of claim 12, wherein the display
elements are organized in rows and columns, such that over
the columns of the display elements, the groups of the
individually turned-on steps of the display elements alter-
nate such that corresponding groups among the display
elements are not inline with one another.

16. A method comprising:

for each display element of a plurality of display elements

of a display device corresponding to a plurality of
pixels of the display element,
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connecting the display element to a first addressable
line of the display device and a plurality of second
addressable lines of the display device, such that no
two of the display elements are connected to a same
first addressable line and a same plurality of second
addressable lines; and,
providing a plurality of individually turned-on steps of
the display element organized into a number of
groups corresponding to a number of the plurality of
second addressable lines to which the display ele-
ment is connected,
such that for each group of the individually turned-
on steps of the display element, each individually
turned-on step of the group has a turn-on voltage
threshold at which the step is turned on upon a
voltage applied between the first addressable line
and the second addressable line to which the group
corresponds equal to or greater than the turn-on
voltage threshold,
wherein each group of the individually turned-on steps
corresponds to a different color of the pixel, as one of
red, green, and blue.

17. The method of claim 16, wherein each display element
is to realize a desired grayscale value by, for each group of
the individually turned-on steps of the display element,
applying a voltage between the first addressable line and the
second addressable line to which the group corresponds.

18. The method of claim 16, wherein, for each group of
the individually turned-on steps of each display element,
each individually turned-on step of the group has a turn-off
voltage threshold at which the step is turned off upon a
voltage applied between the first addressable line and the
second addressable line to which the group corresponds
equal to or less than the turn-off voltage.
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