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(54) Pixels using associated dot polarity for multi-domain vertical alignment liquid crystal displays

(57) A multi-domain vertical alignment liquid crystal
display that does not require physical features on the
substrate (such as protrusions and ITO slits) is disclosed.
Each pixel of the MVA LCD is subdivided into color com-
ponents, which are further divided into color dots. The
device component areas, i.e. where switching elements
and storage capacitors are located, are converted to as-
sociated dots by adding an electrode that can be electri-
cally biased. The voltage polarity of the color dots and
associated dots are arranged so that fringe fields in each
color dot causes multiple liquid crystal domains in each
color dot. Specifically, the color dots and associated dots
of a pixel are arranged so that associated dots have op-
posite polarity as compared to neighboring color dots.
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Description

RELATED APPLICATIONS

[0001] The present application claims the benefit of
United States Provisional Patent Application Serial
Number: 60/799,815, entitled "Multi-domain vertical
alignment liquid crystal display with row inversion drive
scheme", by Hiap L. Ong, filed on May 22, 2006, and is
incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to liquid crystal
displays (LCDs). More specifically, the present invention
relates large-pixel multi-domain vertical alignment LCDs,
which can be manufactured with smooth substrates.

Discussion of Related Art

[0003] Liquid crystal displays (LCDs), which were first
used for simple monochrome displays, such as calcula-
tors and digital watches, have become the dominant dis-
play technology. LCDs are used routinely in place of cath-
ode ray tubes (CRTs) for both computer displays and
television displays. Various drawbacks of LCDs have
been overcome to improve the quality of LCDs. For ex-
ample, active matrix displays, which have largely re-
placed passive matrix displays, reduce ghosting and im-
prove resolution, color gradation, viewing angle, contrast
ratios, and response time as compared to passive matrix
displays.
[0004] However, the primary drawback of conventional
twisted nematic LCDs is the viewing angle is very narrow
and the contrast ratio is low. Even the viewing angle of
active matrixes is much smaller than the viewing angle
for CRT. Specifically, while a viewer directly in front of
an LCD receives a high quality image, other viewers to
the side of the LCD would not receive a high quality im-
age. Multi-domain vertical alignment liquid crystal dis-
plays (MVA LCDs) were developed to improve the view-
ing angle and contrast ratio of LCDs. Figs. 1(a)-1(c) il-
lustrate the basic functionality of a pixel of a vertical align-
ment LCD 100. For clarity, the LCD of Fig. 1 uses only a
single domain. Furthermore, for clarity, the LCDs of Figs.
1(a)-1(c) (and Fig. 2) described in terms of gray scale
operation.
[0005] LCD 100 has a first polarizer 105, a first sub-
strate 110, a first electrode 120, a first alignment layer
125, liquid crystals 130, a second alignment layer 140,
a second electrode 145, a second substrate 150, and a
second polarizer 155. Generally, first substrate 110 and
second substrate 150 are made of a transparent glass.
First electrode 120 and second electrode 145 are made
of a transparent conductive material such as ITO (Indium
Tin Oxide). First alignment layer 125 and second align-

ment layer 140, which are typically made of a polyimide
(PI) layer, align liquid crystals 130 vertically in a resting
state. In operation, a light source (not shown) sends light
from beneath first polarizer 105, which is attached to first
substrate 110. First polarizer 105 is generally polarized
in a first direction and second polarizer 155, which is at-
tached to second substrate 150, is polarized perpendic-
ularly to first polarizer 105. Thus, light from the light
source would not pass through both first polarizer 105
and second polarizer 155 unless the light polarization
were to be rotated by 90 degrees between first polarizer
105 and second polarizer 155. For clarity, very few liquid
crystals are shown. In actual displays, liquid crystals are
rod like molecules, which are approximately 5 angstroms
in diameter and 20-25 angstroms in length. Thus, there
are over 10 million liquid crystal molecules in a pixel that
is 100 Pm width by 300 Pm length by 3 Pm height.
[0006] In Fig. 1(a), liquid crystals 130 are vertically
aligned. In the vertical alignment, liquid crystals 130
would not rotate light polarization from the light source.
Thus, light from the light source would not pass through
LCD 100 and gives a completely optical black state and
a very high contrast ratio for all color and all cell gap.
Consequently MVA LCDs provide a big improvement on
the contrast ratio over the conventional low contrast twist-
ed nematic LCDs. However, as illustrated in Fig. 1(b),
when an electric field is applied between first electrode
120 and second electrode 145, liquid crystals 130 reori-
entate to a tilted position. Liquid crystals in the tilted po-
sition rotate the polarization of the polarized light coming
through first polarizer 105 by ninety degrees so that the
light can then pass through second polarizer 155. The
amount of tilting, which controls the amount of light pass-
ing through the LCD (i.e., brightness of the pixel), is pro-
portional to the strength of the electric field. Generally, a
single thin-film-transistor (TFT) is used for each pixel.
However for color displays, a separate TFT is used for
each color component (typically, Red, Green, and Blue)
[0007] However, the light passing through LCD 100 is
not uniform to viewers at different viewing angles. As
illustrated in Fig. 1(c), a viewer 172 that is left of center
would see a bright pixel because the broad (light rotating)
side of liquid crystals 130 face viewer 172. A viewer 174
that is centered on the pixel would see a gray pixel be-
cause the broad side of liquid crystals 130 is only partially
facing viewer 174. A viewer 176 that is right of center
would see a dark pixel because the broad side of liquid
crystals 130 is barely facing viewer 176.
[0008] Multi-domain vertical alignment liquid crystal
displays (MVA LCDs) were developed to improve the
viewing angle problems of single-domain vertical align-
ment LCDs. Fig. 2 illustrates a pixel of a multi-domain
vertical alignment liquid crystal display (MVA LCD) 200.
MVA LCD 200 includes a first polarizer 205, a first sub-
strate 210, a first electrode 220, a first alignment layer
225, liquid crystals 235, liquid crystals 237, protrusions
260, a second alignment layer 240, a second electrode
245,a second substrate 250, and a second polarizer 255.
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Liquid crystals 235 form the first domain of the pixel and
liquid crystals 237 form the second domain of the pixel.
When an electric field is applied between first electrode
220 and second electrode 245, protrusions 260 cause
liquid crystals 235 to tilt in a different direction than liquid
crystals 237.
Thus, a viewer 272 that is left of center would see the left
domain (liquid crystals 235) as black and the right domain
(liquid crystals 237) as white. A viewer 274 that is cen-
tered would see both domains as gray. A viewer 276 that
is right of center would see the left domain as white and
the right domain as black. However, because the individ-
ual pixels are small, all three viewers would perceive the
pixel as being gray. As explained above, the amount of
tilting of the liquid crystals is controlled by the strength
of the electric field between electrodes 220 and 245. The
level of grayness perceived by the viewer directly related
to the amount of tilting of the liquid crystals. MVA LCDs
can also be extended to use four domains so that the LC
orientation in a pixel is divided into 4 major domains to
provide wide symmetrical viewing angles both vertically
and horizontally.
[0009] Thus, multi-domain vertical alignment liquid
crystal displays, provide wide symmetrical viewing an-
gles, however, the cost of manufacturing MVA LCDs are
very high due to the difficulty of adding protrusions to the
top and bottom substrates and the difficulty of properly
aligning the protrusions on the top and bottom substrates.
Specifically, a protrusion on the bottom substrate must
be located at the center of two protrusions on the top
substrate; any misalignment between the top and bottom
substrates will reduce the product yield. Other techniques
of using physical features to the substrates, such as ITO
slits, which have been used in place of or in combination
with the protrusions, are also very expensive to manu-
facture. Furthermore, the protrusions and ITO slits inhibit
light transmission and thus reduce the brightness of the
MVA LCDs. Hence, there is a need for a method or sys-
tem that can provide multi-domain vertical alignment liq-
uid crystal displays, without the need for difficult to man-
ufacture physical features such as protrusions and ITO-
slits, and without the need to have ultra precise alignment
of the top and bottom substrates.

SUMMARY

[0010] Accordingly, the present invention provides a
MVA LCD that does not require protrusions or ITO slits.
Thus manufacturing of MVA LCDs in accordance with
the present invention is less expensive than conventional
MVA LCDs. Specifically, a MVA LCD in accordance with
one embodiment of the present invention subdivides a
pixel into color components, which are further subdivided
into color dots. Furthermore device component areas,
where the switching elements and storage capacitors
may be located are converted to associated dots by add-
ing an electrode that can be electrically biased. In most
embodiments of the present invention, the color dots and

associated dots (which are electrically biased) are ar-
range to form a checkerboard pattern of dot polarities or
alternating row pattern of dot polarities. Fringe fields in
each color dot are amplified by the different dot polarities
of neighboring color dots or associate dots. The amplified
fringe fields of a color dot cause the liquid crystals inside
the color dot to reorientate and tilt in different direction
to form multiple crystal domains.
[0011] In one embodiment of the present invention, a
pixel includes a first color component with a first first-
component color dot, a first switching element, and a first
associated dot. The first first-component color dot has
an electrode coupled to the first switching element, which
is located within the first associated dot. The first switch-
ing element and the first first-component color dot have
a first polarity and the associated dot has a second po-
larity. The first first-component color dot is horizontally
aligned with the first associated dot and vertically sepa-
rated from the first associated dot by at least a vertical
dot spacing. A second associated dot is horizontally
aligned with the first associated dot. A second switching
element is located in the second associated dot. The sec-
ond switching element is coupled to an electrode of a
first second-component color dot. Various other embod-
iments of the present invention adds addition color dots,
switching elements, and associated dots.
[0012] In another embodiment of the present inven-
tion, a pixel includes a first color component with a first
first-component color dot, a first switching element, a first
associated dot, a second color component with a first
second-component color dot, a second switching ele-
ment, a second associated dot. The first switching ele-
ment is coupled to an electrode of the first first-compo-
nent color dot and an electrode of the first associated
dot. The second switching element is coupled to an elec-
trode of the first second-component color dot and an elec-
trode of the second associated dot. The first switching
element, the first first-component color dot, and the first
associated dot have a first polarity. The first switching
element, the first second-component color dot, and the
second associated dot have a second polarity. Various
other embodiments of the present invention adds addi-
tional color dots, switching elements, and associated
dots.
[0013] The present invention will be more fully under-
stood in view of the following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Figs. 1(a)-1(c) are three illustrations of a pixel
of a conventional single domain vertical alignment LCD.
[0015] Fig. 2 is an illustration of a pixel of a conven-
tional multi-domain vertical alignment LCD.
[0016] Figs. 3(a)-3(b) illustrate a multi-domain vertical
alignment liquid crystal display in accordance with one
embodiment of the present invention.
[0017] Figs. 4(a)-4(b) illustrate a pixel design in ac-
cordance with one embodiment of the present invention.
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[0018] Figs. 4(c)-4(d) illustrate a pixel design in accord-
ance with one embodiment of the present invention.
[0019] Fig. 4(e) illustrates a liquid crystal display in ac-
cordance with one embodiment of the present invention.
[0020] Figs. 5(a)-5(b) illustrate a pixel design in ac-
cordance with one embodiment of the present invention.
[0021] Figs. 5(c)-5(d) illustrate a pixel design in accord-
ance with one embodiment of the present invention.
[0022] Figs. 5(e)-5(f) illustrate a pixel design in accord-
ance with one embodiment of the present invention.
[0023] Figs. 5(g)-5(h) illustrate a pixel design in ac-
cordance with one embodiment of the present invention.
[0024] Fig. 6(a) illustrates a liquid crystal display in ac-
cordance with one embodiment of the present invention.
[0025] Fig. 6(b) illustrates a liquid crystal display in ac-
cordance with one embodiment of the present invention.
[0026] Fig. 7(a) illustrates a liquid crystal display in ac-
cordance with one embodiment of the present invention.
[0027] Fig. 7(b) illustrates a liquid crystal display in ac-
cordance with one embodiment of the present invention.
[0028] Figs. 8(a)-8(b) illustrate a pixel design in ac-
cordance with one embodiment of the present invention.
[0029] Figs. 8(c)-8(d) illustrate a pixel design in accord-
ance with one embodiment of the present invention.
[0030] Figs. 8(e)-8(f) illustrate a pixel design in accord-
ance with one embodiment of the present invention.
[0031] Figs. 8(g)-8(h) illustrate a pixel design in ac-
cordance with one embodiment of the present invention.
[0032] Fig. 8(i) illustrates a liquid crystal display in ac-
cordance with one embodiment of the present invention.
[0033] Figs. 9(a)-9(b) illustrate a pixel design in ac-
cordance with one embodiment of the present invention.
[0034] Figs. 9(c)-9(d) illustrate a pixel design in accord-
ance with one embodiment of the present invention.
[0035] Fig. 9(e) illustrates a liquid crystal display in ac-
cordance with one embodiment of the present invention.
[0036] Figs. 10(a)-10(b) illustrate a pixel design in ac-
cordance with one embodiment of the present invention.
[0037] Figs. 10(c) illustrates a pixel design in accord-
ance with one embodiment of the present invention.
[0038] Figs. 10(d) illustrates a pixel design in accord-
ance with one embodiment of the present invention.
[0039] Fig. 10(e) illustrates a liquid crystal display in
accordance with one embodiment of the present inven-
tion.
[0040] Figs. 11(a)-11(b) illustrate a pixel design in ac-
cordance with one embodiment of the present invention.
[0041] Fig. 11(c) illustrates a liquid crystal display in
accordance with one embodiment of the present inven-
tion.
[0042] Figs. 12(a)-12(b) illustrate a pixel design in ac-
cordance with one embodiment of the present invention.
[0043] Fig. 12(c) illustrates a liquid crystal display in
accordance with one embodiment of the present inven-
tion.
[0044] Figs. 13(a)-13(b) illustrate a pixel design in ac-
cordance with one embodiment of the present invention.
[0045] Fig. 13(c) illustrates a liquid crystal display in

accordance with one embodiment of the present inven-
tion.
[0046] Figs. 13(d)-13(e) illustrate a pixel design in ac-
cordance with one embodiment of the present invention.
[0047] Fig. 13(f) illustrates a liquid crystal display in
accordance with one embodiment of the present inven-
tion.
[0048] Figs. 13(g)-13(h) illustrate a pixel design in ac-
cordance with one embodiment of the present invention.
[0049] Fig. 13(i) illustrates a liquid crystal display in
accordance with one embodiment of the present inven-
tion.
[0050] Figs. 14(a)-14(b) illustrate a pixel design in ac-
cordance with one embodiment of the present invention.
[0051] Fig. 14(c) illustrates a liquid crystal display in
accordance with one embodiment of the present inven-
tion.
[0052] Figs. 15(a)-15(b) illustrate a pixel design in ac-
cordance with one embodiment of the present invention.
[0053] Fig. 15(c) illustrates a liquid crystal display in
accordance with one embodiment of the present inven-
tion.
[0054] Figs. 16(a)-16(b) illustrate a pixel design in ac-
cordance with one embodiment of the present invention.
[0055] Fig. 16(c) illustrates a liquid crystal display in
accordance with one embodiment of the present inven-
tion.
[0056] Figs. 17(a)-17(b) illustrate a pixel design in ac-
cordance with one embodiment of the present invention.
[0057] Fig. 17(c) illustrates a liquid crystal display in
accordance with one embodiment of the present inven-
tion.
[0058] Figs. 18(a)-18(b) illustrate a pixel design in ac-
cordance with one embodiment of the present invention.
[0059] Figs. 18(c)-18(d) illustrate a pixel design in ac-
cordance with one embodiment of the present invention.
[0060] Fig. 18(e) illustrates a liquid crystal display in
accordance with one embodiment of the present inven-
tion.
[0061] Figs. 19(a)-19(b) illustrate a pixel design in ac-
cordance with one embodiment of the present invention.
[0062] Figs. 19(c)-19(d) illustrate a pixel design in ac-
cordance with one embodiment of the present invention.
[0063] Figs. 19(e)-19(f) illustrate a pixel design in ac-
cordance with one embodiment of the present invention.
[0064] Figs. 19(g)-19(h) illustrate a pixel design in ac-
cordance with one embodiment of the present invention.
[0065] Fig. 19(i) illustrates a liquid crystal display in
accordance with one embodiment of the present inven-
tion.

DETAILED DESCRIPTION

[0066] As explained above, conventional MVA LCDs
are very expensive to manufacture due to the use of phys-
ical features, such as protrusions or ITO slits, for creating
the multiple domains of each pixel. However, MVA LCDs
in accordance with the principles of the present invention
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use fringe fields to create multiple-domains and do not
require the use of physical features (such as protrusions
or ITO slits) on the substrate.
Furthermore, without the requirement of physical fea-
tures the difficulty of aligning the physical features of the
top and bottom substrate is also eliminated. Thus, MVA
LCDs in accordance with the present invention are higher
yield and less expensive to manufacture than conven-
tional MVA LCDs.
[0067] Figs. 3(a) and 3(b) illustrate the basic concept
used in accordance with the present invention to create
a multi-domain vertical alignment liquid crystal display
(MVA LCD) 300 without resorting to physical features on
the substrates. Specifically Fig. 3 shows pixels 310, 320,
and 330 in between a first substrate 305 and a second
substrate 355. A first polarizer 302 is attached to first
substrate 305 and a second polarizer 357 is attached to
second substrate 355. Pixel 310 includes a first electrode
311, liquid crystals 312, liquid crystals 313 and a second
electrode 315. Pixel 320 includes a first electrode 321,
liquid crystals 322, liquid crystals 323 and a second elec-
trode 325. Similarly, pixel 330 includes a first electrode
331, liquid crystals 332, liquid crystals 333 and a second
electrode 335. The electrodes are typically constructed
using a transparent conductive material such as ITO. Fur-
thermore, a first alignment layer 307 covers the elec-
trodes on first substrate 305. Similarly a second align-
ment layer 352 covers the electrodes on second sub-
strate 355. Both LC alignment layers 307 and 352 provide
a vertical LC alignment.
As explained in more detail below, electrodes 315, 325,
and 335 are held at a common voltage V_Com. There-
fore, to ease manufacturing, electrodes 315, 325, and
335 are created as a single structure (as shown in Figs.
3(a) and 3(b)). MVA LCD 300 operates pixels 310, 320,
and 330 using alternating polarities. For example, if the
polarities of pixels 310 and 330 are positive then the po-
larity of pixel 320 would be negative. Conversely, if the
polarities of pixel 310 and 330 are negative then the po-
larity of pixel 320 would be positive. Generally, the po-
larity of each pixel would switch between frames, but the
pattern of alternating polarities is maintained in each
frame. In Fig. 3(a), pixels 310, 320, and 330 are in the
"OFF" state, i.e. with the electric field between the first
and second electrodes turned off. In the "OFF" state
some residual electric field may be present between the
first and second electrode. However, the residual electric
field is generally too small to tilt the liquid crystals.
[0068] In Fig. 3(b), pixels 310, 320, and 330 are in the
"ON" state. 3(b) uses "+" and "-" to denote the voltage
polarity of the electrodes. Thus, electrodes 311, and 331
have positive voltage polarity and electrodes 321 has
negative voltage polarity. Substrate 355 and electrodes
315, 325, and 335 are kept at common voltage V_com.
The voltage polarity is defined with respect to the V_com
voltage, where a positive polarity is obtained for voltages
higher than V_com, and a negative polarity is obtained
for voltage smaller than V_com. Electric field 327 (illus-

trated using field lines) between electrodes 321 and 325
causes liquid crystals 322 and liquid crystals 323 to tilt.
In general, without protrusions or other features the tilting
direction of the liquid crystals is not fixed for liquid crystals
with a vertical LC alignment layers at 307 and 352. How-
ever, the fringe field at the edges of the pixel can influence
the tilting direction of the liquid crystals. For example,
electric field 327 between electrode 321 and electrode
325 is vertical around the center of pixel 320 but is tilted
to the left in the left part of the pixel, and tiled to the right
in the right part of the pixel. Thus, the fringe field between
electrode 321 and electrode 325 cause liquid crystals
323 to tilt to the right to form one domain and cause liquid
crystals 322 to tilt to the left to from a second domain.
Thus, pixel 320 is a multi-domain pixel with a wide sym-
metrical viewing angle
[0069] Similarly, the electric field (not shown) between
electrode 311 and electrode 315 would have fringe fields
that cause liquid crystals 313 to reorientate and tilt to the
right in the right side in pixel 310 and cause liquid crystals
312 to tilt to the left in the left side in pixel 310. Similarly,
the electric field (not shown) between electrode 331 and
electrode 335 would have fringe fields that cause liquid
crystals 333 to tilt to the right in the right side in pixel 330
and cause liquid crystals 332 to tilt to the left in the left
side in pixel 330.
[0070] Alternating polarity of adjacent pixels amplifies
the fringe field effect in each pixel. Therefore, by repeat-
ing the alternating polarity pattern between rows of pixels
(or columns of pixels), a multi domain vertical alignment
LCD is achieved without physical features. Furthermore,
an alternating polarity checkerboard pattern can be used
to create four domains in each pixel.
[0071] However, fringe field effects are relatively small
and weak, in general. Consequently, as pixels become
larger, the fringe fields at the edge of the pixels would
not reach all the liquid crystals within a pixel. Thus, in
large pixels the direction of tilting for the liquid crystals
not near the edge of the pixels would exhibit random be-
havior and would not produce a multi-domain pixel. Gen-
erally, fringe field effects of pixels would not be effective
to control liquid crystal tilt when the pixels become larger
than 40-60 Pm. Therefore, for large pixel LCDs a novel
pixel division method is used to achieve multi-domain
pixels. Specifically, for color LCDs, pixels are divided into
color components. Each color component is controlled
by a separate switching device, such as a thin-film tran-
sistor (TFT). Generally, the color components are red,
green, and blue. In accordance with the present inven-
tion, the color components of a pixel are further divided
into color dots.
[0072] The polarity of each pixel switches between
each successive frame of video to prevent image quality
degradation, which may result from twisting the liquid
crystals in the same direction in every frame. However,
the dot polarity switching may cause other image quality
issues such as flicker if all the switching elements are of
the same polarity. To minimize flicker, the switching el-
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ements (e.g. are transistors) are arranged in a switching
element driving scheme that include positive and nega-
tive polarities. Furthermore, to minimize cross talk the
positive and negative polarities of the switching elements
should be arranged in a uniform pattern, which provides
a more uniform power distribution. Various switching el-
ement driving schemes are used by the embodiments of
the present invention. The three main switching element
driving schemes are switching element point inversion
driving scheme, switching element row inversion driving
scheme, and switching element column inversion driving
scheme. In the switching element point inversion driving
scheme, the switching elements form a checkerboard
pattern of alternating polarities. In the switching element
row inversion driving scheme, the switching elements on
each row have the same polarity; however, each switch-
ing element in one row has the opposite polarity as com-
pared to the polarity of switching elements in adjacent
rows. In the switching element column inversion driving
scheme, the switching elements on each column have
the same polarity; however, a switching element in one
column has the opposite polarity as compared to the po-
larity of switching elements in adjacent columns. While
the switching element point inversion driving scheme pro-
vides the most uniform power distribution, the complexity
and additional costs of switching element point inversion
driving scheme over switching element row inversion
driving scheme or switching element column inversion
driving scheme may not be cost effective. Thus, most
LCDs for low cost or low voltage applications are manu-
factured using switching element row inversion driving
scheme while switching element point inversion driving
scheme is usually reserved for high performance appli-
cations.
[0073] Figs. 4(a)-4(d) illustrate novel spread pixel de-
signs that are used together in accordance with one em-
bodiment of the present invention. The color dots of a
spread pixel design are spread out to allow color dots of
multiple spread pixels to be interleaved. Specifically,
Figs. 4(a) and 4(b) show different dot polarity patterns of
a spread pixel design 410 (labeled 410+ and 410- as
described below) that use a switching element row inver-
sion driving scheme. In actual operation a pixel will switch
between a first dot polarity pattern and a second dot po-
larity pattern between each image frame. For clarity, the
dot polarity pattern, in which the first color dot of the first
color component has a positive polarity, is referred to as
the positive dot polarity pattern. Conversely, the dot po-
larity pattern in which the first color dot of the first color
component has a negative polarity is referred to as the
negative dot polarity pattern. Specifically, in Fig. 4(a),
pixel design 410 has a positive dot polarity pattern (and
is thus labeled 410+) and in Fig. 4(b), pixel design 410
has a negative dot polarity pattern (and is thus labeled
410-). In pixel design 410, all the color dots have the
same polarity for each dot polarity pattern, however other
embodiments of the present invention may have color
dots with different polarities with the other driving

schemes.
[0074] Spread pixel design 410 has three color com-
ponents. Each of the three color components is divided
into two color dots. For clarity, the color dots are refer-
enced as CO_X_Y, where X is a color component (from
1 to 3) and Y is a dot number (from 1 to 2). In addition,
pixel design 410 includes an associated dot (AD_1, AD_
2, and AD_3) for each color component. A switching el-
ement (SE_1, SE_2, and SE_3) for each color compo-
nent is located within the associated dot. Spread pixel
design 410, like many other embodiments of the present
invention, incorporates the associated dots in various dot
polarity patterns (as described below) to amplify the in-
trinsic fringe field effects to enhance and control the mul-
tiple domains of liquid crystals. Furthermore, in many em-
bodiments of the present invention, the associated dot
is opaque, which improves black output in displays. In
other embodiments the associated dot is colored the
same as the associated color component. In most em-
bodiments of the present invention thin film transistors
are used as the switching elements.
[0075] In many embodiments of the present invention,
the associated dot covers the device component area
that is occupied by the switching device and/or storage
capacitor as well as the area that was used to manufac-
ture the switching device and/or storage capacitors. For
these embodiments, the associated dots are manufac-
tured by depositing an insulating layer over the switching
device and/or storage capacitors. Followed by depositing
an electrically conductive layer to form the associated
dot. The associated dots are electrically connected to
specific switching devices and/or certain color dots. The
storage capacitors are electrically connected to specific
switching devices and color dot electrodes to compen-
sate and offset the capacitance change on the liquid crys-
tal cells during the switching-on and switching-off proc-
esses of the liquid crystal cells. Consequently, the stor-
age capacitors are used to reduce the cross-talk effects
during the switching-on and switching-off processes of
the liquid crystal cells. A patterning mask is used when
it is necessary to form the patterned electrode for the
associated dots. A color layer is added to form a light
shield for the associated dot. In general, the color layer
is black however some embodiments use different color
to achieve a desired color pattern or shading. In some
embodiments of the present invention, the color layer is
manufactured on top or underneath the switching ele-
ment. Other embodiments may also place a color layer
on top of the glass substrate of the display.
[0076] In other embodiments of the present invention,
the associated dot is an area independent of the switch-
ing elements. Furthermore, some embodiments of the
present invention, have additional associated dots not
directly related to the switching elements. Generally, the
associated dot includes an active electrode layer such
as ITO or other conductive layer, and is connected to a
nearby color dot or powered in some other manner. For
opaque associated dots, a black matrix layer can be add-
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ed on the bottom of the conductive layer to form the
opaque area. In some embodiments of the present in-
vention, the black matrix can be fabricated on the ITO
glass substrate side to simplify the fabrication process.
The additional associated dots improve the effective use
of display area to improve the aperture ratio and to form
the multiple liquid crystal domains within the color dots.
Some embodiments of the present invention use asso-
ciate dots to improve color performance. For example,
careful placement of associated dots can allow the color
of nearby color dots to be modified from the usual color
pattern.
[0077] In general, the color dots and associated dots
are arranged in a grid pattern, where each dot (color or
associated) is separated from adjacent dots by a hori-
zontal dot spacing HDS and a vertical dot spacing VDS.
However in many embodiments of the present invention
color dots and associated dots could be of different size
or shapes. In these embodiments the rows for the asso-
ciated dots will have a different height than rows with
color dots.
[0078] In pixel design 410, associated dots AD_1, AD_
2, and AD_3 are arranged sequentially on a row. Asso-
ciated dots AD_1 is separated from associated dot AD_
2 by a horizontal dot spacing HDS. Similarly, associated
dot AD_2 is separated from associated dot AD_3 by hor-
izontal dot spacing HDS. Switching elements SE_1, SE_
2, and SE_3 are positioned within associated dots AD_
1, AD_2, and AD_3, respectively. The first color compo-
nent of spread pixel design 410 has two color dots CD_
1_1 and CD_1_2 in a right-left zigzag pattern (as used
herein a right-left zigzag pattern includes a first color dot
and a second color dot to the left and below the first color
dot).
The first color component is arranged so that color dot
CD_1_2 is horizontally aligned with associated dot AD_
1 and offset vertically above associated dot AD_1 by a
vertical dot offset VDO so that color dot CD_1_2 is ver-
tically separated from associated dot AD_1 by vertical
dot spacing VDS. Vertical dot offset VDO as used herein
refers to the distance which causes the "offset" dots to
be vertically separated by vertical dot spacing VDS and
thus is dependent on the color dot height or associated
dot height. For example if the color dot height is equal to
the associated dot height the vertical dot offset is equal
to the color dot height plus the vertical dot spacing. In
general, to improve the optical transmission, vertical dot
spacing VDS is much smaller than the color dot heights.
Horizontal dot offset HDO is used similarly for horizontal
offsets. In general, to have properly amplified fringe field
effects, the vertical dot spacing is equal to the horizontal
dot spacing for the color dot. "Above" and "below" denote
positioning in the plane of the page. The electrode in
color dot CD_1_2 is coupled to switching element SE_1
and the electrode of color dot CD_1_1 is coupled to
switching element SE_1 via the electrode of color dot
CD_1_2. Generally, the electrodes and conductors are
formed a transparent conductive material such as ITO

(Indium Tin Oxide). The second color component of
spread pixel design 410 has two color dots CD_2_1 and
CD_2_2, in a right-left zigzag pattern. The second color
component is arranged so that color dot CO_2_1 is hor-
izontally aligned with associated dot AO_3 and offset ver-
tically below associated dot AD_3 by vertical dot offset
VDO (Thus, color dot CD_2_1 is vertically separated from
associated dot AD_3 by vertical dot spacing VDS). The
electrode of color dot CD_2_1 is coupled to switching
element SE_2 and the electrode of color dot CD_2_2 is
coupled to switching element SE_2 via the electrode of
color dot CD_2_1. As explained below, the electrode of
associated dot AD_2 is also coupled to switching element
SE_2. Therefore, many embodiments of the present in-
vention would couple the electrode of color dot CD_2_1
to switching element SE_2 via the electrode of associat-
ed dot AD_2. The third color component of spread pixel
design 410 has two color dots CD_3_1, and CD_3_2 in
a right-left zigzag pattern and arranged so that color dot
CD_3_2 is horizontally aligned with associated dot AD_
3 and offset vertically above associated dot AD_3 by ver-
tical dot offset VDO. The electrode of color dot CD_3_2
is coupled to switching element SE_3 and the electrode
of color dot CD_3_1 is coupled to switching element SE_
3 via the electrode of color dot CD_3_2.
[0079] As explained above fringe fields in each of the
color dots are amplified if adjacent dots have opposite
polarities. The present invention makes use of the asso-
ciated dots as well as the color dots to achieve multiple
liquid crystal domains.
In general, the polarities of associated dots are assigned
so that the associated dot polarity is the opposite of the
polarity of any neighboring color dots. Furthermore, in
many embodiments of the present invention using pixel
design 410, the color dots and the associated dots are
assigned so that a checkerboard pattern of polarities is
formed.
[0080] The polarity of the color dots, associated dots,
and switching elements are shown using "+" and "-" signs.
Thus, in Fig. 4(a), switching elements SE_1, SE_2, and
SE_3, and all of the color dots have positive polarity as
denoted by "+". Associated dot AD_2 also has positive
polarity; however, associated dots AD_1 and AD_3 have
negative polarity, as denoted by "-". Associated dot AD_
1 is adjacent to associated dot AD_2 and color dot CD_
1_2, thus to have a checkerboard pattern of polarities
(as described below), the polarity of associated dot AD_
1 is opposite of the polarity of associated dot AD_2 (and
color dot CD_1_2. Similarly, the polarity of associated
dot AD_3 is opposite the polarity of associated dot AD_
2. Fig. 4(b) shows pixel design 410 with the negative dot
polarity pattern. For the negative dot polarity pattern,
switching elements SE_1, SE_2, and SE_3, and all of
the color dots have negative polarity. Associated dot AD_
2 also has negative polarity; however, associated dots
AD_1 and AD_3 have positive polarity for the reasons
described above. Because associated dot AD_2 has the
same polarity as switching element SE_2, the electrode
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of associated dot AD_2 can be coupled to switching el-
ement SE_2. However, associated dots AD_1 and AD_
3 have polarities that are opposite switching elements
SE_1, SE 2, and SE_3. Thus, the electrode of associated
dots AD_1 and AD_3 are coupled to another switching
element.
[0081] As explained above, a checkerboard pattern of
dot polarities is desirable to amplify the fringe fields in
each color dot. Thus, the color dots that are diagonally
adjacent to associated dots AD_1 and AD_3 will have
the appropriate polarity. Thus, in some embodiments of
the present invention the electrode of associated dot AD_
1 is coupled to the electrode of at least one diagonally
adjacent color dot from another pixel. Similarly, the elec-
trode of associated dot AD_3 is coupled to the electrode
of at least one diagonally adjacent color dot from another
pixel. In the particular embodiment of the present inven-
tion shown in Fig. 4(a) and 4(b), associated dots AD_1
and AD_3 are coupled to the color dot that is to the right
and below associated dots AD_1 and AD_3, respectively.
For clarity these connections are illustrated by ITO con-
nectors 411 and 412, respectively
[0082] Figs. 4(c) and 4(d) show different dot polarity
patterns of a spread pixel design 420 (labeled 420+ and
420-) that can be used in a display using a switching
element row inversion driving scheme. As explained
above, a pixel will switch between a first dot polarity pat-
tern and a second dot polarity pattern between each im-
age frame. Specifically, in Fig. 4(c), pixel design 420 has
a positive dot polarity pattern (and is labeled 420+) and
in Fig. 4(d), pixel design 420 has a negative dot polarity
pattern (and is labeled 420-). Like pixel design 410, all
the color dots in pixel design 420 also have the same
polarity for each dot polarity pattern, however other em-
bodiments of the present invention may have color dots
with different polarities.
[0083] Spread pixel design 420 has three color com-
ponents. Each of the three color components is further
divided into two color dots. In addition, pixel design 420
includes an associated dot (AD_1, AD_2, and AD_3) for
each color component. A switching element (SE_1, SE_
2, and SE_3), for each color component is located within
the associated dot.
[0084] In pixel design 420, associated dots AD_1, AD_
2, and AD_3 are arranged sequentially on a row. Asso-
ciated dots AD_1 is separated from associated dot AD_
2 by horizontal dot spacing HDS. Similarly, associated
dot AD_2 is separated from associated dot AD_3 by hor-
izontal dot spacing HDS.
[0085] The first color component of spread pixel design
420 has two color dots CD_1_1 and CD_1_2 in a right-
left zigzag pattern. The first color component is arranged
so that color dot CD_1_1 is horizontally aligned with as-
sociated dot AD_2 and offset vertically below associated
dot AD_2 by vertical dot offset VDO so that associated
dot AD_2 is vertically separated from color dot CD_1_1
by vertical dot spacing VDS. The electrode in color dot
CD_1_1 is coupled to switching element SE_1 and the

electrode of color dot CD_1_2 is coupled to switching
element SE_1 via the electrode of color dot CD_1_1. The
second color component of spread pixel design 420 has
two color dots CD_2_1 and CD_2_2, in a right-left zigzag
pattern and is arranged so that color dot CD_2_2 is hor-
izontally aligned with associated dot AD_2 and offset ver-
tically above associated dot AD_2 by vertical dot offset
VDO. The electrode of color dot CD_2_2 is coupled to
switching element SE_2 and the electrode of color dot
CD_2_1 is coupled to switching element SE_2 via the
electrode of color dot CD_2_2. The third color component
of spread pixel design 420 has two color dots CD_3_1,
and CD_3_2 in a right-left zigzag pattern and arranged
so that color dot CD_3_1 is offset horizontally to the right
of associated dot AD_3 by a horizontal dot offset HDO,
so that color dot CD_3_1 is horizontally separated from
associated dot AD_3 by horizontal dot spacing HDS, and
offset vertically below associated dot AD_3 by vertical
dot offset VDO, so that color dot CD_3_1 is vertically
separated from associated dot AD_3 by vertical dot spac-
ing VDS. The electrode of color dot CD_3_1 is coupled
to switching element SE_3 and the electrode of color dot
CD_3_2 is coupled to switching element SE_3 via the
electrode of color dot CD_3_1.
[0086] The polarities of the color dots and associated
dots are assigned so that a checkerboard pattern of po-
larities can be formed using pixel design 410 and pixel
design 420 as described below and illustrated in Fig. 4
(e). In Fig. 4(c) pixel design 420 is in the positive dot
polarity pattern. Therefore, switching elements SE_1,
SE_2, and SE_3, and all of the color dots have positive
polarity as denoted by "+". Associated dots AD_1 and
AD_3 also have positive polarity; however, associated
dot AD_2 has negative polarity, as denoted by "-". Asso-
ciated dot AD_2 is adjacent to associated dots AD_1 and
AD_3 and color dots CD_1_1 and CD_2_2, thus to have
a checkerboard pattern of polarities (as described be-
low), the polarity of associated dot AD_2 is opposite of
the polarity of associated dots AD_1 and AD_3 and color
dots CD_1_1 and CD_2_2. Fig. 4(d) shows pixel design
420 with the negative dot polarity pattern. For the nega-
tive dot polarity pattern, switching elements SE_1, SE_
2, and SE_3, and all of the color dots have negative po-
larity. Associated dots AD_1 and AD_3 also have nega-
tive polarity; however, associated dot AD_2 has positive
polarity for the reasons described above. Because asso-
ciated dots AD_1 and AD_3 have the same polarity as
switching element SE_1 and SE_3, respectively, the
electrode of associated dots AD_1 and AD_3 can be cou-
pled to switching elements SE_1 and SE_3, respectively.
However, associated dot2 AD_2 has a polarity that is the
opposite of switching elements SE_1, SE_2, and SE_3.
Thus, the electrode of associated dot AD_2 is coupled
to another switching element.
[0087] As explained above, a checkerboard pattern of
dot polarities is desirable to amplify the fringe fields in
each color dot. Thus, the color dots that are diagonally
adjacent to associated dot AD_2 should have the appro-
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priate polarity. Thus, in some embodiments of the present
invention the electrode of associated dot AD_2 is coupled
to the electrode of at least one diagonally adjacent color
dot from another pixel. In the particular embodiment of
the present invention embodied in pixel design 420, the
electrode of associated dot AD_2 is coupled to the elec-
trode of the color dot that is to the right and below asso-
ciated dot AD_2 as are illustrated by ITO connections
421.
[0088] Fig. 4(e) shows a portion of a display 400 that
combines pixels using pixel designs 410 and pixel design
420 to create a checkerboard pattern of color dot polar-
ities. For clarity, the gate lines and source lines that power
the switching elements are omitted in Fig. 4(e). Gate lines
and source lines are illustrated and described in details
in other Figures. Furthermore, the background area of
each pixel is shaded to more clearly show the compo-
nents of each pixel. This shading is for illustrative pur-
poses only. Each row of display 400 has alternating pixels
of pixel design 410 and pixel design 420. For example in
row 0, pixel P(0,0) uses pixel design 410 and pixel P(1,0)
uses pixel design 420. Pixel P(2,0) (not shown) would
use pixel design 410. Similarly, in row 1, pixel P(0,1) uses
pixel design 410 and pixel P(1,1) uses pixel design 420,
and pixel P(2, 1) (not shown) uses pixel design 410.
Within a row the associated dots of adjacent pixels are
vertically aligned and horizontally separated by one hor-
izontal dot spacing HDS (not labeled in Fig. 4(e)). The
rows in display 400 are horizontally aligned and vertically
interleaved so that some color dots from row 0 are ver-
tically aligned with some of the color dots of row 1. Spe-
cifically, color dot CO_1_1 of pixel P(0,0) is vertically
aligned with color dot CD_2_1 of pixel P(0, 1).
[0089] All the pixels on a row have the same polarity.
However, alternating rows have different polarities. Thus
for example, row 0 is shown with positive dot polarity
while row 1 is show with negative dot polarity. In the next
frame row 0 would have negative dot polarity while row
1 would have positive dot polarity. In general, even num-
bered rows have a first dot polarity pattern and odd
number rows have a second dot polarity pattern. This
arrangement of row polarity is an example of switching
element row inversion driving scheme, which is often re-
ferred to as simply "row inversion." In general a pixel P
(X,Y) in display 400 uses pixel design 410 where X is
even and uses pixel design 420 where X is odd. Further-
more, pixel P(X,Y) has a first dot polarity pattern when Y
is even and a second dot polarity pattern when Y is odd.
In a particular embodiment of the present invention, each
color dot has a width of 43 micrometers and a height of
47 micrometers. Each associated dot has a width of 43
micrometers and a height of 39 micrometers. The hori-
zontal and vertical dot spacing is 4 micrometers.
[0090] As illustrated in Fig. 4(e), using the pixel designs
described above, display 400 has a checkerboard pattern
of dot polarities. Thus, each color dot will have four liquid
crystal domains. Because each row of switching ele-
ments have the same polarity, while alternating rows of

switching elements of opposite polarity, display 400 can
achieve four liquid crystal domains while only requiring
a switching element row inversion driving scheme.
[0091] The principles of the present invention embod-
ied by pixel designs 410 and 420 are applicable to many
other pixel designs. Using the same principles described
above one skilled in the art can adapt the teachings pre-
sented herein for use with displays using other pixel de-
signs. For example, another embodiment of the present
invention can use a left-right zigzag pattern for each color
component (as used herein a left-right zigzag pattern in-
cludes a first color dot and a second color dot to the right
and below the first color dot.
[0092] Furthermore, many embodiments of the
present invention have more than two color dots per color
component. For example, Figs. 5(a)-5(h) show four ad-
ditional spread pixel designs (510, 520, 530 and 540)
each having three color dots per color components. Like
pixel design 410, all the color dots in pixel designs 510,
520, 530, and 540 have the same polarity for each dot
polarity pattern. Spread pixel design 510, 520, 530 and
540 have three color components. Each of the three color
components is further divided into three color dots. In
addition, spread pixel designs 510, 520, 530 and 540
include an associated dot (AD_1, AD_2, and AD_3) for
each color component. A switching element (SE_1, SE_
2, and SE_3), for each color component is located within
the associated dot. Associated dots AD_1, AD_2, and
AD_3 are arranged sequentially on a row. Associated
dots AD_1 is separated from associated dot AD_2 by
horizontal dot spacing HDS (not labeled due to space
constraints). Similarly, associated dot AD_2 is separated
from associated dot AD_3 by horizontal dot spacing HDS.
[0093] Specifically, Fig. 5(a) shows the positive dot po-
larity pattern of a spread pixel design 510 (labeled as
510+). As explained above, a pixel will switch between
a first dot polarity pattern and a second dot polarity pat-
tern between each image frame. In pixel design 510, the
first color component of spread pixel design 510 has three
color dots CD_1_1, CD_1_2, and CD_1_3 arranged in a
right-left-right zigzag pattern. The first color component
is positioned so that color dot CD_1_1 is horizontally
aligned with associated dot AD_1 and offset vertically
below associated dot AD_1 by vertical dot offset VDO.
The electrode in color dot CD_1_1 is coupled to switching
element SE_1; the electrode of color dot CD_1_2 is cou-
pled to switching element SE_1 via the electrode of color
dot CD_1_1; and the electrode of color dot CD_1_3 is
coupled to switching element SE_1 via the electrodes of
color dots CD_1_2 and CD_1_1. The second color com-
ponent of spread pixel design 510 has three color dots
CD_2_1, CD_2_2, and CD_2_3 arranged in a left-right-
left zigzag pattern. The second color component is posi-
tioned so that color dot CD_2_3 is offset horizontally to
the left of associated dot AD_2 by horizontal dot offset
HDO and offset vertically above associated dot AD_2 by
vertical dot offset VDO. The electrode of associated dot
AD_2 is coupled to switching element SE_2. The elec-
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trode in color dot CD_2_3 is coupled to switching element
SE_2 via the electrode of associated dot AD_2; the elec-
trode of color dot CD_2_2 is coupled to switching element
SE_2 via the electrodes of color dot CD_2_3 and asso-
ciated dot AD_2; and the electrode of color dot CD_2_1
is coupled to switching element SE_2 via the electrodes
of color dots CD_2_3 and CD_2_2 and associated dot
AD_2. Some embodiments of the present invention may
couple the electrode of color dot CD_2_3 without using
the electrode of associated dot AD_2. The third color
component of spread pixel design 510 has three color
dots CD_3_1, CD_3_2, and CD_3_3 arranged in a right-
left-right zigzag pattern. The third color component is po-
sitioned so that color dot CD_3_1 is horizontally aligned
with associated dot AD_3 and offset vertically below as-
sociated dot AD_3 by vertical dot offset VDO. A switching
element SE_3 is positioned within associated dot AD_3.
The electrode in color dot CD_3_1 is coupled to switching
element SE_3; the electrode of color dot CD_3_2 is cou-
pled to switching element SE_3 via the electrode of color
dot CD_3_1; and the electrode of color dot CD_3_3 is
coupled to switching element SE_3 via the electrodes of
color dots CD_3_2 and CD_3_1.
[0094] As explained above, a checkerboard pattern of
dot polarities is desirable to amplify the fringe fields in
each color dot. In Fig. 5(a) pixel design 510 is in the pos-
itive dot polarity pattern. Accordingly, switching elements
SE_1, SE_2, and SE_3, and all of the color dots have
positive polarity as denoted by "+". To achieve the check-
erboard pattern, associated dot AD_2 also has positive
polarity. Thus, the electrode of associated dot AD_2 can
be coupled to switching element SE_2. However, asso-
ciated dots AD_1 and AD_3 have negative polarity, as
denoted by "-". In a checkerboard pattern of polarities,
the color dots that are diagonally adjacent to associated
dots AD_1 and AD_3 should have the appropriate polar-
ity. Thus, in some embodiments of the present invention
the electrode of associated dots AD_1 and AD_3 are
coupled to the electrode of at least one diagonally adja-
cent color dot from another pixel. In the particular em-
bodiment of pixel design 510, the electrode of associated
dot AD_1 and AD_3 are coupled to the electrode of the
color dots that are to the right and below associated dot
AD_1 and AD_3, respectively. For clarity, these connec-
tions are illustrated by ITO connectors 511 and 512, re-
spectively. As illustrated in Fig. 5(b), when pixel design
510 (labeled 510-) is in the negative dot polarity pattern,
switching elements SE_1, SE_2, and SE_3, and all of
the color dots have negative polarity. Associated dot AD_
2 also has negative polarity. However, associated dots
AD_1 and AD_3 have positive polarity.
[0095] Fig. 5(c) shows the positive dot polarity pattern
of a spread pixel design 520 (labeled 520+). As explained
above, a pixel will switch between a first dot polarity pat-
tern and a second dot polarity pattern between each im-
age frame. In pixel design 520, the first color component
of spread pixel design 520 has three color dots CD_1_1,
CD_1_2, and CD_1_3 arranged in a left-right-left zigzag

pattern. The first color component is positioned so that
color dot CD_1_3 is offset horizontally to the left of as-
sociated dot AD_1 by horizontal dot offset HDO and offset
vertically above associated dot AD_1 by vertical dot off-
set VDO. As explained in more detail below, the electrode
of associated dot AD_1 is coupled to switching element
SE_1. The electrode in color dot CD_1_3 is coupled to
switching element SE_1 via the electrode of associated
dot AD_1; the electrode of color dot CD_1_2 is coupled
to switching element SE_1 via the electrodes of color dot
CD_1_3 and the electrode of associated dot AD_1; and
the electrode of color dot CD_1_1 is coupled to switching
element SE_1 via the electrodes of color dots CD_1_2
and CD_1_3 and the electrode of associated dot AD_1.
In some embodiments of the present invention, the elec-
trode of color dot CD_1_3 is coupled directly to switching
element SE_1. The second color component of spread
pixel design 520 has three color dots CD_2_1, CD_2_2,
and CD_2_3 arranged in a right-left-right zigzag pattern.
The second Color component is positioned so that color
dot CD_2_1 is horizontally aligned with associated dot
AD_2 and offset vertically below associated dot AD_2 by
vertical dot offset VDO. The electrode in color dot CD_
2_1 is coupled to switching element SE_2; the electrode
of color dot CD_2_2 is coupled to switching element SE_
2 via the electrode of color dot CD_2_1; and the electrode
of color dot CD_2_3 is coupled to switching element SE_
1 via the electrodes of color dots CD_2_1 and CD_2_2.
The third color component of spread pixel design 510
has three color dots CD_3_1, CD_3_2, and CD_3_3 ar-
ranged in a left-right-left zigzag pattern. The third color
component is positioned so that color dot CD_3_3 is off-
set horizontally to the left of associated dot AD_3 by hor-
izontal dot offset HDO and offset vertically above asso-
ciated dot AD_3 by vertical dot offset VDO. The electrode
of associated dot AD_3 is coupled to switching element
SE_3. The electrode in color dot CD_3_3 is coupled to
switching element SE_3 via the electrode of associated
dot AD_3; the electrode of color dot CD_3_2 is coupled
to switching element SE_3 via the electrode of color dot
CD_3_3 and the electrode of associated dot AD_3; and
the electrode of color dot CD_3_1 is coupled to switching
element SE_3 via the electrodes of color dots CD_3_2
and CD_3_3 and the electrode of associated dot AD_3.
Some embodiments of the present invention may couple
the electrode of color dot CD_3_3 directly to switching
element SE_3.
[0096] As explained above, a checkerboard pattern of
dot polarities is desirable to amplify the fringe fields in
each color dot. In Fig. 5(c) pixel design 520 is in the pos-
itive dot polarity pattern. Therefore, switching elements
SE_1, SE_2, and SE_3, and all of the color dots have
positive polarity as denoted by "+". To achieve the check-
erboard pattern, associated dots AD_1 and AD_3 also
have positive polarity. Therefore, the electrodes of asso-
ciated dots AD_1 and AD_3 can be coupled to switching
elements SE_1 and SE_3, respectively. However, asso-
ciated dot AD_2 should have negative polarity, as denot-
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ed by "-". In a checkerboard pattern of polarities, the color
dots that are diagonally adjacent to associated dot AD_
2 should have the appropriate polarity. Thus, in some
embodiments of the present invention the electrode of
associated dot AD_2 is coupled to the electrode of at
least one diagonally adjacent color dot from another pix-
el. In the particular embodiment of pixel design 520, the
electrode of associated dot AD_2 is coupled to the elec-
trode of the color dot that is to the right and below asso-
ciated dot AD_2. For clarity, this connection is illustrated
by ITO connector 522. As illustrated in Fig. 5(d), when
pixel design 520 (labeled as 520-) is in the negative dot
polarity pattern, switching elements SE_1, SE_2, and
SE_3, and all of the color dots have negative polarity.
Associated dots AD_1 and AD_3 also have negative po-
larity. However, associated dot AD_2 has positive polar-
ity.
[0097] Fig. 5(e) shows the positive dot polarity pattern
of a spread pixel design 530 (labeled 530+). As explained
above, a pixel will switch between a first dot polarity pat-
tern and a second dot polarity pattern between each im-
age frame. In pixel design 530, the first color component
of spread pixel design 530 has three color dots CD_1_1,
CD_1_2, and CD_1_3 arranged in a left-right-left zigzag
pattern. The first color component is positioned so that
color dot CD_1_1 is offset horizontally to the left of as-
sociated dot AD_1 by horizontal dot offset HDO and offset
vertically below associated dot AD_1 by vertical dot offset
VDO. The electrode of associated dot AD_1 is coupled
to switching element SE_1. The electrode in color dot
CD_1_1 is coupled to switching element SE_1 via the
electrode of associated dot AD_1; the electrode of color
dot CD_1_2 is coupled to switching element SE_1 via
the electrode of color dot CD_1_1 and the electrode of
associated dot AD_1; and the electrode of color dot CD_
1_3 is coupled to switching element SE_1 via the elec-
trodes of color dots CD_1_2 and CD_1_1 and the elec-
trode of associated dot AD_1. The second color compo-
nent of spread pixel design 530 has three color dots CD_
2_1, CD_2_2, and CD_2_3 arranged in a right-left-right
zigzag pattern. The second color component is posi-
tioned so that color dot CD_2_3 is horizontally aligned
with associated dot AD_2 and offset vertically above as-
sociated dot AD_2 by vertical dot offset VDO. The elec-
trode in color dot CD_2_3 is coupled to switching element
SE_2; the electrode of color dot CD_2_2 is coupled to
switching element SE_2 via the electrode of color dot
CD_2_3; and the electrode of color dot CD_2_1 is cou-
pled to switching element SE_2 via the electrodes of color
dots CD_2_3 and CD_2_2. The third color component
of spread pixel design 530 has three color dots CD_3_1,
CD_3_2, and CD_3_3 arranged in a left-right-left zigzag
pattern. The third color component is positioned so that
color dot CD_3_1 is offset horizontally to the left of as-
sociated dot AD_3 by horizontal dot offset HDO and offset
vertically below associated dot AD_3 by vertical dot spac-
ing VDO. The electrode of associated dot AD_3 is cou-
pled to switching element SE_3. The electrode in color

dot CD_3_1 is coupled to switching element SE_3 via
the electrode of associated dot AD_3; the electrode of
color dot CD_3_2 is coupled to switching element SE_3
via the electrode of color dot CD_3_1 and the electrode
of associate dot AD_3; and the electrode of color dot CD_
3_3 is coupled to switching element SE_3 via the elec-
trodes of color dots CD_3_2 and CD_3_1 and the elec-
trode of associate dot AD_3.
[0098] As explained above, a checkerboard pattern of
dot polarities is desirable to amplify the fringe fields in
each color dot. In Fig. 5(e) pixel design 530 is in the pos-
itive dot polarity pattern. Therefore, switching elements
SE_1, SE_2, and SE_3, and all of the color dots have
positive polarity as denoted by "+". To achieve the check-
erboard pattern, associated dots AD_1 and AD_3 also
have positive polarity. Thus, the electrodes of associated
dots AD_1 and AD_3 can be coupled to switching ele-
ments SE_1 and SE_3, respectively. However, associ-
ated dot AD_2 has negative polarity, as denoted by "-".
In a checkerboard pattern of polarities, the color dots that
are diagonally adjacent to associated dot AD_2 should
have the appropriate polarity. Thus, in some embodi-
ments of the present invention the electrode of associat-
ed dot AD_2 is coupled to the electrode of at least one
diagonally adjacent color dot from another pixel. In the
particular embodiment of pixel design 530, the electrode
of associated dot AD_2 is coupled to the electrode of the
color dot that is to the right and above associated dot
AD_2. This connection is illustrated by ITO connector
532. As illustrated in Fig. 5(f) when pixel design 530 in
the negative dot polarity pattern (labeled 530-), switching
elements SE_1, SE_2, and SE_3, and all of the color
dots have negative polarity. Associated dots AD_1 and
AD_3 also have negative polarity. However, associated
dot AD_2 has positive polarity.
[0099] Fig. 5(g) shows the positive dot polarity pattern
of a spread pixel design 540 (labeled 540+). As explained
above, a pixel will switch between a first dot polarity pat-
tern and a second dot polarity pattern between each im-
age frame. In pixel design 540, the first color component
of spread pixel design 540 has three color dots CD_1_1,
CD_1_2, and CD_1_3 arranged in a right-left-right zigzag
pattern. The first color component is positioned so that
color dot CD 1 1 is horizontally aligned with associated
dot AD_1 by horizontal dot offset HDO and offset verti-
cally above associated dot AD_1 by vertical dot offset
VDO. The electrode in color dot CD_1_3 is coupled to
switching element SE_1; the electrode of color dot CD_
1_2 is coupled to switching element SE_1 via the elec-
trode of color dot CD_1_3; and the electrode of color dot
CD_1_1 is coupled to switching element SE_1 via the
electrodes of color dots CD_1_2 and CD_1_3. The sec-
ond color component of spread pixel design 540 has
three color dots CD_2_1, CD_2_2, and CD_2_3 ar-
ranged in a left-right-left zigzag pattern. The second color
component is positioned so that color dot CD_2_1 is off-
set horizontally to the left of associated dot AD_2 by hor-
izontal dot offset HDO and offset vertically below asso-
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ciated dot AD_2 by vertical dot offset VDO. The electrode
of associated dot AD_2 is coupled to switching element
SE_2. The electrode in color dot CD_2_1 is coupled to
switching element SE_2; the electrode of color dot CD_
2_2 is coupled to switching element SE_2 via the elec-
trode of color dot CD_2_1 and the electrode of associated
dot AD_2; and the electrode of color dot CD_2_3 is cou-
pled to switching element SE_2 via the electrodes of color
dots CD_2_1 and CD_2_2 and the electrode of associ-
ated dot AD_2. The third color component of spread pixel
design 540 has three color dots CD_3_1, CD_3_2, and
CD_3_3 arranged in a right-left-right zigzag pattern. The
third color component is positioned so that color dot CD_
3_3 is horizontally aligned with associated dot AD_3 and
offset vertically above associated dot AD_3 by vertical
dot offset VDO. The electrode in color dot CD_3_3 is
coupled to switching element SE_3; the electrode of color
dot CD_3_2 is coupled to switching element SE_3 via
the electrode of color dot CD_3_3; and the electrode of
color dot CD_3_1 is coupled to switching element SE_3
via the electrodes of color dots CD_3_2 and CD_3_3.
[0100] As explained above, a checkerboard pattern of
dot polarities is desirable to amplify the fringe fields in
each color dot. In Fig. 5(g) pixel design 540 is in the pos-
itive dot polarity pattern. Therefore, switching elements
SE_1, SE_2, and SE_3, and all of the color dots have
positive polarity as denoted by "+". To achieve the check-
erboard pattern, associated dot AD_2 also has positive
polarity. Thus, the electrode of associated dot AD_2 is
coupled to switching element SE_2. However, associat-
ed dots AD_1 and AD_3 have negative polarity, as de-
noted by "-". In a checkerboard pattern of polarities, the
color dots that are diagonally adjacent to associated dots
AD_1 and AD_3 should have the appropriate polarity.
Thus, in some embodiments of the present invention the
electrode of associated dots AD_1 and AD_3 are coupled
to the electrode of at least one diagonally adjacent color
dot from another pixel. In the particular embodiment of
pixel design 540, the electrode of associated dot AD_1
and AD_3 are coupled to the electrode of the color dots
that are to the right and above associated dot AD_1 and
AD_3, respectively. These connections are illustrated by
ITO connectors 542 and 544, respectively. As illustrated
in Fig. 5(h), when pixel design 540 is in the negative dot
polarity pattern (labeled as 540-), switching elements
SE_1, SE_2, and SE_3, and all of the color dots have
negative polarity. Associated dot AD_2 also has negative
polarity. However, associated dots AD_1 and AD_3 have
positive polarity.
[0101] Fig. 6(a) shows a portion of a display 600 that
combines pixels using pixel designs 510, 520, 530 and
540 to create a checkerboard pattern of color dot polar-
ities. For clarity, the gate lines and source lines that power
the switching elements are omitted in Fig. 6(a). Gate lines
and source lines are illustrated and described in details
in Fig. 6(b). Furthermore, the background area of each
pixel is shaded to more clearly show the components of
each pixel. This shading is for illustrative purposes only.

Each odd-numbered row of display 600 has alternating
pixels of pixel design 540 and pixel design 530. For ex-
ample in row 1, pixel P(0, 1) uses pixel design 540 and
pixel P(1, 1) uses pixel design 530. Pixel P(2, 1) (not
shown) would use pixel design 540. Each even-num-
bered row of display 600 has alternating pixels of pixels
of pixel design 520 and 510. For example in row 0, pixel
P(0, 0) uses pixel design 520 and pixel P(1, 0) uses pixel
design 510, and pixel P(2, 0) (not shown) uses pixel de-
sign 520. Within a row the associated dots of adjacent
pixels are vertically aligned and horizontally separated
by one horizontal dot spacing HDS (not labeled in Fig. 6
(a)). The rows in display 600 are horizontally aligned and
vertically interleaved so that some color dots from row 0
are vertically aligned with some of the color dots of row
1. Specifically, color dot CD_1_1 of pixel P(0,0) is verti-
cally aligned with color dot CD_2_1 of pixel P(0, 1).
[0102] All the pixels on a row have the same polarity.
However, alternating rows have different polarities. Thus
for example, row 0 is shown with positive dot polarity
while row 1 is show with negative dot polarity. In the next
frame row 0 would have negative dot polarity while row
1 would have positive dot polarity. In general, even num-
bered rows have a first dot polarity pattern and odd
number rows have a second dot polarity pattern. This
arrangement of row polarity is an example of switching
element row inversion driving scheme. In general a pixel
P(X,Y) in display 600 uses pixel design 510 where X is
odd and Y is even; pixel design 520 when X is even and
Y is even; pixel design 530 when X is odd and Y is odd;
and pixel design 540 where X is even and Y is odd. Fur-
thermore, pixel P(X,Y) has a first dot polarity pattern when
Y is even and a second dot polarity pattern when Y is odd.
[0103] As illustrated in Fig. 6(a), using the pixel designs
described above, display 600 has a checkerboard pattern
of dot polarities. Thus, each color dot will have four liquid
crystal domains. Because each row of switching ele-
ments have the same polarity, while alternating rows of
switching elements of opposite polarity, display 600
achieves four liquid crystal domains while only requiring
a switching element row inversion driving scheme.
[0104] Fig. 6(b) illustrates a slightly different portion of
display 600. Fig. 6(b) is drawn showing source lines (S1,
S2, ... S6) and gate lines G0, G1 and G2. A transistor is
coupled to a source line and a gate line. Specifically, gate
lines are coupled to the control terminal of the transistors
and source lines are coupled to a power terminal. For
MOS transistors, gate lines are couple to the gate termi-
nal and source lines are coupled to the source terminals
of the transistors. For convenience, transistors are ref-
erenced as transistor T(X,Y) where X is the source line
coupled to the transistor and Y is the gate line. Thus
transistor 601 in Fig 6(b) is referenced herein as transistor
T(S6,G1). For clarity, associated dots are shown in
dashed lines and color dots are shown with solid lines.
Furthermore, the background area of each pixel is shad-
ed to more clearly group the components of each pixel.
This shading is for illustrative purposes only. Electrode
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connections are drawn in bold lines. A connection point
(i.e. a dark circle) is used on the drain terminal of a tran-
sistor when the electrode of the associated dot is coupled
to the transistor. For example Transistor T(S1, G2) has
a connection point on the drain terminal to illustrate that
the electrode of the associated dot is coupled to the tran-
sistor. Transistors T(S1, G2), T(S2, G2), and T(S3, G2)
are the switching elements of pixel P(0, 2), which uses
pixel design 520 (six color dots of pixel P(0, 2) are omitted
in Fig. 6(b) due to space limitations). Transistors T(S4,
G2), T(S5, G2), and T(S6, G2) are the switching elements
of pixel P(1, 2), which uses pixel design 510 (three color
dots of pixel P(1, 2) are omitted in Fig. 6). Transistors T
(S1, G1), T(S2, G1), and T(S3, G1) are the switching
elements of pixel P(0, 1), which uses pixel design 540.
Transistors T(S4, G1), T(S5, G1), and T(S6, G1) are the
switching elements of pixel P(1, 1), which uses pixel de-
sign 530. Transistors T(S1, G0), T(S2, G0), and T(S3,
G0) are the switching elements of pixel P(0, 0) which
uses pixel design 520 (three color dots of pixel P(0, 0)
are omitted in Fig. 6(b)). Transistors T(S4, G0), T(S5,
G0), and T(S6, G0) are the switching elements of pixel
P(1, 0), which uses pixel design 510 (six color dots of
pixel P(1, 0) are omitted in Fig. 6(b)).
[0105] As explained above, a first row type (even in
Fig. 6(a) and 6(b)) is formed using pixels alternating be-
tween pixel designs 510 and 520. A second row type
(odd) is formed using pixels alternating between pixel
design 530 and 540. For example in row 1 (using gate
line G1), pixel P(0,1) (Transistors T(S1, G1), T(S2, G1),
and T(S3, G1)) uses pixel design 540, pixel P(1,1) (Tran-
sistors T(S4, G1), T(S5, G1), and T(S6, G1)) uses pixel
design 530, pixel P(2, 1) (not shown) uses pixel design
540. In row 0, pixels P(0,0) uses pixel design 520, pixel
P(1,0) uses pixel design 510, pixel P(2,0) (not shown)
uses pixel design 520, etc. Within a row the associated
dots of adjacent pixels are vertically aligned and sepa-
rated horizontally by horizontal dot spacing HDS. The
rows are horizontally aligned and vertically interleaved
so that the first and third color components of one row
are vertically aligned with the second color component
of an adjacent row. All the pixels on a row have the same
polarity. However, alternating rows have different polar-
ities. Thus for example, if row 1 has positive dot polarity,
then row 0 and row 2 would have negative dot polarity.
In the next frame row 1 would have negative dot polarity
while row 0 and row 2 would have positive dot polarity.
[0106] One potential issue with pixel designs 510, 520,
530, and 540 is color alignment due to the vertical offset
between the second color component and the first and
third color components of each pixel. Therefore, in some
embodiments of the present invention a novel driving
scheme is used to improve the color alignment. Fig. 7(a)
illustrates a display 700 using the driving scheme in ac-
cordance with one embodiment of the present invention.
Fig. 7(a) is similar to Fig. 6 except that signals applied to
some of the source lines are delayed. Thus the descrip-
tion is not repeated. Specifically, delayed source signal

S2_del, S4_del, and S6_del are applied to source lines
S2, S4, and S6, respectively. The delayed source signals
can be generated using a delay line or other conventional
circuits from source signals S2, S4 and S6 (as used in
Fig. 6(b)). The delay period is equal to one row refresh
period. Because, the delayed source signals are gener-
ated from the normal source signals, the driving circuits
and controllers do not need to be modified to be used
with the novel driving scheme of the present invention.
[0107] As illustrated in Fig. 7(b), the color components
of the pixels are realigned when using delayed source
signals. In Fig. 7(b), the background areas of four pixels
are shaded to highlight each pixel. This shading is for
illustrative purposes only. A first pixel P1 includes tran-
sistors T(S1, G1), T(S2, G2), and T(S3, G1), the associ-
ated dots encompassing the transistors, as well as the
color dots within the shaded area. The first color compo-
nent of pixel P1 includes the three color dots that are
coupled to transistor T(S1, G1). The second color com-
ponent of pixel P1 includes the three color dots that are
coupled to transistor T(S2, G2). The third color compo-
nent of pixel P1 includes the three color dots that are
coupled to transistor T(S3, G1). As illustrated in Fig. 7
(b), the three color components of pixel P1 are vertically
aligned, and thus eliminate the color alignment issue of
Figs. 6(a)-6(b).
However, to achieve a checkerboard pattern, the polarity
of the second color component needs to be opposite the
polarity of the first and third color component. However,
the transistor for the second color component is on a
different row than the transistor for the first and third color
component.
Furthermore, all switching elements on a row of switching
elements (i.e. sharing a common gate line) have the
same polarity, while alternating rows of switching ele-
ments use opposite polarities. Thus, display 700 can use
switching element row inversion driving scheme to
achieve the checkerboard pattern of dot polarities which
results in four domains per color dots.
[0108] A second pixel P2 includes transistors T(S4,
G2), T(S5, G1), and T(S6, G2), the associated dots en-
compassing the transistors, as well as the color dots,
which are coupled to these transistor. For clarity, the as-
sociated dots and color dots of pixel P2 are highlighted
with a common background shading. A third pixel P3 in-
cludes transistors T(S1, G0), T(S2, G1), and T(S3, G0),
the associated dots encompassing the transistors, as
well as the color dots, which are coupled to these tran-
sistors. In pixel P3, the color dots are coupled to the tran-
sistors via the associated dot. For clarity, the associated
dots and color dots of pixel P3 are highlighted with a
common background shading. A fourth pixel P4 includes
transistors T(S4, G1), T(S5, G0), and T(S6, G1), the as-
sociated dots encompassing the transistors, as well as
the color dots, coupled to these transistors. In pixel P4,
the color dots are coupled to the transistors via the as-
sociated dots. For clarity, the associated dots and color
dots of pixel P4 are highlighted with a common back-
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ground shading. Pixels P1, P2, P3, and P4 are described
in greater detail below and illustrated in Figs. 8(a)-8(i).
[0109] Fig. 8(a) shows the positive dot polarity pattern
of a spread pixel design 810 (labeled 810+). Pixel P4 in
Fig. 7(b) is an example of pixel design 810. In pixel design
810, the first color component has three color dots CD_
1_1, CD_1_2, and CD_1_3 arranged in a left-right-left
zigzag pattern. An associated dot AD_1 is positioned off-
set horizontally to the right of color dot CD_1_1 by hori-
zontal dot offset HDO and offset vertically above color
dot CD_1_1 by vertical dot offset VDO. A switching ele-
ment SE_1 is positioned within associated dot AD_1. The
electrode of associated dot AD_1 is coupled to switching
element SE_1. The electrode in color dot CD_1_1 is cou-
pled to switching element SE_1 via the electrode of as-
sociated dot AD_1; the electrode of color dot CD_1_2 is
coupled to switching element SE_1 via the electrodes of
color dot CD_1_1 and the electrode of associated dot
AD_1; and the electrode of color dot CD_1_3 is coupled
to switching element SE_1 via the electrodes of color
dots CD_1_2 and CD_1_1 and the electrode associated
dot AD_1. The second color component of spread pixel
design 810 has three color dots CD_2_1, CD_2_2, and
CD_2_3 arranged in a left-right-left zigzag pattern. The
second color component is positioned so that the second
color component is vertically aligned with the first color
component and offset horizontally to the right of the first
color component by horizontal dot offset HDO. An asso-
ciated dot AD_2 is positioned offset horizontally to the
right of color dot CD_2_3 by horizontal dot offset HDO
and offset vertically below color dot CD_2_3 by vertical
dot offset VDO. A switching element SE_2 is positioned
within associated dot AD_2. The electrode of associated
dot AD_2 is coupled to switching element SE_2. The
electrode in color dot CD_2_3 is coupled to switching
element SE_2 via the electrode of associated dot AD_2;
the electrode of color dot CD_2_2 is coupled to switching
element SE_2 via the electrodes of color dot CD_2_3
and the electrode of associated dot AD_2; and the elec-
trode of color dot CD_2_1 is coupled to switching element
SE_2 via the electrodes of color dots CD_2_2 and CD_
2_3 and the electrode of associated dot AD_2. The third
color component of spread pixel design 810 has three
color dots CD_3_1, CD_3_2, and CD_3_3 arranged in a
left-right-left zigzag pattern. The third color component
is positioned vertically aligned with the second color com-
ponent and horizontally offset to the right of the second
color component by horizontal dot offset HDO. An asso-
ciated dot AD_3 is positioned offset horizontally to the
right of color dot CD_3_1 by horizontal dot offset HDO
and offset vertically above color dot CD_3_1 by vertical
dot offset VDO. A switching element SE_3 is positioned
within associated dot AD_3. The electrode of associated
dot AD_3 is coupled to switching element SE_3. The
electrode in color dot CD_3_1 is coupled to switching
element SE_3 via the electrode of associated dot AD_3;
the electrode of color dot CD_3_2 is coupled to switching
element SE_3 via the electrodes of color dot CD_3_1

and the electrode of associated dot AD_3; and the elec-
trode of color dot CD_3_3 is coupled to switching element
SE_3 via the electrodes of color dots CD_3_2 and CD_
3_1 and the electrode of associated dot AD_3.
[0110] As explained above, a checkerboard pattern of
dot polarities is desirable to amplify the fringe fields in
each color dot. In Fig. 8(a) pixel design 810 is in the pos-
itive dot polarity pattern. Accordingly, switching elements
SE_1 and SE_3, associated dots AD_1 and AD_3, color
dots CD_1_1, CD_1_2, CD_1_3, CD_3_1, CD_3_2, and
CD_3_3 have positive polarity as denoted by "+". Switch-
ing element SE_2, associated dot AD_2, color dots CD_
2_1, CD_2_2, and CD_2_3 have negative polarity, as
denoted by "-".
[0111] Fig. 8(b) shows the negative dot polarity pattern
of pixel design 810 (labeled 810-). Specifically, switching
elements SE_1 and SE_3, associated dot AD_1 and AD_
3, color dots CD_1_1, CD_1_2, CD_1_3, CD_3_1, CD_
3_2, and CD_3_3 have negative polarity as denoted by
"-"; and switching element SE_2, associated dot AD_2,
color dots CD_2_1, CD_2_2, and CD_2_3 have positive
polarity as denoted by "+".
[0112] Fig. 8(c) shows the positive dot polarity pattern
of a spread pixel design 820 (e.g. pixel P3 in Fig. 7(b)).
In pixel design 820, the first color component has three
color dots CD_1_1, CD_1_2, and CD_1_3 arranged in a
left-right-left zigzag pattern. An associated dot AD_1 is
positioned offset horizontally to the right of color dot CD_
1_3 by horizontal dot offset HDO and offset vertically
below color dot CD_1_3 by vertical dot offset VDO. A
switching element SE_1 is positioned within associated
dot AD_1. The electrode of associated dot AD_1 is cou-
pled to switching element SE_1. The electrode in color
dot CD_1_3 is coupled to switching element SE_1 via
the electrode of associated dot AD_1; the electrode of
color dot CD_1_2 is coupled to switching element SE_1
via the electrodes of color dot CD_1_3 and the electrode
of associated dot AD_1; and the electrode of color dot
CD_1_1 is coupled to switching element SE_1 via the
electrodes of color dots CD_1_2 and CD_1_3 and the
electrode associated dot AD_1. The second color com-
ponent of spread pixel design 820 has three color dots
CD_2_1, CD_2_2, and CD_2_3 arranged in a left-right-
left zigzag pattern. The second color component is posi-
tioned so that the second color component is vertically
aligned with the first color component and offset horizon-
tally to the right of the first color component by horizontal
dot offset HDO. An associated dot AD_2 is positioned
offset horizontally to the right of color dot cd_2_1 by hor-
izontal dot offset HDO and offset vertically above color
dot CD_2_1 by vertical dot offset VDO. A switching ele-
ment SE_2 is positioned within associated dot AD_2. The
electrode of associated dot AD_2 is coupled to switching
element SE_2. The electrode in color dot CD_2_1 is cou-
pled to switching element SE_2 via the electrode of as-
sociated dot AD_2; the electrode of color dot CD_2_2 is
coupled to switching element SE_2 via the electrodes of
color dot CD_2_1 and the electrode of associated dot
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AD_2; and the electrode of color dot CD_2_3 is coupled
to switching element SE_2 via the electrodes of color
dots CD_2_2 and CD_2_1 and the electrode of associ-
ated dot AD_2. The third color component of spread pixel
design 820 has three color dots CD_3_1, CD_3_2, and
CD_3_3 arranged in a left-right-left zigzag pattern. The
third color component is positioned vertically aligned with
the second color component and horizontally offset to
the right of the second color component by horizontal dot
offset HDO. An associated dot AD_3 is positioned offset
horizontally to the right of color dot CD_3_3 by horizontal
dot offset HDO and offset vertically below color dot CD_
3_3 by vertical dot offset VDO. A switching element SE_
3 is positioned within associated dot AD_3. The electrode
of associated dot AD_3 is coupled to switching element
SE_3. The electrode in color dot CD_3_3 is coupled to
switching element SE_3 via the electrode of associated
dot AD_3; the electrode of color dot CD_3_2 is coupled
to switching element SE_3 via the electrodes of color dot
CD_3_3 and the electrode of associated dot AD_3; and
the electrode of color dot CD_3_1 is coupled to switching
element SE_3 via the electrodes of color dots CD_3_2
and CD_3_3 and the electrode of associated dot AD_3.
[0113] As explained above, a checkerboard pattern of
dot polarities is desirable to amplify the fringe fields in
each color dot. In Fig. 8(c) pixel design 820 is in the pos-
itive dot polarity pattern. Accordingly, switching elements
SE_1 and SE_3, associated dot AD_1 and AD_3, color
dots CD_1_1, CD_1_2, CD_1_3, CD_3_1, CD_3_2, and
CD_3_3 have positive polarity as denoted by "+". Switch-
ing element SE_2, associated dot AD_2, color dots CD_
2_1, CD_2_2, and CD_2_3 have negative polarity, as
denoted by "-".
[0114] Fig. 8(d) illustrates the negative dot polarity pat-
ter of pixel design 820. Accordingly, switching elements
SE_1 and SE_3, associated dot AD_1 and AD_3, color
dots CD_1_1, CD_1_2, CD_1_3, CD_3_1, CD_3_2, and
CD_3_3 have negative polarity as donated by "-"; and
switching element SE_2, associated dot AD_2, color dots
CD_2_1, CD_2_2, and CD_2_3 have positive polarity as
denoted by "+".
[0115] Fig. 8(e) shows the positive dot polarity pattern
of a spread pixel design 830 (e.g. pixel P2 in Fig. 7(b)).
In pixel design 830, the first color component has three
color dots CD_1_1, CD_1_2, and CD_1_3 arranged in a
right-left-right zigzag pattern. An associated dot AD_1 is
positioned aligned horizontally with CD_1_1 and offset
vertically above color dot CD_1_1 by vertical dot offset
VDO. A switching element SE_1 is positioned within as-
sociated dot AD_1. The electrode in color dot CD_1_1
is coupled to switching element SE_1; the electrode of
color dot CD_1_2 is coupled to switching element SE_1
via the electrodes of color dot CD_1_1; and the electrode
of color dot CD_1_3 is coupled to switching element SE_
1 via the electrodes of color dots CD_1_2 and CD_1_1.
The second color component of spread pixel design 830
has three color dots CD_2_1, CD_2_2, and CD_2_3 ar-
ranged in a right-left-right zigzag pattern. The second

color component is positioned so that the second color
component is vertically aligned with the first color com-
ponent and offset horizontally to the right of the first color
component by horizontal dot offset HDO. An associated
dot AD_2 is positioned aligned horizontally with color dot
CD_2_3 and offset vertically below color dot CD_2_3 by
vertical dot offset VDO. A switching element SE_2 is po-
sitioned within associated dot AD_2. The electrode in
color dot CD_2_3 is coupled to switching element SE_
2; the electrode of color dot CD_2_2 is coupled to switch-
ing element SE_2 via the electrodes of color dot CD_
2_3; and the electrode of color dot CD_2_1 is coupled
to switching element SE_2 via the electrodes of color
dots CD_2_2 and CD_2_3. The third color component
of spread pixel design 830 has three color dots CD_3_1,
CD_3_2, and CD_3_3 arranged in a right-left-right zigzag
pattern. The third color component is positioned vertically
aligned with the second color component and horizontally
offset to the right of the second color component by hor-
izontal dot offset HDO. An associated dot AD_3 is posi-
tioned aligned horizontally with color dot CD_3_1 and
offset vertically above color dot CD_3_1 by vertical dot
offset VDO. A switching element SE_3 is positioned with-
in associated dot AD_3. The electrode in color dot CD_
3_1 is coupled to switching element SE_3; the electrode
of color dot CD_3_2 is coupled to switching element SE_
3 via the electrodes of color dot CD_3_1; and the elec-
trode of color dot CD_3_3 is coupled to switching element
SE_3 via the electrodes of color dots CD_3_2 and CD_
3_1.
[0116] As explained above, a checkerboard pattern of
dot polarities is desirable to amplify the fringe fields in
each color dot. In Fig. 8(e) pixel design 830 is in the pos-
itive dot polarity pattern. Accordingly, switching elements
SE_1 and SE_3, color dots CD_1_1, CD_1_2, CD_1_3,
CD_3_1, CD_3_2, and CD_3_3 have positive polarity as
denoted by "+". Switching element SE_2, color dots CD_
2_1, CD_2_2, and CD_2_3 have negative polarity, as
denoted by "-". Associated dot AD_1 and AD_3 also have
negative dot polarity, however because switching ele-
ments SE_1 and SE_3 have positive polarity, associated
dot AD_1 and AD_3 receives the negative polarity from
a diagonally adjacent color dot. In the embodiment of Fig.
8(e), associated dots AD_1 and AD_3 are configured to
receive polarity from a color dot (not shown) to the right
and above each associated dot as denoted by ITO con-
nectors 832 and 834 respectively. The electrode of as-
sociated dot AD_2 is coupled to color dot CD_3_3 to
receive positive polarity by ITO connector 836.
[0117] Fig.8(f) shows the negative dot polarity pattern
for pixel design 830 (labeled as 830-). When pixel design
830 is in the negative dot polarity pattern, switching ele-
ments SE_1 and SE_3, color dots CD_1_1, CD_1_2,
CD_1_3, CD_3_1, CD_3_2, and CD_3_3 have negative
polarity as denoted by "-"; and switching element SE_2,
associated dot AD_1 and AD_3, and color dots CD_2_1,
CD_2_2, and CD_2_3 have positive polarity as denoted
by "+"
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[0118] Fig. 8(g) shows the positive dot polarity pattern
of a spread pixel design 840 (e.g. pixel P1 in Fig. 7(b)).
In pixel design 840, the first color component has three
color dots CD_1_1, CD_1_2, and CD_1_3 arranged in a
right-left-right zigzag pattern. An associated dot AD_1 is
positioned aligned horizontally with color dot CD_1_3
and offset vertically below color dot CD_1_3 by vertical
dot offset VDO. A switching element SE_1 is positioned
within associated dot AD_1. The electrode in color dot
CD_1_3 is coupled to switching element SE_1; the elec-
trode of color dot CD_1_2 is coupled to switching element
SE_1 via the electrodes of color dot CD_1_3; and the
electrode of color dot CD_1_1 is coupled to switching
element SE_1 via the electrodes of color dots CD_1_2
and CD_1_3. The second color component of spread
pixel design 840 has three color dots CD_2_1, CD_2_2,
and CD_2_3 arranged in a right-left-right zigzag pattern.
The second color component is positioned so that the
second color component is vertically aligned with the first
color component and offset horizontally to the right of the
first color component by horizontal dot offset HDO. An
associated dot AD_2 is positioned aligned horizontally
with color dot CD_2_1 and offset vertically above color
dot CD_2_1 by vertical dot offset VDO. A switching ele-
ment SE_2 is positioned within associated dot AD_2. The
electrode in color dot CD_2_1 is coupled to switching
element SE_2; the electrode of color dot CD_2_2 is cou-
pled to switching element SE_2 via the electrodes of color
dot CD_2_1; and the electrode of color dot CD_2_3 is
coupled to switching element SE_2 via the electrodes of
color dots CD_2_2 and CD_2_1. The third color compo-
nent of spread pixel design 840 has three color dots CD_
3_1, CD_3_2, and CD_3_3 arranged in a right-left-right
zigzag pattern. The third color component is positioned
vertically aligned with the second color component and
horizontally offset to the right of the second color com-
ponent by horizontal dot offset HDO. An associated dot
AD_3 is positioned aligned horizontally with color dot
CD_3_3 and offset vertically below color dot CD_3_3 by
vertical dot offset VDO. A switching element SE_3 is po-
sitioned within associated dot AD_3. The electrode in
color dot CD_3_3 is coupled to switching element SE_
3; the electrode of color dot CD_3_2 is coupled to switch-
ing element SE_3 via the electrodes of color dot CD_
3_3; and the electrode of color dot CD_3_1 is coupled
to switching element SE_3 via the electrodes of color
dots CD_3_2 and CD_3_3.
[0119] As explained above, a checkerboard pattern of
dot polarities is desirable to amplify the fringe fields in
each color dot. In Fig. 8(g) pixel design 840 is in the pos-
itive dot polarity pattern. Accordingly, switching elements
SE_1 and SE_3, color dots CD_1_1, CD_1_2, CD_1_3,
CD_3_1, CD_3_2, and CD_3_3 have positive polarity as
denoted by "+". Switching element SE_2, color dots CD_
2_1, CD_2_2, and CD_2_3 have negative polarity, as
denoted by "-". Associated dot AD_1 and AD_3 also have
negative polarity, however because switching elements
SE_1 and SE_3 have positive polarity, associated dot

AD_1 and AD_3 receives the negative polarity from a
diagonally adjacent color dot. In the embodiment of Fig.
8(g), associated dots AD_1 receives negative polarity
from color dot CD_2_3 via ITO connector 842. Associat-
ed dot AD_3 is configured to receive polarity from a color
dot (not shown) to the right and above associated dot
AD_3 using ITO connector 846. Conversely, associated
dot AD_2 is positive polarity but switching element SE_
2 has negative polarity. Thus, associated dot AD_2 is
configured to receive positive polarity from a color dot
(not shown) to the right and above associated dot AD_2
using ITO connector 844.
[0120] Fig. 8(h) shows the negative dot polarity pattern
of pixel design 840 (labeled as 840-). When pixel design
840 is in the negative dot polarity pattern, switching ele-
ments SE_1 and SE_3, color dots CD_1_1, CD_1_2,
CD_1_3, CD_3_1, CD_3_2, and CD_3_3 have negative
polarity as denoted by "-"; and switching element SE_2,
associated dot AD_1 and AD_3, color dots CD_2_1, CD_
2_2, and CD_2_3 have positive polarity as denoted by
"+".
[0121] Fig. 8(i) which is similar to Fig. 7(b) described
above, illustrates a portion of a display 800 using pixel
designs 810, 820, 830 and 840. In general, a first row
type is formed using pixels alternating between pixel de-
signs 820 and 810. A second row type formed using pix-
els alternating between pixel design 840 and 830. Spe-
cifically in display 800, pixels on even rows alternate be-
tween pixel design 820 and 810. For example on row 0,
pixel P(0, 0) uses pixel design 820, pixel P(0, 1) uses
pixel design 810, and pixel P(0, 2)(not shown) uses pixel
design 820. Pixels on odd rows alternate between pixel
designs 840 and 830. For example on row 1, pixel P(0,
1) uses pixel design 840, pixel P(1, 1) uses pixel design
830, and pixel P(2, 1) (not shown) uses pixel design 840.
Within a row the associated dots of adjacent pixels are
vertically aligned and horizontally separated by one hor-
izontal dot spacing HDS. The rows are horizontally
aligned and vertically interleaved so that vertically the
associated dots at the top of a first row of pixels form a
row with the associated dots at the bottom of a second
row of pixels. The pixels on each row have alternating
dot polarity. Furthermore, pixels in each column also
have alternating dot polarities. For example, pixels P(0,
0) and P(1, 1) have positive dot polarities and pixels P
(0, 1) and P(1, 0) have negative dot polarities. Even
though the dot polarity pattern of each pixel on a row of
pixel alternates between the positive dot polarity pattern
and the negative polarity pattern, display 800 can still
use switching element row inversion driving schemes
due to the placement of the switching elements of a pixel
on multiple rows and using the delayed source lines de-
scribed above with respect to Fig. 7(a) and 7(b) and fur-
ther described in detail in copending co-owned U.S. Pat-
ent Application 11/751,469 (Attorney docket Number
KYO-004), entitled "Low Cost Switching Element Point
Inversion Driving Scheme for Liquid Crystal Displays" by
Hiap L. Ong, which is incorporated herein by reference..
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[0122] One skilled in the art can adapt the principles
of the invention presented in Figs. 7(a), 7(b), and 8(a)-8
(i) for use with a variety of pixel designs. For example
Figs. 9(a)-9(d) show 2 pixel designs with 2 color dots per
color component that can be used with the delay source
line driving scheme. Specifically, Fig. 9(a) shows the pos-
itive dot polarity pattern of a spread pixel design 910 (la-
beled 910+). In pixel design 910, the first color compo-
nent has two color dots CD_1_1 and CD_1_2 arranged
in a right-left zigzag pattern. An associated dot AD_1 is
positioned offset horizontally to the left of CD_1_1 by
horizontal dot offset HDO and offset vertically above color
dot CD_1_1 by vertical dot offset VDO. A switching ele-
ment SE_1 is positioned within associated dot AD_1. The
electrode in associated dot AD_1 is coupled to switching
element SE_1. The electrode in color dot CD_1_1 is cou-
pled to switching element SE_1 via the electrode in as-
sociated dot AD_1; and the electrode of color dot CD_
1_2 is coupled to switching element SE_1 via the elec-
trodes of color dot CD_1_1 and the electrode in associ-
ated dot AD_1. The second color component of spread
pixel design 910 has two color dots CD_2_1 and CD_
2_2 arranged in a right-left zigzag pattern. The second
color component is positioned so that the second color
component is vertically aligned with the first color com-
ponent and offset horizontally to the right of the first color
component by horizontal dot offset HDO. An associated
dot AD_2 is positioned aligned horizontally with color dot
cd_2_2 and offset vertically below color dot CD_2_2 by
vertical dot offset VDO. A switching element SE_2 is po-
sitioned within associated dot AD_2. The electrode in
color dot CD_2_2 is coupled to switching element SE_
2; and the electrode of color dot CD_2_1 is coupled to
switching element SE_2 via the electrodes of color dot
CD_2_2. The third color component of spread pixel de-
sign 910 has two color dots CD_3_1 and CD_3_2 ar-
ranged in a right-left zigzag pattern. The third color com-
ponent is positioned vertically aligned with the second
color component and horizontally offset to the right of the
second color component by horizontal dot offset HDO.
An associated dot AD_3 is positioned offset horizontally
to the left of CD_3_1 by horizontal dot offset HDO and
offset vertically above color dot CD_3_1 by vertical dot
offset VDO. A switching element SE_3 is positioned with-
in associated dot AD_3. The electrode in associated dot
AD_3 is coupled to switching element SE_3. The elec-
trode in color dot CD_3_1 is coupled to switching element
SE_3 via associated dot AD_3; and the electrode of color
dot CD_3_2 is coupled to switching element SE_3 via
the electrodes of color dot CD_3_1 and the electrode in
associated dot AD_3.
[0123] As explained above, a checkerboard pattern of
dot polarities is desirable to amplify the fringe fields in
each color dot. In Fig. 9(a) pixel design 910 is in the pos-
itive dot polarity pattern. Accordingly, switching elements
SE_1 and SE_3, associated dots AD_1 and AD_3, and
color dots CD_1_1, CD_1_2, CD_3_1, and CD_3_2 have
positive polarity as denoted by "+". Switching element

SE_2, color dots CD_2_1 and CD_2_2, and CD_2_3
have negative polarity, as denoted by "-". Associated dot
AD_2, which is adjacent to color dot CD_2_2 should also
have positive polarity. However, switching element SE_
2 has negative polarity. Therefore, the electrode of as-
sociated dot AD_2 is coupled to the conductor of a diag-
onally adjacent color dot. In the embodiment of Fig. 9(a),
the electrode of associated dot AD_2 is configured to be
coupled to a color dot to the right and below associated
dot AD_2 as shown by ITO connector 912.
[0124] Fig 9(b) shows the negative dot polarity pattern
of pixel design 910 (labeled 910-). When pixel design
910 is in the negative dot polarity pattern, switching ele-
ments SE_1 and SE_3, associated dots AD_1, AD_2,
and AD_3, and color dots CD_1_1, CD_1_2, CD_3_1,
and CD_3_2 have negative polarity as denoted by "-";
and switching element SE_2, color dots CD_2_1 and
CD_2_2, and CD_2_3 have positive polarity as denoted
by "+".
[0125] Fig. 9(c) shows the positive dot polarity pattern
of a spread pixel design 920. In pixel design 920, the first
color component has two color dots CD_1_1 and CD_
1_2 arranged in a right-left zigzag pattern. An associated
dot AD_1 is positioned aligned horizontally with color dot
CD_1_2 and offset vertically below color dot CD_1_2 by
vertical dot spacing VDO. A switching element SE_1 is
positioned within associated dot AD_1. The electrode in
color dot CD_1_2 is coupled to switching element SE_
1; and the electrode of color dot CD_1_1 is coupled to
switching element SE_1 via the electrodes of color dot
CD_1_2. The second color component of spread pixel
design 920 has two color dots CD_2_1 and CD_2_2 ar-
ranged in a right-left zigzag pattern. The second color
component is positioned so that the second color com-
ponent is vertically aligned with the first color component
and offset horizontally to the right of the first color com-
ponent by horizontal dot offset HDO. An associated dot
AD_2 is positioned offset horizontally to the left of color
dot cd_2_1 by horizontal dot offset HDO and offset ver-
tically above color dot CD_2_1 by vertical dot offset VDO.
A switching element SE_2 is positioned within associated
dot AD_2. The electrode of associated dot AD_2 is cou-
pled to switching element SE_2. The electrode in color
dot CD_2_1 is coupled to switching element SE_2; and
the electrode of color dot CD_2_2 is coupled to switching
element SE_2 via the electrodes of color dot CD_2_1.
Some embodiments of the present invention would cou-
ple the electrode of color dot CD_2_1 to switching ele-
ment SE_2 via the conductor in associated dot AD_2.
The third color component of spread pixel design 920
has three color dots CD_3_1 and CD_3_2 arranged in a
right-left zigzag pattern. The third color component is po-
sitioned vertically aligned with the second color compo-
nent and horizontally offset to the right of the second
color component by horizontal dot offset HDO. An asso-
ciated dot AD_3 is positioned aligned horizontally with
color dot CD_3_2 and offset vertically below color dot
CD_3_2 by vertical dot offset VDO. A switching element
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SE_3 is positioned within associated dot AD_3. The elec-
trode in color dot CD_3_2 is coupled to switching element
SE_3; and the electrode of color dot CD_3_1 is coupled
to switching element SE_3 via the electrodes of color dot
CD_3_2.
[0126] As explained above, a checkerboard pattern of
dot polarities is desirable to amplify the fringe fields in
each color dot. In Fig. 9(c) pixel design 920 is in the pos-
itive dot polarity pattern. Accordingly, switching elements
SE_1 and SE_3, color dots CD_1_1, CD_1_2, CD_3_1,
and CD_3_2 have positive polarity as denoted by "+".
Switching element SE_2, color dots CD_2_1 and CD_
2_2, have negative polarity, as denoted by "-". Associat-
ed dot AD_1, AD_2, and AD_3 also have negative po-
larity. Because switching element SE_2 has negative po-
larity, the electrode of associated dot AD_2 is coupled to
switching element SE_2. However because switching el-
ements SE_1 and SE_3 have positive polarity, associat-
ed dot AD_1 and AD_3 receives the negative polarity
from a diagonally adjacent color dot. In Fig. 9(c), asso-
ciated dots AD_1 is configured to receive negative po-
larity from a color dot that is below and to the right of
associated dot AD_1 via ITO connector 922. Associated
dot AD_3 is configured to receive negative polarity fro a
color dot that is below and to the right of associated dot
AD_3 vial ITO connector 924.
[0127] Fig. 9(d) shows the negative dot polarity pattern
of pixel design 920 (labeled as 920-) When pixel design
920 is in the negative dot polarity pattern, switching ele-
ments SE_1 and SE_3, color dots CD_1_1, CD_1_2,
CD_3_1, and CD_3_2 have negative polarity as denoted
by "-"; and switching element SE_2, associated dots AD_
1, AD_2, and AD_3, and color dots CD_2_1 and CD_
2_2, have positive polarity as denoted by "+".
[0128] Fig. 9(e) illustrates a portion of a display 900
using pixel designs 910 and 920. Each row of display
900 is formed by alternating pixel design 910 and 920.
Pixels in a row have alternating dot polarities. Thus in
row R1, pixel P(0,1) uses pixel design 920 and has neg-
ative dot polarity; and pixel P(1,1) uses pixel design 910
and has a negative dot polarity. Alternating rows use the
same pixel designs in the same row location but have
opposite dot polarities. Thus, in row R2, pixel P(0,2) uses
pixel design 920 and has positive dot polarity; and pixel
P(1,2) uses pixel design 910 and has negative dot po-
larity. However, due to the novel pixel designs and de-
layed driving scheme, display 900 uses a switching ele-
ment row inversion driving scheme because each the
switching elements on each row of switching elements
have the same polarity while alternating rows of switching
elements have opposite polarity.
[0129] For some applications, such as mobile phones,
LCDs do not need four liquid crystal domains. Figs. 10
(a) and 10(b) show the positive and negative dot polarity
pattern of a pixel design 1010, which can be used to
create a display having two liquid crystal domains per
color dot. A display using pixel design 1010 can use a
switching element row inversion driving scheme. In Pixel

design 1010, associated dots AD_1, AD_2, and AD_3
are arranged sequentially on a row. Associated dots AD_
1 is separated from associated dot AD_2 by horizontal
dot spacing HDS (not labeled). Similarly, associated dot
AD_2 is separated from associated dot AD_3 by horizon-
tal dot spacing HDS. The electrodes of associated dots
AD_1, AD_2, and AD_3 are connected electrically by an
associated dot electrode ADE as illustrated in Figs. 10
(c), which is drawn using the positive dot polarity pattern.
For clarity associated dot electrode ADE is omitted from
Figure 10(a) and 10(b).
[0130] In some embodiments of the present invention,
instead of an associated dot electrode, each electrode
within the associated dots is electrically coupled to the
electrodes of adjacent associate dots. For example, Fig.
10(d). shows a pixel design 1020 (shown with the nega-
tive dot polarity) that includes ITO connection 1022 cou-
pling the electrode of associated dot AD_1 to the elec-
trode of associated dot AD_2 and ITO connection 1024
coupling the electrode of associated dot AD_2 to the elec-
trode of associated dot AD_3. The associated dots in
pixel design 1020 are configured to be coupled to addi-
tional associated dots in other pixels as illustrated by ITO
connector 1026.
[0131] The first color component of pixel design 1010
(Fig. 10(a)) has two color dots CD_1_1 and CD_1_2.
Color dot CD_1_1 is horizontally aligned with and offset
vertically above associated dot AD_1 by vertical dot off-
set VDO. Color dot CD_1_2 is horizontally aligned with
and offset vertically below associated dot AD_1 by ver-
tical dot offset VDO. The electrodes in both color dots
CD_1_1 and CD_1_2 are coupled to switching element
SE_1. The second color component of pixel design 1010
has two color dots CD_2_1 and CD_2_2. Color dot CD_
2_1 is horizontally aligned with and offset vertically above
associated dot AD_2 by vertical dot offset VDO. Color
dot CD_2_2 is horizontally aligned with and offset verti-
cally below associated dot AD_2 by vertical dot offset
VDO. The electrodes in both color dots CD_2_1 and CD_
2_2 are coupled to switching element SE_2. The third
color component of pixel design 1010 has two color dots
CD_3_1 and CD_3_2. Color dot CD_3_1 is horizontally
aligned with and offset vertically above associated dot
AD_3 by vertical dot offset VDO. Color dot CD_3_2 is
horizontally aligned with and offset vertically below as-
sociated dot AD_3 by vertical dot offset VDO. The elec-
trodes in both color dots CD_3_1 and CD_3_2 are cou-
pled to switching element SE_3.
[0132] As explained above, the fringe fields in the color
dots are amplified if adjacent dots have opposite polari-
ties. For pixel design 1010, the polarities of the color dots
and associated dots are assigned so that each row of
color dot or associated dot alternate in polarities. Fig 10
(a) shows the positive dot polarity pattern for pixel design
1010. Therefore, switching elements SE_1, SE_2, SE_
3, and all of the color dots have positive polarity as de-
noted by "+". However associated dots AD_1, AD_2, and
AD_3 have negative polarity as denoted by "-". Fig. 10
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(b) shows pixel design 1010 with the negative dot polarity
pattern. For the negative dot polarity pattern, switching
elements SE_1, SE_2, and SE_3, and all of the color
dots have negative polarity. Associated dots AD_1, AD_
2 and AD_3 have positive polarity as denoted by "+".
Because associated dots AD_1, AD_2, and AD_3 have
a polarity that is the opposite of switching elements SE_
1, SE_2, and SE_3, the electrode of associated dots AD_
1, AD_2, and AD_3 are coupled to another switching el-
ement as explained below and shown in Fig. 10(e).
[0133] Fig. 10(e) shows a portion of a display 1050
formed from pixels using pixel design 1010 to create rows
of alternating polarity for the color dots and associated
dots. Each row of display 1050 has pixels of pixel design
1010 arranged sequentially and having the same polarity.
Within a row the associated dots of adjacent pixels are
vertically aligned and horizontally separated by one hor-
izontal dot spacing HDS (not labeled in Fig. 10(e)). For
example in row 0, pixels P(0,0) and P(1,0) uses pixel
design 1010 and have positive dot polarity. Conversely,
in row 1, pixels P(0,1) and P(1,1) have negative dot po-
larity. In the next frame, row 0 would have negative dot
polarity while row 1 would have positive dot polarity. In
general, even numbered rows have a first dot polarity
pattern and odd number rows have a second dot polarity
pattern. This arrangement of row polarity is often referred
to as switching element row inversion driving scheme.
[0134] As explained above, the associated dots of
each pixel have an opposite polarity compared to the
color dots and switching elements. Thus, the embodi-
ment of Fig. 10(e) includes an associated dot electrode
for each row of pixels to provide the polarity for each row
of associated dots. Specifically, Fig. 10(e) shows asso-
ciated dot electrode ADE_0, which is used for row 0 (i.e.
pixels P(0,0) and P(1,0)), and associated dot electrode
ADE_1, which is used for row 1 (i.e., pixels P(1,0) and P
(1,1)). Each associated dot electrode ADE_X is coupled
to an associated dot switching element ADSE_X. For ex-
ample, associated dot electrode ADE_0 is coupled to
associated dot switching element ADSE_0, which has
negative polarity. Conversely, associated dot electrode
ADE_1 is couple to associated dot switching element
ADSE_1, which has positive polarity. For better electrical
distribution, most embodiments of the present invention
place associated dot switching elements of one polarity
on one side of the display and the associated dot switch-
ing elements of the second polarity on the other side of
the display. Thus for example in Fig. 10(e), associated
dot switching element ADSE_0 is on the left side of the
display and associated dot switching element ADSE_1
is on the right side of the display (as illustrated using the
ellipsis and greater separation of associated dot switch-
ing element ADSE_1 from the pixels in Fig. 10(e)). In
some embodiments of the present invention, multiple as-
sociated dot electrodes may be coupled to a single as-
sociated dot switching element to reduce the number of
switching elements. As illustrated in Fig. 10(e), using the
pixel designs described above, display 1050 has an al-

ternating row pattern of dot polarities. Thus, each color
dot will have two liquid crystal domains. In a particular
embodiment of the present invention, each color dot has
a width of 43 micrometers and a height of 47 micrometers.
Each associated dot has a width of 43 micrometers and
a height of 39 micrometers. The horizontal and vertical
dot spacing is 4 micrometers.
[0135] Figs. 11(a) and 11(b) show the positive and
negative dot polarity pattern of a pixel design 1110, which
is a three color dot variant of pixel design 1010. In Pixel
design 1110, each color component includes three color
dots. Furthermore two associated dots are used with
each color component. For clarity the associated dots
associated with the first color components are labeled
AD_1_1 and AD_1_2. Associated dots AD_1_1, AD_
2_1, and AD_3_1 are arranged sequentially on a row.
Associated dots AD_1_1 is separated from associated
dot AD_2_1 by horizontal dot spacing HDS (not labeled).
Similarly, associated dot AD_2_1 is separated from as-
sociated dot AD_3_1 by horizontal dot spacing HDS. As-
sociated dots AD_1_1, AD_2_1, and AD_3_1 are con-
nected electrically by an associated dot electrode ADE
as illustrated in Figs. 11(c). For Clarity associated dot
electrode ADE is omitted from Figure 11(a) and 11(b). In
some embodiments of the present invention, instead of
an associated dot electrode, each electrode within the
associated dots is electrically coupled to the electrodes
of adjacent associate dots (i.e. in the same manner as
in Fig. 10(d)).
[0136] Associated dots AD_1_2, AD_2_2, and AD_
3_2 are arranged sequentially on a row. Associated dots
AD_1_1, AD_2_1, and AD_3_1 are horizontally aligned
with associated dots AD_1_2, AD_2_2, and AD_3_2, re-
spectively. Associated dots AD_1_1, AD_2_1, and AD_
3_1 are located vertically above associated dots AD_
1_2, AD_2_2, and AD_3_2, respectively, and separated
by the color dot height CDH and two time the vertical dot
spacing VDS. Associated dots AD_1_2, AD_2_2, and
AD_3_2 are connected electrically by an associated dot
electrode ADE as illustrated in Figs. 11(c). Switching el-
ements SE_1, SE_2, and SE_3 are positioned within as-
sociated dots AD_1_2, AD_2_2, and AD_3_2, respec-
tively. The first color component of pixel design 1110 has
three color dots CD_1_1, CD_1_2, and CD_1_3. Color
dot CD_1_1 is horizontally aligned with and offset verti-
cally above associated dot AD_1_1 by vertical dot offset
VDO. Color dot CD_1_2 is horizontally aligned with and
offset vertically below associated dot AD_1_1 by vertical
dot offset VDO, and color dot CD_1_3 is horizontally
aligned with and offset vertically below associated dot
AD_1_2 by vertical dot offset VDO. The electrodes in
color dots CD_1_1, CD_1_2, and CD_1_3 are coupled
to switching element SE_1. The second color component
of pixel design 1110 has three color dots CD_2_1, CD_
2_2, and CD_2_3. Color dot CD_2_1 is horizontally
aligned with and offset vertically above associated dot
AD_2_1 by vertical dot offset VDO. Color dot CD_2_2 is
horizontally aligned with and offset vertically below as-
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sociated dot AD_2_1 by vertical dot offset VDO, and color
dot CD_2_3 is horizontally aligned with and offset verti-
cally below associated dot AD_2_2 by vertical dot offset
VDO. The electrodes in color dots CD_2_1, CD_2_2, and
CD_2_3 are coupled to switching element SE_2. The
third color component of pixel design 1110 has three color
dots CD_3_1, CD_3_2, and CD_3_3. Color dot CD_3_1
is horizontally aligned with and offset vertically above as-
sociated dot AD_3_1 by vertical dot offset VDO. Color
dot CD_3_2 is horizontally aligned with and offset verti-
cally below associated dot AD_3_1 by vertical dot offset
VDO, and color dot CD_3_3 is horizontally aligned with
and offset vertically below associated dot AD_3_2 by ver-
tical dot offset VDO. The electrodes in color dots CD_
3_1, CD_3_2, and CD_3_3 are coupled to switching el-
ement SE_3.
[0137] As explained above, the fringe fields in the color
dots are amplified if adjacent dots have opposite polari-
ties. For pixel design 1110, the polarities of the color dots
and associated dots are assigned so that each row of
color dot or associated dot alternate in polarities. Fig 11
(a) shows the positive dot polarity for pixel design 1110.
Therefore, switching elements SE_1, SE_2, SE_3, and
all of the color dots have positive polarity as denoted by
"+". However associated dots AD_1_1, AD_1_2, AD_
2_1, AD_2_2, AD_3_1, and AD_3_2, have negative po-
larity as denoted by "-". Fig. 11(b) shows pixel design
1110 with the negative dot polarity pattern. For the neg-
ative dot polarity pattern, switching elements SE_1, SE_
2, and SE_3, and all of the color dots have negative po-
larity. Associated dots AD_1_1, AD_1_2, AD_2_1, AD_
2_2, AD_3_1, and AD_3_2 have positive polarity. Be-
cause associated dots AD_1_1, AD_1_2, AD_2_1, AD_
2_2, AD_3_1, and AD_3_2 have a polarity that is the
opposite of switching elements SE_1, SE_2, and SE_3,
the electrodes of associated dots AD_1_1, AD_1_2, AD_
2_1, AD_2_2, AD_3_1, and AD_3_2 are coupled to an-
other switching element as explained below and shown
in Fig. 11(c).
[0138] Fig. 11(c) shows a portion of a display 1150
formed from pixels using pixel design 1110 to create rows
of alternating polarity for the color dots and associated
dots. Each row of display 1150 has pixels of pixel design
1110 arranged sequentially and having the same polarity.
Due to space limitations associated dots as labeled as
ADXY instead of AD_X_Y as used in Fig. 11(a) and 11
(b). Within a row the associated dots of adjacent pixels
are vertically aligned and horizontally separated by one
horizontal dot spacing HDS (not labeled in Fig. 11(c)).
For example in row 0, pixels P(0,0) and P(1, 0) uses pixel
design 1110 and have positive dot polarity. Conversely,
in row 1, pixels P(0,1) and P(1,1) have negative dot po-
larity. In the next frame, row 0 would have negative dot
polarity while row 1 would have positive dot polarity. In
general, even numbered rows have a first dot polarity
pattern and odd number rows have a second dot polarity
pattern. This arrangement of row polarity is often referred
to as row inversion driving scheme.

[0139] As explained above, the associated dots of
each pixel have an opposite polarity compared to the
color dots and switching elements. Thus, the embodi-
ment of Fig. 11(c) includes an associated dot electrode
for each row of associated dots to provide the polarity for
the associated dots. Specifically, Fig. 11(c) shows asso-
ciated dot electrodes ADE_0_1 and ADE_0_2, which are
used for row 0 (i.e. pixels P(0,0) and P(1,0), and associ-
ated dot electrode ADE_1_1 and ADE_1_2, which are
used for row 1 (i.e., pixels P(1,0) and P(1,1)). Associated
dot electrodes ADE_X_Y are coupled to an associated
dot switching element ADSE_X. For example, associat-
ed dot electrodes ADE_0_1 and ADE_0_2 are coupled
to associated dot switching element ADSE_0, which has
negative polarity. Conversely, associated dot electrodes
ADE_1_1 and ADE_1_2 are couple to associated dot
switching element ADSE_1, which has positive polarity.
For better electrical distribution, some embodiments of
the present invention place associated dot switching el-
ements of one polarity on one side of the display and the
associated dot switching elements of the second polarity
on the other side of the display. Thus for example in these
embodiments associated dot switching element ADSE_
0 is on the left side of the display and associated dot
switching element ADSE_1 would be on the right side of
the display. As illustrated in Fig. 11(c), using the pixel
designs described above, display 1150 has an alternat-
ing row pattern of dot polarities. Thus, each color dot will
have two liquid crystal domains. In a particular embodi-
ment of the present invention, each color dot has a width
of 43 micrometers and a height of 47 micrometers. Each
associated dot has a width of 43 micrometers and a
height of 39 micrometers. The horizontal and vertical dot
spacing is 4 micrometers.
[0140] Pixel designs 1010 and 1110 allow for simpler
color filters because the color dots of each color compo-
nent are aligned horizontally. Furthermore in some ap-
plication straight color components may provide advan-
tages over color component using zigzag patterns of
color components. However, pixel designs 1010 and
1110 only have two liquid crystal domains as compared
to four liquid crystal domains of most of the other pixel
designs presented herein. Fig. 12(a) and 12(b) illustrate
a pixel design 1210 that provides four liquid crystal do-
mains while maintaining straight color components. How-
ever, pixel design 1210 uses switching element point in-
version, which is generally more difficult to implement
than switching element row inversion. Figs. 12(a) and 12
(b) show the positive and negative dot polarity pattern of
a pixel design 1210 (labeled as 1210+ and 1210-, re-
spectively). Pixel design 1210 can be used to create a
display having four liquid crystal domains per color dot.
In Pixel design 1210, associated dots AD_1, AD_2, and
AD_3 are arranged sequentially on a row. Associated
dots AD_1 is separated from associated dot AD_2 by
horizontal dot spacing HDS. Similarly, associated dot
AD_2 is separated from associated dot AD_3 by horizon-
tal dot spacing HDS. Switching elements SE_1, SE_2,
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and SE_3 are positioned within associated dots AD_1,
AD_2, and AD_3, respectively.
[0141] The first color component of pixel design 1210
has two color dots CD_1_1 and CD_1_2. Color dot CD_
1_1 is horizontally aligned with and offset vertically above
associated dot AD_1 by vertical dot offset VDO. Color
dot CD_1_2 is horizontally aligned with and offset verti-
cally below associated dot AD_1 by vertical dot offset
VDO. The electrodes in both color dots CD_1_1 and CD_
1_2 are electrically coupled to switching element SE_1.
In the specific embodiment of Fig. 12(a) the electrode of
color dot CO_1_2 is coupled to switching element SE_1
via the electrode of associated dot AD_2 and the elec-
trode of color dot CD_1_1. The second color component
of pixel design 1210 has two color dots CD_2_1 and CD_
2_2. Color dot CD_2_1 is horizontally aligned with and
offset vertically above associated dot AD_2 by vertical
dot offset VDO. Color dot CD_2_2 is horizontally aligned
with and offset vertically below associated dot AD_2 by
vertical dot offset VDO. The electrodes in both color dots
CD_2_1 and CD_2_2 are coupled to switching element
SE_2. In the specific embodiment of Fig. 12(a), the elec-
trode of color dot CD_2_2 is coupled to switching element
SE_2 via the electrode of associated dot AD_3 and the
electrode of color dot CD_2_1. The third color component
of pixel design 1210 has two color dots CD_3_1 and CD_
3_2. Color dot CD_3_1 is horizontally aligned with and
offset vertically above associated dot AD_3 by vertical
dot offset VDO. Color dot CD_3_2 is horizontally aligned
with and offset vertically below associated dot AD_3 by
vertical dot offset VDO. The electrodes in both color dots
CD_3_1 and CD_3_2 are coupled to switching element
SE_3. In the specific embodiment of Fig 12(a) the elec-
trode of color dot CD_3_2 is coupled to switching element
SE_3 via the electrode of an associated dot of an adja-
cent pixel and the electrode of color dot CD_3_1. Spe-
cifically, ITO connectors 1212 and 1214 from an adjacent
pixel would connect color dot CD_3_1 and CD_3_2.
However, many embodiments may couple the electrode
of color dot CD_3_2 to switching element SE_3 directly.
[0142] As explained above, the fringe fields in the color
dots are amplified if adjacent dots have opposite polari-
ties. For pixel design 1210, the polarities of the color dots
and associated dots are assigned to form a checkerboard
pattern of polarities. Fig 12(a) shows the positive dot po-
larity pattern for pixel design 1210. Therefore, switching
elements SE_1 and SE_3, and color dots CD_1_1, CD_
1_2, CD_3_1, and CD_3_2, and associated dot AD_2
have positive polarity as denoted by "+". However,
switching element SE_2, color dots CD_2_1 and CD_
2_2, and associated dots AD_1 and AD_3 have negative
polarity as denoted by "-". As explained above, associ-
ated dot AD_2 receives polarity from switching element
SE_1; associated dot AD_3 receives polarity from switch-
ing element SE_2; and associate dot AD_1 receives po-
larity from an adjacent pixel. However some embodi-
ments of the present invention may couple the electrode
of associated dot AD_1 to switching element SE_2. Fig

12(b) shows the negative dot polarity for pixel design
1210. Therefore, switching elements SE_1 and SE_3,
and color dots CD_1_1, CD_1_2, CD_3_1, and CD_3_2,
and associated dot AD_2 have negative polarity as de-
noted by "-". However, switching element SE_2, color
dots CD_2_1 and CD_2_2, and associated dots AD_1
and AD_3 have positive polarity as denoted by "+".
[0143] Fig. 12(c) shows a portion of a display 1250
formed from pixels using pixel design 1210 to create a
checkerboard pattern of polarities for the color dots and
associated dots. Each row of display 1250 has pixels of
pixel design 1210 arranged sequentially and has alter-
nating polarity. Within a row the associated dots of adja-
cent pixels are vertically aligned and horizontally sepa-
rated by one horizontal dot spacing HDS (not labeled in
Fig. 12(c)). For example in row 0, pixel P(0,0) has positive
dot polarity while pixel P(1, 0) has negative dot polarity.
Furthermore, pixels in a column also have alternating dot
polarities so that in adjacent rows, pixels in the same
location on a row have opposite polarities. For example,
in row 1, pixel P(0,1) has negative dot polarity while pixel
P(1,1) has positive dot polarity. In the next frame, all pix-
els would switch dot polarities. In general, a pixel P(X,
Y) has a first dot polarity if X+Y is odd and has a second
dot polarity if X+Y is even. A close examination of the
switching elements in display 1250 shows that the polar-
ities of the switching elements are also in a checkerboard
pattern. This arrangement of switching element is an ex-
ample of the switching element point inversion driving
scheme.
[0144] Fig. 13(a) illustrates the positive dot polarity pat-
tern of pixel design 1310 that is a variant of pixel design
1210 suited for displays using switching element column
inversion driving scheme. Pixel design 1310 adds three
additional associated dots to pixel design 1210. For brev-
ity the description of the elements that are the same in
pixel design 1210 and 1310 is not repeated. (However,
ITO connectors 1212 and 1214 are relabeled as 1312
and 1314). Pixel design 1310 adds associated dots AD_
4, AD_5, and AD_6. Specifically, associated dot AD_4
is aligned horizontally with color dot CD_1_2 and offset
vertically below color dot CD_1_2 by vertical dot offset
VDO. Associated dot AD_5 is aligned horizontally with
color dot CD_2_2 and offset vertically below color dot
CD_2_2 by vertical dot offset VDO. Associated dot AD_
6 is aligned horizontally with color dot CD_3_2 and offset
vertically below color dot CD_3_2 by vertical dot offset
VDO. To achieve a checkerboard pattern associated dots
AD_4 and AD_6 should have negative polarity while as-
sociated dot AD_5 has positive polarity for the positive
dot polarity of pixel design 1310. Thus, the polarity of
associated dots AD_4, AD_5, and AD_6 match the po-
larity of associated dots AD_1, AD_2, and AD_3, respec-
tively. Most embodiments of the pixel design 1310 elec-
trically couple the electrodes of associated dots AD_4,
AD_5, and AD_6 to the electrodes of associated dots
AD_1, AD_2, and AD_3, respectively. Often, the coupling
is via other dots. For example, as illustrated in Fig 13(a),
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the electrode of associated dot AD_5 is coupled to the
electrode of associated dot AD_2 via the electrode of
color dot CD_1_2. Similarly, the electrode of associated
dot AD_6 is coupled to the electrode of associated dot
AD_3 via the electrode of color dot CD_2_2.
Pixel design 1310 is configured to couple associated dot
AD_4 to associated dot AD_1 via a color dot of an adja-
cent pixel. These connections are illustrated by ITO con-
nectors 1314 and 1316. Thus, in the positive dot polarity
pattern of pixel design 1310, switching element SE_1
and SE_3, color dots CD_1_1, CD_1_2, CD_3_1, and
CD_3_2, and associated dots AD_2 and AD_5 have pos-
itive polarity as denoted by "+"; and switching element
SE_2, color dots CD_2_1 and CD_2_2, associated dots
AD_1, AD_4, AD_3 and AD_6 have negative polarity as
denoted by "-".
[0145] Fig. 13(b) illustrates the negative dot polarity
pattern of pixel design 1310 (labeled 1310-). In the neg-
ative dot polarity pattern of pixel design 1310, switching
element SE_1 and SE_3, color dots CD_1_1, CD_1_2,
CD_3_1, and CD_3_1, and associated dots AD_2 and
AD_5 have negative polarity as denoted by "-"; and
switching element SE_2, color dots CD_2_1 and CD_
2_2, associated dots AD_1, AD_4, AD_3 and AD_6 have
positive polarity as denoted by "+".
[0146] Fig. 13(c) shows a portion of a display 1320
formed from pixels using pixel design 1310 to create a
checkerboard pattern of polarities for the color dots and
associated dots. Each row of display 1320 has pixels of
pixel design 1310 arranged sequentially and having al-
ternating polarity. Within a row the associated dots of
adjacent pixels are vertically aligned and horizontally
separated by one horizontal dot spacing HDS (not la-
beled in Fig. 13(c)). Each row begins with the same po-
larity, i.e. the pixels in each column of pixels have the
same dot polarity, but each column has a different dot
polarity from its adjacent columns. For example, pixels
P(0, 0) and P(1, 0) have positive dot polarity and Pixels
P(0, 1) and P(1, 1) have negative dot polarity. Thus, in
general a pixel P(X, Y) in such a display would have a
first dot polarity if X is even, and a second dot polarity if
X is odd. The switching elements of display 1320 have
a similar pattern, i.e., the switching elements in each col-
umn have the same polarity but switching elements in
adjacent columns have opposite polarity. Thus, display
1320 uses the switching element column inversion driv-
ing scheme.
[0147] Fig. 13(d) illustrates the positive dot polarity pat-
tern of pixel design 1330 that is a variant of pixel design
1310 suited for displays using switching element point
inversion driving scheme. In pixel design 1330, each
color component has three color dots. Thus, pixel design
1330 adds three additional color dots to pixel design
1310. For brevity the description of the elements that are
the same in pixel design 1310 and 1330 is not repeated.
Pixel design 1330 adds color dots CD_1_3, CD_2_3, and
CD_3_3. Specifically, color dot CD_1_3 is aligned hori-
zontally with associated dot AD-4 and offset vertically

below associated dot AD_4 by vertical dot offset VDO.
Color dot CD_2_3 is aligned horizontally with associated
dot AD_5 and offset vertically below associated dot AD_
5 by vertical dot offset VDO. Color dot CD_3_3 is aligned
horizontally with associated dot AD_6 and offset vertical-
ly below associated dot AD_6 by vertical dot offset VDO.
To achieve a checkerboard pattern color dots CD_2_3
should have negative polarity while color dots CD_1_3
and CD_3_3 should have positive polarity for the positive
dot polarity of pixel design 1330. Thus, the polarity of
color dots CD_1_3, CD_2_3, and CD_3_3 match the po-
larity of color dots CD_1_2, CD_2_2, and CD_3_2, re-
spectively. Most embodiments of the pixel design 1330
electrically couple the electrodes of color dots CD_1_3,
CD_2_3, and CD_3_3 to the electrodes of color dots CD_
1_2, CD_2_2, and CD_3_2, respectively. Often, the cou-
pling is via other dots. For example, as illustrated in Fig
13(d), the electrode of color dot CD_2_3 is coupled to
the electrode of color dot CD_2_2 via the electrode of
associated dot AD_6. Similarly, the electrode of color dot
CD_1_3 is coupled to the electrode of color dot CD_1_2
via the electrode of associated dot AD_5. Pixel design
1330 is configured to couple color dot CD_3_3 to color
dot CD_3_2 via an associated dot of an adjacent pixel.
These connections are illustrated by ITO connectors
1316 and 1338. Thus, in the positive dot polarity pattern
of pixel design 1330, switching element SE_1 and SE_
3, color dots CD_1_1, CD_1_2, CD_1_3, CD_3_1, CD_
3_2, and CD_3_3, and associated dots AD_2 and AD_
5 have positive polarity as denoted by "+"; and switching
element SE_2, color dots CD_2_1, CD_2_2, and CD_
2_3, associated dots AD_1, AD_4, AD_3 and AD_6 have
negative polarity as denoted by
[0148] Fig. 13(e) illustrates the negative dot polarity
pattern of pixel design 1330 (labeled 1330-). In the neg-
ative dot polarity pattern of pixel design 1330, switching
element SE_1 and SE_3, color dots CD_1_1, CD_1_2,
CD_1_3, CD_3_1, CD_3_2, and CD_3_3, and associat-
ed dots AD_2 and AD_5 have negative polarity as de-
noted by "-"; and switching element SE_2, color dots CD_
2_1, CD_2_2, and CD_2_3, associated dots AD_1, AD_
4, AD_3 and AD_6 have positive polarity as denoted by
"+".
[0149] Fig. 13(f) shows a portion of a display 1340
formed from pixels using pixel design 1330 to create a
checkerboard pattern of polarities for the color dots and
associated dots. Each row of display 1340 has pixels of
pixel design 1330 arranged sequentially and having al-
ternating polarity. Within a row the associated dots of
adjacent pixels are vertically aligned and horizontally
separated by one horizontal dot spacing HDS (not la-
beled in Fig. 13(f)). For example in row 0, pixels P(0,0)
has negative dot polarity while pixel P(1, 0) has positive
dot polarity. Furthermore, pixels in a column also have
alternating dot polarities so that in adjacent rows, pixels
in the same location on a row have opposite polarities.
For example, in row 1, pixel 2(0,1) has positive dot po-
larity while pixel P(1,1) has negative dot polarity. In the
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next frame, all pixels would switch dot polarities. In gen-
eral, a pixel P(X, Y) has a first dot polarity if X+Y is odd
and has a second dot polarity if X+Y is even. A close
examination of the switching elements in display 1340
shows that the polarities of the switching elements are
also in a checkerboard pattern. Thus, display 1340 uses
the switching element point inversion driving scheme.
[0150] Fig. 13 (g) illustrates the positive dot polarity
pattern of pixel design 1350 that is a variant of pixel de-
sign 1330 suited for displays using switching element
column inversion driving scheme. Pixel design 1350 adds
three additional associated dots to pixel design 1330. For
brevity the description of the elements that are the same
in pixel design 1350 and 1330 is not repeated. Pixel de-
sign 1350 adds associated dots AD_7, AD_8, and AD_
9. Specifically, associated dot AD_7 is aligned horizon-
tally with color dot CD_1_3 and offset vertically below
color dot CD_1_3 by vertical dot offset VDO. Associated
dot AD_8 is aligned horizontally with color dot CD_2_3
and offset vertically below color dot CD_2_3 by vertical
dot offset VDO. Associated dot AD_9 is aligned horizon-
tally with color dot CD_3_3 and offset vertically below
color dot CD_3_3 by vertical dot offset VDO. To achieve
a checkerboard pattern associated dots AD_7 and AD_
9 should have negative polarity while associated dot AD_
8 has positive polarity for the positive dot polarity of pixel
design 1350. Thus, the polarity of associated dots AD_
7, AD_8, and AD_9 match the polarity of associated dots
AD_4, AD_5, and AD_6, respectively. Most embodi-
ments of the pixel design 1350 electrically couple the
electrodes of associated dots AD_7, AD_8, and AD_9 to
the electrodes of associated dots AD_4, AD_5, and AD_
6, respectively. Often, the coupling is via other dots. For
example, as illustrated in Fig 13(g), the electrode of as-
sociated dot AD_8 is coupled to the electrode of associ-
ated dot AD_5 via the electrode of color dot CD_1_3.
Similarly, the electrode of associated dot AD_9 is coupled
to the electrode of associated dot AD_6 via the electrode
of color dot CD_2_3.
Pixel design 1350 is configured to couple associated dot
AD_7 to associated dot AD_4 via a color dot of an adja-
cent pixel. These connections are illustrated by ITO con-
nectors 1338 and 1358. Thus, in the positive dot polarity
pattern of pixel design 1350, switching elements SE_1
and SE_3, color dots CD_1_1, CD_1_2, CD_1_3, CD_
3_1, CD_3_2, and CD_3_3, and associated dots AD_2,
AD_5, and AD_8 have positive polarity as denoted by
"+"; and switching element SE_2, color dots CD_2_1,
CD_2_2 and CD_2_3, associated dots AD_1, AD_4, AD_
7, AD_3, AD_6, and AD_7 have negative polarity as de-
noted by "-".
[0151] Fig. 13(h) illustrates the negative dot polarity
pattern of pixel design 1350 (labeled 1350-). In the neg-
ative dot polarity pattern of pixel design 1350, switching
elements SE_1 and SE_3, color dots CD_1_1, CD_1_2,
CD_1_3, CD_3_1, CD_3_2 and CD_3_3, and associat-
ed dots AD_2, AD_5, and AD_8 have negative polarity
as denoted by "-"; and switching element SE_2, color

dots CD_2_1, CD_2_2 and CD_2_3, associated dots
AD_1, AD_4, AD_7, AD_3, AD_6, and AD_9 have pos-
itive polarity as denoted by "+".
[0152] Fig. 13(i) shows a portion of a display 1360
formed from pixels using pixel design 1350 to create a
checkerboard pattern of polarities for the color dots and
associated dots. Each row of display 1360 has pixels of
pixel design 1350 arranged sequentially and having al-
ternating polarity. Within each row associated dots of ad-
jacent pixels are vertically aligned and horizontally sep-
arated by one horizontal dot spacing HDS (not labeled
in Fig. 13(i)). Each row begins with the same polarity, i.e.
the pixels in each column of pixels have the same dot
polarity, but each column has a different dot polarity from
its adjacent columns. For example, pixels P(0, 0) and P
(1, 0) have positive dot polarity and Pixels P(0, 1) and P
(1, 1) have negative dot polarity. Thus, in general a pixel
P(X, Y) in such a display would have a first dot polarity
if X is even, and a second dot polarity if X is odd. The
switching elements of display 1360 have a similar pat-
tern, i.e., the switching elements in each column have
the same polarity but switching elements in adjacent col-
umns have opposite polarity. Thus, display 1360 uses
the switching element column inversion driving scheme.
[0153] Figs. 14(a) and 14(b) show the positive and
negative dot polarity pattern of a pixel design 1410 (la-
beled 1410+ and 1410-, respectively), which can be used
to create a display having four liquid crystal domains per
color dot. In pixel design 1410, associated dots AD_1,
AD_2, and AD_3 are arranged sequentially on a row.
Associated dots AD_1 is separated from associated dot
AD_2 by horizontal dot spacing HDS. Similarly, associ-
ated dot AD_2 is separated from associated dot AD_3
by horizontal dot spacing HDS. Switching elements SE_
1, SE_2, and SE_3 are positioned within associated dots
AD_1, AD_2, and AD_3, respectively.
[0154] The first color component of pixel design 1410
has two color dots CD_1_1 and CD_1_2 in a right-left
zigzag pattern. The first color component is positioned
so that color dot CD_1_2 is horizontally aligned with as-
sociated dot AD_1 and offset vertically above associated
dot AD_1 by vertical dot offset VDO. The electrode of
color dot CD_1_2 is coupled to switching element SE_1
and to the electrode of color dot CD_1_1, thus electrically
coupling the electrode of color dot CD_1_1 to switching
element SE_1. The second color component of pixel de-
sign 1410 has two color dots CD_2_1 and CD_2_2 in a
right-left zigzag pattern. The second color component is
positioned so that color dot CD_2_2 is horizontally
aligned with associated dot AD_2 and offset vertically
above associated dot AD_2 by vertical dot offset VDO.
The electrode of color dot CD_2_2 is coupled to switching
element SE_2 and to the electrode of color dot CD_2_1,
thus electrically coupling the electrode of color dot CD_
2_1 to switching element SE_2. The third color compo-
nent of pixel design 1410 has two color dots CD_3_1 and
CD_3_2 in a right-left zigzag pattern. The third color com-
ponent is positioned so that color dot CD_3_2 is horizon-
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tally aligned with associated dot AD_3 and offset verti-
cally above associated dot AD_3 by vertical dot offset
VDO. The electrode of color dot CD_3_2 is coupled to
switching element SE_3 and to the electrode of color dot
CD_3_1, thus electrically coupling the electrode of color
dot CD_3_1 to switching element SE_3.
[0155] As explained above, the fringe fields in the color
dots are amplified if adjacent dots have opposite polari-
ties. For pixel design 1410, the polarities of the color dots
and associated dots are assigned to form a checkerboard
pattern of polarities. Fig 14(a) shows the positive dot po-
larity pattern for pixel design 1410. Therefore, switching
elements SE_1 and SE_3, color dots CD_1_1, CD_1_2,
CD_3_1, and CD_3_2, and associated dot AD_2 have
positive polarity as denoted by "+". However, switching
element SE_2, color dots CD_2_1 and CD_2_2, and as-
sociated dots AD_1 and AD_3 have negative polarity as
denoted by "-". Because, associated dot AD_1 and color
dot CD_2_2 should have the same polarity, the electrode
of associated dot AD_1 is coupled the electrode of color
dot CD_2_2. Similarly, because associated dot AD_2
and color dot CD_3_2 should have the same polarity,
therefore, the electrode of associated dot AD_2 is cou-
pled to the electrode of color dot CD_3_2. Even though
associated dot AD_3 and color dot CD_2_2 have the
same polarity, the electrode of associated dot AD_3 is
configured to receive proper polarity from the adjacent
pixel to avoid crossing connections with the connection
between associated dot AD_2 and color dot CD_3_2.
This connection is illustrated by ITO connector 1412. Fig
14(b) shows the negative dot polarity for pixel design
1410. Therefore, switching elements SE_1 and SE_3,
and color dots CD_1_1, CD_1_2, CD_3_1, and CD_3_2,
and associated dot AD_2 have negative polarity as de-
noted by "-". However, switching element SE_2, color
dots CD_2_1 and CD_2_2, and associated dots AD_1
and AD_3 have positive polarity as denoted by "+".
[0156] Fig. 14(c) shows a portion of a display 1450
formed from pixels using pixel design 1410 to create a
checkerboard pattern of polarities for the color dots and
associated dots. Each row of display 1450 has pixels of
pixel design 1410 arranged sequentially and having al-
ternating polarity. Within a row the associated dots of
adjacent pixels are vertically aligned and horizontally
separated by one horizontal dot spacing HDS (not la-
beled in Fig. 14(c)). For example in row 0, pixel P(0,0)
has positive dot polarity while pixel P(1, 0) has negative
dot polarity. Furthermore, pixels in a column also have
alternating dot polarities so that in adjacent rows, pixels
in the same location on a row have opposite polarities.
For example, in row 1, pixel P(0,1) has negative dot po-
larity while pixel P(1,1) has positive dot polarity. In the
next frame, all pixels would switch dot polarities. In gen-
eral, a pixel P(X, Y) has a first dot polarity if X+Y is odd
and has a second dot polarity if X+Y is even. A close
examination of the switching elements in display 1450
shows that the polarities of the switching elements are
also in a checkerboard pattern. This arrangement of

switching element is an example of the switching element
point inversion driving scheme.
[0157] Fig. 15(a) and 15(b) shows the positive and
negative dot polarity pattern of a pixel design 1510 (la-
beled 1510+ and 1510-), respectively. Pixel design 1510
is a variant of pixel design 1410 having three color dots
per color component. In Pixel design 1510, associated
dots AD_1, AD_2, and AD_3 are arranged sequentially
on a row. Associated dots AD_1 is separated from asso-
ciated dot AD_2 by horizontal dot spacing HDS (not la-
beled). Similarly, associated dot AD_2 is separated from
associated dot AD_3 by horizontal dot spacing HDS.
Switching elements SE_1, SE_2, and SE_3 are posi-
tioned within associated dots AD_1, AD_2, and AD_3,
respectively.
[0158] The first color component of pixel design 1510
has three color dots CD_1_1, CD_1_2, and CD_1_3 in
a left-right-left zigzag pattern. The first color component
is positioned so that color dot CD_1_3 is horizontally
aligned with associated dot AD_1 and offset vertically
above associated dot AD_1 by vertical dot offset VDO.
The electrode of color dot CD_1_3 is coupled to switching
element SE_1 and to the electrode of color dot CD_1_2,
which is also coupled to the electrode of color dot CD_
1_1, thus electrically coupling the electrodes of color dot
CD_1_1, CD_1_2 and CD_1_3 to switching element SE_
1. The second color component of pixel design 1510 has
three color dots CD_2_1, CD_2_2, and CD_2_3 in a left-
right-left zigzag pattern. The second color component is
positioned so that color dot CD_2_3 is horizontally
aligned with associated dot AD_2 and offset vertically
above associated dot AD_2 by vertical dot offset VDO.
The electrode of color dot CD_2_3 is coupled to switching
element SE_2 and to the electrode of color dot CD_2_2,
which is also coupled to the electrode of color dot CD_
2_1, thus electrically coupling the electrodes of color dot
CD_2_1, CD_2_2, and CD_2_3 to switching element
SE_2. The third color component of pixel design 1510
has three color dots CD_3_1, CD_3_2, and CD_3_3 in
a left-right-left zigzag pattern. The third color component
is positioned so that color dot CD_3_3 is horizontally
aligned with associated dot AD_3 and offset vertically
above associated dot AD_3 by vertical dot offset VDO.
The electrode of color dot CD_3_3 is coupled to switching
element SE_3 and to the electrode of color dot CD_3_2,
which is also coupled to the electrode of color dot CD_
1_1, thus electrically coupling the electrodes of color dot
CD_3_1, CD_3_2, and CD_3_3 to switching element
SE_3.
[0159] As explained above, the fringe fields in the color
dots are amplified if adjacent dots have opposite polari-
ties. For pixel design 1510, the polarities of the color dots
and associated dots are assigned to form a checkerboard
pattern of polarities. Fig 15(a) shows the positive dot po-
larity pattern for pixel design 1510. Therefore in Fig. 15
(a), switching elements SE_1 and SE_3, color dots CD_
1_1, CD_1_2, CD_1_3, CD_3_1, CD_3_2, and CD_3_3,
and associated dot AD_2 have positive polarity as de-
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noted by "+". However, switching element SE_2, color
dots CD_2_1, CD_2_2, and CD_2_3, and associated
dots AD_1 and AD_3 have negative polarity as denoted
by "-".
Because, associated dot AD_1 and color dot CD_2_3
should have the same polarity, the electrode of associ-
ated dot AD_1 is coupled the electrode of color dot CD_
2_3. Similarly, because associated dot AD_2 and color
dot CD_3_3 should have the same polarity, therefore,
the electrode of associated dot AD_2 is coupled to the
electrode of color dot CD_3_3. Even though associated
dot AD_3 and color dot CD_2_3 have the same polarity,
the electrode of associated dot AD_3 is configured to
receive proper polarity from the adjacent pixel to avoid
crossing connections with the connection between asso-
ciated dot AD_2 and color dot CD_3_3. This connection
is illustrated by ITO connection 1512.
[0160] Fig. 15(b) shows the negative dot polarity pat-
tern of pixel design 1510. Therefore in Fig. 15(b), switch-
ing elements SE_1 and SE_3, color dots CD_1_1, CD_
1_2, CD_1_3, CD_3_1, CD_3_2, and CD_3_3, and as-
sociated dot AD_2 have negative polarity as denoted by
"-". However, switching element SE_2, color dots CD_
2_1, CD_2_2, and CD_2_3, and associated dots AD_1
and AD_3 have positive polarity as denoted by "+".
[0161] Fig. 15(c) shows a portion of a display 1500
formed from pixels using pixel design 1510 to create a
checkerboard pattern of polarities for the color dots and
associated dots. Each row of display 1500 has pixels of
pixel design 1510 arranged sequentially and having of
alternating dot polarities. Within a row the associated
dots of adjacent pixels are vertically aligned and horizon-
tally separated by one horizontal dot spacing HDS (not
labeled in Fig. 15(c)). For example in row 0, pixel P(0,0)
has positive dot polarity while pixel P(1, 0) has negative
dot polarity.
[0162] All rows begin with the same polarity, i.e. the
pixels in each column of pixels have the same dot polarity,
but each column has a different dot polarity from its ad-
jacent columns. For example pixels P(0, 0) and P(0, 1)
both have positive dot polarities while pixels P(1, 0) and
P(1, 1) both have negative dot polarities. In the next
frame, all pixels would switch dot polarities. Thus, in gen-
eral a pixel P(X, Y) in a display using pixel design 1500
would have a first dot polarity if Y is even, and a second
dot polarity if Y is odd. Similarly, the switching elements
also display a similar pattern (i.e. switching elements in
each column have the same polarity but switching ele-
ments in adjacent columns have different dot polarities).
This arrangement of switching elements is the switching
element column inversion driving scheme.
[0163] The preceding pixels include multiple color dots
per color components. However, some embodiments of
the present invention use associated dots with color com-
ponents having a single color dot. For example, Figs. 16
(a) and 16(b) show the positive and negative dot polarity
pattern for a pixel design 1610 (labeled 1610+ and 1610-,
respectively) having a single color dot per color compo-

nent. Using a novel arrangement of electrically biased
associated dots and color dots, pixel design 1610 can be
used to create displays having four liquid crystal domains
using switching element column inversion driving
scheme (as illustrated in Fig 16(c)).
[0164] In pixel design 1610, associated dots AD_1,
AD_2, and AD_3 are arranged sequentially on a row.
Associated dots AD_1 is separated from associated dot
AD_2 by horizontal dot spacing HDS. Similarly, associ-
ated dot AD_2 is separated from associated dot AD_3
by horizontal dot spacing HDS. Switching elements SE_
1, SE_2, and SE_3 are positioned within associated dots
AD_1, AD_2, and AD_3, respectively.
[0165] The first color component of pixel design 1610
has one color dot CD_1. The first color component is
positioned so that color dot CD_1 is horizontally aligned
with associated dot AD_1, and offset vertically above as-
sociated dot AD_1 by vertical dot offset VDO (labeled in
Figs. 16(a) and 16(b)). The electrode of color dot CD_1
is coupled to switching element SE_1. The second color
component of pixel design 1610 has one color dot CD_2.
The second color component is positioned so that color
dot CD_2 is horizontally aligned with associated dot AD_
2, and offset vertically above associated dot AD_2 by
vertical dot offset VDO. The electrode of color dot CD_
2 is coupled to switching element SE_2. The third color
component of pixel design 1610 has one color dot CD_
3. The third color component is positioned so that color
dot CD_3 is horizontally aligned with associated dot AD_
3, and offset vertically above associated dot AD_3 by
vertical dot offset VDO. the electrode of color dot CD_3
is coupled to switching element SE_3
[0166] To achieve a checkerboard pattern of dot po-
larities, the polarity of associated dot AD_1, AD_2, and
AD_3 are opposite from the polarities of switching ele-
ment SE_1, SE_2, and SE_3, respectively. Thus, in the
particular embodiment of pixel design 1610, the electrode
of associate dot AD_2 is coupled to switching element
SE_1. The electrode of associate dot AD_3 is coupled
to switching element SE_2. The electrode of associate
dot AD_1 is coupled to switching element SE_3 of the
pixel to the left of the current pixel. Specifically as illus-
trated in Fig. 16(a) an ITO connector 1612, would connect
associated dot AD_1 with switching element SE_3 of the
adjacent pixel on the left. Other embodiments of the
present invention may couple the electrode of the asso-
ciated dots to color dots that are diagonally adjacent. For
example, the electrode of associate dot AD_1 could be
coupled to the electrode of color dot CD_2 to receive the
appropriate polarity.
[0167] As explained above, the fringe fields in the color
dots are amplified if adjacent dots have opposite polari-
ties. For pixel design 1610, the polarities of the color dots
and associated dots are assigned to form a checkerboard
pattern of polarities. Fig 16(a) shows the positive dot po-
larity pattern for pixel design 1610. Therefore, switching
elements SE_1 and SE_3, color dots CD_1 and CD_3,
and associated dot AD_2, have positive polarity as de-
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noted by "+". However, switching element SE_2, color
dot CD_2, and associated dots AD_1 and AD_3, have
negative polarity as denoted by "-".
[0168] Fig 16(b) shows the negative dot polarity for
pixel design 1610. In the negative dot polarity of pixel
design 1610, switching elements SE_1 and SE_3, and
color dots CD_1 and CD_3, and associated dot AD_2,
have negative polarity as denoted by "-". However,
switching element SE_2, color dot CD_2, and associated
dots AD_1 and AD_3, have positive polarity as denoted
by "+".
[0169] Fig. 16(c) shows a portion of a display 1600
formed from pixels using pixel design 1610 to create a
checkerboard pattern of polarities for the color dots and
associated dots. Each row of display 1600 has pixels of
pixel design 1610 arranged sequentially and having al-
ternating dot polarity patterns. Within a row the associ-
ated dots of adjacent pixels are vertically aligned and
horizontally separated by one horizontal dot spacing
HDS (not labeled in Fig. 16(c)). For example in row 0,
pixel P(0,0) has positive dot polarity while pixel P(1, 0)
has negative dot polarity. Furthermore, pixels in a column
have the same dot polarity patterns so that in adjacent
rows, pixels in the same location on a row have the same
dot polarity patterns. For example, in row 0, pixel P(1,0)
has negative dot polarity and in row 1 pixel P(1,1) has
negative dot polarity. In the next frame, all pixels would
switch dot polarities. In general, a pixel P(X, Y) has a first
dot polarity if X is odd and has a second dot polarity if X
is even. A close examination of the switching elements
in display 1600 shows that the polarities of the switching
elements are the same within each column but alternate
from column to column. This arrangement of switching
element is an example of the switching element column
inversion driving scheme.
[0170] Figs. 17(a) and 17(b) show the positive and
negative dot polarity pattern for a pixel design 1710 (la-
beled 1710+ and 1710-, respectively), which uses mul-
tiple adjacent associated dots with each color compo-
nent. For clarity, the color components in Figs. 17(a) and
17(b) use one color dot per color component. However
one skilled in the art can readily adapt the multiple adja-
cent associated dots for pixel designs using multiple color
dots per color components.
[0171] In pixel design 1710, associated dots AD_1,
AD_2, and AD_3 are arranged sequentially on a first as-
sociated dot row. Associated dot AD_1 is separated from
associated dot AD_2 by horizontal dot spacing HDS.
Similarly, associated dot AD_2 is separated from asso-
ciated dot AD_3 by horizontal dot spacing HDS. Associ-
ated dots AD_4, AD_5, and AD_6 are arranged sequen-
tially on a second associated dot row, below associated
dots AD_1, AD_2, and AD_3. Associated dot AD_4 is
separated from associated dot AD_5 by horizontal dot
spacing HDS. Similarly, associated dot AD_5 is separat-
ed from associated dot AD_6 by horizontal dot spacing
HDS. Switching elements SE_1, SE_2, and SE_3 are
positioned within associated dots AD_4, AD_5, and AD_

6, respectively. Associated dots AD_4, AD_5, and AD_
6 are horizontally aligned with associated dots AD_1,
AD_2, and AD_3, respectively. Associated dots AD_4,
AD_5, and AD_6 are vertically offset below associated
dots AD_1, AD_2, and AD_3, respectively, by vertical
dot offset VDO_2.
[0172] The first color component of pixel design 1710
has one color dot CD_1. The first color component is
positioned so that color dot CD_1 is horizontally aligned
with associated dots AD_1 and AD_4, and offset verti-
cally above associated dot AD_1 by vertical dot offset
VDO_1. The electrode of color dot CD_1 is coupled to
switching element SE_1. The second color component
of pixel design 1710 has one color dot CD_2. The second
color component is positioned so that color dot CD_2 is
horizontally aligned with associated dots AD_2 and AD_
5, and offset vertically above associated dot AD_2 by
vertical dot offset VDO_1. The electrode of color dot CD_
2 is coupled to switching element SE_2. The third color
component of pixel design 1710 has one color dot CD_
3. The third color component is positioned so that color
dot CD_3 is horizontally aligned with associated dots
AD_3 and AD_6, and offset vertically above associated
dot AD_3 by vertical dot offset VDO_1. The electrode of
color dot CD_3 is coupled to switching element SE_3.
[0173] As explained above the polarities of the color
dots and the associated dots should form a checkerboard
pattern. Thus as illustrated in Fig. 17(a) in the positive
dot polarity pattern of pixel design 1710, switching ele-
ments SE_1 and SE_3, color dots CD_1 and CD_3, and
associated dots AD_2, AD_4, and AD_6 have positive
dot polarity as denoted by "+". However, switching ele-
ment SE_2, color dot CD_2, and associated dots AD_1,
AD_3 and AD_5 have negative polarity as denoted by
"-". To achieve this dot polarity pattern, the electrode of
associate dot AD_4 is coupled to switching element SE_
1 and the electrode of associate dot AD_2. The electrode
of associate dot AD_5 is coupled to switching element
SE_2 and the electrode of associate dot AD_3. The elec-
trode of associate dot AD_6 is coupled to switching ele-
ment SE_3. To achieve a more uniform electrical distri-
bution and to avoid crossover ITO connections, associ-
ated dot AD_1 receives its polarity from a neighboring
pixel using ITO connector 1712. While Fig. 17(a) shows
a specific ITO connection pattern, those skilled in the art
can use the principles of the presented invention to de-
sign other connection patterns. For example, the elec-
trodes of associated dot AD_2 and AD_3 could be cou-
pled to the electrodes of color dots CD_1 and CD_2,
respectively, and the electrode of associated dot AD_1
could be coupled to the electrode of associated dot AD_5.
[0174] Fig 17(b) shows the negative dot polarity pat-
tern for pixel design 1710. Therefore, switching elements
SE_1 and SE_3, and color dots CD_1 and CD_3, and
associated dots AD_2, AD_4 and AD_6, have negative
polarity as denoted by "-". However, switching element
SE_2, color dot CD_2, and associated dots AD-1, AD_
3, and AO_5, have positive polarity as denoted by "+".
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[0175] Fig. 17(c) shows a portion of a display 1700
formed from pixels using pixel design 1710 to create a
checkerboard pattern of polarities for the color dots and
associated dots. Each row of display 1700 has pixels of
pixel design 1710 arranged sequentially and having al-
ternating polarity. Within a row the associated dots of
adjacent pixels are vertically aligned and horizontally
separated by one horizontal dot spacing HDS (not la-
beled in Fig. 17(c)). For example in row 0, pixel P(0,0)
has positive dot polarity while pixel P(1, 0) has negative
dot polarity. Furthermore, pixels in a column also have
alternating dot polarities so that in adjacent rows, pixels
in the same location on a row have opposite polarities.
For example, in row 1, pixel P(0,1) has negative dot po-
larity while pixel P(1,1) has positive dot polarity. In the
next frame, all pixels would switch dot polarities. In gen-
eral, a pixel P(X, Y) has a first dot polarity if X+Y is odd
and has a second dot polarity if X+Y is even. A close
examination of the switching elements in display 1700
shows that the polarities of the switching elements are
also in a checkerboard pattern. This arrangement of
switching element is an example of the switching element
point inversion driving scheme.
[0176] Figs. 18(a)- 18(d) show two additional spread
pixel designs (1810 and 1820), each having one color
dot per color component. Both pixel designs have three
color components and each color component has one
color dot. In addition, spread pixel designs 1810 and 1820
include two associated dots (AD_1, AD_2, AD_3, AD_4,
AD_5, and AD_6) for each color component. A switching
element (SE_1, SE_2, and SE_3), for each color com-
ponent, is located within the associated dot.
[0177] For pixel design 1810, associated dots AD_1,
AD_2, and AD_3 are arranged sequentially on a first as-
sociated dot row. Associated dot AD_1 is separated from
associated dot AD_2 by horizontal dot spacing HDS.
Similarly, associated dot AD_2 is separated from asso-
ciated dot AD_3 by horizontal dot spacing HDS. Associ-
ated dots AD_4, AD_5, and AD_6 are arranged sequen-
tially on a second associated dot row. Associated dot
AD_4 is separated from associated dot AD_5 by horizon-
tal dot spacing HDS. Similarly, associated dot AD_5 is
separated from associated dot AD_6 by horizontal dot
spacing HDS. Switching elements SE_1, SE_2, and SE_
3 are positioned within associated dots AD_4, AD_5, and
AD_6, respectively. Associated dots AD_4, AD_5, and
AD_6 are horizontally aligned with associated dots AD_
1, AD_2, and AD_3, respectively. Associated dots AD_
4, AD_5, and AD_6 are vertically offset below AD_1, AD_
2, and AD_3, respectively, by vertical dot offset VDO_2.
[0178] Specifically, Figs 18(a) and (b) show the posi-
tive and negative dot polarity pattern for one color dot of
a pixel design 1810 (labeled 1810+ and 1810-, respec-
tively). The first color component of pixel design 1810
has one color dot CD_1.
The first color component is positioned so that color dot
CD_1 is horizontally aligned with associated dots AD_1
and AD_4, and offset vertically above associated dot AD_

1 by vertical dot offset VDO_1. The electrode of color dot
CD_1 is coupled to switching element SE_1. The second
color component of pixel design 1810 has one color dot
CD_2. The second color component is positioned so that
color dot CD_2 is horizontally aligned with associated
dots AD_2 and AD_5, and offset vertically below asso-
ciated dot AD_5 by vertical dot offset VDO_2. The elec-
trode of color dot CD_2 is coupled to switching element
SE_2. The third color component of pixel design 1810
has one color dot CD_3. The third color component is
positioned so that color dot CO_3 is horizontally aligned
with associated dots AD_3 and AD_6, and offset verti-
cally above associated dot AD_3 by vertical dot offset
VDO_1. The electrode of color dot CD_3 is coupled to
switching element SE_3.
[0179] As explained above the polarities of the color
dots and the associated dots should form a checkerboard
pattern. Thus as illustrated in Fig. 18(a) in the positive
dot polarity pattern of pixel design 1810, switching ele-
ments SE_1, SE_2, and SE_3, color dots CD_1, CD_2,
and CD_3, and associated dots AD_2, AD_4, and AD_
6 have positive dot polarity as denoted by "+". However,
associated dots AD_1, AD_3 and AD_5 have negative
polarity as denoted by "-". Because all the switching el-
ements in pixel design 1810 have the same polarity, the
associated dots having different polarity than the switch-
ing elements (i.e., associated dots AD_1, AD_3, and AD_
5 must receive polarity from outside the pixel. Thus, Fig.
18(a) and 18(b) shows ITO connectors (1812, 1813,
1814, 1816) which are coupled various parts of adjacent
pixels. These ITO connectors are shown again in Figs.
18(c) and 18(d) for clarity. Specifically, the electrode of
associated dot AD_1 is coupled to color dot CD_2 of the
pixel above the current pixel using ITO connector 1812
to receive proper polarity. (See Fig. 18(e)). An ITO con-
nector 1812’ is shown coupled to color dot CD_2, which
would be equivalent to ITO connector 1812 of a pixel
below the current pixel. The electrode of associated dot
AD_2 is coupled to the electrode of associated dot AD_
4, which is coupled to switching element SE_1. The elec-
trode of associated dot AD_3 is coupled to the electrode
of associated dot AD_5. In addition, the electrode of as-
sociated dot AD_3 is coupled to receive polarity from
color dot CD_1 of a pixel to the right of and above the
current pixel via ITO connector 1813. The pixel to the
right of and above the current pixel uses pixel design
1820 described below (see also Fig. 18(e)). Finally, the
electrode of associated dot AD_6 is coupled to switching
element SE_3. In addition the electrode of associated
dot AD_6 provides polarity to associated dot AD_1 of the
pixel to the right of the current pixel.
[0180] As illustrated in Fig. 18(b) in the negative dot
polarity pattern of pixel design 1810, switching elements
SE_1, SE_2, and SE_3, color dots CD_1, CD_2, and
CD_3, and associated dots AD_2, AD_4, and AD_6 have
negative dot polarity as denoted by "-". However, asso-
ciated dots AD_1, AD_3 and AD_5 have positive polarity
as denoted by "+".
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[0181] For pixel design 1820 (Figs. 18(c) and 18(d)),
associated dots AD_1, AD_2, and AD_3 are arranged
sequentially on a first associated dot row. Associated dot
AD_1 is separated from associated dot AD_2 by horizon-
tal dot spacing HDS. Similarly, associated dot AD_2 is
separated from associated dot AD_3 by horizontal dot
spacing HDS. Associated dots AD_4, AD_5, and AD_6
are arranged sequentially on a second associated dot
row. Associated dot AD_4 is separated from associated
dot AD_5 by horizontal dot spacing HDS. Similarly, as-
sociated dot AD_5 is separated from associated dot AD_
6 by horizontal dot spacing HDS. Switching elements
SE_1, SE_2, and SE_3 are positioned within associated
dots AD_4, AD_5, and AD_6, respectively. Associated
dots AD_4, AD_5, and AD_6 are horizontally aligned with
associated dots AD_1, AD_2, and AD_3, respectively.
Associated dots AD_4, AD_5, and AD_6 are vertically
offset below AD_1, AD_2, and AD_3, respectively, by
vertical dot offset VDO_2.
[0182] Specifically, Figs 18(c) and (d) show the posi-
tive and negative dot polarity pattern for one color dot of
a pixel design 1820 (labeled 1820+ and 1820-, respec-
tively). The first color component of pixel design 1820
has one color dot CD_1. The first color component is
positioned so that color dot CD_1 is horizontally aligned
with associated dots AD_1 and AD_4, and offset verti-
cally below associated dot AD_4 by vertical dot offset
VDO_2. The electrode of color dot CD_1 is coupled to
switching element SE_1. The second color component
of pixel design 1820 has one color dot CD_2. The second
color component is positioned so that color dot CD_2 is
horizontally aligned with associated dots AD_2 and AD_
5, and offset vertically above associated dot AD_2 by
vertical dot offset VDO_1. The electrode of color dot CD_
2 is coupled to switching element SE_2. The third color
component of pixel design 1820 has one color dot CD_
3. The third color component is positioned so that color
dot CD_3 is horizontally aligned with associated dots
AD_3 and AD_6, and offset vertically below associated
dot AD_6 by vertical dot offset VDO_2. The electrode of
color dot CD_3 is coupled to switching element SE_3.
[0183] As explained above the polarities of the color
dots and the associated dots should form a checkerboard
pattern. Thus as illustrated in Fig. 18(c), in the positive
dot polarity pattern of pixel design 1820, switching ele-
ments SE_1, SE_2, and SE_3, color dots CD_1, CD_2,
and CD_3, and associated dots AD_1, AD_3, and AD_
5 have positive dot polarity as denoted by "+". However,
associated dots AD_2, AD_4 and AD_6 have negative
polarity as denoted by "-". Because all the switching el-
ements in pixel design 1820 have the same polarity, the
associated dots having different polarity than the switch-
ing elements (i.e., associated dots AD_2, AD_4, and AD_
6 must receive polarity from outside the pixel. Thus, Fig.
18(c) and 18(d) shows ITO connectors (1822, 1813,
1814, 1816) which are coupled various parts of adjacent
pixels. These ITO connectors were also shown previous-
ly in Figs. 18(a) and 18(b) for clarity. Specifically, the

electrode of associated dot AD_1 is coupled to switching
element SE_1. In addition the electrode of associated
dot AD_1 is coupled to associated dot AD_6 of the pixel
to the left of the current pixel via ITO connector 1816.
The electrode of associated dot AD_2 is coupled to the
electrode of associated dot AD_4. In addition the elec-
trode of associated dot AD_2 is coupled to the electrode
of color dot CD_3 of the pixel above the current pixel
using ITO connector 1822 to receive proper polarity. (See
Fig. 18(e)). An ITO connector 1822’ is shown coupled to
color dot CD_3, which would be equivalent to ITO con-
nector 1822 of a pixel below the current pixel. The elec-
trode of associated dot AD_3 is coupled to the electrode
of associated dot AD_5, which is coupled to switching
element SE_2. Finally, the electrode of associated dot
AD_6 is coupled to associated dot AD_1 of the pixel to
the right of the current pixel via ITO connector 1814. In
addition, ITO connector 1813 is shown connected to color
dot CD_1. As explained above, ITO connector connects
color dot CD_1 of a pixel using pixel design 1820 to as-
sociated dot AD_3 of a pixel (using pixel design 1810) to
the left and below the current pixel.
[0184] As illustrated in Fig. 18(d) in the negative dot
polarity pattern of pixel design 1820, switching elements
SE_1, SE_2, and SE_3, color dots CD_1, CD_2, and
CD_3, and associated dots AD_1, AD_3, and AD_5 have
negative dot polarity as denoted by "-". However, asso-
ciated dots AD_2, AD_4 and AD_6 have positive polarity
as denoted by "+".
[0185] Fig. 18(e) shows a portion of a display 1800 that
combines pixels using pixel designs 1810 and 1820 to
create a checkerboard pattern of color dot polarities.
Each row of display 1800 has alternating pixels of pixel
design 1810 and pixel design 1820. For example in row
0, pixels P(0,0) use pixel design 1810 and pixel P(1,0)
uses pixel design 1820. Pixel P(2,0) (not shown) would
use pixel design 1810. Similarly, in row 1, pixel P(0,1)
uses pixel design 1810 and pixel P(1,1) uses pixel design
1820, and pixel P(2, 1) (not shown) uses pixel design
1810. Within a row the associated dots of adjacent pixels
are vertically aligned and horizontally separated by one
horizontal dot spacing HDS (not labeled in Fig. 18(e)).
The rows in display 1800 are horizontally aligned and
vertically interleaved so that some color dots from row 0
are vertically aligned with some of the color dots of row
1. Specifically, color dot CD_1 of pixel P(0,0) is vertically
aligned with color dot CD_2 of pixel P(0, 1).
[0186] All the pixels on a row have the same polarity.
However, alternating rows have different polarities. Thus
for example, row 0 is shown with positive dot polarity
while row 1 is show with negative dot polarity. In the next
frame row 0 would have negative dot polarity while row
1 would have positive dot polarity. In general, even num-
bered rows have a first dot polarity pattern and odd
number rows have a second dot polarity pattern. In gen-
eral a pixel P(X,Y) in display 1800 uses pixel design 1810
where X is even and uses pixel design 1820 where X is
odd. Furthermore, pixel P(X,Y) has a first dot polarity
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pattern when Y is even and a second dot polarity pattern
when Y is odd.
[0187] As illustrated in Fig. 18(e), using the pixel de-
signs described above, display 1800 has a checkerboard
pattern of dot polarities. Thus, each color dot will have
four liquid crystal domains. Because each row of switch-
ing elements have the same polarity, while alternating
rows of switching elements of opposite polarity, display
1800 can achieve four liquid crystal domains while only
requiring a switching element row inversion driving
scheme.
[0188] Figs. 19(a)- 19(h) show four additional spread
pixel designs (1910, 1920, 1930 and 1940), each having
one color dot per color component. Pixel designs 1910,
1920, 1930, and 1940 have three color components. Fig.
19(i) shows a portion of a display 1900 that combines
pixels using pixel designs 1910, 1920, 1930 and 1940 to
create a checkerboard pattern of color dot polarities. Be-
cause each row of switching elements have the same
polarity, while alternating rows of switching elements of
opposite polarity, display 1900 can achieve four liquid
crystal domains while only requiring a switching element
row inversion driving scheme.
[0189] Specifically, Fig. 19(a) shows the positive dot
polarity pattern of a spread pixel design 1910 (labeled
as 1910+). As explained above, a pixel will switch be-
tween a first dot polarity pattern and a second dot polarity
pattern between each image frame. Pixel design 1910
has three associated AD_1, AD_2, and AD_3 arranged
sequentially on an associated dot row. Associated dot
AD_1 is separated from associated dot AD_2 by horizon-
tal dot spacing HDS. Similarly, associated dot AD_2 is
separated from associated dot AD_3 by horizontal dot
spacing HDS. Switching elements SE_1, SE_2, and SE_
3 are located within associated dots AD_1, AD_2, and
AD_3, respectively. In pixel design 1910, the first color
component of spread pixel design 1910 has one color
dot CD_1. The first color component is positioned so that
color dot CD_1 is horizontally aligned with associated
dot AD_2 and offset vertically below associated dot AD_
2 by vertical dot offset VDO. The electrode in color dot
CD_1 is coupled to the electrode of associated dot AD_
1, which is coupled to switching element SE_1. Alterna-
tively, the electrode of color dot CD_1 could be coupled
directly to switching element SE_1. The second color
component of spread pixel design 1910 has one color
dots CD_2. The second color component is positioned
so that color dot CD_2 horizontally aligned with associ-
ated dot AD_2 and is offset vertically above associated
dot AD_2 by vertical dot offset VDO. The electrode of
color dot CD_2 is coupled to switching element SE_2.
The third color component of spread pixel design 1910
has one color dots CD_3. The third color component is
positioned so that color dot CD_3 is horizontally offset to
the right of associated dot AD_3 by horizontal dot offset
HDO and vertically offset below associated dot AD_3 by
vertical dot offset VDO. The electrode of color dot CD_
3 is coupled to the electrode of associated dot AD_3,

which is coupled to switching element SE_3. In other
embodiments of the present invention the electrode of
color dot CD_3 is coupled directly to switching element
SE_3.
[0190] As explained above, a checkerboard pattern of
dot polarities is desirable to amplify the fringe fields in
each color dot. In Fig. 19(a) pixel design 1910 is in the
positive dot polarity pattern. Accordingly, switching ele-
ments SE_1, SE_2, and SE_3, and all of the color dots
have positive polarity as denoted by "+". To achieve the
checkerboard pattern, associated dots AD_1 and AD_3
also have positive polarity. Thus, the electrodes of asso-
ciated dots AD_1 and AD_3 can be coupled to switching
elements SE_1 and SE_3, respectively. However, asso-
ciated dot AD_2 has negative polarity, as denoted by "-".
In a checkerboard pattern of polarities, the color dots that
are diagonally adjacent to associated dot AD_2 should
have the appropriate polarity. Thus, in some embodi-
ments of the present invention the electrode of associat-
ed dot AD_2 is coupled to the electrode of at least one
diagonally adjacent color dot from another pixel. In the
particular embodiment of pixel design 1910, the electrode
of associated dot AD_2 is coupled to the electrode of the
color dot that is to the right and above associated dot
AD_2 as shown by ITO connector 1912. As illustrated in
Fig. 19(b), when pixel design 1910 (labeled 1910-) is in
the negative dot polarity pattern, switching elements SE_
1, SE_2, and SE_3, and all of the color dots have negative
polarity. Associated dots AD_1 and AD_3 also have neg-
ative polarity. However, associated dot AD_2 has posi-
tive polarity.
[0191] Fig. 19(c) shows the positive dot polarity pattern
of a spread pixel design 1920 (labeled as 1920+). As
explained above, a pixel will switch between a first dot
polarity pattern and a second dot polarity pattern between
each image frame. Pixel design 1920 has three associ-
ated AD_1, AD_2, and AD_3 arranged sequentially on
an associated dot row. Associated dot AD_1 is separated
from associated dot AD_2 by horizontal dot spacing HDS.
Similarly, associated dot AD_2 is separated from asso-
ciated dot AD_3 by horizontal dot spacing HDS. Switch-
ing elements SE_1, SE_2, and SE_3 are located within
associated dots AD_1, AD_2, and AD_3, respectively.
In pixel design 1920, the first color component of spread
pixel design 1920 has one color dot CD_1. The first color
component is positioned so that color dot CD_1 is hori-
zontally aligned with associated dot AD_1 and offset ver-
tically below associated dot AD_1 by vertical dot offset
VDO. The electrode in color dot CD_1 is coupled to
switching element SE_1. The second color component
of spread pixel design 1920 has one color dots CD_2.
The second color component is positioned so that color
dot CD_2 horizontally aligned with associated dot AD_3
and is offset vertically above associated dot AD_3 by
vertical dot offset VDO. The electrode of color dot CD_
2 is coupled the electrode of associated dot AD_2, which
is coupled to switching element SE_2. The third color
component of spread pixel design 1920 has one color
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dots CD_3. The third color component is positioned so
that color dot CD_3 is horizontally aligned with associat-
ed dot AD_3 and vertically offset below associated dot
AD_3 by vertical dot offset VDO. The electrode of color
dot CD_3 is coupled to switching element SE_3.
[0192] As explained above, a checkerboard pattern of
dot polarities is desirable to amplify the fringe fields in
each color dot. In Fig. 19(c) pixel design 1920 is in the
positive dot polarity pattern. Accordingly, switching ele-
ments SE_1, SE_2, and SE_3, and all of the color dots
have positive polarity as denoted by "+". To achieve the
checkerboard pattern, associated dot AD_2 also has
positive polarity. Thus, the electrode of associated dot
AD_2 can be coupled to switching element SE_2. How-
ever, associated dots AD_1 and AD_3 have negative
polarity, as denoted by "-". In a checkerboard pattern of
polarities, the color dots that are diagonally adjacent to
associated dots AD_1 and AD_3 should have the appro-
priate polarity. Thus, in some embodiments of the present
invention the electrodes of associated dots AD_1 and
AD_3 are coupled to the electrodes of at least one diag-
onally adjacent color dot from another pixel. In the par-
ticular embodiment of pixel design 1920, the electrodes
of associated dots AD_1 and AD_3 are coupled to the
electrode of the color dots that are to the right and below
associated dot AD_1 and AD_3, respectively. These con-
nections are illustrated by ITO connector 1921 and 1922.
As illustrated in Fig. 19(d), when pixel design 1920 (la-
beled 1920-) is in the negative dot polarity pattern, switch-
ing elements SE_1, SE_2, and SE_3, and all of the color
dots have negative polarity. Associated dot AD_2 also
has negative polarity. However, associated dots AD_1
and AD_3 have positive polarity.
[0193] Fig. 19(e) shows the positive dot polarity pattern
of a spread pixel design 1930 (labeled as 1930+). As
explained above, a pixel will switch between a first dot
polarity pattern and a second dot polarity pattern between
each image frame. Pixel design 1930 has three associ-
ated dots AD_1, AD_2, and AD_3 arranged sequentially
on an associated dot row. Associated dot AD_1 is sep-
arated from associated dot AD_2 by horizontal dot spac-
ing HDS. Similarly, associated dot AD_2 is separated
from associated dot AD_3 by horizontal dot spacing HDS.
Switching elements SE_1, SE_2, and SE_3 are located
within associated dots AD_1, AD_2, and AD_3, respec-
tively. In pixel design 1930, the first color component of
spread pixel design 1930 has one color dot CD_1. The
first color component is positioned so that color dot CD_
1 is horizontally aligned with associated dot AD_1 and
offset vertically above associated dot AD_1 by vertical
dot offset VDO. The electrode in color dot CD_1 is cou-
pled to switching element SE_1. The second color com-
ponent of spread pixel design 1930 has one color dots
CD_2. The second color component is positioned so that
color dot CD_2 horizontally aligned with associated dot
AD_3 and is offset vertically below associated dot AD_
3 by vertical dot offset VDO. The electrode of color dot
CD_2 is coupled the electrode of associated dot AD_2,

which is coupled to switching element SE_2. In some
embodiments of the present invention, the electrode of
color dot CD_2 is coupled directly to switching element
SE_2. The third color component of spread pixel design
1930 has one color dot CD_3. The third color component
is positioned so that color dot CD_3 is horizontally aligned
with associated dot AD_3 and vertically offset above as-
sociated dot AD_3 by vertical dot offset VDO. The elec-
trode of color dot CD_3 is coupled to switching element
SE_3.
[0194] As explained above, a checkerboard pattern of
dot polarities is desirable to amplify the fringe fields in
each color dot. In Fig. 19(e) pixel design 1930 is in the
positive dot polarity pattern. Accordingly, switching ele-
ments SE_1, SE_2, and SE_3, and all of the color dots
have positive polarity as denoted by "+". To achieve the
checkerboard pattern, associated dot AD_2 also has
positive polarity. Thus, the electrode of associated dot
AD_2 can be coupled to switching element SE_2. How-
ever, associated dots AD_1 and AD_3 have negative
polarity, as denoted by "-". In a checkerboard pattern of
polarities, the color dots that are diagonally adjacent to
associated dots AD_1 and AD_3 should have the appro-
priate polarity. Thus, in some embodiments of the present
invention the electrodes of associated dots AD_1 and
AD_3 are coupled to the electrodes of at least one diag-
onally adjacent color dot from another pixel. In the par-
ticular embodiment of pixel design 1930, the electrodes
of associated dots AD_1 and AD_3 are coupled to the
electrode of the color dots that are to the right and above
associated dot AD_1 and AD_3, respectively. These con-
nections are illustrated by ITO connector 1931 and 1932.
As illustrated in Fig. 19(f), when pixel design 1930 (la-
beled 1930-) is in the negative dot polarity pattern, switch-
ing elements SE_1, SE_2, and SE_3, and all of the color
dots have negative polarity. Associated dot AD_2 also
has negative polarity. However, associated dots AD_1
and AD_3 have positive polarity.
[0195] Specifically, Fig. 19(g) shows the positive dot
polarity pattern of a spread pixel design 1940 (labeled
as 1940+). As explained above, a pixel will switch be-
tween a first dot polarity pattern and a second dot polarity
pattern between each image frame. Pixel design 1940
has three associated AD_1, AD_2, and AD_3 arranged
sequentially on an associated dot row. Associated dot
AD_1 is separated from associated dot AD_2 by horizon-
tal dot spacing HDS. Similarly, associated dot AD_2 is
separated from associated dot AD_3 by horizontal dot
spacing HDS. Switching elements SE_1, SE_2, and SE_
3 are located within associated dots AD_1, AD_2, and
AD_3, respectively. In pixel design 1940, the first color
component of spread pixel design 1940 has one color
dot CD_1. The first color component is positioned so that
color dot CD_1 is horizontally aligned with associated
dot AD_2 and offset vertically above associated dot AD_
2 by vertical dot offset VDO. The electrode in color dot
CD_1 is coupled to the electrode of associated dot AD_
1, which is coupled to switching element SE_1. Alterna-
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tively, the electrode of color dot CD_1 could be coupled
directly to switching element SE_1. The second color
component of spread pixel design 1940 has one color
dots CD_2. The second color component is positioned
so that color dot CD_2 horizontally aligned with associ-
ated dot AD_2 and is offset vertically below associated
dot AD_2 by vertical dot offset VDO. The electrode of
color dot CD_2 is coupled to switching element SE_2.
The third color component of spread pixel design 1940
has one color dots CD_3. The third color component is
positioned so that color dot CD_3 is horizontally offset to
the right of associated dot AD_3 by horizontal dot offset
HDO and vertically offset above associated dot AD_3 by
vertical dot offset VDO. The electrode of color dot CD_
3 is coupled to the electrode of associated dot AD_3,
which is coupled to switching element SE_3. In other
embodiments of the present invention the electrode of
color dot CD_3 is coupled directly to switching element
SE_3.
[0196] As explained above, a checkerboard pattern of
dot polarities is desirable to amplify the fringe fields in
each color dot. In Fig. 19(g) pixel design 1940 is in the
positive dot polarity pattern. Accordingly, switching ele-
ments SE_1, SE_2, and SE_3, and all of the color dots
have positive polarity as denoted by "+". To achieve the
checkerboard pattern, associated dots AD_1 and AD_3
also have positive polarity. Thus, the electrodes of asso-
ciated dots AD_1 and AD_3 can be coupled to switching
elements SE_1 and SE_3, respectively. However, asso-
ciated dot AD_2 has negative polarity, as denoted by "-".
In a checkerboard pattern of polarities, the color dots that
are diagonally adjacent to associated dot AD_2 should
have the appropriate polarity. Thus, in some embodi-
ments of the present invention the electrode of associat-
ed dot AD_2 is coupled to the electrode of at least one
diagonally adjacent color dot from another pixel. In the
particular embodiment of pixel design 1940, the electrode
of associated dot AD_2 is coupled to the electrode of the
color dot that is to the right and above associated dot
AD_2 as shown by ITO connector 1942. As illustrated in
Fig. 19(h), when pixel design 1940 (labeled 1940-) is in
the negative dot polarity pattern, switching elements SE_
1, SE_2, and SE_3, and all of the color dots have negative
polarity. Associated dots AD_1 and AD_3 also have neg-
ative polarity. However, associated dot AD_2 has posi-
tive polarity.
[0197] Fig. 19(i) shows a portion of a display 1900 that
combines pixels using pixel designs 1910, 1920, 1930
and 1940 to create a checkerboard pattern of color dot
polarities. For clarity, the gate lines and source lines that
power the switching elements are omitted in Fig. 19(i).
Gate lines and source lines are illustrated and described
in details in other figures. Furthermore, the background
area of each pixel is shaded to more clearly show the
components of each pixel. This shading is for illustrative
purposes only. Each odd-numbered row of display 1900
has alternating pixels of pixel design 1940 and pixel de-
sign 1920. For example in row 1, pixel P(0, 1) uses pixel

design 1940 and pixel P(1, 1) uses pixel design 1920.
Pixel P(2, 1) (not shown) would use pixel design 1940.
Each even-numbered row of display 1900 has alternating
pixels of pixels of pixel design 1930 and 1910. For ex-
ample in row 0, pixel P(0, 0) uses pixel design 1930 and
pixel P(1, 0) uses pixel design 1910, and pixel P(2, 0)
(not shown) uses pixel design 1930. Within a row the
associated dots of adjacent pixels are vertically aligned
and horizontally separated by one horizontal dot spacing
HDS (not labeled in Fig. 19(i)). The rows in display 1900
are horizontally aligned and vertically interleaved so that
some color dots from row 0 are vertically aligned with
some of the color dots of row 1. Specifically, color dot
CD_1 of pixel P(0,0) is vertically aligned with color dot
CD_2 of pixel P(0, 1).
[0198] All the pixels on a row have the same polarity.
However, alternating rows have different polarities. Thus
for example, row 0 is shown with positive dot polarity
while row 1 is show with negative dot polarity. In the next
frame row 0 would have negative dot polarity while row
1 would have positive dot polarity. In general, even num-
bered rows have a first dot polarity pattern and odd
number rows have a second dot polarity pattern. Further-
more, all the switching elements on a row have the same
polarity. This arrangement of row polarity is an example
of switching element row inversion driving scheme. In
general a pixel P(X,Y) in display 1900 uses pixel design
1940 where X is odd and Y is even; pixel design 1930
when X is even and Y is even; pixel design 1920 when
X is odd and Y is odd; and pixel design 1910 where X is
even and Y is odd. Furthermore, pixel P(X,Y) has a first
dot polarity pattern when Y is even and a second dot
polarity pattern when Y is odd.
[0199] As illustrated in Fig. 19(i), using the pixel de-
signs described above, display 1900 has a checkerboard
pattern of dot polarities. Thus, each color dot will have
four liquid crystal domains. Because each row of switch-
ing elements have the same polarity, while alternating
rows of switching elements of opposite polarity, display
1900 achieves four liquid crystal domains while only re-
quiring a switching element row inversion driving
scheme.
[0200] Various embodiments of the present invention
were fabricated in the form of a 7 inch color wide VGA
(WVGA) resolution display using a switching element
point inversion driving scheme. WVGA has a resolution
is 800 pixels in the horizontal direction and 480 pixels in
the vertical direction. Thus, the color pixel size is 190.5um
in width by 190.5um in height. Each pixel includes three
color components (red, green and blue colors) using
color filter materials. Thus the resolution is 2400 (800x3)
color components in the horizontal direction and 480
color components in the vertical direction, each color
component has a theoretical maximum size of 63.5um
in width by 190.5um in height. However, some of this
area is required for the device component area and/or
associated dots. The display includes 2400 switching el-
ements per row and 480 rows. The drive component area
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for the switching element (a thin film transistor) and the
storage capacitor, has a theoretical maximum size of
about 63.5um in width by 38.0um in height. However due
to horizontal and vertical dot spacings, the device com-
ponent area has an actual size of about 55.5um in width
by 35.0um.
[0201] In the display panel fabrication process, Merck
vertical alignment liquid crystal (LC) is used with a neg-
ative dielectric anisotropy, such as MLC-6884. The Ja-
pan Nissan Chemical Industrial Limited (Nissan) polyim-
ide SE-5300 with a non-rubbing process is used to fab-
ricate the standard vertical LC alignment without the
pretilt angle. Other vertical alignment polyimides (PIs)
can also be used to obtain the vertical LC alignment, such
as Nissan LC vertical alignment PI SE-1211, SE-7511L,
RN-1566, and RN-1681, and Japan Synthetic Rubber
Corporation (JSR) LC vertical alignment PI AL1H659,
AL60101, JALS688-R11, JALS-2096-R14. Other vertical
alignment LCs from Merck can also be used as the LC
material, such as LC MLC-6008, MLC-6609, MLC-6610,
MLC-6882, MLC-6883, MLC-6885, and MLC-6886. The
fabrication process is a non-rubbing process and does
not require high precision top to bottom substrates align-
ment, which is required in the fabrication process for other
MVA LCDs using the protrusion or ITO slit geometry. The
width of the ITO connection lines between different color
dots and different device component areas is 3um. Top
and bottom polarizers are attached to the panels. The
typical LC cell gap is about 2.0 to 3.5um.
[0202] In a particular embodiment of the present in-
vention, the display was created using the pixel designs
and dot polarity patterns and the pixel arrangement of
Figs. 13(d)-(f), where each color component is divided
into 3 color dots with 2 associated dots. For first color
component, we used the device component area, which
consists of the switching element SE_1 and the storage
capacitor, as the associated dot AD_1 by adding an elec-
trode that can be electrically biased. Thus AD_1 has a
theoretical maximum size of about 63.5um in width by
38.0um in height. However due to horizontal and vertical
dot spacings, the device component area (associated
dot) has an actual size of about 55.5um in width by
35.0um in height. Associated dot AD_4 is an ITO dot with
theoretical maximum size of about 63.5um in width by
38.0um in height. However due to horizontal and vertical
dot spacings, the device component area has an actual
size of about 55.5um in width by 35.0um in height. Thus
each color dot has a theoretical maximum size of about
63.5um in width by 48.2um in height. However due to
horizontal and vertical dot spacings, each color dot has
an actual size of about 55.5um in width by 45.2um in
height. Thus in the actual size, each color dot (CD_1_1,
CD_1_2, and CD_1_3) for first color component is about
55.5um in width by 45.2um in height, the associated dot
AD_1 is 55.5um in width by 35um in height and the as-
sociated dot AD_4 is 55.5um in width by 35um in height.
Similarly, for the second and third color components, we
have, in actual size, each color dot (CD_2_1, CD_2_2,

CD_2_3, CD_3_1, CD_3_2, and CO_3_3) is about
55.5um in width by 44.2um in height, the associated dots
AD_2 and AD_3 are 55.5um in width by 35um in height,
and the associated dots AD_5 and AD_6 are 55.5um in
width by 5um in height. The associated dots could be
covered by the black matrix material to make them opti-
cally opaque dots.
[0203] An actual display using the principle of the
present invention, produced a contrast ratio greater than
700 at an applied voltage of 5 volt. Furthermore, the dis-
play exhibited a very wide viewing angle(viewing angle
cone with a contrast ratio larger than 5). The viewing
angles depend on the polarizers that are attached to the
panels. Four types of polarizers: the regular linear polar-
izers (without the MVA wide viewing optical compensa-
tion film), MVA wide viewing angle polarizer (with the
MVA wide viewing optical compensation film), regular
circular polarizers (without the MVA wide viewing optical
compensation film), and MVA wide viewing circular po-
larizer (circular polarizer attached with the MVA wide
viewing angle compensation films) were used to create
different embodiments of the present invention. The MVA
compensation films include negative birefringence uniax-
ial and biaxial films, with a total retardation of -100 to
-300nm. Specifically, the viewing angle is larger than
�85° in the horizontal and vertical viewing zones, and
larger than �50° in the two major diagonal viewing zones,
using the normal linear polarizer without the MVA wide
viewing optical compensation film. The viewing angle is
larger than �85° in all viewing zones, using the MVA
wide viewing angle polarizers with the MVA wide viewing
optical compensation film. The circular polarizers dou-
bled the optical transmission compared to the transmis-
sion using linear polarizers. Moreover, both the transmis-
sion and viewing angle are enlarged using the MVA cir-
cular polarizers. Displays using associated dots in ac-
cordance to the present invention show a more stable
MVA operation and faster switching on and switching off
response times than similarly designed MVA panels that
do not use associated dots.
[0204] Various embodiments of the present invention
were fabricated in the form of a 2.2 inch color display with
a quarter VGA resolution (QVGA, 240x320 color pixels),
using a switching element row inversion driving scheme.
The color pixel size is 141um in width by 141um in height.
Each pixel consists of three color components (red, green
and blue colors) using color filter materials). Thus, the
display includes 720 (240x3) color components in the
horizontal direction and 320 color components in the ver-
tical direction. Each color component has a theoretical
maximum size of 47um in width by 141um in height. How-
ever, some of this area is required for the device com-
ponent areas and associated dots. The display includes
720 switching elements horizontally and 320 vertically
for a total of 720x320 switching elements. The device
component area, which consists of the switching element
(thin film transistors) and the storage capacitor, has a
theoretical maximum size of about 47um in width by
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38.0um in height. However due to horizontal and vertical
dot spacings, the device component area has an actual
size of about 41um in width by 35.0um..
[0205] In the display panel fabrication process, Merck
vertical alignment liquid crystal (LC) is used with a neg-
ative dielectric anisotropy, such as MLC-6884. The Ja-
pan Nissan Chemical Industrial Limited (Nissan) polyim-
ide SE-5300 with a non-rubbing process is used to fab-
ricate the standard vertical LC alignment without the
pretilt angle. The fabrication process is a non-rubbing
process and does not require high precision top to bottom
substrates alignment, which is required in the fabrication
process for other MVA LCDs using the protrusion or ITO
slit geometry. The width of the ITO connection lines be-
tween different color dots and different device component
areas is 3um. Top and bottom polarizers are attached to
the panels. The typical LC cell gap is about 2.0 to 3.5um.
[0206] In a particular embodiment of the present in-
vention, the display was created using the pixel design,
dot polarity patterns, and pixel arrangement in accord-
ance with Figs. 5(a)-5(h) and Fig. 6(a), where each color
component is divided into 3 color dots with one associ-
ated dot. For the first color component, the device com-
ponent area, which consists of the switching element SE_
1 and the storage capacitor, was electrically biased with
an electrode to create associated dot AD_1. Thus AD_
1 has a theoretical maximum size of about 47.0um in
width by 38.0um in height. However due to horizontal
and vertical dot spacings, the device component area
has an actual size of about 41.0um in width by 35.0um
in height. Thus each color dot has a theoretical maximum
size of about 47.0um in width by 34.3um in height. How-
ever due to horizontal and vertical dot spacings, each
color dot has an actual size of about 41.0um in width by
31.3um in height. Thus in the actual size, each color dot
(CD_1_1, CD_1_2, and CD_1_3) for first color compo-
nent is about 41.0um in width by 31.3um in height, and
the associated dot AD_1 is 41.0um in width by 35um in
height. Similarly, for the second and third color compo-
nents, we have, in actual size, each color dot (CD_2_1,
CD_2_2, CD_2_3, CD_3_1, CD_3_2, and CD_3_3) is
about 41.0um in width by 31.3um in height, and the as-
sociated dots AD_2 and AD_3 are 41.0um in width by
35um in height.
[0207] The display produced a contrast ratio greater
than 600 at an applied voltage of 5 volt. Furthermore the
display exhibited a very wide viewing angle of greater
than �85° in all viewing zones using the MVA wide view-
ing angle polarizer. Specifically, the viewing angle is
greater than �85° in the horizontal and vertical viewing
zones, and greater than �50° in the two major diagonal
viewing zones, using the normal linear polarizer without
the MVA wide viewing optical compensation film. The
circular polarizers doubled the optical transmission com-
pared to the transmission using linear polarizers. More-
over, both the transmission and viewing angle are en-
larged using the MVA circular polarizers. Displays using
associated dots in accordance to the present invention

show a more stable MVA operation and faster switching
on and switching off response times than similarly de-
signed MVA panels that do not use associated dots.
[0208] Even though, MVA LCDs in accordance with
the present invention provide wide viewing angle at a low
cost, some embodiments of the present invention use
optical compensation methods to further increase the
viewing angle. For example, some embodiments of the
present invention use negative birefringence optical
compensation films with vertical oriented optical axis on
the top or bottom substrate or both top and bottom sub-
strates to increase viewing angle. Other embodiments
may use uniaxial optical compensation films or biaxial
optical compensation films with a negative birefringence.
In some embodiments, positive compensation films with
a parallel optical axis orientation can add to the negative
birefringence film with a vertical optical axis orientation.
Furthermore, multiple films that include all combinations
could be used. Other embodiments may use a circular
polarizer to improve the optical transmission and viewing
angle. Other embodiments may use a circular polarizer
with the optical compensation films to further improve the
optical transmission and viewing angle. [00209] In the
various embodiments of the present invention, novel
structures and methods have been described for creating
a multi-domain vertical alignment liquid crystal display
without the use of physical features on the substrate. The
various embodiments of the structures and methods of
this invention that are described above are illustrative
only of the principles of this invention and are not intended
to limit the scope of the invention to the particular em-
bodiment described. For example, in view of this disclo-
sure those skilled in the art can define other pixel defini-
tions, dot polarity patterns, pixel designs, polarities, fringe
fields, electrodes, substrates, films, and so forth, and use
these alternative features to create a method, or system
according to the principles of this invention. Thus, the
invention is limited only by the following claims.

Claims

1. A pixel of a liquid crystal display comprising:

a first color component having a first first-com-
ponent color dot, wherein the first-component
color dot has an electrode;
a first switching element coupled to the electrode
of the first first-component color dot and config-
ured to drive the polarity of the first first-compo-
nent color dot a first polarity; and
a first associated dot configured to have a sec-
ond polarity, wherein the first switching element
is located within the first associated dot.

2. The pixel of claim 1, wherein the first associated dot
is horizontally aligned with the first first-component
color dot and vertically separated from the first first-
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component color dot by at least a vertical dot spac-
ing.

3. The pixel of Claim 1, wherein the first associate dot
is below the first first-component color dot.

4. The pixel of Claim 1, further comprising a second
associated dot vertically aligned with the first asso-
ciated dot and separated from the first associated
dot by at least a horizontal dot spacing.

5. The pixel of Claim 4, further comprising:

a second switching element located within the
second associated dot;
a second color component having a first second-
component color dot, wherein the first second-
component color dot has an electrode coupled
to the second switching element and wherein
the first second-component color dot is horizon-
tally aligned with the first associated dot and ver-
tically separated from the first associated dot by
at least the vertical dot spacing; and

wherein the second-component color dot and the
second associated dot have the first polarity.

6. The pixel of Claim 5, wherein

the first color component further comprises a
second first-component color dot, wherein the
second first-component color dot has an elec-
trode coupled to the first switching element and
wherein the second first-component color dot is
vertically offset from the first first-component
color dot by a vertical dot offset and horizontally
offset from the first first-component color dot by
a horizontal dot offset; and
the second color component further comprises
a second second-component color dot, wherein
the second second-component color dot has an
electrode coupled to the second switching ele-
ment and wherein the second second-compo-
nent color dot is vertically offset from the first
second-component color dot by the vertical dot
offset and horizontally offset from the first sec-
ond-component color dot by the horizontal dot
offset.

7. The pixel of Claim 6, wherein the first color compo-
nent is on a first side of the first associated dot and
the second color component is on a second side of
the first associated dot.

8. The pixel of Claim 6, further comprising

a third associated dot vertically aligned with the
first associated dot and horizontally separated

from the first associated dot by the horizontal
dot spacing;
a third color component having a first third-com-
ponent color dot and a second third-component
color dot; and
a third switching element located within the third
associated dot and coupled to an electrode of
the first third-component color dot, an electrode
of the second third-component color dot, and an
electrode of the third associated dot.

9. The pixel of Claim 6, further comprising

a third associated dot vertically aligned with the
second associated dot and horizontally separat-
ed from the second associated dot by the hori-
zontal dot spacing;
a third color component having a first third-com-
ponent color dot and a second third-component
color dot; and
a third switching element located within the third
associated dot and coupled to an electrode of
the first third-component color dot and an elec-
trode of the second third-component color dot.

10. The pixel of Claim 6, wherein

the first color component further comprises a
third first-component color dot, wherein the third
first-component color dot has an electrode cou-
pled to the first switching element and wherein
the third first-component color dot is vertically
offset from the second first-component color dot
by the vertical dot offset and horizontally offset
from the second first-component color dot by the
horizontal dot offset; and
the second color component further comprises
a third second-component color dot, wherein the
third second-component color dot has an elec-
trode coupled to the second switching element
and wherein the third second-component color
dot is vertically offset from the second second-
component color dot by the vertical dot offset
and horizontally offset from the second second-
component color dot by the horizontal dot offset.

11. The pixel of Claim 10, wherein the third first-compo-
nent color dot, the second first-component color dot,
and the first first-component color dot are arranged
in a left-right-left zig-zag pattern.

12. The pixel of Claim 11, wherein the third second-com-
ponent color dot, the second second-component
color dot, and the first second-component color dot
are arranged in a right-left-right zig-zag pattern.

13. The pixel of Claim 10, further comprising

65 66 



EP 1 995 717 A2

36

5

10

15

20

25

30

35

40

45

50

55

a third associated dot vertically aligned with the
first associated dot and horizontally separated
from the first associated dot by the horizontal
dot spacing;
a third color component having a first third-com-
ponent color dot, a second third-component
color dot, and a third third-component color dot;
and
a third switching element located within the third
associated dot and coupled to an electrode of
the first third-component color dot, an electrode
of the second third-component color dot, an
electrode of the third third-component color dot,
and an electrode of the third associated dot.

14. The pixel of Claim 10, further comprising

a third associated dot vertically aligned with the
second associated dot and horizontally separat-
ed from the second associated dot by the hori-
zontal dot spacing;
a third color component having a first third-com-
ponent color dot, a second third-component
color dot, and a third third-component color dot;
and
a third switching element located within the third
associated dot and coupled to an electrode of
the first third-component color dot, an electrode
of the second third-component color dot, and an
electrode of the third third-component color dot.

15. The pixel of Claim 5, further comprising

a third associated dot vertically aligned with the
first associated dot and horizontally separated
from the first associated dot by the horizontal
dot spacing;
a third color component having a first third-com-
ponent color dot; and
a third switching element located within the third
associated dot and coupled to an electrode of
the first third-component color dot and an elec-
trode of the third associated dot.

16. The pixel of Claim 5, further comprising

a third associated dot vertically aligned with the
second associated dot and horizontally separat-
ed from the second associated dot by the vertical
dot spacing;
a third color component having a first third-com-
ponent color dot; and
a third switching element located within the third
associated dot and coupled to an electrode of
the first third-component color dot; and wherein
the third associated dot is configured to have
the second polarity.

17. The pixel of Claim 4, further comprising:

a second switching element located within the
second associated dot;
a second color component having a first second-
component color dot, wherein the first second-
component color dot has an electrode coupled
to the second switching element and wherein
the first second-component color dot is horizon-
tally aligned with the second associated dot and
vertically separated from the second associated
dot by at least the vertical dot spacing; and

wherein the second-component color dot is config-
ured to have the second polarity and the second as-
sociated dot is configured to have the first polarity.

18. The pixel of Claim 17, further comprising

a third associated dot vertically aligned with the
second associated dot and horizontally separat-
ed from the second associated dot by the hori-
zontal dot spacing;
a third color component having a first third-com-
ponent color dot; and
a third switching element located within the third
associated dot and coupled to an electrode of
the first third-component color dot; and wherein
the third associated dot is configured to have
the second polarity.

19. The pixel of Claim 18, wherein the first first-compo-
nent color dot, the first second-component color dot,
and the first third-component color dot are vertically
aligned.

20. The pixel of Claim 17, wherein the first color compo-
nent further comprises a second first-component
color dot, wherein the first associated dot is located
between the first first-component color dot and the
second first-component color dot and wherein the
second first-component color dot has an electrode
coupled to the first switching element.

21. The pixel of Claim 20, further comprising a third as-
sociated dot, wherein the second first-component
color dot is located between the first associated dot
and the third associated dot.

22. The pixel of Claim 17, wherein the first color compo-
nent further comprises a second first-component
color dot, wherein the second first-component color
dot has an electrode coupled to the first switching
element and wherein the second first-component
color dot is vertically offset from the first first-com-
ponent color dot by a vertical dot offset and horizon-
tally offset from the first first-component color dot by
a horizontal dot offset.
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23. The pixel of Claim 22, wherein the second first-com-
ponent color dot is horizontally aligned with the first
second-component color dot.

24. The pixel of Claim 22, wherein the first color compo-
nent further comprises a third first-component color
dot, wherein the third first-component color dot has
an electrode coupled to the first switching element
and wherein the third first-component color dot is
vertically offset from the second first-component
color dot by the vertical dot offset and horizontally
offset from the second first-component color dot by
the horizontal dot offset.

25. The pixel of Claim 1, wherein the liquid crystal display
comprises an optical compensation film.

26. The pixel of Claim 1, wherein the liquid crystal display
comprises a circular polarizer.

27. The pixel of Claim 26, wherein the liquid crystal dis-
play comprises an optical compensation film.

28. A pixel of a liquid crystal display comprising:

a first color component having a first first-com-
ponent color dot, wherein the first first-compo-
nent color dot has an electrode;
a first switching element coupled to the electrode
of the first first-component color dot and config-
ured to drive the first first-component color dot
to a first polarity; and
a first associated dot having an electrode con-
figured to have a second polarity, wherein the
first switching element is located within the first
associated dot.

29. The pixel of claim 28, wherein the first associated
dot is horizontally aligned with the first first-compo-
nent color dot and vertically separated from the first
first-component color dot by at least a vertical dot
spacing.

30. The pixel of Claim 28, wherein the first associated
dot is below the first first-component color dot.

31. The pixel of Claim 28, further comprising a second
associated dot vertically aligned with the first asso-
ciated dot and separated from the first associated
dot by at least a horizontal dot spacing, wherein the
second associated dot includes an electrode config-
ured to have the first polarity.

32. The pixel of Claim 31, wherein the electrode of the
second associated dot is coupled to the first switch-
ing element.

33. The pixel of Claim 31, further comprising:

a second switching element located within the
second associated dot; and
a second color component having a first second-
component color dot, wherein the first second-
component color dot has an electrode coupled
to the second switching element and wherein
the first second-component color dot is horizon-
tally aligned with the second associated dot and
vertically separated from the second associated
dot by at least the vertical dot spacing.

34. The pixel of Claim 33, wherein the second switching
element is configured to drive the electrode of the
first second-component color dot to the second po-
larity; and wherein the first second-component color
dot is vertically aligned with the first first-component
color dot.

35. The pixel of Claim 33, further comprising

a third associated dot vertically aligned with the
second associated dot and horizontally separat-
ed from the second associated dot by the hori-
zontal dot spacing;
a third color component having a first third-com-
ponent color dot; and
a third switching element located within the third
associated dot and coupled to an electrode of
the first third-component color dot; and wherein
the third associated dot includes an electrode
configured to have the second polarity.

36. The pixel of Claim 35, wherein the electrode of the
third associated dot is coupled to the second switch-
ing element.

37. The pixel of Claim 35, wherein the first first-compo-
nent color dot, the first second-component color dot,
and the first third-component color dot are vertically
aligned.

38. The pixel of Claim 33, wherein the first color compo-
nent further comprises second first-component color
dot, wherein the first associated dot is located be-
tween the first first-component color dot and the sec-
ond first-component color dot and wherein the sec-
ond first-component color dot has an electrode cou-
pled to the first switching element.

39. The pixel of Claim 38, wherein the second color com-
ponent further comprises second second-compo-
nent color dot, wherein the second associated dot is
located between the first second-component color
dot and the second second-component color dot and
wherein the second second-component color dot
has an electrode coupled to the second switching
element.
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40. The pixel of Claim 39 further comprising:

a third associated dot vertically aligned with the
second associated dot and horizontally separat-
ed from the second associated dot by the hori-
zontal dot spacing;
a third color component having a first third-com-
ponent color dot and a second third-component
color dot, wherein the third associated dot is lo-
cated between the first third-component color
dot and the second third-component color dot;
and
a third switching element located within the third
associated dot and coupled to an electrode of
the first third-component color dot and an elec-
trode of the second third-component color dot;
and

wherein the third associated dot includes an elec-
trode configured to have the second polarity.

41. The pixel of Claim 38, further comprising a third as-
sociated dot, wherein the second first-component
color dot is located between the first associated dot
and the third associated dot.

42. The pixel of Claim 41,
wherein the second color component further com-
prises second second-component color dot, wherein
the second associated dot is located between the
first second-component color dot and the second
second-component color dot and wherein the sec-
ond second-component color dot has an electrode
coupled to the second switching element; and
wherein the pixel further comprises a fourth associ-
ated dot, wherein the second second-component
color dot is located between the second associated
dot and the fourth associated dot and wherein the
fourth associated dot includes an electrode coupled
to the first switching element.

43. The pixel of Claim 42, further comprising:

a fifth associated dot vertically aligned with the
second associated dot and horizontally separat-
ed from the second associated dot by the hori-
zontal dot spacing;
a third color component having a first third-com-
ponent color dot and a second third-component
color dot, wherein the fifth associated dot is lo-
cated between the first third-component color
dot and the second third-component color dot;
a third switching element located within the third
associated dot and coupled to an electrode of
the first third-component color dot and an elec-
trode of the second-third component color dot;
and
a sixth associated dot, wherein the second third-

component color dot is located between the fifth
associated dot and the sixth associated dot; and

wherein the fifth associated dot includes an electrode
configured to have the second polarity and the sixth
associated dot includes an electrode configured to
have the second polarity.

44. The pixel of Claim 33, wherein the first color compo-
nent further comprises a second first-component
color dot horizontally aligned with the second asso-
ciated dot and wherein the first second-component
color dot is located between the second first-com-
ponent color dot and the second associated dot.

45. The pixel of Claim 44, wherein the second first-com-
ponent color dot includes an electrode coupled to
the first switching element.

46. The pixel of Claim 45, wherein the second color com-
ponent further comprises a second second-compo-
nent color dot having an electrode coupled to the
second switching element, and wherein the second
second-component color dot is vertically aligned with
the second first-component color dot.

47. The pixel of Claim 46, further comprising:

a third associated dot vertically aligned with the
second associated dot and horizontally separat-
ed from the second associated dot by the hori-
zontal dot spacing;
a third color component having a first third-com-
ponent color dot and a second third-component
color dot, wherein the first third component color
dot is vertically aligned with the first first-com-
ponent color dot and the second first component
color dot; and wherein the second third-compo-
nent color dot is vertically aligned with the sec-
ond first-component color dot and the second
second-component color dot; and

wherein the third associated dot includes an elec-
trode configured to have the second polarity.

48. The pixel of Claim 46, wherein the first color compo-
nent further comprises a third first component color
dot having an electrode coupled to the first switching
element.

49. The pixel of Claim 48; wherein the first first-compo-
nent color dot, the second first-component color dot,
and the third first-component color dot are arranged
in a left, right left zigzag pattern.

50. The pixel of Claim 48, wherein the second color com-
ponent further comprises a third second component
color dot having an electrode coupled to the second
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switching element.

51. The pixel of Claim 50, further comprising:

a third associated dot vertically aligned with the
second associated dot and horizontally separat-
ed from the second associated dot by the hori-
zontal dot spacing;
a third color component having a first third-com-
ponent color dot, a second third-component
color dot, and a third third-component color dot,
wherein the first third component color dot is ver-
tically aligned with the first first-component color
dot and the second first component color dot;
and wherein the second third-component color
dot is vertically aligned with the second first-
component color dot and the second second-
component color dot, and wherein the third third-
component color dot is vertically aligned with the
third first component color dot and the third sec-
ond-component color dot; and

wherein the third associated dot includes an elec-
trode configured to have the second polarity.

52. The pixel of Claim 51, wherein the first first-compo-
nent color dot, the second first-component color dot,
and the third first-component color dot are arranged
in a left, right left zigzag pattern.

53. A pixel of a liquid crystal display comprising:

a first color component having a first first-com-
ponent color dot, wherein the first first-compo-
nent color dot has an electrode;
a first switching element coupled to the electrode
of the first first-component color dot and config-
ured to drive the electrode of the first first-com-
ponent color dot to a first polarity;
a first associated dot having an electrode,
wherein the first switching element is located
within the first associated dot; and
an associated dot switching element coupled to
the electrode of the first associated dot and con-
figured to drive the electrode of the first associ-
ated dot to a second polarity.

54. The pixel of claim 53, wherein the first associated
dot is horizontally aligned with the first first-compo-
nent color dot and vertically separated from the first
first-component color dot by at least a vertical dot
spacing.

55. The pixel of Claim 53, wherein the first associated
dot is below the first first-component color dot.

56. The pixel of Claim 53, further comprising a second
associated dot vertically aligned with the first asso-

ciated dot and separated from the first associated
dot by at least a horizontal dot spacing, wherein the
second associated dot includes an electrode cou-
pled to the associated dot switching element.

57. The pixel of Claim 56, further comprising

a second color component having a first second-
component color dot, wherein the first second-
component color dot includes an electrode;
a second switching element coupled to the elec-
trode of the first second-component color dot.

58. The pixel of Claim 57, wherein

the first second-component color dot is vertically
aligned with the first first-component color dot;
the first second-component color dot is horizon-
tally aligned with the second associated dot; and
the second switching element is configured to
drive the electrode of the first second-compo-
nent color dot to the first polarity.

59. The pixel of Claim 58 wherein the first color compo-
nent further comprises a second first-component
color dot having an electrode coupled to the first
switching element and wherein the first associated
dot is located between the first first-component color
dot and the second first-component color dot.

60. The pixel of Claim 59 wherein the second color com-
ponent further comprises a second second-compo-
nent color dot having an electrode coupled to the
second switching element and wherein the second
associated dot is located between the first second-
component color dot and the second second-com-
ponent color dot.

61. The pixel of Claim 60, further comprising

a third associated dot vertically aligned with the
second associated dot and separated from the
second associated dot by at least the horizontal
dot spacing, wherein the third associated dot in-
cludes an electrode coupled to the associated
dot switching element;
a third color component comprising a first third-
component color dot having an electrode and a
second third component color dot having an
electrode, wherein the third associated dot is lo-
cated between the first third-component color
dot and the second third-component color dot;
and
a third switching element located within the third
associated dot, wherein the third switching ele-
ment is coupled to the electrode of the first third-
component color dot and the electrode of the
second third-component color dot, and wherein
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the third’switching element is configured to drive
the electrode of the first third-component color
dot and the electrode of the second third-com-
ponent color dot to the first polarity.

62. The pixel of Claim 60, further comprising a third as-
sociated dot having an electrode configured to have
the second polarity, wherein the third associated dot
is horizontally aligned with the first associated dot,
and wherein the second first-component color dot is
located between the first associated dot and the third
associated dot.

63. The pixel of Claim 62, wherein the electrode of the
third associated dot is coupled to the associated dot
switching element.

64. The pixel of Claim 62, wherein the first color compo-
nent further comprises a third first-component color
dot having an electrode coupled to the first switching
element, wherein the third associated dot is located
between the third first-component color dot and the
second first-component color dot.

65. The pixel of Claim 64, wherein the electrode of the
third first-component color dot is coupled to the first
switching element via the electrode of the second
first-component color dot.

66. The pixel of Claim 64, further comprising:

a fourth associated dot having an electrode con-
figured to have the second polarity, wherein the
fourth associated dot is vertically aligned with
the third associated dot and horizontally aligned
with the second associated dot; and

wherein the second color component further com-
prises a third second-component color dot having an
electrode coupled to the second switching element,
and wherein the fourth associated dot is located be-
tween the second second-component color dot and
the third second-component color dot.

67. The pixel of Claim 66, further comprising:

a fifth associated dot having an electrode con-
figured to have the second polarity, wherein the
fifth associated dot is vertically aligned with the
second associated dot;
a sixth associated dot having an electrode con-
figured to have the second polarity, wherein the
sixth associated dot is vertically aligned with the
fourth associated dot and horizontally aligned
with the fifth associated dot;
a third color component comprising a first third-
component color dot, a second third-component
color dot, and a third third-component color dot,

wherein

the first third-component color dot is verti-
cally aligned with the first second-compo-
nent color dot and horizontally aligned with
the fifth associated dot;
the second third-component color dot is ver-
tically aligned with the second second-com-
ponent color dot and horizontally aligned
with the fifth associated dot; and
the third third-component color dot is verti-
cally aligned with the third second-compo-
nent color dot and horizontally aligned with
the fifth associated dot; and

a third switching element coupled to an elec-
trode of the first third-component color dot, an
electrode of the second third-component color
dot; and an electrode of the third third-compo-
nent color dot; wherein the third switching ele-
ment is configured to drive the first third-compo-
nent color dot, the second third-component color
dot and the third third-component color dot to
the first polarity.

68. The pixel of Claim 67, wherein the associated dot
switching element is coupled to the electrode of the
third associated dot, the electrode of the fourth as-
sociated dot, the electrode of the fifth associated dot,
and the electrode of the sixth associated dot.

69. The pixel of Claim 60, further comprising:

a third associated dot having an electrode con-
figured to have the second polarity, wherein the
third associated dot is horizontally aligned with
the first associated dot, and wherein the second
first-component color dot is located between the
first associated dot and the third associated dot;
and
a fourth associated dot having an electrode con-
figured to have the second polarity, wherein the
fourth associated dot is horizontally aligned with
the second associated dot and vertically aligned
with the third associated dot.

70. The pixel of Claim 53, wherein the associated dot
switching element is coupled to an electrode of an
associated dot of a second pixel.

71. A display comprising:

a first pixel comprising:

a first first-pixel color component having a
first first-pixel first-component color dot,
wherein the first first-pixel first-component
color dot has an electrode;
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a first first-pixel switching element coupled
to the electrode of the first first-pixel first-
component color dot and configured to drive
the electrode of the first first-pixel first-com-
ponent color dot to a first polarity; and
a first first-pixel associated dot having an
electrode, wherein the first first-pixel switch-
ing element is located within the first first-
pixel associated dot; and

a second pixel comprising:

a first second-pixel color component having
a first second-pixel first-component color
dot, wherein the first second-pixel first-com-
ponent color dot has an electrode;
a first second-pixel switching element cou-
pled to the electrode of the first second-pixel
first-component color dot and configured to
drive the electrode of the first second-pixel
first-component color dot to the first polarity;
and
a first second-pixel associated dot having
an electrode, wherein the first second-pixel
switching element is located within the first
second-pixel associated dot and wherein
the first second-pixel associated dot is ver-
tically aligned with the first first-pixel asso-
ciated dot; and

a first associated dot switching element coupled
to the electrode of the first first-pixel associated
dot and the electrode of the first second-pixel
associated dot, wherein the first associated dot
switching element is configured to drive the elec-
trode of the first first-pixel associated dot and
the electrode of the first second-pixel associated
dot to a second polarity.

72. The display of Claim 71,
wherein the first first-pixel color component further
comprises a second first-pixel first-component color
dot having an electrode coupled to the first first-pixel
switching element, wherein the first first-pixel asso-
ciated dot is located between the first first-pixel first-
component color dot and the second first-pixel first
component color dot; and
wherein the first second-pixel color component fur-
ther comprises a second second-pixel first-compo-
nent color dot having an electrode coupled to the
first second-pixel switching element, wherein the first
second-pixel associated dot is located between the
first second-pixel first-component color dot and the
second second-pixel first component color dot.

73. The display of Claim 72, wherein

the first pixel further comprises:

a second first-pixel color component having
a first first-pixel second-component color
dot and a second first-pixel second-compo-
nent color dot, wherein the first first-pixel
second-component color dot has an elec-
trode and the second first-pixel second
component color dot has an electrode;
a second first-pixel switching element cou-
pled to the electrode of the first first-pixel
second-component color dot and the elec-
trode of the second first-pixel second-com-
ponent color dot and configured to drive the
electrode of the first first-pixel second-com-
ponent color dot and the electrode of the
second first-pixel second-component color
dot to a first polarity; and
a second first-pixel associated dot having
an electrode coupled to the first associated
dot switching element, wherein the second
first-pixel switching element is located with-
in the second first-pixel associated dot, and
wherein the second first-pixel associated
dot is vertically aligned with the first first-
pixel associated dot and located between
the first first-pixel second-component color
dot and the second first-pixel second-com-
ponent color dot; and

wherein the second pixel further comprises:

a second second-pixel color component
having a first second-pixel second-compo-
nent color dot and a second second-pixel
second-component color dot,

wherein the first second-pixel second-compo-
nent color dot has an electrode and the second
second-pixel second-component color dot has
an electrode;
a second second-pixel switching element cou-
pled to the electrode of the first second-pixel
second-component color dot and the electrode
of the second second-pixel second component
color dot and configured to drive the electrode
of the first second-pixel second-component
color dot and the electrode of the second sec-
ond-pixel second component color dot to the first
polarity; and
a second second-pixel associated dot having an
electrode coupled to the first associated dot
switching element, wherein the second second-
pixel switching element is located within the sec-
ond second-pixel associated dot and wherein
the second second-pixel associated dot is ver-
tically aligned with the first second-pixel associ-
ated dot and located between the first second-
pixel second-component color dot and the sec-
ond second-pixel second-component color dot.
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74. The display of Claim 72 further comprising:

a third pixel comprising:

a first third-pixel color component having a
first third-pixel first-component color dot,
wherein the first third-pixel first-component
color dot has an electrode;
a first third-pixel switching element coupled
to the electrode of the first third-pixel first-
component color dot and configured to drive
the electrode of the first third-pixel first-com-
ponent color dot to the second polarity; and
a first third-pixel associated dot having an
electrode, wherein the first third-pixel
switching element is located within the first
third-pixel associated dot and wherein the
first third-pixel associated dot is horizontally
aligned with the first first-pixel associated
dot;

a fourth pixel comprising:

a first fourth-pixel color component having
a first fourth-pixel first-component color dot,
wherein the first fourth-pixel first-compo-
nent color dot has an electrode;
a first fourth-pixel switching element cou-
pled to the electrode of the first fourth-pixel
first-component color dot and configured to
drive the electrode of the first fourth-pixel
first-component color dot to the second po-
larity; and
a first fourth-pixel associated dot having an
electrode, wherein the first fourth-pixel
switching element is located within the first
fourth-pixel associated dot and wherein the
first fourth-pixel associated dot is vertically
aligned with the first second-pixel associat-
ed dot; and

a second associated dot switching element cou-
pled to the electrode of the first third-pixel asso-
ciated dot and the electrode of the first fourth-
pixel associated dot,
wherein the second associated dot switching el-
ement is configured to drive the electrode of the
first third-pixel associated dot and the electrode
of the first fourth-pixel associated dot to the first
polarity.

75. The display of Claim 74, wherein the first pixel and
the second pixel are on a first row of pixels and the
third pixel and the fourth pixel are on a second row
of pixels and wherein the first row of pixels is adjacent
to the second row of pixels.

76. The display of Claim 75, further comprising

a plurality of first row pixels, wherein the first
pixel and the second pixel are part of the plurality
of first row pixels;
a first row associated dot electrode coupled to
the first associated dot switching element and
to associated dots of the plurality of first row pix-
els;
a plurality of second row pixels, wherein the third
pixel and the fourth pixel are part of the plurality
of second row pixels; and
a second row associated dot electrode coupled
to the second associated dot switching element
and to associated dots of the plurality of second
row pixels.

77. The display of Claim 72,
wherein the first pixel further comprises

a second first-pixel associated dot having an
electrode coupled to the first associated dot
switching element;
wherein the first first-pixel color component fur-
ther comprises a third first-pixel first-component
color dot having an electrode coupled to the first
first-pixel switching element, wherein the sec-
ond first-pixel associated dot is located between
the second first-pixel first-component color dot
and the third first-pixel first component color dot;
and

wherein the second pixel further comprises

a second second-pixel associated dot having an
electrode coupled to the first associated dot
switching element;
wherein the first second-pixel color component
further comprises a third second-pixel first-com-
ponent color dot having an electrode coupled to
the first second-pixel switching element, where-
in the second second-pixel associated dot is lo-
cated between the second second-pixel first-
component color dot and the third second-pixel
first component color dot.

78. A pixel of a liquid crystal display comprising:

a first color component having a first first-com-
ponent color dot, wherein the first first-compo-
nent color dot has an electrode;
a first switching element coupled to the electrode
of the first first-component color dot and config-
ured to drive the electrode of the first first-com-
ponent color dot to a first polarity;
a second color component having a first second-
component color dot, wherein the first second-
component color dot has an electrode, and
wherein the first second-component color dot is
vertically aligned with the first first-component
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color dot and separated from the first first-com-
ponent color dot by at least a horizontal dot spac-
ing;
a second switching element coupled to the elec-
trode of the first second-component color dot
and configured to drive the electrode of the first
second-component color dot to a second polar-
ity;
a first associated dot having an electrode,
wherein the first switching element is located
within the first associated dot;
a second associated dot having an electrode,
wherein the second switching element is located
within the second associated dot; and

wherein the first associated dot is on a first side of a
first row defined by the first first-component color dot
and the first second-component color dot, and the
second associated dot is on a second side of the first
row.

79. The pixel of Claim 78, wherein the electrode of the
first associated dot is coupled to the first switching
element.

80. The pixel of Claim 78, wherein the second associat-
ed dot is vertically aligned with the first first-compo-
nent color dot.

81. The pixel of Claim 78, wherein the second color com-
ponent further comprises a second second-compo-
nent color dot horizontally aligned with the first first-
component color dot, wherein the second second-
component color dot has an electrode coupled to the
second switching element.

82. The pixel of Claim 81, wherein the second second-
component color dot is located between the first first-
component color dot and the second associated dot.

83. The pixel of Claim 81, wherein the first color compo-
nent further comprises a second first-component
color dot vertically aligned with the second second-
component color dot,
wherein the second first-component color dot has an
electrode coupled to the first switching element.

84. The pixel of Claim 83, wherein the first associated
dot is horizontally aligned with the second first-com-
ponent color dot.

85. The pixel of Claim 81 further comprising:

a third associated dot having an electrode,
wherein the third associated dot is vertically
aligned with the first associated dot and horizon-
tally aligned with the first second-component
color dot;

a third switching element located within the third
associated dot; and
a third color component having a first third-com-
ponent color dot and a second third-component
color dot, wherein the first third component color
dot has an electrode coupled to the third switch-
ing element and the second third-component
color dot has an electrode coupled to the third
switching element.

86. The pixel of Claim 85, wherein the first third-compo-
nent color dot is vertically aligned with the first sec-
ond-component color dot and the second third-com-
ponent color dot is vertically aligned with the second
second-component color dot.

87. The pixel of Claim 78, wherein

the first color component further comprises a
second first-component color dot horizontally
aligned with the first second-component color
dot, wherein the second first-component color
dot has an electrode coupled to the first switch-
ing element; and
the second color component further comprises
a second second-component color dot vertically
aligned with the second first-component color
dot, wherein the second second-component
color dot has an electrode coupled to the second
switching element.

88. The pixel of Claim 87, wherein

the second color component further comprises
a third second-component color dot horizontally
aligned with the first second-component color
dot, wherein the third second-component color
dot has an electrode coupled to the second
switching element; and
the first color component further comprises a
third first-component color dot vertically aligned
with the third second-component color dot,
wherein the third first-component color dot has
an electrode coupled to the first switching ele-
ment.

89. The pixel of Claim 88, wherein the first first-compo-
nent color dot, the second first-component color dot,
and the third first-component color dot are arranged
in a left-right-left zigzag pattern.

90. The pixel of Claim 88, wherein the second associat-
ed dot is horizontally aligned with the second sec-
ond-component color dot.

91. The pixel of Claim 88, further comprising

a third associated dot vertically aligned with the
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first associated dot, wherein the third associated
dot includes an electrode;
a third switching element located within the third
associated dot;
a third color component having a first third-com-
ponent color dot, a second third-component
color dot, and a third third-component color dot,
wherein the third switching element is coupled
to an electrode of the first third-component color
dot, an electrode of the second third-component
color dot, and an electrode of a third third-com-
ponent color dot.

92. The pixel of Claim 91, wherein the third switching
element is configured to drive the electrode of the
first third-component color dot, the electrode of the
second third-component color dot, and the electrode
of a third third-component color dot to the first polar-
ity.

93. the pixel of Claim 91, wherein the third color compo-
nent is vertically aligned with the second color com-
ponent.

94. The pixel of Claim 78, wherein

the second color component further comprises
a second second-component color dot horizon-
tally aligned with the first first-component color
dot, wherein the second second-component
color dot has an electrode coupled to the second
switching element; and
the first color component further comprises a
second first-component color dot vertically
aligned with the second second-component
color dot, wherein the second first-component
color dot has an electrode coupled to the first
switching element.

95. The pixel of Claim 94, wherein the electrode of the
first associated dot is configured to have the second
polarity.

96. The pixel of Claim 95, wherein the electrode of the
second associated dot is configured to have the sec-
ond polarity.

97. The pixel of Claim 94, wherein the first associated
dot is horizontally aligned with the first first-compo-
nent color dot, and wherein the first first-component
color dot is located between first associated dot and
the second second-component color dot.

98. The pixel of Claim 97, wherein

the first color component further comprises a
third first-component color dot horizontally
aligned with the first first-component color dot,

wherein the third first-component color dot has
an electrode coupled to the first switching ele-
ment; and
the second color component further comprises
a third second-component color dot horizontally
aligned with the third first-component color dot,
wherein the third second-component color dot
has an electrode coupled to the second switch-
ing element.

99. The pixel of Claim 98, wherein the first first-compo-
nent color dot, the second first component color dot,
and the third first component color dot are arranged
in a right-left-right zigzag pattern.

100.The pixel of Claim 98, further comprising

a third associated dot vertically aligned with the
first associated dot, wherein the third associated
dot includes an electrode;
a third switching element located within the third
associated dot;
a third color component having a first third-com-
ponent color dot, a second third-component
color dot, and a third third-component color dot,
wherein the third switching element is coupled
to an electrode of the first third-component color
dot, an electrode of the second third-component
color dot, and an electrode of a third third-com-
ponent color dot.

101.The pixel of Claim 100, wherein the third switching
element is configured to drive the electrode of the
first third-component color dot, the electrode of the
second third-component color dot, and the electrode
of a third third-component color dot to the first polar-
ity.

102.the pixel of Claim 101, wherein the third color com-
ponent is vertically aligned with the second color
component.

103.A pixel of a liquid crystal display comprising:

a first color component having a first first-com-
ponent color dot, wherein the first first-compo-
nent color dot has an electrode;
a first switching element coupled to the electrode
of the first first-component color dot and config-
ured to drive the electrode of the first first-com-
ponent color dot to a first polarity;
a first associated dot having an electrode con-
figured to have the first polarity, wherein the first
switching element is located within the first as-
sociated dot.

104.The pixel of Claim 103, wherein the first switching
element is coupled to the electrode of the first asso-
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ciated dot.

105.The pixel of Claim 103, further comprising a second
associated dot vertically aligned with the first asso-
ciated dot and separated from the first associated
dot by at least a horizontal dot spacing, where the
second associated dot includes an electrode config-
ured to have a second polarity.

106.The pixel of Claim 105, further comprising:

a second color component having a first second-
component color dot having an electrode,
wherein the second associated dot is located
between the first first-component color dot and
the first second-component color dot; and
a second switching element located within the
second associated dot and coupled to the elec-
trode of the first second-component color dot,
wherein the second switching element is config-
ured to drive the first second-component color
dot to the first polarity.

107.The pixel of Claim 106, wherein

the first color component further comprises a
second first-component color dot, wherein the
second first-component color dot has an elec-
trode coupled to the first switching element and
wherein the second first-component color dot is
vertically offset from the first first-component
color dot by a vertical dot offset and horizontally
offset from the first first-component color dot by
a horizontal dot offset; and
the second color component further comprises
a second second-component color dot, wherein
the second second-component color dot has an
electrode coupled to the second switching ele-
ment and wherein the second second-compo-
nent color dot is vertically offset from the first
second-component color dot by the vertical dot
offset and horizontally offset from the first sec-
ond-component color dot by the horizontal dot
offset.

108.The pixel of Claim 107, wherein the first color com-
ponent is on a first side of the second associated dot
and the second color component is on a second side
of the second associated dot.

109.The pixel of Claim 107, wherein

the first color component further comprises a
third first-component color dot, wherein the third
first-component color dot has an electrode cou-
pled to the first switching element and wherein
the third first-component color dot is vertically
offset from the second first-component color dot

by the vertical dot offset and horizontally offset
from the second first-component color dot by the
horizontal dot offset; and
the second color component further comprises
a third second-component color dot, wherein the
third second-component color dot has an elec-
trode coupled to the second switching element
and wherein the third second-component color
dot is vertically offset from the second second-
component color dot by the vertical dot offset
and horizontally offset from the second second-
component color dot by the horizontal dot offset.

110.The pixel of Claim 109, wherein the first first-com-
ponent color dot, the second first-component color
dot, and the third first-component color dot are ar-
ranged in a first left-right-left zigzag pattern.

111.The pixel of Claim 110, wherein the first second-
component color dot, the second second-compo-
nent color dot and the third second-component color
dot are arranged in a first right-left-right zigzag pat-
tern.

112.The pixel of Claim 109, further comprising:

a third associated dot vertically aligned with the
first associated dot and horizontally separated
from the first associated dot by the horizontal
dot spacing, wherein the third associated dot
has an electrode configured to have the second
polarity;
a third color component having a first third-com-
ponent color dot, a second third-component
color dot, and a third third-component color dot;
and
a third switching element located within the third
associated dot and coupled to an electrode of
the first third-component color dot, an electrode
of the second third-component color dot, and an
electrode of the third third-component color dot.

113.The pixel of Claim 112, wherein the third switching
element is configured to drive the electrode of the
first third-component color dot, the electrode of the
second third-component color dot, and the electrode
of the third third-component color dot to the first po-
larity.

114.The pixel of Claim 109, further comprising:

a third associated dot vertically aligned with the
second associated dot and horizontally separat-
ed from the second associated dot by the hori-
zontal dot spacing, wherein the third associated
dot has an electrode configured to have the first
polarity;
a third color component having a first third-com-
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ponent color dot, a second third-component
color dot, and a third third-component color dot;
and
a third switching element located within the third
associated dot and coupled to an electrode of
the first third-component color dot, an electrode
of the second third-component color dot, and an
electrode of the third third-component color dot.

115.The pixel of Claim 114, wherein the third switching
element is configured to drive the electrode of the
first third-component color dot, the electrode of the
second third-component color dot, and the electrode
of the third third-component color dot to the first po-
larity.

116.The pixel of Claim 114, wherein the third switching
element is coupled to the electrode of the third as-
sociated dot.

117.The pixel of Claim 107, further comprising:

a third associated dot vertically aligned with the
first associated dot and horizontally separated
from the first associated dot by the horizontal
dot spacing, wherein the third associated dot
has an electrode configured to have the second
polarity;
a third color component having a first third-com-
ponent color dot and a second third-component
color dot; and
a third switching element located within the third
associated dot and coupled to an electrode of
the first third-component color dot and an elec-
trode of the second third-component color dot.

118.The pixel of Claim 117, wherein the third switching
element is configured to drive the electrode of the
first third-component color dot and the electrode of
the second third-component color dot to the first po-
larity.

119.The pixel of Claim 107, further comprising:

a third associated dot vertically aligned with the
second associated dot and horizontally separat-
ed from the second associated dot by the hori-
zontal dot spacing, wherein the third associated
dot has an electrode configured to have the first
polarity;
a third color component having a first third-com-
ponent color dot and a second third-component
color dot; and
a third switching element located within the third
associated dot and coupled to an electrode of
the first third-component color dot and an elec-
trode of the second third-component color dot.

120.The pixel of Claim 119, wherein the third switching
element is configured to drive the electrode of the
first third-component color dot and the electrode of
the second third-component color dot to the first po-
larity.

121.The pixel of Claim 120, wherein the third switching
element is coupled to the electrode of the third as-
sociated dot.

122.The pixel of Claim 106, further comprising:

a third associated dot vertically aligned with the
first associated dot and horizontally separated
from the first associated dot by the horizontal
dot spacing, wherein the third associated dot
has an electrode configured to have the second
polarity;
a third color component having a first third-com-
ponent color dot; and
a third switching element located within the third
associated dot and coupled to an electrode of
the first third-component color dot.

123.The pixel of Claim 122, wherein the third switching
element is configured to drive the electrode of the
first third-component color dot to the first polarity.

124.The pixel of Claim 106, further comprising:

a third associated dot vertically aligned with the
second associated dot and horizontally separat-
ed from the second associated dot by the hori-
zontal dot spacing, wherein the third associated
dot has an electrode configured to have the first
polarity;
a third color component having a first third-com-
ponent color dot; and
a third switching element located within the third
associated dot and coupled to an electrode of
the first third-component color dot.

125.The pixel of Claim 124, wherein the third switching
element is configured to drive the electrode of the
first third-component color dot to the first polarity.

126.The pixel of Claim 125, wherein the third switching
element is coupled to the electrode of the associated
dot.

127.The pixel of Claim 124, wherein the first color com-
ponent is vertically aligned with the third color com-
ponent.

128.A pixel of a liquid crystal display comprising:

a first color component having a first first-com-
ponent color dot, wherein the first first-compo-
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nent color dot has an electrode;
a first switching element coupled to the electrode
of the first first-component color dot and config-
ured to drive the electrode of the first first-com-
ponent color dot to a first polarity;
a first associated dot having an electrode con-
figured to have a second polarity, wherein the
first associated dot is horizontally aligned with
the first first-component color dot; and
a second associated dot having an electrode
configured to have the first polarity, wherein the
first associated dot is located between the sec-
ond associated dot and the first first-component
color dot.

129.The pixel of Claim 128, wherein the first switching
element is coupled to the electrode of the second
associated dot.

130.The pixel of Claim 128, wherein the first switching
element is located within the second associated dot.

131.The pixel of Claim 128, further comprising:

a second color component having a first second-
component color dot, wherein the first second-
component color dot has an electrode;
a second switching element coupled to the elec-
trode of the first second-component color dot
and configured to drive the electrode of the first
second-component color dot to the second po-
larity;
a third associated dot having an electrode con-
figured to have the first polarity, wherein the third
associated dot is horizontally aligned with the
first second-component color dot; and
a fourth associated dot having an electrode con-
figured to have the second polarity, wherein the
third associated dot is located between the
fourth associated dot and the first second-com-
ponent color dot.

132.The pixel of Claim 131, wherein the electrode of the
fourth associated dot is coupled to the second
switching element.

133.The pixel of Claim 131, wherein the fourth associated
dot is vertically aligned with the second associated
dot.

134.The pixel of Claim 133, wherein the second switching
element is located within the fourth associated dot.

135.The pixel of Claim 131, wherein the electrode of the
third associated dot is coupled to the first switching
element.

136.The pixel of Claim 131, wherein the electrode of the

third associated dot is coupled to the electrode of
the second associated dot.

137.The pixel of Claim 131, wherein the first first-com-
ponent color dot and the first second-component
color dot are vertically aligned.

138.The pixel of Claim 131, further comprising:

a third color component having a first third-com-
ponent color dot, wherein the first third-compo-
nent color dot has an electrode;
a third switching element coupled to the elec-
trode of the first third-component color dot and
configured to drive the electrode of the first third-
component color dot to the first polarity;
a fifth associated dot having an electrode con-
figured to have a second polarity, wherein the
fifth associated dot is horizontally aligned with
the first third-component color dot; and
a sixth associated dot having an electrode con-
figured to have the first polarity, wherein the fifth
associated dot is located between the sixth as-
sociated dot and the first third-component color
dot.

139.The pixel of Claim 138, wherein the second associ-
ated dot, the fourth associated dot, and the sixth as-
sociated dot are horizontally aligned.

140.The pixel of Claim 139, wherein

the first switching element is located within the
second associated dot;
the second switching element is located within
the fourth associated dot; and
the third switching element is located within the
sixth associated dot.

141.The pixel of Claim 139, wherein the electrode of the
fifth associated dot is coupled to the second switch-
ing element and wherein the electrode of the third
associated dot is coupled to the first switching ele-
ment.

142.The pixel of Claim 128, further comprising:

a second color component having a first second-
component color dot, wherein the first second-
component color dot has an electrode;
a second switching element coupled to the elec-
trode of the first second-component color dot
and configured to drive the electrode of the first
second-component color dot to the first polarity;
a third associated dot having an electrode con-
figured to have the first polarity, wherein the third
associated dot is horizontally aligned with the
first second-component color dot; and
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a fourth associated dot having an electrode con-
figured to have the second polarity, wherein the
fourth associated dot is located between the
third associated dot and the first second-com-
ponent color dot.

143.The pixel of Claim 142, wherein the second associ-
ate dot and the fourth associated dot define a row
and wherein the first first-component color dot is on
a first side of the row and the first second component
color dot is on a second side of the row.

144.The pixel of Claim 142, wherein the electrode of the
second associated dot is coupled to the electrode of
the third associated dot.

145.The pixel of Claim 142, further comprising:

a third color component having a first third-com-
ponent color dot, wherein the first third-compo-
nent color dot has an electrode;
a third switching element coupled to the elec-
trode of the first third-component color dot and
configured to drive the electrode of the first third-
component color dot to the first polarity;
a fifth associated dot having an electrode con-
figured to have a second polarity, wherein the
fifth associated dot is horizontally aligned with
the first third-component color dot; and
a sixth associated dot having an electrode con-
figured to have the first polarity, wherein the fifth
associated dot is located between the sixth as-
sociated dot and the first third-component color
dot.

146.The pixel of Claim 145, wherein the second associ-
ated dot, the fourth associated dot, and the sixth as-
sociated dot are horizontally aligned.

147.The pixel of Claim 146, wherein

the first switching element is located within the
second associated dot;
the second switching element is located within
the fourth associated dot; and
the third switching element is located within the
sixth associated dot.

148.The pixel of Claim 145, wherein the electrode of the
fifth associated dot is coupled to the electrode of the
fourth switching element and wherein the electrode
of the third associated dot is coupled to the electrode
of the second switching element.

149.The pixel of Claim 142, further comprising:

a third color component having a first third-com-
ponent color dot, wherein the first third-compo-

nent color dot has an electrode;
a third switching element coupled to the elec-
trode of the first third-component color dot and
configured to drive the electrode of the first third-
component color dot to the first polarity;
a fifth associated dot having an electrode con-
figured to have the first polarity, wherein the fifth
associated dot is horizontally aligned with the
first third-component color dot; and
a sixth associated dot having an electrode con-
figured to have the second polarity, wherein the
sixth associated dot is located between the fifth
associated dot and the first third-component
color dot.

150.The pixel of Claim 149, wherein the second associ-
ated dot is located between the fourth associated
dot and the sixth associated dot.

151.The pixel of Claim 149, wherein electrode of the fifth
associated dot is coupled to the first switching ele-
ment.

152.The pixel of Claim 149, wherein the electrode of the
sixth associated dot is coupled to the electrode of
the first associated dot and wherein the electrode of
the second associated dot is coupled to the electrode
of the third associated dot.

153.A display comprising:

a first pixel comprising:

a first first-pixel color component having a
first first-pixel first-component color dot,
wherein the first first-pixel first-component
color dot has an electrode;
a first first-pixel switching element coupled
to the electrode of the first first-pixel first-
component color dot and configured to drive
the electrode of the first first-pixel first-com-
ponent color dot to a first polarity; and
a first first-pixel associated dot having an
electrode, wherein the first first-pixel asso-
ciated dot is horizontally aligned with the
first first-pixel first-component color dot; and

a second pixel comprising:

a first second-pixel color component having
a first second-pixel first-component color
dot, wherein the first second-pixel first-com-
ponent color dot has an electrode;
a first second-pixel switching element cou-
pled to the electrode of the first second-pixel
first-component color dot and configured to
drive the electrode of the first second-pixel
first-component color dot to a second polar-
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ity; and

wherein the electrode of the first first-pixel as-
sociated dot is coupled to the first second-pixel
switching element.

154.The display of Claim 153, wherein the first first-pixel
associated dot is horizontally aligned with the first
second-pixel first-component color dot.

155.The display of Claim 153, wherein the electrode of
the first first-pixel associated dot is coupled to the
first second-pixel switching element via the electrode
of the first second-pixel first-component color dot.

156.The display of Claim 155, wherein the first second-
pixel color component further comprises a second
second-pixel first-component color dot having an
electrode coupled between the electrode of the first
first-pixel associated dot and the electrode of the first
second-pixel first-component color dot.

157.The display of Claim 155, wherein the first second-
pixel color component further comprises a second
second-pixel first-component color dot having an
electrode; wherein the electrode of the first first-pixel
associated dot is coupled between the electrode of
the first second-pixel first-component color dot and
the electrode of the second second-pixel first-com-
ponent color dot.

158.The display of Claim 157, wherein the second pixel
further comprises a first second-pixel associated dot
having an electrode, wherein the first second-pixel
associated dot is located between the first second-
pixel first-component color dot and the second sec-
ond-pixel first-component color dot.

159.The display of Claim 158, wherein the first first-pixel
associated dot is adjacent to the first second-pixel
associated dot and wherein the electrode of the sec-
ond-pixel associated dot is configured to have the
first polarity.

160.The display of Claim 159, wherein the second pixel
further comprises:

a second second-pixel switching element cou-
pled to the electrode of the first second-pixel as-
sociated dot and configured to drive the elec-
trode of the first second-pixel associated dot to
the first polarity; and
a second second-pixel associated dot having an
electrode and wherein the second second-pixel
switching element is located within the second
second-pixel associated dot.

161.The display of Claim 160, wherein the second pixel

further comprises a second second-pixel color com-
ponent comprising:

a first second-pixel second component color dot
having an electrode coupled between the sec-
ond second-pixel switching element and the
electrode of the first second-pixel associated
dot; and
a second second-pixel second-component color
dot having an electrode coupled to the electrode
of the first second-pixel associated dot.

162.The display of Claim 161, wherein the second sec-
ond-pixel associated dot vertically aligned with the
first second-pixel associated dot, and wherein the
second second-pixel associated dot is located be-
tween the first second-pixel second-component
color dot and the second second-pixel second-com-
ponent color dot.

163.The display of claim 153, wherein the second pixel
further comprises a first second-pixel associated dot
having an electrode, wherein the first second-pixel
associated dot is horizontally aligned with the first
second-pixel first-component color dot.

164.The display of Claim 163,
wherein the first first-pixel first-component color dot
is vertically aligned with and adjacent to the first sec-
ond-pixel first component color dot; and
wherein the first first-pixel associated dot is vertically
aligned with and adjacent to the first second-pixel
associated dot.

165.The pixel of Claim 164,
wherein the first first-pixel color component further
comprises a second first-pixel first-component color
dot having an electrode coupled to the first first-pixel
switching element, wherein the first first-pixel color
component is horizontally aligned with the first sec-
ond-pixel first-component color dot; and
wherein the first second-pixel color component fur-
ther comprises a second first-pixel first-component
color dot having an electrode coupled to the first sec-
ond-pixel switching element, wherein the first sec-
ond-pixel color component is vertically aligned with
the second first-pixel first-component color dot.

166.The pixel of Claim 165, wherein the first pixel further
comprises:

a second first-pixel associated dot having an
electrode coupled to the first first-pixel switching
element;
a second first-pixel color component comprising

a first first-pixel second-component color
dot horizontally aligned with and adjacent
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to the first first-pixel first-component color
dot; and
a second first-pixel second-component
color dot horizontally aligned with and ad-
jacent to the second first-pixel first-compo-
nent color dot; and

a second first-pixel switching element coupled
to an electrode of the first first-pixel second-com-
ponent color dot and an electrode of the second
first-pixel second-component color dot, wherein
the second second-pixel color component is
configured to provide the second polarity.

167.The display of Claim 166, wherein the second pixel
further comprises:

a second second-pixel associated dot having an
electrode configured to have the second polar-
ity;
a second second-pixel color component com-
prising

a first second-pixel second-component
color dot horizontally aligned with and ad-
jacent to the first second-pixel first-compo-
nent color dot; and
a second second-pixel second-component
color dot horizontally aligned with and ad-
jacent to the first second second-pixel first-
component color dot; and

a second second-pixel switching element cou-
pled to an electrode of the first second-pixel sec-
ond-component color dot, an electrode of the
second second-pixel second-component color
dot, and the electrode of the first second-pixel
associated dot; wherein the second second-pix-
el color component is configured to provide the
first polarity.

168.The display of Claim 167, wherein:

the first first-pixel color component further com-
prises a third first-pixel first-component color dot
having an electrode coupled to the first first-pixel
switching element;
the second first-pixel color component further
comprises a third first-pixel second-component
color dot having an electrode coupled to the sec-
ond first-pixel switching element;
the first second-pixel color component further
comprises a third second-pixel first-component
color dot having an electrode coupled to the first
second-pixel switching element; and
the second second-pixel color component fur-
ther comprises a third second-pixel second-
component color dot having an electrode cou-

pled to the second second-pixel switching ele-
ment.

169.The display of Claim 168, wherein:

the fist first-pixel first-component color dot, the
second first-pixel first-component color dot, and
the third first-pixel first component color dot are
arranged in a right-left-right zigzag pattern; and
the first second-pixel first component color dot,
the second second-pixel first-component color
dot, and the third second pixel first-component
color dot are arranged in a right-left-right zigzag
pattern.

170.The display of Claim 153, wherein the first first-pixel
switching element is on a first row of switching ele-
ments and the first second-pixel switching element
is on a second row of switching elements.

171.The display of Claim 170, wherein the first second-
pixel first component color dot is between the first
row of switching elements and the second row of
switching element.

172.The display of Claim 171, wherein the first pixel fur-
ther comprises a second first-pixel color component
further comprising:

a first first-pixel second-component color dot
having an electrode, wherein the first first-pixel
second-component color dot is located between
the first first-pixel associated dot and the first
second-pixel first component color dot; and
a second first-pixel switching element coupled
to and configured to drive the electrode of the
first first-pixel second-component color dot to
the first polarity.

173.The display of Claim 171, wherein the first second-
pixel color component further comprising a second
second-pixel first-component color dot having an
electrode, wherein the first first-pixel first-component
color dot is located between the first first-pixel asso-
ciated dot and the second second-pixel first compo-
nent color dot.

174.The display of Claim 170, wherein the first pixel fur-
ther comprises a second first-pixel switching ele-
ment in the second row of switching elements.

175.The display of Claim 153, wherein the first pixel fur-
ther comprises a second first pixel associated dot
having a electrode coupled to the first first-pixel
switching element, wherein the first first-pixel asso-
ciated dot is located between the second first-pixel
associated dot and the first first-pixel first-compo-
nent color dot.
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176.The display of Claim 175, wherein the first first-pixel
first component color dot is vertically aligned with
and adjacent to the first second-pixel first component
color dot.

177.The display of Claim 176, wherein the second pixel
further comprises:

a first second-pixel associated dot having an
electrode;
a second second-pixel associated dot having an
electrode;

wherein the first first-pixel associate dot is vertically
aligned with the first second pixel associated dot and
the first second-pixel associated dot is vertically
aligned with the second first-pixel associated dot;
and
wherein the electrode of the first second-pixel asso-
ciated dot is coupled to the first second-pixel switch-
ing element.
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