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7) ABSTRACT

Embodiments of the present invention provide fora FFS TFT
LCD with a high refresh rate without limiting the aperture of
individual pixels. More specifically, embodiments of the
invention provide for the use of common bus lines to reduce
the effective resistance of the common electrode and to there-
fore allow for higher refresh rates of the display. Furthermore,
the common bus lines can be positioned in such a manner so
that they do not further reduce the aperture of the display.
More specifically, the common bus lines can be positioned
above or below existing elements of the display that are
already opaque. Thus, adding the common bus lines need not
reduce the aperture. The above can be achieved by, for
example, placing the common bus lines above or below exist-
ing non-transparent lines, such as gate lines or data lines.
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COMMON BUS DESIGN FOR A TFT-LCD
DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 12/340,567, filed Dec. 19, 2008, which in turn
claims the benefit under 35 USC 119(e) of U.S. Provisional
Application No. 61/199,710, filed on Nov. 18,2008, the entire
disclosures of which are incorporated herein by reference in
their entirety for all purposes.

FIELD OF THE INVENTION

[0002] This relates generally to thin-film transistor liquid
crystal displays (TFT LCDs) and more specifically, to fringe
field switching (FFS) TFT LCDs that include an improved
common bus design that allows for reduced resistance at the
common electrode and higher display refresh rate.

BACKGROUND OF THE INVENTION

[0003] Thin film transistor liquid crystal displays (TFT
LCDs) are a well known type of displays. One advanced type
of TFTLCD is the fringe field switching TFT LCD, or FFS
TFTLCD. Fringe field switching is considered to be a type of
in-plane switching L.CD; i.e., an LCD for which the elec-
trodes performing the switching of pixels are in a single plane
and formed on a single substrate on one side of the liquid
crystals. (Other LCD technologies require that electrodes be
placed in a “sandwich” configuration on two different sub-
strates on both sides of the liquid crystals). An example of an
FFS TFT LCD is described by Lee, Seung Hee et al., “Ultra-
FFS TFT-LCD with Super Image Quality, Fast Response
Time, and Strong Pressure-Resistant Characteristics,” Jour-
nal of the Society for Information displays Oct. 2, 2002. The
above publication is hereby incorporated by reference herein
in its entirety for all purposes.

[0004] Furthermore, FFS LCDs usually require the use of a
common layer. The common layer can be a single electrode
that is used for switching all pixels. Thus, the common layer
can be referred to as a common electrode. Each pixel may also
include a pixel electrode and the switching of a pixel may be
performed by varying a voltage between individual pixel
electrodes and the common electrode. In some embodiments
different common electrodes may be used for different rows
of pixels.

[0005] The common electrode can be the same for all pixels
(or, alternatively, all pixels in a particular row) and need not
be individually switched for individual pixels. Each pixel
electrode can be individually switched by the use of a tran-
sistor connected to a data and gate line. A plurality of gate and
data lines can be provided in a lattice covering the display so
that each pixel is connected to a respective gate and data line.
This may allow the switching of individual pixel electrodes.
Switching of an electrode indicates loading and/or removing
charge to/from the electrode in order to change the voltage of
an electrode.

[0006] Because of the need to use higher resistance trans-
parent conductors to form the common electrode, the switch-
ing rate of the common electrode and, subsequently, the
refresh rate of the display can be limited. Furthermore, to
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minimize the amount of current that has to flow across these
higher resistance paths, FFS TFT LCDs are usually limited in
size.

SUMMARY OF THE INVENTION

[0007] Embodiments of the present invention provide for a
FFS TFT LCD with a high refresh rate without limiting the
aperture of individual pixels. More specifically, embodiments
of the invention provide for the use of common bus lines to
reduce the effective resistance of the common electrode and
to therefore allow for higher refresh rates of the display.
Furthermore, the common bus lines can be positioned in such
amanner so that they do not further reduce the aperture of the
display. More specifically, the common bus lines can be posi-
tioned above or below existing elements of the display that are
already opaque. Thus, adding the common bus lines need not
reduce the aperture. The above can be achieved by, for
example, placing the common bus lines above or below exist-
ing non-transparent lines, such as gate lines or data lines.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIGS. 1A and 1B are diagrams showing exemplary
configurations of the common and pixel electrode.

[0009] FIG.2 illustrates is a diagram showing an exemplary
display using a common bus line.

[0010] FIG. 3 is a diagram showing an exemplary display
using acommon bus line according to one embodiment of'this
invention.

[0011] FIGS.4A-D are diagrams showing various configu-
rations of the common bus line and the common electrode
according to some embodiments of the invention.

[0012] FIG. 5is adiagram of various manufacturing stages
of an exemplary display according to one embodiment of the
invention.

[0013] FIG. 61is another diagram of various manufacturing
stages of an exemplary display according to one embodiment
of the invention.

[0014] FIG. 7 is diagrams of various end user devices that
may implement embodiments of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0015] In the following description of preferred embodi-
ments, reference is made to the accompanying drawings
which form a part hereof, and in which it is shown by way of
illustration specific embodiments in which the invention can
be practiced. It is to be understood that other embodiments
can be used and structural changes can be made without
departing from the scope of the embodiments of this inven-
tion.

[0016] Embodiments of the present invention provide for
the ability to reduce the effective resistance of the common
electrode without reducing the aperture of the display. In
other words, embodiments of the invention allow for rela-
tively quick voltage changes at the common electrode without
reducing the light transmitting portions of the display.
Embodiments of the invention can produce FFS TFT LCDs
that have high refresh rates, are relatively bright and feature
relatively wide viewing angles. These benefits can also be
extended to relatively large FFS TFT LCDs.

[0017] The above can be achieved by using opaque low
resistance common buses that are specifically positioned so
as to not to significantly reduce the aperture of the display.
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More specifically, these buses can be positioned directly
above or below another pre-existing opaque feature. In other
words, the common buses can be positioned in an area that is
already removed from the aperture, and consequently they
need not cause further reductions in the aperture. For
example, the common buses can be positioned at the same
layer as the common electrode, which is usually above or
below the gate and data lines. The common buses can then be
lined up directly above and in parallel with the gate or data
lines.

[0018] Although embodiments of the invention may be
described and illustrated herein in terms of FFS TFT LCDs,
they can be used in other types of devices. For example,
embodiments may be used in any display that features a
relatively large electrode that must be made from a transpar-
ent material with relatively high resistance and that changes
its voltage often.

[0019] Ina TFT LCD, the state of a display pixel (i.e., the
tendency of a pixel to transmit or block light) depends on the
voltage between that pixel’s pixel electrode and the common
electrode. The states of individual pixels can be changed by
individually switching various pixel electrodes.

[0020] The common electrode, being common to all pixels,
can extend over the entire display (or majority thereof) in
order to extend over all pixels. Alternatively, the common
electrode can extend over an entire row only. The common
electrode can be either positioned under or over the pixel
electrodes. If it is positioned under the pixel electrodes, the
common electrode can be a solid layer. If it is positioned over
the pixel electrodes, the common electrode can include comb-
like portions that are over the pixel electrodes.

[0021] The common and pixel electrodes can be made of a
transparent conductor, such as indium tin oxide (ITO). They
are transparent in order to allow light from a backlight to pass
through them and proceed to the liquid crystals and color
filters in order to perform the display functionality. Although
ITO is a conductor, ITO has a higher resistance than various
non-transparent conductors, such as non-transparent metal.
For this reason, the gate and data lines are usually made out of
such metal. Therefore, various portions of the display (such as
the portions where the gate and data lines are positioned) are
opaque or dark and cannot perform any display functionality.
These portions are also referred to as the black mask. The
portions that perform the display functionality are referred to
as the aperture of the display. The black mask and the aperture
are usually distinct, i.e., they do not overlap.

[0022] Itisusually desirable to increase the relative size of
the aperture and decrease that of the black mask. A larger
aperture allows for brighter and clearer displays, as well as
displays that are viewable from a wider range of angles.
[0023] As noted above, the common electrode is common
for all pixels (or a row thereof), and its voltage need not be
individually switched per pixel. However, for various rea-
sons, some modern displays do not keep the voltage of the
common electrode constant. Instead they vary it with time
(such as, for example, after each refresh). Thus, the voltage of
the common electrode can vary between 5V, -5V, 5V, etc.
Due to the large size of the common electrode, varying the
voltage in such a manner requires significant amounts of
electrical charge to be moved on and off various parts of the
common electrode. This may require that significant current
pass through the common electrode. However, the common
electrode can be made out of a transparent conductor that has
relatively high resistance for a conductor. Thus, there may be
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practical limits to the amount of current that can pass through
the common electrode without generating too much heat.
[0024] When the currentis limited, it may take more time to
place the common electrode in the desired voltage. This may
in turn limit the refresh rate of the display. However, the
refresh rate is an important factor influencing the quality of a
display. Displays of higher refresh rates look better and are
less likely to cause headaches for the viewer.

[0025] The above problem becomes more severe as the size
of the display increases. A larger display means a larger
common electrode or electrodes, which means that more elec-
trical charge must be applied to or removed from the common
electrode in order to bring it to a desirable voltage. This
exacerbates the problem of the high resistance of the common
electrode. For the above reason, most existing FFS TFT LCDs
are relatively small.

[0026] Some existing displays use common bus lines to
address the above issue. Common bus lines (or buses) are
usually metal lines positioned on the same layer as the gate
and or data lines and connected to the common electrode at
multiple locations. Common buses provide a low resistance
connection to transport current between various parts of the
common electrode (and, optionally, an electrical source) and
thus compensate for the relatively high resistance of the com-
mon electrode. Thus, common buses allow for the voltage of
the common electrode to be switched faster. However, com-
mon buses are opaque and can take up additional space on the
surface of the display. Thus, common buses usually reduce
the viewable real estate, or the aperture, of the display. As
noted above, reduction of the aperture results in a darker
display that may be viewable from a narrower range of angles.
However, as discussed below, embodiments of the present
invention allow for a decreased effective resistance of the
common electrode without reducing the aperture.

[0027] FIGS. 1A and 1B are diagrams showing exemplary
configurations of the common and pixel electrodes. FIGS. 1A
and 1B show side sections of an exemplary display. FIG. 1A
shows a “common electrode on the bottom” configuration and
FIG. 1B shows a “common electrode on the top” configura-
tion. It should be noted that to improve clarity, FIGS. 1A and
1B do not show other known elements of the display such as
gate and data lines, transistors, etc.

[0028] InFIG. 1A, the common electrode is electrode 100.
Multiple pixel electrodes 101-104 can be positioned above it.
Each pixel electrode can include two or more “fingers” or
extensions. Thus, for example, fingers 105, 106 and 107 can
be part of pixel electrode 102. The fingers of a single pixel
electrode can be interconnected to form a single electrode
(this connection is not shown in the cross section of FIG. 1A).
When a pixel electrode is at a different voltage than the
common electrode 100, electrical fields appear between the
pixel electrode and the common electrode. Some of these
extend above the pixel electrode (see, e.g., fields 108 of elec-
trode 101) and can control liquid crystals above the pixel
electrode in order to change the visible state of a pixel asso-
ciated with the pixel electrode. The voltage of each pixel
electrode can be individually changed to control the color (or
brightness) of a particular pixel, while the single common
electrode 100 can be maintained at a single voltage for all
pixels (although some displays can use a plurality of different
common electrodes for different rows).

[0029] FIG. 1B shows a common electrode on top configu-
ration. In this case, pixel electrodes 111,112, 113 and 114 can
be positioned along the bottom of the display. As shown, the
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pixel electrodes need not be separated into fingers. The com-
mon electrode 110 can be positioned over the pixel electrodes
and form sets of fingers over each pixel electrode. All the
fingers of the common electrode can be connected, thus form-
ing a single common electrode 110. The three fingers 110
above pixel electrode 111 can be connected to fingers 110
above pixel electrodes 112, 113 and 114. Again this connec-
tion is not shown in the cross section of FIG. 1B. However, as
noted above, some embodiments may feature different com-
mon electrodes on different lines. Thus, the common elec-
trode on the top embodiment is not a single solid plate but can
be cut into stripes in order to allow for the forming of fingers.
[0030] As noted above, ordinary display operation may
require that the voltage of the common electrode change with
each frame. However, the configurations shown in FIGS. 1A
and 1B may both suffer from relatively high resistance within
and/or across the common electrode. Higher common elec-
trode resistances may limit the speed at which the voltage at
the common electrode changes, and may limit the refresh rate
ofthe display. This issue is especially acute with the common
electrode on top configuration of FIG. 1B, because this con-
figuration features a common electrode that is cut so that it
can form fingers. This reduces the conducting volume of the
common electrode, resulting in an even higher resistance.
[0031] Various solutions have been proposed to solve the
above issue. One existing way to address this is to use com-
mon bus lines to reduce the resistance at the common elec-
trode. Common bus lines can be connected to the common
electrode at multiple locations and can be made from a low
resistance non-transparent conductor, such as non-transpar-
ent metal. One such system is described by U.S. Pat. No.
6,646,706 issued to Lim et al. (hereinafter “Lim”) and is
hereby incorporated herein by reference in its entirety for all
purposes.

[0032] FIG. 2 shows an exemplary display similar to the
one disclosed by Lim and other existing displays that utilize
a common bus. FIG. 2 shows a common electrode on bottom
design, but a person of skill in the art would recognize that a
similar design can be developed for the common electrode on
the top configuration. FIG. 2 shows a top view of two pixels.
It includes three horizontal gate lines 212, and two vertical
data lines 216. The common electrodes for the two pixels are
planar structures 215, while the pixel electrodes are comb-
like structures 217. Structures 217 can be considered similar
to “teeth” structures 101-104 of FIG. 1A, discussed above.
[0033] Included also is a non-transparent metal line 214.
This is the common bus. In this embodiment, the common bus
is positioned at the same layer as the gate lines 212 and is
connected to the common electrode plates 215 (thus connect-
ing them into a single common electrode). While the common
electrode plates 215 are made of a transparent material that
may have a relatively high resistance (such as ITO), the com-
mon bus line is made of non-transparent metal with relatively
low resistance. Thus, the common bus reduces the effective
resistance of the common electrode plates.

[0034] However, the system of Lim does present some dis-
advantages. Because the common bus 214 is non-transparent,
it actually blocks light generated by the display’s back light
from passing through it. Thus, the area covered by the com-
mon bus 214 is area that cannot be used for display purposes;
in other words, it is part of the black mask.

[0035] If, for example, the common bus line 214 did not
exist, a larger area of the display could be used to perform the
display function. For example, both comb pixel electrodes
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217 could be extended towards the center. This can be used to
increase the area that is used to perform the display function-
ality or, in other words, increase the aperture. Therefore, the
existence of the common bus 214 can be considered as effec-
tively decreasing the aperture from the non-common bus
alternative. As noted above, a decreased aperture can cause
various disadvantages such as decreased viewing angle and
decreased brightness of the display.

[0036] Embodiments of the present invention solve the
above issues by placing the common bus lines in areas that are
already part of the black mask (i.e., areas that would be part of
the black mask even if no common bus were used). Thus, the
placement of a common bus line need not reduce the aperture
area. In some embodiments, the common bus line need not be
placed in areas that are entirely within the existing black
mask, so there may be some slight reduction of the aperture.
[0037] The above can be achieved by, for example, placing
the common bus lines above or below existing non-transpar-
ent lines, such as the gate lines or the data lines. In most
existing displays, the gate and data lines are made of non-
transparent metal, so the area they cover cannot be used for
display purposes (i.e., it is part of the black mask). Thus,
placing additional non-transparent elements in that area
(whether above or below) need not increase the size of the
black mask, and thus need not reduce the aperture. In other
embodiments, the common bus line can be placed above or
below other non-transparent elements, such as elements of a
thin film transistor.

[0038] FIG. 3 shows an example of a display according to
some embodiments of the invention. Substrate assembly 300
is the TFT layer of the display. The substrate assembly 300
can include a glass substrate and various electronic elements
formed thereon. More specifically, the substrate 300 can
include various different layers that include display elements
such as data lines, gate lines, TFTs, common and pixel elec-
trodes, etc. In the interest of clarity only gate line 301 and
common bus line 302 are shown. As seen, gate line 301 is part
oflayer 311 of the substrate assembly, while common bus line
302 is part of layer 312 which is different than layer 311.
Furthermore, the common bus line is substantially parallel to
the gate line and is positioned above the gate line. Thus, the
non-transparent common bus line need not block any usable
aperture in excess of that already blocked by the gate line. In
other words, the addition of the common bus line need not
reduce the aperture of the display.

[0039] Various embodiment of the invention may differ
from those shown in FIG. 3. For example, the common bus
line may be positioned below the gate line. Alternatively, the
common bus line may be positioned parallel to and above or
below a data line. Also, the common bus line can be posi-
tioned parallel to and above or below any other non-transpar-
ent line or other element or elements that may already be
present in the display. Additional common bus lines can exist
and may be positioned in parallel with and directly above or
below other respective gate or data lines or other elements.
[0040] Some embodiments of the present invention may
not require exact overlap between respective common bus
lines and gate or data lines. For example, the common bus line
can be narrower than, wider than, or slightly displaced from a
respective gate or data line. For some embodiments, it is
sufficient that the common bus line substantially overlaps
another non-transparent element(s) in the display to ensure
that the addition of the common bus line does not cause
significant decrease of aperture. For example, the overlap can
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be such that only 70% of the common bus line is directly
above or below a respective other non-transparent line or
element.

[0041] It should be noted that in this disclosure, the term
overlap refers to the ability of an opaque element (such as a
gate line, data line, or another element) to “cover” the com-
mon bus line. Thus, a substantial overlap may indicate that
certain significant percentage of the common bus line is cov-
ered (such as, e.g., 70%) by other opaque elements, and a
complete overlap (which includes a substantial overlap) takes
place when the entire common bus line is covered. For the
term overlap, as defined herein, it need not be significant
whether the common bus line is positioned over the other
opaque element(s) or under them. Furthermore, only the abil-
ity of other elements to cover the common bus line may be
considered significant. If the common bus line fails to cover
large portions of other elements, this need not be considered
relevant for determining overlap.

[0042] The common bus line 302 can be connected to the
common electrode at one or more points in order to decrease
its effective resistance. Furthermore, the common bus line can
be connected to a driver configured to change the voltage of
the common electrode. If multiple common electrodes are
present (e.g., in the case of a different common electrode for
each row of the display) multiple common bus lines can be
used and can connect to respective common electrodes and
drivers. Furthermore, multiple parallel common electrode bus
lines can be used even in the case of a single common elec-
trode in order to further decrease the effective resistance of
the common electrode.

[0043] FIGS. 4A-D show various methods of connecting
the common bus line to the common electrode according to
some embodiments of the invention. In FIG. 4A the common
bus line 401 is immediately above the common electrode 400.
In FIG. 4B, the common bus line 401 is immediately below
the common electrode 400. In FIG. 4C, the common bus line
401 is above the common electrode 400, but not immediately
above it. Instead, there may be some space between the com-
mon electrode and the common bus line. This space may be
occupied by another layer, such as a dielectric. Connections
402 can be used to connect the common electrode to the
common bus line instead. In FIG. 4D, the common bus line is
placed at the same layer as the common electrode.

[0044] It should be noted that the configurations shown in
FIGS. 4A-4D are not the only configurations for embodi-
ments of this invention. For example, the common bus line
can be placed below the common electrode but not immedi-
ately below it and may utilize connections to connect to the
common electrode. Also, FIGS. 4A-D show a solid common
electrode, which would indicate a common electrode on the
bottom configuration. Those of skill in the art would recog-
nize the connections of FIGS. 4A-4D can be easily applied to
a common electrode on top configuration.

[0045] In the interest of clarity, FIGS. 4A-4D do not show
all components of the display.

[0046] FIG. 5 is a diagram showing embodiments of the
present invention in various stages of manufacturing. Dia-
grams 501-509 represent different stages of the manufactur-
ing of a substrate assembly that result from placing different
elements on a substrate (which may be, e.g., a glass sub-
strate). More specifically, stages 501-509 are progressive
stages of manufacturing of a display pixel on a substrate in
which various features are sequentially placed on the sub-
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strate and thus added to the substrate assembly. Thus, every
stage can include all the elements of its predecessor stage.
[0047] Elements formed when manufacturing the substrate
assembly are considered to be formed on the substrate and
part of the substrate assembly even if they are not formed
directly on the substrate but are formed on top of other ele-
ments that are formed on the substrate. There are, however,
other layers that are part of the display but are not formed on
the substrate or on another element that is formed on the
substrate. These are instead separately produced and later
combined with the substrate. These layers can include filters,
polarizers, liquid crystals, other substrates, etc. They may not
considered to be part of the substrate assembly.

[0048] At stage 501, poly-silicon 519 is placed on the sub-
strate. Stages 502-504 are not shown, but they are conven-
tional. In stage 502 a first metal layer is placed. This can form,
for example, gate line 510. In stage 503, a first dielectric/
connection layer is placed. In stage 504, a second metal layer
is placed. The second metal layer can form, for example, data
line 511. In stage 505, a second dielectric/connection layer is
placed. At this point a transistor 517 is formed. The transistor
has a source connected to the data line 511, a gate connected
to the gate line 510 and a drain 518 that will be connected to
the pixel electrode (see below).

[0049] In stage 506, a common ITO layer is placed. The
common ITO layer can form common electrode 512. In FIG.
5, the common electrode 512 is placed (e.g., deposited or
otherwise fabricated) in the common electrode at the bottom
configuration.

[0050] In stage 507 another metal feature can be placed.
This is referred to the common metal stage and can involve
placing the common bus line 514. The common bus line can
be placed directly above and parallel to the gate line 510 in
order to ensure that placement of the common bus line does
not decrease the aperture of the cell. As noted above, in some
embodiments, the common bus line need not line up with the
gate line exactly. For example, the common bus line 514 may
be slightly thicker or slightly displaced from the gate line and
thus may cause a slight decrease in aperture.

[0051] Furthermore, the common bus line 514 can be
placed on the same layer as the common electrode 512 and
can share a side with it (see, e.g., FIG. 4D). It should be noted
that the common bus line can be insulated from the gate line
510 by, for example the dielectric applied at stage 505. At
stage 509, the pixel electrode 515 is placed. Since this
embodiment is of the pixel electrode on top type, the pixel
electrode is placed above the common electrode and has a
comb like shape (see, e.g., FIG. 1A). As with the common
electrode, the pixel electrode can be formed from ITO. The
pixel electrode 515 can be connected to the drain 518 of
transistor 517 by way of connection 520.

[0052] It can be seen that the aperture ratio 516 is not
significantly decreased from what it would have been had the
common bus line 514 been absent. In other words, the place-
ment of common bus line 514 does not overlap any areas that
could have otherwise been used for the display functionality.
To the contrary, the common bus line 514 overlaps areas that
are already opaque due to other needed elements (e.g., gate
line 510).

[0053] FIG. 6 is a diagram of various manufacturing stages
of'an exemplary display according to one embodiment of the
invention. In contrast to FIG. 5, FIG. 6 shows a common
electrode on top configuration. Stages 601-605 are similar to
stages 501-505, respectively. As with the embodiment of FIG.
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5, atransistor 517 is formed at step 604. The transistor can be
the same as transistor 517 of FIG. 5. At stage 606, the pixel
electrode 615 is initially deposited. The pixel electrode is
connected to the drain 518 of transistor 517. Stage 607 is a
connection and dielectric layer. At stage 608, the common
electrode 612 is placed. In this embodiment, the common
electrode is above the pixel electrode. Thus, the common
electrode can be comb-like, as shown (see also FIG. 1B).
[0054] At stage 609, the common bus line 614 is placed.
The common bus line may be placed at the same layer as the
common electrode 616 and may share a side with it to provide
an electrical connection (see, e.g., FIG. 4D). It should be
noted that in this embodiment the common bus line does not
overlap gate line 514. This is not required—the common bus
line can overlap the gate line 510 in other common electrode
on top embodiments. However, in this embodiment, the com-
mon bus line 614 is positioned a little forward in relation to
the gate line 510. Nevertheless, the common bus line does not
substantially (or at all) reduce the aperture of the device,
because it is placed directly above other opaque features of
the device, such as the drain 518 of transistor 517 and the
poly-silicon 519.

[0055] Other embodiments may feature configurations dif-
ferent from those shown in FIGS. 5 and 6. For example, the
common bus line 514/614 can be positioned below the gate
line or above or below the data line 511.

[0056] Embodiments of the present invention can be imple-
mented in various types of devices. For example, with refer-
ence to FIG. 7, embodiments of the present invention can be
implemented as flat screen television set 700 with display
701, a mobile telephone 702 with display 703, a mobile
device (such as a mobile music player) 704 with display 705,
a laptop computer 706 with display 707, or a desktop com-
puter 708 with a display 709. Other types of devices may also
be produced. As discussed above, embodiments of the inven-
tion may allow the above-referenced devices to provide a
clear and bright display with a relatively high resolution, high
refresh rate and a wide viewing angle.

[0057] Although embodiments of this invention have been
fully described with reference to the accompanying drawings,
it is to be noted that various changes and modifications will
become apparent to those skilled in the art. Such changes and
modifications are to be understood as being included within
the scope of embodiments of this invention as defined by the
appended claims.

What is claimed is:
1. A display including a substrate assembly, the substrate
assembly comprising:
a transparent conducting common electrode;
a plurality of opaque display elements; and
aplurality of common bus lines made from a non-transpar-
ent conductor, the non-transparent conductor having a
lower resistance than the transparent conducting com-
mon electrode, the common bus lines connected to the
common electrode and positioned at a different layer in
the substrate assembly than the opaque display elements
such that the opaque display elements overlap substan-
tially the entirety of the common bus lines; and
wherein the plurality of opaque display elements includes
at least a plurality of gate lines wherein the at least the
plurality of date lines overlap substantially the entirety
of the common bus lines.
2. The display of claim 1, wherein the opaque display
elements completely overlap the common bus lines.

Jun. 21, 2012

3. The display of claim 1, wherein the common bus line is
connected to the common electrode at multiple points.
4. The display of claim 1, wherein the common bus line
shares a side with the common electrode.
5. The display of claim 1, wherein individual ones of the
plurality of the gate lines are associated with individual ones
of'the plurality of common bus lines, overlap substantially the
entirety of at least its associated common bus line and run
substantially parallel thereto.
6. The display of claim 5, wherein the plurality of opaque
display elements additionally include a plurality of data lines
wherein the plurality of data lines overlap at least portions of
the common bus lines.
7. The display of claim 1, wherein the plurality of opaque
display elements additionally include transistors or portions
thereof
8. The display of claim 1, wherein the substrate assembly
further includes a pixel electrode positioned in proximity to
the common electrode, and a voltage between the pixel elec-
trode and the common electrode determines a display func-
tionality of a particular pixel.
9. The display of claim 8, wherein the pixel electrode is
positioned above the common electrode and the pixel elec-
trode has a comb-like shape.
10. The display of claim 8, wherein the common electrode
is positioned above the pixel electrode and the common elec-
trode has a comb like shape.
11. A mobile telephone comprising the display of claim 1.
12. A portable audio device comprising the display of
claim 1.
13. A television set comprising the display of claim 1.
14. A display having a substrate assembly, the substrate
assembly comprising:
a transparent conducting common electrode;
a plurality of opaque display elements; and
a plurality of common bus lines made from a non-transpar-
ent conductor, the non-transparent conductor having a
lower resistance than the transparent conducting com-
mon electrode, the common bus lines connected to the
common electrode and positioned at a different layer in
the substrate assembly than the opaque display elements
such that, despite the existence of the common bus lines,
an aperture of the display can be maintained at any
reference aperture that would have been possible in the
absence of the plurality of common bus lines such that
the opaque display elements substantially overlap sub-
stantially the entirety of the common bus lines; and

wherein the plurality of opaque display elements includes
at least a plurality of gate lines wherein the at least the
plurality of gate lines overlap substantially the entirety
of the common bus lines.

15. The display of claim 14, wherein the opaque display
elements completely overlap the common bus lines.

16. The display of claim 14, wherein individual ones of the
plurality of the gate lines are associated with individual ones
of'the plurality of common bus lines, overlap substantially the
entirety of at least its associated common bus line and run
substantially parallel thereto.

17. A mobile telephone including a display having a sub-
strate assembly, the substrate assembly comprising:

a transparent conducting common electrode;

a plurality of opaque display elements; and

a plurality of common bus lines made from a non-transpar-

ent conductor, the non-transparent conductor having a



US 2012/0154731 Al

lower resistance than the transparent conducting com-
mon electrode, the common bus lines connected to the
common electrode and positioned at a different layer in
the substrate assembly than the opaque display elements
such that the opaque display elements overlap substan-
tially the entirety of the common bus lines; and

wherein the plurality of opaque display elements includes
at least a plurality of gate lines wherein the at least the
plurality of gate lines overlap substantially the entirety
of the common bus lines.

18. A portable audio device including a display having a

substrate assembly, the substrate assembly comprising:

a transparent conducting common electrode;

a plurality of opaque display elements; and

aplurality of common bus lines made from a non-transpar-
ent conductor, the non-transparent conductor having a
lower resistance than the transparent conducting com-
mon electrode, the common bus lines connected to the
common electrode and positioned at a different layer in
the substrate assembly than the opaque display elements
such that the opaque display elements substantially
overlap the common bus lines;

wherein the plurality of opaque display elements includes
at least a plurality of gate lines wherein the at least the
plurality of gate lines overlap substantially the entirety
of the common bus lines.

19. A method for producing a display including manufac-

turing a substrate assembly by:

forming a transparent conducting common electrode on a
substrate;

forming a plurality of opaque display elements on the
substrate;

forming on the substrate a plurality of common bus lines
made from a non-transparent conductor, the non-trans-
parent conductor having a lower resistance than the
transparent conducting common electrode, by position-
ing the common bus lines at a different layer in the
substrate assembly than the opaque display elements
such that the opaque display elements overlap substan-
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tially the entirety of the common bus lines, and connect-
ing the common bus lines to the common electrode; and

wherein the plurality of opaque display elements includes
at least a plurality of gate lines wherein the at least the
plurality of gate lines overlap substantially the entirety
of the common bus lines.

20. The method of claim 19, wherein the opaque display
elements completely overlap the common bus lines.

21. The method of claim 19, further comprising connecting
the common bus line to the common electrode at multiple
points.

22. The method of claim 19, further comprising forming
the common bus line next to the common electrode so that
they share a side.

23. The method of claim 19, wherein individual ones of the
plurality of the gate lines are associated with individual ones
of'the plurality of common bus lines, overlap substantially the
entirety of at least its associated common bus line and run
substantially parallel thereto.

24. The method of claim 23, wherein the plurality of
opaque display elements additionally include a plurality of
data lines wherein the plurality of data lines overlap at least
portions of the common bus lines.

25. The method of claim 19, wherein forming the plurality
of opaque display elements additionally includes forming
transistors or portions thereof

26. The method of claim 19, further including forming on
the substrate a pixel electrode positioned in proximity to the
common electrode so that a voltage between the pixel elec-
trode and the common electrode determines a display func-
tionality of a particular pixel.

27. The method of claim 26, wherein the pixel electrode is
positioned above the common electrode and the pixel elec-
trode has a comb-like shape.

28. The method of claim 26, wherein the common elec-
trode is positioned above the pixel electrode and the common
electrode has a comb like shape.
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