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OFFSETTING MULTIPLE COUPLING EFFECTS IN
DISPLAY SCREENS

Field of the Disclosure

[0001] This relates generally to display screen scanning inversions schemes

and scanning orders, and more particularly, to display screen designs used with

particular combinations of inversion schemes and scanning orders to offset multiple

types of capacitive coupling effects occurring during the scanning of the display

screen.

Background of the Disclosure

[0002] Display screens of various types of technologies, such as liquid crystal

displays (LCDs), organic light emitting diode (OLED) displays, etc., can be used as

screens or displays for a wide variety of electronic devices, including such consumer

electronics as televisions, computers, and handheld devices (e.g., cellular telephones,

audio and video players, gaming systems, and so forth). LCD devices, for example,

typically provide a flat display in a relatively thin package that is suitable for use in a

variety of electronic goods. In addition, LCD devices typically use less power than

comparable display technologies, making them suitable for use in battery-powered

devices or in other contexts where it is desirable to minimize power usage.

[0003] LCD devices typically include multiple picture elements (pixels)

arranged in a matrix. The pixels may be driven by scanning line and data line

circuitry to display an image on the display that can be periodically refreshed over

multiple image frames such that a continuous image may be perceived by a user.

Individual pixels of an LCD device can permit a variable amount light from a

backlight to pass through the pixel based on the strength of an electric field applied to

the liquid crystal material of the pixel. The electric field can be generated by a

difference in potential of two electrodes, a common electrode and a pixel electrode.

In some LCDs, such as electrically-controlled birefringence (ECB) LCDs, the liquid



crystal can be in between the two electrodes. In other LCDs, such as in-plane

switching (IPS) and fringe-field switching (FFS) LCDs, the two electrodes can be

positioned on the same side of the liquid crystal. In many displays, the direction of

the electric field generated by the two electrodes can be reversed periodically. For

example, LCD displays can scan the pixels using various inversion schemes, in which

the polarities of the voltages applied to the common electrodes and the pixel

electrodes can be periodically switched, i.e., from positive to negative, or from

negative to positive. As a result, the polarities of the voltages applied to various lines

in a display panel, such as data lines used to charge the pixel electrodes to a target

voltage, can be periodically switched according to the particular inversion scheme.

Summary

[0004] The following description includes examples of design criteria of

display screens that can be used in combination with particular inversion schemes and

scanning orders of the display screens to reduce or eliminate visual artifacts that can

be caused by capacitive coupling of voltage changes in one part of the display into

other parts of the display. For example, a capacitive coupling between two pixel

electrodes in adjacent rows of a display can allow a voltage change on one pixel

electrode to affect the voltage on the adjacent pixel electrode. In another example, a

capacitive coupling between adjacent data line can allow a voltage change on one data

line to affect the voltage on the adjacent data line. Using particular combinations of

inversion schemes and scanning orders, together with particular design criteria for the

display screen, can allow one type of effect, e.g., an increase or decrease in a

brightness of a display pixel, caused by one type of coupling effect, such as the

coupling between data lines, can be offset by the effect caused by another type of

coupling effect, such as the coupling between pixel electrodes.

Brief Description of the Drawings

[0005] FIGS. 1A-1D illustrate an example mobile telephone, an example

media player, an example personal computer, and an example display that each

include an example display screen that can be designed and scanned according to

embodiments of the disclosure.



[0006] FIGS. 2A-C illustrate example line inversions schemes according to

various example embodiments.

[0007] FIGS. 3A-C illustrate example dot inversions schemes according to

various example embodiments.

[0008] FIG. 4 illustrates a portion of an example display screen according to

various embodiments.

[0009] FIG. 5 illustrates an example updating of a display pixel in a row

during a scanning of the row according to various embodiments.

[0010] FIG. 6 shows another representation of the example scanning operation

shown in FIG. 5.

[0011] FIG. 7 illustrates an example arrangement of pixel electrodes in an

example display screen according to various embodiments.

[0012] FIG. 8 illustrates an example scanning operation in which rows can be

scanned in a line-by-line sequential order according to various embodiments.

[0013] FIG. 9 shows another representation of the example scanning operation

shown in FIG. 8.

[0014] FIGS. 10-15 illustrate a detailed example of a scanning operation using

a combination of a 2-line inversion scanning operation of a display screen and a

scanning order of updating rows sequentially in order of row position.

[0015] FIG. 16 illustrates errors in brightness that can result from two types of

capacitive coupling effects according to various embodiments.

[0016] FIG. 17 illustrates an example D-D and P-P brightness error pattern for

a scanning process using a 2-dot inversion scheme in combination with a scanning

order of updating rows sequentially in order of row position according to various

embodiments.

[0017] FIG. 18 illustrates an example D-D and P-P brightness error pattern for

a scanning process using a 4-dot inversion scheme in combination with a reordered

scanning order according to various embodiments.



[0018] FIG. 19 is a block diagram of an example computing system that

illustrates one implementation of an example scanning system of a display screen

according to embodiments of the disclosure.

Detailed Description

[0019] In the following description of example embodiments, 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 embodiments of the

disclosure 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 disclosure.

[0020] The following description includes examples of design criteria of

display screens that can be used in combination with particular inversion schemes and

scanning orders of the display screens to reduce or eliminate visual artifacts that can

be caused by capacitive coupling of voltage changes in one part of the display into

other parts of the display. For example, a capacitive coupling between two pixel

electrodes in adjacent rows of a display can allow a voltage change on one pixel

electrode to affect the voltage on the adjacent pixel electrode. In another example, a

capacitive coupling between adjacent data line can allow a voltage change on one data

line to affect the voltage on the adjacent data line. Using particular combinations of

inversion schemes and scanning orders, together with particular design criteria for the

display screen, can allow one type of effect, e.g., an increase or decrease in a

brightness of a display pixel, caused by one type of coupling effect, such as the

coupling between data lines, can be offset by the effect caused by another type of

coupling effect, such as the coupling between pixel electrodes.

[0021] FIGS. 1A- ID show example systems that can include display screens

that can be scanned according to embodiments of the disclosure. FIG. 1A illustrates

an example mobile telephone 136 that includes a display screen 124. FIG. IB

illustrates an example digital media player 140 that includes a display screen 126.

FIG. 1C illustrates an example personal computer 144 that includes a display screen

128. FIG. ID illustrates an example display screen 150, such as a stand-alone display.



In some embodiments, display screens 124, 126, 128, and 150 can be touch screens

that include touch sensing circuitry. In some embodiments, touch sensing circuitry

can be integrated into the display pixels.

[0022] FIG. ID illustrates some details of example display screen 150. FIG.

ID includes a magnified view of display screen 150 that shows multiple display

pixels 153, each of which can include multiple display sub-pixels, such as red (R),

green (G), and blue (B) sub-pixels in an RGB display. Although various

embodiments are described with respect to display pixels, one skilled in the art would

understand that the term display pixels (or simply "pixels") can be used

interchangeably with the term display sub-pixels (or simply "sub-pixels") in

embodiments in which display pixels include multiple sub-pixels. For example, some

embodiments directed to RGB displays can include display pixels divided into red,

green, and blue sub-pixels. In other words, each sub-pixel can be a red (R), green

(G), or blue (B) sub-pixel, with the combination of all three R, G, and B sub-pixels

forming one display pixel.

[0023] Display screen 150 can include data lines 155 that can run vertically

through the display screen, such that each display pixel in a column of display pixels

can include a set 156 of three data lines (an R data line 155a, a G data line 155b, and a

B data line 155c) corresponding to the three sub-pixels of each display pixel. Display

pixels 153 can include pixel electrodes 157, each of which can correspond to one of

the sub-pixels, for example. Each display pixel can include a common electrode

(Vcom) 159 that can be used in conjunction with pixel electrodes 157 to create an

electrical potential across a pixel material (not shown). Varying the electrical

potential across the pixel material can correspondingly vary an amount of light

emanating from the sub-pixel. In some embodiments, for example, the pixel material

can be liquid crystal. A common electrode voltage can be applied to a Vcom 159 of a

display pixel, and a data voltage can be applied to a pixel electrode 157 of a sub-pixel

of the display pixel through the corresponding data line 155. A voltage difference

between the common electrode voltage applied to Vcom 159 and the data voltage

applied to pixel electrode 157 can create the electrical potential across the liquid

crystal of the sub-pixel. The electrical potential between Vcom 159 and pixel

electrode 157 can generate an electric field through the liquid crystal, which can cause



inclination of the liquid crystal molecules to allow polarized light from a backlight

(not shown) to emanate from the sub-pixel with a luminance that depends on the

strength of the electric field (which can depend on the voltage difference between the

applied common electrode voltage and data voltage). In other embodiments, the pixel

material can include, for example, a light-emitting material, such as can be used in

organic light emitting diode (OLED) displays.

[0024] Display screen 150 can include gate lines 154 that each run through a

horizontal row of display pixels 153. Gate lines 154 can be controlled by a display

driver or host video driver (not shown) to scan the rows of display pixels 153 to

update pixel electrodes 157 with the data voltages by, for example, applying a gate

voltage to one of the gate lines such that the pixel electrodes in the corresponding row

can be connected to data lines 155. The order in which the rows of display pixels are

scanned, and the polarity of the data voltages applied to the data lines during the

updating of particular rows of display pixels, can depend on a particular scanning

method that is used by the display driver.

[0025] In some scanning methods, the direction of the electric field across the

pixel material can be reversed periodically. In LCD displays, for example,

periodically switching the direction of the electric field can help prevent the

molecules of liquid crystal from becoming stuck in one direction. Switching the

electric field direction can be accomplished by reversing the polarity of the electrical

potential between the pixel electrode and the Vcom. In other words, a positive

potential from the pixel electrode to the Vcom can generate an electric field across the

liquid crystal in one direction, and a negative potential from the pixel electrode to the

Vcom can generate an electric field across the liquid crystal in the opposite direction.

In some scanning methods, switching the polarity of the potential between the pixel

electrode and the Vcom can be accomplished by switching the polarities of the

voltages applied to the pixel electrode and the Vcom. For example, during an update

of an image in one frame, a positive voltage can be applied to the pixel electrode and

a negative voltage can be applied to the Vcom. In a next frame, a negative voltage

can be applied to the pixel electrode and a positive voltage can be applied to the

Vcom. One skilled in the art would understand that switching the polarity of the

potential between the pixel electrode and the Vcom can be accomplished without



switching the polarity of the voltage applied to either or both of the pixel electrode

and Vcom. In this regard, although example embodiments are described herein as

switching the polarity of voltages applied to data lines, and correspondingly, to pixel

electrodes, it should be understood that reference to positive/negative voltage

polarities can represent relative voltage values. For example, an application of a

negative polarity voltage to a data line, as described herein, can refer to application of

a voltage with a positive absolute value (e.g., +1V) to the data line, while a higher

voltage is being applied to the Vcom, for example. In other words, in some cases, a

negative polarity potential can be created between the pixel electrode and the Vcom

by applied positive (absolute value) voltages to both the pixel electrode and the

Vcom, for example.

[0026] The brightness (or luminance) of the corresponding pixel or sub-pixel

depends on the magnitude of the difference between the pixel electrode voltage and

the Vcom voltage. For example, the magnitude of the difference between a pixel

electrode voltage of +2V and a Vcom voltage of -3V is 5V. Likewise, the magnitude

of the difference between a pixel electrode voltage of -2V and a Vcom voltage of +3V

is also 5V. Therefore, in this example, switching the polarities of the pixel electrode

and Vcom voltages from one frame to the next would not change the brightness of the

pixel or sub-pixel.

[0027] Various inversion schemes can be used to periodically switch the

polarities of the pixel electrodes and the Vcoms. FIGS. 2A-C illustrate example line

inversions schemes according to various example embodiments. FIG. 2A illustrates

an example single line inversion scheme. In a single line inversion scheme, for

example, when the scanning of a first frame is completed, the location of the positive

and negative polarities on the pixel electrodes can be in a pattern of rows of the

display that alternates every single row, e.g., the first row at the top of the display

screen having negative polarities, the second row from the top having positive

polarities, the third row from the top having negative polarities, etc. In a subsequent

frame, such as the second frame, the pattern of voltage polarities can be reversed, e.g.,

the first row with positive polarities, the second row with negative polarities, etc.

[0028] During the scanning operation in single line inversion, the rows can be

updated in one of various different scanning orders. For example, the rows can be



updated in a scanning order that is the same as the order of the position of the rows

from a first row at the top of the display screen to a last row at the bottom of the

display screen. For example, the first row at the top of the display can be updated

first, then the second row from the top can be updated second, then the third row from

the top can be updated third, etc. In this way, there can be a repeating timing pattern

of voltage polarity swings on the data lines during the scanning operation. In other

words, repeatedly switching the voltages on the data lines from positive to negative to

positive to negative, etc., during the scanning operation results in a repeating timing

pattern of positive and negative voltage swings. In single line inversion, for example,

there is one positive voltage swing after one row is updated, and one negative voltage

swing after the next row in the scanning order is updated. Thus, the timing pattern of

positive/negative voltage swings repeats after the updating of each block of two

adjacent rows in single line inversion using a scanning order that updates the rows

sequentially in order of position.

[0029] In some line inversion schemes, the location of the positive and

negative polarities on the pixel electrodes can be in a pattern of rows of the display

that alternates every two rows (for 2-line inversion), every three rows (for 3-line

inversion), every four rows (for 4-line inversion), etc. FIG. 2B illustrates an example

2-line inversion scheme according to various embodiments. In a 2-line inversion

scheme, for example, when the scanning of a first frame is completed, the location of

the positive and negative polarities on the pixel electrodes can be in a pattern of rows

of the display that alternates every two rows, e.g., the first and second rows at the top

of the display screen having negative polarities, the third and fourth rows from the top

having positive polarities, the fifth and sixth rows from the top having negative

polarities, etc. In a subsequent frame, such as the second frame, the pattern of voltage

polarities can be reversed, e.g., the first and second rows with positive polarities, the

third and fourth rows with negative polarities, etc.

[0030] FIG. 2C illustrates an example 3-line inversion scheme according to

various embodiments. In general, the location of positive and negative polarities on

the pixel electrodes in an M-line inversion scheme can alternate every M rows.

[0031] FIGS. 3A-C illustrate example dot inversions schemes according to

various example embodiments. FIG. 3A illustrates an example single dot inversion



scheme. In a single dot inversion scheme, for example, when the scanning of a first

frame is completed, the location of the positive and negative polarities on the pixel

electrodes can be in a pattern shown in FIG. 3A. FIGS. 3B and 3C illustrate example

2-dot and 4-dot inversion schemes, respectively, according to various example

embodiments.

[0032] Voltage swings on the data lines in an M-line (and M-dot) inversion

scheme can repeat every 2M rows when a scanning order of updating rows

sequentially in order of position is used. In other words, there is one positive voltage

swing after M rows are updated, and one negative voltage swing after the next M

rows in the scanning order are updated. Thus, the timing pattern of positive and

negative changes in voltage polarity repeats after the scanning of each block of 2M

adjacent rows in M-line inversion.

[0033] In some reordered M-line (and M-dot) inversion schemes, the location

of the resulting pattern of alternating positive and negative polarities on the pixel

electrodes can be the same pattern as in regular single line (or single dot) inversion

described above, i.e., alternating polarity every single row. However, while the

regular line (or dot) inversion schemes described above can update the rows in the

sequential order of row position, in a reordered line (or dot) inversion scheme, the

rows can be updated in an order that is not sequential. In one example reordered 4-

line inversion scheme, the scanning order can update four rows in a block of eight

rows with positive polarity and update the other four rows in the block with negative

polarity. However, unlike regular 4-line inversion, the scanning order of reordered 4-

line inversion can update, for example, update rows 1, 3, 5, and 7 with positive

polarity voltages, and then update rows 2, 4, 6, and 8 with negative polarity voltages.

Therefore, in this example reordered 4-line inversion scheme, the timing pattern of

positive/negative voltage swings can repeat after the updating of 8 rows (i.e., after the

updating of 2M rows for a reordered M-line inversion scheme), which is similar to

regular 4-line inversion. However, the pattern of the location of alternating positive

and negative pixel electrodes can repeat every single row, which is similar to regular

single line inversion. In this way, for example, reordered line inversion schemes can

reduce the number of voltage polarity swings on the data lines during the scanning of

a single frame, while maintaining a row-by-row location of alternating polarities. In



the context of this document, in a reordered M-line inversion scheme, M is an integer

greater than one.

[0034] Thus, the particular order and location in which voltages of different

polarities are applied to the pixel electrodes of sub-pixels of a display can depend on a

combination of the particular scanning order and the particular inversion scheme

being used to scan the display. In some displays, the voltage polarity patterns of the

particular inversion schemes can correspond to the data voltages applied to each

display pixel (e.g., each "+" or "-" can correspond to all of the sub-pixels of a single

display pixel). In other displays, such as in the various example embodiments

described herein, the voltage polarity patterns of the inversion schemes can

correspond to the data voltages applied to each sub-pixel.

[0035] For example, referring again to FIG. ID, the data lines that correspond

to multiple sub-pixels of a display pixel, such as R data line 155a, G data line 155b,

and B data line 155c, can be operated sequentially during an update of the pixel. For

example, the display driver or host video driver (not shown) can multiplex an R data

voltage, a G data voltage, and a B data voltage onto a single data voltage bus line 158

in a particular sequence, and then a demultiplexer 161 in the border region of the

display can demultiplex the R, G, and B data voltages to apply the data voltages to

data lines 155a, 155b, and 155c in the particular sequence. Each demultiplexer 161

can include three switches 163 that can open and close according to the particular

sequence of sub-pixel charging for the display pixel. In an R-G-B sequence, for

example, data voltages can be multiplexed onto data voltage bus line 158 such that R

data voltage is applied to R data line 155a during a first time period, G data voltage is

applied to G data line 155b during a second time period, and B data voltage is applied

to B data line 155c during a third time period. Demultiplexer 161 can demultiplex the

data voltages in the particular sequence by closing switch 163 associated with R data

line 155a during the first time period when R data voltage is being applied to data

voltage bus line 158, while keeping the green and blue switches open such that G data

line 155b and B data line 155c are at a floating potential during the application of the

R data voltage to the R data line. In this way, for example, the red data voltage can be

applied to the pixel electrode of the red sub-pixel during the first time period. During

the second time period, when G data voltage is being applied to G data line 155b,



demultiplexer 161 can open the red switch 163, close the green switch 163, and keep

the blue switch 163 open, thus applying the G data voltage to the G data line, while

the R data line and B data line are floating. Likewise, the B data voltage can be

applied during the third time period, while the G data line and the R data line are

floating.

[0036] While applying a voltage to the data line of a particular sub-pixel can

charge the sub-pixel (e.g., the pixel electrode of the sub-pixel) to the voltage level of

the applied voltage, applying a voltage to one data line can affect the voltage on

floating data lines, for example, because a capacitance existing between data lines can

allow voltage changes on one data line to be coupled to other data lines. This data-to-

data capacitive coupling effect will now be described in reference to FIGS. 4-6.

[0037] FIG. 4 illustrates a portion of an example display screen 400 according

to various embodiments. Display screen 400 can include multiple rows, such as row

1, row 2, row 3, row 4, etc., of display pixels 401. Each display pixel 401 can include

three pixel electrodes 403 that each can correspond to a sub-pixel of the display pixel.

Gate lines 405 can be used to scan the rows by applying gate voltages to the gate lines

in a scanning order, each gate voltage switching on a pixel thin-film transistor (TFT)

407 in each sub-pixel in the row to connect the sub-pixel's pixel electrode 403 to a

corresponding data line 409. Demultiplexers 4 11 can be used to apply data voltages

to particular sub-pixels of each display pixel 401 through the corresponding data lines

409. As described above, for example, as a data voltage is applied to the data line

corresponding to one sub-pixel of a particular display pixel, the data lines

corresponding to the other sub-pixels of the display pixel can be electrically floating.

[0038] Each data line can be a conductive line running through an entire

vertical column of sub-pixels, and a capacitance can exist between adjacent data lines,

which is shown in FIG. 4 as a data-to-data capacitance 413. Data-to-data capacitance

413 can result in a capacitive coupling that can allow a voltage change in a charging

data line to change the voltage on adjacent floating data lines, which can make the

sub-pixels corresponding to the floating data lines appear either brighter or darker

depending on whether the voltage change on the charging data line is in the same

direction or opposite direction, respectively, as the polarity of the floating data line



voltage. In addition, the amount of voltage change on the floating data line can

depend on the amount of the voltage change on the charging data line.

[0039] By way of example, a negative data voltage, e.g., -2V, may be applied

to data line A during the scan of a first row. Then, during the scan of the second row,

a positive data voltage, e.g., +2V, may be applied to data line A, thus swinging the

voltage on data line A from -2V to +2V, i.e., a positive voltage change of +4V.

Voltages on floating data lines surrounding data line A can be increased by this

positive voltage swing during the charging of data line A in the scan of the second

row. For example, the positive swing on data line A can increase the voltage of an

adjacent data line B floating at a positive voltage, thus, increasing the magnitude of

the positive floating voltage and making the sub-pixel corresponding to data line B

appear brighter. Likewise, the positive voltage swing on data line A can increase the

voltage of an adjacent data line C floating at a negative voltage, thus, decreasing the

magnitude of the negative floating voltage and making the sub-pixel corresponding to

sub-pixel C appear darker. Thus, the appearance of visual artifacts of brighter or

darker sub-pixels can depend on, for example, the occurrence of large voltage changes

on one or more data lines during scanning of a display and the polarity of surrounding

data lines with floating voltages during the large voltage changes.

[0040] In addition, the appearance of visual artifacts can depend on the

particular sequence in which the data voltages are applied. Further to the example

above, after a data voltage is applied to data line A, a data voltage may be applied to

data line B (data line B being next in sequence). In this case, the effect of the voltage

swing on data line A, i.e., the increase in the voltage on data line B, can be

"overwritten" by the subsequent charging of data line B.

[0041] The amount of increase and decrease in brightness caused in a sub-

pixel connected to one data line (victim data line) by the data-to-data capacitive

coupling of a voltage change in another data line (aggressor data line) can depend on

the value of the data-to-data capacitance between the data lines (i.e., mutual

capacitance) and the self-capacitance of the victim data line:

OT m
= DtoD _ cap _ ratio x AV L (1)



datatodata _cap
where: DtoD _cap _ratio = -

self _ c p d

where: VViCtimDL the change in voltage of the victim data line,
V aggr rDL is the change in voltage of the aggressor data line,

datatodata_cap is the data-to-data capacitance between the
victim data line and the aggressor data line, and

self_capVictimDL is the self-capacitance of the victim data line

[0042] The DtoD_cap_ratio is a capacitance ratio of the data-to-data

capacitance and the self-capacitance of the victim data line, which can depend on

various factors, or design criteria of the display screen, such as distance between the

data lines, the dimensions of the data lines, the proximity of other conductive

structures and dielectric structures to the data lines, the material properties of the data

lines and other structures, etc., as one skilled in the art would readily understand.

[0043] FIG. 5 illustrates an example updating of a display pixel 501 in a row

503 during a scanning of the row. Display pixel 501 can include a pixel electrode

505a of a red sub-pixel that corresponds to a red data line 507a, a pixel electrode 505b

of a green sub-pixel that corresponds to a green data line 507b, and a pixel electrode

505c of a blue sub-pixel that corresponds to a blue data line 507c. A demultiplexer

509 can apply target data voltages to the data lines in an RGB sequence. In this

example, at the beginning of the updating of display pixel 501, the polarity of the

voltage on each data line can be positive (represented by "+" signs next to each data

line during the update of red sub-pixel). In other words, positive polarity voltages

were applied to data lines 507a-c during the scan of the previous row in the scanning

order, thus, the positive voltages can remain on the data lines at the beginning of the

updating of row 503.

[0044] The voltages on pixel electrodes 505a-c are represented by voltage

graphs above to each pixel electrode in FIG. 5, which show the voltage on the pixel

electrode during updating of the red, green, and blue sub-pixels. During the update of

the red sub-pixel, a negative target data voltage can be applied to red data line 507a

(represented by the "-" sign next to the closed switch of the demultiplexer that

connects to the red data line). The application of a negative data voltage to red data

line 507a can cause a large, negative swing in the voltage on the red data line as

shown, which is represented in the voltage graph by a large down arrow. Due to



effects such as the capacitance coupling resulting from the data-to-data capacitance

described above, for example, the large negative voltage swing of red data line 507a

can cause a corresponding negative voltage swing in adjacent data lines such as green

data line 507b. This effect on the voltages on adjacent data lines can be significantly

smaller in magnitude, therefore, the voltage graph of green data line 507b shows a

slight negative change, which is represented in the voltage graph by a small down

arrow, during the update of the red sub-pixel. Because pixel electrode 505b can be

connected to green data line 507b during the update of the red sub-pixel, the change in

the voltage on the green data line can result in a change in the voltage on pixel

electrode 505b. As described above, the luminance of a sub-pixel associated with a

pixel electrode can depend on the magnitude of the pixel voltage. The negative

voltage change in pixel electrode 505b caused by the large negative voltage swing in

red data line 507a can decrease the magnitude of the voltage of pixel electrode 505b.

Therefore, the effect of the negative voltage swing on red data line 507a can be a

decrease in the luminance, e.g., brightness, of the green sub-pixel of pixel electrode

505b. The decrease in brightness of the green sub-pixel of pixel electrode 505b is

represented in FIG. 5 by a thick, dark border of the green sub-pixel.

[0045] During the update of the green sub-pixel, a negative target data voltage

can be applied to green data line 507b, which can overwrite the erroneous decrease in

brightness of the green sub-pixel (thus, pixel electrode 505b corresponding to the

green sub-pixel is shown with normal thickness borders during the update of the green

sub-pixel). The updating of the green sub-pixel can result in a large, negative voltage

swing on the green data line, which can cause a corresponding negative change in the

voltages on red data line 507a and blue data line 507c. The negative change in

voltage on blue data line 507c can decrease the magnitude of the voltage on the blue

sub-pixel, resulting in a decrease in the brightness of the blue sub-pixel. However,

the large, negative voltage swing on green data line 507b can result in an increase in

the magnitude of the voltage on red data line 507a (because the polarity of the voltage

on the red sub-pixel, i.e., negative, is the same as the direction of the change in

voltage on the red data line, i.e., negative), which can result in an increase in the

brightness of the red sub-pixel. The increase in brightness is shown in FIG. 5 with

hatch marks surrounding pixel electrode 505a.



[0046] During the update of the blue sub-pixel, a negative target data voltage

applied to blue data line 507c can overwrite the erroneous decrease in the brightness

of the blue sub-pixel, and can cause an increase in the brightness of the green sub-

pixel.

[0047] FIG. 6 shows another representation of the example scanning operation

shown in FIG. 5. Specifically, FIG. 6 illustrates a simplified notation for describing

various effects on sub-pixel brightness resulting from data-to-data capacitance

coupling that can occur during scanning operations. The notation illustrated in FIG. 6

will be adopted below in the descriptions of additional example embodiments.

[0048] FIG. 6 illustrates row 503 including sub-pixels 601 corresponding to

the sub-pixels of pixel electrodes 505a-c of FIG. 5. Sub-pixel voltage polarities

associated with each sub-pixel 601 are shown in FIG. 6. The sub-pixel voltage

polarities correspond to the polarities of the voltages on pixel electrodes 505a-c

shown in FIG. 5. FIG. 6 illustrates the voltage polarities on the sub-pixels 601 of

display pixel 501 at the beginning of the update of row 503. As described above,

during the update of row 503, a target data voltage is applied to the pixel electrode

(i.e., pixel electrode 505a) of sub-pixel 401 in display pixel 501. The direct

application of voltage to a pixel electrode is illustrated in the figures with the notation

of a circle around the polarity sign of the applied voltage in the sub-pixel. A large

voltage swing on corresponding data line of the sub-pixel due to a direct application

of voltage to the pixel electrode is illustrated in the figures with the notation of a large

up-arrow, corresponding to a positive voltage swing, or a large down-arrow,

corresponding to a negative voltage swing, in the sub-pixel. The large up or down

arrow positioned to the left of the sub-pixel polarity sign represents a voltage swing

on the corresponding data line (as described below, a large arrow positioned to the

right of the sub-pixel polarity sign will be used to represent a voltage swing on the

pixel electrode). The data-to-data capacitive coupling effect is represented in FIG. 6

by horizontal arrows from the sub-pixel being updated to the adjacent sub-pixels, and

the voltage change in an adjacent sub-pixel du to data-to-data coupling is represented

by a small up or down arrow positioned to the left of the voltage polarity sign in the

affected sub-pixel.



[0049] Accordingly, the effect that the large, negative swing of the voltage on

red data line 507a has on the voltage on green data line 507b is represented in the

FIG. 6 by a small down-arrow to the left of the voltage polarity sign of the green sub-

pixel. The corresponding decrease in brightness of the green sub-pixel is represented

in FIG. 6 by the notation of a thick, dark left-hand border of the green sub-pixel.

[0050] An increase in the brightness of a sub-pixel resulting from the data-to-

data capacitive coupling of a large voltage swing on one data line to another data line

is represented by the notation of a dashed-line left-hand border of the affected sub-

pixel. For example, during the update of the green sub-pixel, the increase in

brightness of the red sub-pixel is represented in FIG. 6 by the dashed-line left-hand

border of the red sub-pixel. In some cases, a sub-pixel can be affected by data-to-data

capacitive coupling of voltage swings in two adjacent sub-pixels that can result in a

further increase or decrease in brightness. For example, although not shown in FIG.

5, during the update of the blue sub-pixel shown in FIG. 6, a data-to-data capacitive

coupling between the red data line of the display pixel and the blue data line in an

adjacent display pixel can cause a further increase in the brightness of the red sub-

pixel, which is represented in FIG. 6 by the removal of the left-hand border of the red

sub-pixel during the update of the blue sub-pixel.

[0051] In addition to the data-to-data capacitive coupling effects described

above, a capacitive coupling between pixel electrodes in adjacent rows can result in

erroneous increases and/or decreases in sub-pixel brightness. Applying a voltage to a

sub-pixel in one row of pixels can affect the voltages of sub-pixels in other rows of

pixels. For example, a capacitance that can exist between pixel electrodes can allow a

large voltage swing (for example, from a positive polarity voltage to a negative

polarity voltage, or vice-versa) on the pixel electrode (which may be referred to herein

as an "aggressor pixel electrode") to be coupled into a pixel electrode in an adjacent

row, which can result in a change in the voltage of the pixel electrode in the adjacent

row. The change in the voltage of the pixel electrode in the adjacent row can cause an

erroneous increase or decrease in the brightness of the sub-pixel with the affected

pixel electrode (which may be referred to herein as a "victim pixel electrode"). In

some cases, the erroneous increase or decrease in victim pixel brightness can be

detectable as a visual artifact in the displayed image. As will be apparent from the



description below, some sub-pixels can be an aggressor during the update of the sub-

pixel' s row and can be a victim during the update of another row.

[0052] The amount of increase and decrease in brightness caused in a sub-

pixel including one pixel electrode (victim pixel electrode) by the pixel-to-pixel

capacitive coupling of a voltage change in another pixel electrode (aggressor pixel

electrode) can depend on the value of the pixel-to-pixel capacitance between the pixel

electrodes (i.e., mutual capacitance) and the self-capacitance of the victim pixel

electrode:

OictimPE
= PtoP _ cap _ ratio x A VaggressorPE (2)

pixeltopixel _cap
where: PtoP _cap _ratio

self _cap.

AVvictimPE the change in voltage of the victim pixel electrode,
AVaggressorPE is the change in voltage of the aggressor pixel

electrode,
pixeltopixel _cap is the pixel-to-pixel capacitance between the

victim pixel electrode and the aggressor pixel electrode, and
e lf ap victimPE is the self-capacitance of the victim pixel

electrode

[0053] The PtoP_cap_ratio is a capacitance ratio of the pixel-to-pixel

capacitance and the self-capacitance of the victim pixel electrode, which can depend

on various factors, or design criteria of the display screen, such as distance between

the pixel electrodes, the dimensions of the pixel electrodes, the proximity of other

conductive structures and dielectric structures to the pixel electrodes, the material

properties of the pixel electrodes and other structures, etc., as one skilled in the art

would readily understand. This pixel-to-pixel capacitive coupling effect will now be

described in reference to FIGS. 7-9.

[0054] FIG. 7 illustrates an example arrangement of pixel electrodes 701 in an

example display screen 700. Pixel electrodes 701 can have an arrangement similar to

pixel electrodes 157 in FIG. ID, for example, in which the pixel electrodes can be

arranged in horizontal lines, such as rows 703. For the purpose of clarity other pixel

electrodes in rows 703 of display screen 700 are not shown in this figure. Pixel

electrodes 701 shown in FIG. 7 can each be associated with a data line 705, such as

data line 155 in FIG. ID. Each pixel TFT 707 can include a source 709 connected to



data line 705, a gate 711, and a drain 713 connected to pixel electrode 701. Each

pixel TFT 707 in one row 703 of pixels can be switched on by applying an

appropriate gate line voltage to a gate line 715 corresponding to the row. During a

scanning operation of display screen 700, a target voltage of each pixel electrode 701

in one row 703 can be applied individually to the pixel electrode by switching on

pixel TFTs 707 of the of the row with the corresponding gate line 715 while the target

voltages of each pixel electrode in the row are being applied to data lines 705.

[0055] To update all of the pixel electrodes 701 in display screen 700, thus

refreshing an image frame displayed by the sub-pixels of the display screen, rows 703

can be scanned by applying the appropriate gate line voltages to gate lines 715 in a

particular scanning order. For example, a scanning order can be sequential in order of

position of rows 703 from a first row at the top of display screen 700 to a last row at

the bottom of the display screen. In other words, the first row of the display can be

scanned first, then the next adjacent row (i.e., the second row) can be scanned next,

then the next adjacent row (i.e., the third row) can be scanned, etc. One skilled in the

art would understand that other scanning orders can be used.

[0056] When a particular row 703 is being scanned to update the voltages on

pixel electrodes 701 of the row with the target data voltages being applied to the data

lines 705 during the scanning of the row, pixel TFTs 707 of the other rows can be

switched off so that the pixel electrodes in the rows that are not being scanned remain

disconnected from the data lines. In this way, data voltages on the data lines can be

applied to a single row currently being scanned, while the voltages on the data lines

are not applied directly to the pixel electrodes in the other rows.

[0057] However, updating the voltages of the pixel electrodes 701 of a

particular row 703 can have an effect on the voltages of pixel electrodes in other rows.

For example, a pixel-to-pixel capacitance 717 existing between adjacent pixel

electrodes 701, for example, can allow voltage changes in one pixel electrode to affect

the voltage values of adjacent pixel electrodes through a capacitance coupling

between the pixel electrodes.

[0058] FIG. 8 illustrates an example scanning operation in which rows can be

scanned in a line-by-line sequential order. The inversion scheme shown in FIG. 8 can



be, for example, single line inversion (or single dot inversion). The voltages on pixel

electrodes 801a-d of four rows 803 are represented by voltage graphs next to each

pixel electrode, which show the voltage on the pixel electrode during scanning of

various rows. At the beginning of the frame, pixel electrode 801a of row 1 can have a

positive voltage, pixel electrode 801b of row 2 can have a negative voltage, pixel

electrode 801c of row 3 can have a positive voltage, and pixel electrode 801d of row 4

can have a negative voltage. The voltages at the beginning of the frame can be, for

example, the target voltages that were applied to the pixels during the previous frame.

In other words, the voltages of the pixel electrodes 801a-d at the beginning of the

frame can be the voltages used to display the image of the previous frame. In this

example, the polarity of the voltages on the pixel electrodes 801a-d can be changed

for each scan line (e.g., single line inversion or single dot inversion). FIG. 8 shows a

scan of row 1, during which a pixel TFT 805 of a pixel electrode 801a of row 1 can be

switched on by applying the appropriate gate line voltage to a gate line 807. During

the scan of row 1, a negative voltage can be applied to a data line 809 to update the

voltage on the pixel electrode of row 1 as shown in the voltage graph next to the pixel

electrode. The voltage graph of pixel electrode 801a during the scan of row 1 shows a

voltage swing from positive voltage to negative voltage, which is represented in the

voltage graph by a large down arrow. Due to effects such as the capacitance coupling

described above, for example, the large negative voltage swing of pixel electrode

801a can cause a corresponding negative voltage swing in adjacent pixel electrodes

such as pixel electrode 801b. This effect on the voltages on adjacent pixel electrodes

can be significantly smaller in magnitude, therefore, the voltage graph of pixel

electrode 801b shows a slight negative change, which is represented in the voltage

graph by a small down arrow, during the scan of row 1. As described above, the

luminance of the sub-pixel associated with a pixel electrode can depend on the

magnitude of the pixel voltage. The negative voltage change in pixel electrode 801b

caused by the large negative voltage swing in pixel electrode 801a can increase the

magnitude of the voltage of pixel electrode 801b. Therefore, the effect of the negative

voltage swing on pixel electrode 801a can be an increase in the luminance, e.g.,

brightness, of the sub-pixel of pixel electrode 801b. The increase in brightness sub-



pixel of pixel electrode 801b is represented in FIG. 8 by hatch marks surrounding

pixel electrode 801b.

[0059] In the scan of row 2, pixel TFT 805 of pixel electrode 801b can be

switched on with a gate line voltage applied to the corresponding gate line 807, while

the pixel TFTs of the other rows can remain off. While pixel electrode 801b is

connected to data line 809 during the scan of row 2, a positive target voltage can be

applied to the data line to update the voltage of pixel electrode 801b. The voltage

graph of pixel electrode 801b illustrates that the application of the positive voltage

causes a large positive voltage swing on pixel electrode 801b, which is represented by

the large up arrow in the voltage graph. A large positive swing in voltage on pixel

electrode 801b can affect the voltages of adjacent pixel electrodes 801a and 801c

correspondingly, resulting in relatively smaller positive changes in voltage on the two

adjacent pixel electrodes. The smaller positive voltage swings in the adjacent pixel

electrodes are represented in the corresponding voltage graphs by small up arrows.

The positive voltage change on pixel electrode 801a can cause the negative voltage on

the pixel electrode to be reduced in magnitude, which can result in decrease in the

brightness of the sub-pixel of pixel electrode 801a. In other words, the brightness of

the sub-pixel of pixel electrode 801a can be reduced such that the sub-pixel appears

darker, which is represented in FIG. 8 by the thicker, dark borders shown on pixel

electrode 801a in the scan of row 2.

[0060] The large positive voltage swing on pixel electrode 801b can result in

an increase in the brightness of the sub-pixel of pixel electrode 801c because the

positive change to the voltage on pixel electrode 801c can increase the magnitude of

the voltage on pixel electrode 801c. The increase in brightness of pixel electrode

801c is represented in FIG. 8 by hatch marks surrounding pixel electrode 801c.

[0061] In the scan of row 2, the application of the target voltage to pixel

electrode 801b can correct, or overwrite, the erroneous increase in brightness

introduced previously. For example, in the scan of row 1, the brightness of the sub-

pixel of pixel electrode 801b was increased, making the sub-pixel appear brighter, due

to the voltage swing occurring on pixel electrode 801a. While this increased

brightness of pixel electrode 801b might otherwise be visible as a display artifact, in

this case, the erroneous increase in brightness can be quickly overwritten in the scan



of row 2, which immediately follows the scan of row 1. In other words, in the scan of

row 2, the voltage on pixel electrode 801b is updated to the target voltage for the sub-

pixel regardless of whether the pixel electrode 801b is being update from a correct

voltage (i.e., the target voltage from the previous frame) or updated from an incorrect

voltage (e.g., an erroneously higher or lower voltage). Therefore, pixel electrode

801b is shown during the scan of row 2 in FIG. 8 with the hatch marks removed. In

other words, the scan of row 2 can overwrite the erroneous voltage on pixel electrode

801b with the current target voltage.

[0062] During a scan of row 3, pixel TFT 805 corresponding to pixel

electrode 801c can be switched on, as described above. A negative target voltage can

be applied to data line 809, which can cause the voltage on pixel electrode 801c to

swing from positive to negative as represented by the large down arrow in the voltage

graph. The negative swing in voltage on pixel electrode 801c can cause negative

voltage changes on pixel electrodes 801b and 801d, causing a decrease in the

magnitude of the positive voltage on pixel electrode 801b and an increase in

magnitude of the voltage on pixel electrode 801d. Thus, as before, updating the

voltage on pixel electrode 801c can affect adjacent sub-pixels by causing the sub-

pixel of pixel electrode 801b to appear darker and the sub-pixel of pixel electrode

80 Id to appear brighter.

[0063] FIG. 9 shows another representation of the example scanning operation

shown in FIG. 8. Specifically, FIG. 9 illustrates a simplified notation for describing

various effects on sub-pixel brightness due to pixel-to-pixel capacitive coupling that

can occur during scanning operations. The notation illustrated in FIG. 9 will be

adopted below in the descriptions of additional example embodiments.

[0064] FIG. 9 illustrates rows 803 including sub-pixels 901 corresponding to

the sub-pixels of pixel electrodes 801a-d of FIG. 8. Sub-pixel voltage polarities

associated with each sub-pixel 901 are shown in FIG. 9. The sub-pixel voltage

polarities correspond to the polarities of the voltages on pixel electrodes 801a-d

shown in FIG. 8. FIG. 9 illustrates the voltage polarities on the sub-pixels 901 of

rows 1-4 at the beginning of the frame, corresponding to FIG. 8. As described above,

during the update of row 1, a target voltage is applied to the pixel electrode (i.e., pixel

electrode 801a) of sub-pixel 901 in row 1. As in FIG. 6, the direct application of



voltage to a pixel electrode is illustrated in the figures with the notation of a circle

around the polarity sign of the applied voltage in the sub-pixel. A large voltage swing

on a pixel electrode of a sub-pixel due to a direct application of voltage to the pixel

electrode is illustrated in the figures with the notation of a large up-arrow,

corresponding to a positive voltage swing, or a large down-arrow, corresponding to a

negative voltage swing, in the sub-pixel. The large up or down arrow positioned to

the right of the sub-pixel polarity sign represents a voltage swing on the

corresponding pixel electrode of the sub-pixel (as described above, a large arrow

positioned to the left of the sub-pixel polarity sign is be used to represent a voltage

swing on the data line corresponding to the sub-pixel). The pixel-to-pixel capacitive

coupling effect is represented in FIG. 9 by vertical, curved arrows from the sub-pixel

being updated to the sub-pixels in adjacent rows, and the voltage change in an

adjacent sub-pixel due to pixel-to-pixel coupling is represented by a small up or down

arrow positioned to the right of the voltage polarity sign in the affected sub-pixel.

[0065] In the update of row 1 shown in FIG. 9, for example, the negative

target voltage applied to sub-pixel 901 of row 1 can cause a negative voltage swing

because the sub-pixel voltage polarity of the sub-pixel was positive at the beginning

of the update of row 1, e.g., at the beginning of the frame. As described above, the

negative voltage swing can cause a corresponding negative voltage change on sub-

pixel 901 of row 2, which is illustrated in the figures with the notation of a small

down-arrow positioned to the right of the voltage polarity sign of sub-pixel 901 of

row 2. Also as described above, the negative voltage change can cause sub-pixel 901

of row 2 to appear brighter, which is illustrated in the figures with the notation of a

dashed-lined right-hand border of the sub-pixel.

[0066] In the update of row 2 shown in FIG. 9, a positive polarity target

voltage can be applied to sub-pixel 901 of row 2, which can cause a large positive

voltage swing on the sub-pixel. As described above, sub-pixel 901 of row 1 can be

affected by becoming darker due to the corresponding positive voltage change to the

negative polarity voltage on the sub-pixel of row 1. The decrease in brightness, e.g.,

darker appearance, of sub-pixel 901 of row 1 is illustrated in the figures with the

notation of thick, dark right-hand border of the sub-pixel. As described above, sub-

pixel 901 of row 3 can appear brighter due to the positive voltage change caused by



the voltage swing on the pixel electrode (i.e., pixel electrode 801b) of sub-pixel 901

of row 2. Thus, the right-hand border of sub-pixel 901 of row 3 is shown as a dashed

line in FIG. 9. The update of row 3 shown in FIG. 9 likewise represents the above-

described update of row 3, including the application of negative polarity target

voltage to sub-pixel 901 of row 3, a large negative swing on the corresponding pixel

electrode, and a resulting decrease and increase in the brightness of the sub-pixels of

row 2 and row 4, respectively.

[0067] FIG. 9 also illustrates the update of row 4, in which the change in

polarity of sub-pixel 901 of row 4 can result in a decrease in the brightness of the

preceding sub-pixel of row 3, and an increase in the brightness of the next sub-pixel

of row 5 (not shown). Thus, it can be seen from FIG. 9 that the scanning of each row

under the particular inversion scheme of the present example, i.e., single line

inversion (or single dot inversion), can result in a decrease in brightness of the sub-

pixels in preceding rows and an increase in brightness of the sub-pixels in the next

rows. However, the increase in brightness of the next row can be subsequently

overwritten in the next scan step, leaving only the decreases in brightness of each sub-

pixel of the display.

[0068] Having individually described data-to-data capacitive coupling effects

and pixel-to-pixel capacitive coupling effects above, the combined effects of data-to-

data and pixel-to-pixel capacitive coupling will now be described in reference to

FIGS. 10-16. The simplified notation described above with respect to FIGS. 6 and 9

will be used in FIGS. 10-16 to illustrate the various capacitive coupling effects that

can occur during an example scanning operation of a display screen 1000 using a 2-

line inversion scheme, such as described above in reference to FIG. 2B, in

combination with a scanning order of updating rows sequentially in order of row

position.

[0069] FIGS. 10-15 illustrate an example 2-line inversion scanning operation

of display screen 1000 by showing details of the applications of data voltages to a

single display pixel 1001 in each of rows 4-9 of the display screen. Each display

pixel 1001 can include a red sub-pixel 1003a, a green sub-pixel 1003b, and a blue

sub-pixel 1003c. FIG. 16 illustrates errors in brightness in individual sub-pixels of

the display pixels that can result from data-to-data capacitive coupling effects and



pixel-to-pixel capacitive coupling effects. FIG. 16 also illustrates an average error in

brightness in each display pixel that can result from an average of the sub-pixel errors

of the display pixel.

[0070] The following description begins with the updating of row 4 of display

screen 1000, shown in FIG. 10. However, it is understood the updating of rows 1-3,

which is not shown in detail, can occur before the updating of row 4 begins. In this

regard, it is noted that row 3 (shown in the figure as a row of positive polarities) can

be updated with the positive data voltages immediately prior to the update of row 4.

[0071] In the example scanning operation, an RGB write sequence can be

used. Accordingly, the update of display pixel 1001 of row 4 can begin with the

update of the red sub-pixel. The row 4 red sub-pixel can be updated by applying a

positive data voltage to the corresponding red data line, which can result in no large

voltage swing on the red data line because the previous voltage on the red data line

can also be positive polarity (due to the application of positive voltage during the

update of row 3). Therefore, the update of the row 4 red sub-pixel can result in no

data-to-data coupling effects (accordingly, there is no large up/down arrow shown to

the left of the row 4 red sub-pixel polarity).

[0072] However, the update of the row 4 red sub-pixel can result in pixel-to-

pixel coupling effects because the voltage on the pixel electrode of the row 4 red sub-

pixel can be a negative polarity voltage (applied during the scanning of the previous

frame). Therefore, a large up-arrow is shown to the right of the voltage polarity of the

red sub-pixel. The pixel-to-pixel coupling effect of the positive voltage swing can

increase the brightness of the row 5 red sub-pixel. Likewise, the updates of the row 4

green and blue sub-pixels can result in increases in the brightnesses of the row 5 green

and blue sub-pixels, respectively, due to pixel-to-pixel coupling effects.

[0073] FIG. 10 illustrates the voltage polarity pattern of display screen 1000

before the update of row 4 (when the voltage polarities of row 4 are "-") and after the

update of row 4 (when the voltage polarities of row 4 are "+").

[0074] FIG. 11 illustrates the update of row 5, which can change the voltage

polarities of the sub-pixels of row 5 from "-" to "+". A negative data voltage can be

applied to the red data line during the update of row 5 red sub-pixel. Because the



previous voltage on the red data line was positive (from the update of row 4), the

application of positive data voltage can cause a large negative voltage swing on the

red data line, which can result in data-to-data coupling effects as illustrated by the

horizontal arrows from the row 5 red sub-pixel to the adjacent green sub-pixel in

display pixel 1001 and the adjacent blue sub-pixel (not shown) in a display pixel

adjacent to display pixel 1001. The data-to-data coupling effect can cause a decrease

in the brightness of the row 5 green sub-pixel, which is represented in FIG. 11 by the

thick, dark left-hand border of the green sub-pixel. The update of the row 5 red sub-

pixel can also result in pixel-to-pixel coupling effects that can decrease the

brightnesses of adjacent red sub-pixels in rows 4 and 6.

[0075] The update of the row 5 green sub-pixel can similarly result in data-to-

data coupling effects in the row 5 red and blue sub-pixels, and can result in pixel-to-

pixel coupling effects in the row 4 and row 6 green sub-pixels, as shown in the figure.

Likewise, the update of the row 5 blue sub-pixel can result in data-to-data and pixel-

to-pixel coupling effects in adjacent sub-pixels, as shown in the figure.

[0076] FIGS. 12, 13, 14, and 15 describe the updates of rows 6, 7, 8, and 9,

respectively, showing the applications of data voltages in accordance with the

example 2-line inversion scheme and the various resulting data-to-data and pixel-to-

pixel coupling effects using the foregoing notation. After the update of the row 9 blue

sub-pixel, shown in FIG. 15, the scanning of the remaining rows of display screen

1000 can result in no further changes in the brightnesses of the sub-pixels in rows 5-8.

In other words, after the update of row 9, the errors in brightness of rows 5-8 can

remain unchanged and persist until the next frame update, which can result in visual

artifacts.

[0077] FIG. 16 summarizes the errors in brightness in individual sub-pixels of

display pixels 1001 of rows 5-8 that can result from data-to-data capacitive coupling

effects and pixel-to-pixel capacitive coupling effects in the example 2-line inversion

scheme scanning order. FIG. 16 also illustrates an average error in brightness in each

display pixel that can result from an average of the sub-pixel errors of the display

pixel.



[0078] In display pixel 1001 of row 5, data-to-data coupling errors in the

individual sub-pixels can include a twice increased brightness in red sub-pixel 1003a,

an increased brightness in green sub-pixel 1003b, and no increase in the brightness of

blue sub-pixel 1003c. An average brightness error resulting from data-to-data

coupling effects in the row 5 display pixel 1001 can be a single data-to-data (D-D)

brightness increase, which is illustrated by the dashed- line left-hand border of the row

5 display pixel in the "Average Brightness Error for Display Pixels" column in FIG.

16. In some embodiments, data-to-data coupling errors can be distributed among

different colored sub-pixels by, for example, using different writing sequences for

writing data into the sub-pixels of different display pixels. For example, some display

pixels can be updated with an RGB writing sequence, while other display pixels can

be updated with a BGR writing sequence.

[0079] The pixel-to-pixel coupling errors in the individual sub-pixels of the

row 5 display pixel 1001 can include an increased brightness in each of red sub-pixel

1003a, green sub-pixel 1003b, and blue sub-pixel 1003c. Thus, an average brightness

error resulting from pixel-to-pixel coupling effects in the row 5 display pixel 1001 can

be a single pixel-to-pixel (P-P) brightness increase, which is illustrated by the dashed-

line right-hand border of the row 5 display pixel in the "Average Brightness Error"

column.

[0080] In display pixel 1001 of row 6, data-to-data coupling errors in the

individual sub-pixels can include no increase in the brightness of any of the red,

green, or blue sub-pixels. Thus, display pixel 1001 of row 6 can have no average D-D

brightness errors. The pixel-to-pixel coupling errors in the individual sub-pixels of

the row 6 display pixel 1001 can include a increased brightness in each of red sub-

pixel 1003a, green sub-pixel 1003b, and blue sub-pixel 1003c. Thus, an average

brightness error resulting from pixel-to-pixel coupling effects in the row 6 display

pixel 1001 can be a single pixel-to-pixel (P-P) brightness decrease, which is

illustrated by the thick, dark right-hand border of the row 6 display pixel in the

"Average Brightness Error" column.

[0081] The brightness errors in the row 7 display pixel can be the same as the

brightness errors in the row 5 display pixel, and the brightness errors in the row 8

display pixel can be the same as the brightness errors in the row 6 display pixel. In



other words, a pattern of brightness errors can repeat every two rows. Thus, in this

example scanning operation, using a particular scanning order (i.e., updating the rows

sequentially by row position starting at row 1 and ending with the last row) and a

particular inversion scheme (i.e., 2-line inversion), a pattern of D-D and P-P

brightness errors shown in FIG. 16 can result.

[0082] Using other scanning orders and other inversion scheme can result in

other patterns of D-D and P-P brightness errors. In some cases, the particular

scanning order and inversion scheme combination, and the resulting pattern of D-D

and P-P brightness errors, can be considered in designing a display screen such that

the D-D errors and P-P errors can be made to substantially offset each other. In some

embodiments, offsetting the errors can be accomplished by causing the particular

combination of D-D and P-P brightness errors to result in a substantially uniform

increase or decrease in the brightness of most or all of the sub-pixels. A uniform

increase or decrease in brightness can have no visual artifacts because there can be no

significant differences in brightness that could be perceived by a user. In some

embodiments, offsetting the errors can be accomplished by causing the particular

combination of D-D brightness errors and P-P brightness errors to cancel each other.

For example, in some embodiments display screen design criteria can result in a

magnitude of a D-D brightness increase in a sub-pixel to be approximately equal to a

magnitude of a P-P brightness decrease in the sub-pixel. The this way, for example, a

particular design criteria can be used to cancel brightness increases with brightness

decreases, or vice versa.

[0083] Example embodiments of particular scanning order and inversion

scheme combinations, together with display screen design criteria that can reduce or

eliminate visual artifacts by offsetting D-D and P-P brightness errors, will now be

described with reference to FIGS. 17 and 18. The detailed example analysis

described above can be applied to each of the following example combinations of

scanning order and inversion scheme. Therefore, a detailed analysis of each step in

the scanning process will not be described for the example embodiments described

below, as one skilled in the art would readily understand how the resulting patterns of

D-D and P-P brightness errors can occur in light of the foregoing detailed example

description.



[0084] FIG. 17 illustrates an example D-D and P-P brightness error pattern for

a scanning process using a 2-dot inversion scheme, such as the inversion scheme

shown in FIG. 3B in combination with a scanning order of updating rows sequentially

in order of row position. Average D-D brightness errors in a row 1 display pixel and

a row 2 display pixel can be a decrease in brightness and no error, respectively.

Average P-P brightness errors in a row 1 display pixel and a row 2 display pixel can

be an increase in brightness and a decrease in brightness, respectively. This pattern of

D-D and P-P brightness errors can repeat in rows 3 and 4, etc.

[0085] In this example, designing the display screen such that the D-D

coupling results in twice (or approximately twice) the brightness error effect (i.e.,

increase/decrease) of the P-P coupling can result in a uniform decrease in brightness

in the sub-pixels. For example, in the display pixel of row 1, a D-D coupling

brightness decrease that is twice the P-P coupling brightness increase can result in an

overall brightness decrease of approximately the magnitude of a single P-P coupling

brightness decrease. Because the row 2 display pixel can include only a single P-P

coupling brightness decrease, the brightness errors in the display pixels of rows 1 and

2 (and likewise, all of the remaining display pixels) can be uniform. In this way, for

example, the particular display screen design criteria of designing the D-D coupling

effect to be twice the P-P coupling effect can reduce or eliminate visual artifacts in the

particular combination of a 2-dot inversion scheme and a scanning order of updating

rows sequentially by row position.

[0086] For display screens in which a change in voltage of an aggressor data

line is the same as the change in voltage of an aggressor pixel electrode (e.g., the

aggressor data line is electrically connected to the aggressor pixel electrode), and

using equations (1) and (2) above, the design criteria can be summarized as the

DtoD_cap_ratio should be twice the PtoP_cap_ratio. Designing to this criteria may

involve, for example, adjusting distances between pixel electrodes, adding protruding

features, changing dielectric thicknesses of structures, changing pixel electrode area,

height, etc.

[0087] FIG. 18 illustrates an example D-D and P-P brightness error pattern for

a scanning process using a 4-dot inversion scheme, such as the inversion scheme

shown in FIG. 3C in combination with a scanning order of updating rows in the



following order: row 2, row 1, row 4, row 3, row 6, row 5, row 8, row 7. In this

particular combination of inversion scheme and scanning order, there can be no

resulting D-D and P-P brightness errors in display pixels in rows 1, 3-5, 7, and 8. In

each of a row 2 display pixel and a row 6 display pixel, there can be a decrease in

brightness caused by D-D coupling and a twice increase in brightness caused by P-P

coupling. This pattern of D-D and P-P brightness errors can repeat in the remaining

blocks of eight rows in the display screen.

[0088] In this example, designing the display screen such that the D-D

coupling results in twice the brightness error effect (i.e., increase/decrease) of the P-P

coupling can allow the D-D coupling decrease in brightness and the P-P increases in

brightness to cancel each other. In this way, for example, the particular display screen

design criteria of designing the D-D coupling effect to be twice (or approximately

twice) the P-P coupling effect can reduce or eliminate visual artifacts in the particular

combination of a 4-dot inversion scheme and a scanning order of updating the rows in

each block of eight rows in the order of rows 2, 1, 4, 3, 6, 5, 8, and 7.

[0089] As in the previous example embodiment, for display screens in which a

change in voltage of an aggressor data line is the same as the change in voltage of an

aggressor pixel electrode (e.g., the aggressor data line is electrically connected to the

aggressor pixel electrode), and using equations (1) and (2) above, the design criteria

can be summarized as the DtoD_cap_ratio should be twice the PtoP_cap_ratio.

Designing to this criteria may involve, for example, adjusting distances between pixel

electrodes, adding protruding features, changing dielectric thicknesses of structures,

changing pixel electrode area, height, etc.

[0090] Although embodiments of this disclosure have been fully described

with reference to the accompanying drawings, it is to be noted that various changes

and modifications including, but not limited to, combining features of different

embodiments, omitting a feature or features, etc., as will be apparent to those skilled

in the art in light of the present description and figures.

[0091] For example, one or more of the functions of scanning a display screen

using a particular combination of inversion scheme and scanning order described

above can be performed by computer-executable instructions, such as



software/firmware, residing in a medium, such as a memory, that can be executed by

a processor, as one skilled in the art would understand. The software/firmware can be

stored and/or transported within any computer-readable medium for use by or in

connection with an instruction execution system, apparatus, or device, such as a

computer-based system, processor-containing system, or other system that can fetch

the instructions from the instruction execution system, apparatus, or device and

execute the instructions. In the context of this document, a "non-transitory computer-

readable storage medium" can be any physical medium that can contain or store the

program for use by or in connection with the instruction execution system, apparatus,

or device. The non-transitory computer-readable storage medium can include, but is

not limited to, an electronic, magnetic, optical, electromagnetic, infrared, or

semiconductor system, apparatus or device, a portable computer diskette (magnetic), a

random access memory (RAM) (magnetic), a read-only memory (ROM) (magnetic),

an erasable programmable read-only memory (EPROM) (magnetic), a portable optical

disc such a CD, CD-R, CD-RW, DVD, DVD-R, or DVD-RW, or flash memory such

as compact flash cards, secured digital cards, USB memory devices, memory sticks,

and the like. In the context of this document, a "non-transitory computer-readable

storage medium" does not include signals. In contrast, in the context of this

document, a "computer-readable medium" can include all of the media described

above, and can also include signals.

[0092] FIG. 19 is a block diagram of an example computing system 1900 that

illustrates one implementation of an example scanning system of a display screen

according to embodiments of the disclosure. In the example of FIG. 19, the

computing system is a touch sensing system 1900 and the display screen is a touch

screen 1920, although it should be understood that the touch sensing system is merely

one example of a computing system, and that the touch screen is merely one example

of a type of display screen. Computing system 1900 could be included in, for

example, mobile telephone 136, digital media player 140, personal computer 144, or

any mobile or non-mobile computing device that includes a touch screen. Computing

system 1900 can include a touch sensing system including one or more touch

processors 1902, peripherals 1904, a touch controller 1906, and touch sensing

circuitry (described in more detail below). Peripherals 1904 can include, but are not



limited to, random access memory (RAM) or other types of memory or non-transitory

computer-readable storage media capable of storing program instructions executable

by the touch processor 1902, watchdog timers and the like. Touch controller 1906

can include, but is not limited to, one or more sense channels 1908, channel scan logic

1910 and driver logic 1914. Channel scan logic 1910 can access RAM 1912,

autonomously read data from the sense channels and provide control for the sense

channels. In addition, channel scan logic 1910 can control driver logic 1914 to

generate stimulation signals 1916 at various frequencies and phases that can be

selectively applied to drive regions of the touch sensing circuitry of touch screen

1920. In some embodiments, touch controller 1906, touch processor 1902 and

peripherals 1904 can be integrated into a single application specific integrated circuit

(ASIC). A processor, such as touch processor 1902, executing instructions stored in

non-transitory computer-readable storage media found in peripherals 1904 or RAM

1912, can control touch sensing and processing, for example.

[0093] Computing system 1900 can also include a host processor 1928 for

receiving outputs from touch processor 1902 and performing actions based on the

outputs. For example, host processor 1928 can be connected to program storage 1932

and a display controller, such as an LCD driver 1934. Host processor 1928 can use

LCD driver 1934 to generate an image on touch screen 1920, such as an image of a

user interface (UI), by executing instructions stored in non-transitory computer-

readable storage media found in program storage 1932, for example, to scan lines

(e.g., rows) of sub-pixels of touch screen 1920 by applying voltages to pixel

electrodes of adjacent sub-pixels in different lines such that polarity changes in

opposite directions can occur in two sub-pixels that are adjacent to a particular sub-

pixel. In other words, host processor 1928 and LCD driver 1934 can operate as a

scanning system in accordance with the foregoing example embodiments. In some

embodiments the touch processor 1902, touch controller 1906, or host processor 1928

may independently or cooperatively operate as a scanning system in accordance with

the foregoing example embodiments. Host processor 1928 can use touch processor

1902 and touch controller 1906 to detect and process a touch on or near touch screen

1920, such a touch input to the displayed UI. The touch input can be used by

computer programs stored in program storage 1932 to perform actions that can



include, but are not limited to, moving an object such as a cursor or pointer, scrolling

or panning, adjusting control settings, opening a file or document, viewing a menu,

making a selection, executing instructions, operating a peripheral device connected to

the host device, answering a telephone call, placing a telephone call, terminating a

telephone call, changing the volume or audio settings, storing information related to

telephone communications such as addresses, frequently dialed numbers, received

calls, missed calls, logging onto a computer or a computer network, permitting

authorized individuals access to restricted areas of the computer or computer network,

loading a user profile associated with a user's preferred arrangement of the computer

desktop, permitting access to web content, launching a particular program, encrypting

or decoding a message, and/or the like. Host processor 1928 can also perform

additional functions that may not be related to touch processing.

[0094] Touch screen 1920 can include touch sensing circuitry that can include

a capacitive sensing medium having a plurality of drive lines 1922 and a plurality of

sense lines 1923. It should be noted that the term "lines" is sometimes used herein to

mean simply conductive pathways, as one skilled in the art will readily understand,

and is not limited to elements that are strictly linear, but includes pathways that

change direction, and includes pathways of different size, shape, materials, etc. Drive

lines 1922 can be driven by stimulation signals 1916 from driver logic 1914 through a

drive interface 1924, and resulting sense signals 1917 generated in sense lines 1923

can be transmitted through a sense interface 1925 to sense channels 1908 (also

referred to as an event detection and demodulation circuit) in touch controller 1906.

In this way, drive lines and sense lines can be part of the touch sensing circuitry that

can interact to form capacitive sensing nodes, which can be thought of as touch

picture elements (touch pixels), such as touch pixels 1926 and 1927. This way of

understanding can be particularly useful when touch screen 1920 is viewed as

capturing an "image" of touch. In other words, after touch controller 1906 has

determined whether a touch has been detected at each touch pixel in the touch screen,

the pattern of touch pixels in the touch screen at which a touch occurred can be

thought of as an "image" of touch (e.g. a pattern of fingers touching the touch screen).



[0095] In some example embodiments, touch screen 1920 can be an integrated

touch screen in which touch sensing circuit elements of the touch sensing system can

be integrated into the display pixels stackups of a display.

[0096] Although various embodiments are described with respect to display

pixels, one skilled in the art would understand that the term display pixels can be used

interchangeably with the term display sub-pixels in embodiments in which display

pixels are divided into sub-pixels. For example, some embodiments directed to RGB

displays can include display pixels divided into red, green, and blue sub-pixels. One

skilled in the art would understand that other types of display screen could be used.

For example, in some embodiments, a sub-pixel may be based on other colors of light

or other wavelengths of electromagnetic radiation (e.g., infrared) or may be based on

a monochromatic configuration, in which each structure shown in the figures as a sub-

pixel can be a pixel of a single color.



WHAT IS CLAIMED IS:

1. A display screen comprising:

a plurality of scanning lines, each scanning line including a plurality of display

pixels, each display pixel including a plurality of sub-pixels, each sub-pixel including

a pixel electrode, the scanning lines arranged such that a pixel-to-pixel capacitance

exists between adjacent ones of the pixel electrodes in scanning lines, each pixel-to-

pixel capacitance having a predetermined first capacitance value;

a plurality of data lines arranged such that a data-to-data capacitance exists

between adjacent ones of the data lines, each data-to-data capacitance having a

predetermined second capacitance value;

a scanning system that scans the scanning lines to update data voltages on the

pixel electrodes in a scanning order of the scanning lines, the updating of the pixel

electrodes in each scanning line including electrically connecting the pixel electrodes

in each of the display pixels in the scanning line to a corresponding set of the data

lines, applying a target data voltage to each data line in each of the sets of data lines in

a predetermined sequence while the data lines corresponding to the other of the data

lines in each set of the data lines are electrically floating, wherein a polarity of each of

the target data voltages is determined by the scanning system according to a

predetermined inversion scheme,

wherein each application of target data voltage in a plurality of the

applications of target data voltages results in a first error in a brightness of one or

more sub-pixels based on a coupling of the corresponding application of target data

voltage through one of the pixel-to-pixel capacitances, the first error being based on

one of an increase in a magnitude of a voltage on the corresponding pixel electrode

and a decrease in the magnitude of the voltage on the corresponding pixel electrode,

the increase or decrease being based on the first capacitance value,

wherein each application of target data voltage in a plurality of the

applications of target data voltages results in a second error in a brightness of one or

more sub-pixels based on a coupling of the corresponding application of target data

voltage through one of the data-to-data capacitances, the second error being based on

one of an increase in a magnitude of a voltage on the corresponding pixel electrode



and a decrease in the magnitude of the voltage on the corresponding pixel electrode,

the increase or decrease being based on the second capacitance value,

wherein the first and second errors offset each other in one or more of the sub-

pixels.

2. The display screen of claim 1, wherein the offset of the first and second errors

includes one of a cancelation of the first and second errors in a single sub-pixel, a

uniform increase in brightness of a plurality of the sub-pixels, and a uniform decrease

in brightness of a plurality of the sub-pixels.

3. The display screen of claim 1, wherein the lines of display pixels are arranged

in rows.

4. The display screen of claim 1, wherein the inversion scheme includes a 2-dot

inversion scheme, the scanning order includes a scanning order of updating scanning

lines sequentially in order of scanning line position.

5. The display screen of claim 4, wherein first capacitance value is a first

capacitance ratio of a first mutual capacitance and a first self-capacitance, the second

capacitance value is a second capacitance ratio of a second mutual capacitance and a

second self-capacitance, and the second capacitance ratio is approximately twice the

first capacitance ratio.

6. The display screen of claim 1, wherein the inversion scheme includes a 4-dot

inversion scheme, the scanning order includes a scanning order of updating scanning

lines of a plurality of blocks of eight adjacent scanning lines in an order within each

block of second scanning line, first scanning line, fourth scanning line, third scanning

line, sixth scanning line, fifth scanning line, eighth scanning line, and seventh

scanning line.

7. The display screen of claim 6, wherein first capacitance value is a first

capacitance ratio of a first mutual capacitance and a first self-capacitance, the second



capacitance value is a second capacitance ratio of a second mutual capacitance and a

second self-capacitance, and the second capacitance ratio is approximately twice the

first capacitance ratio.

8. The display screen of claim 1, wherein the one of the first and second errors

includes an average brightness error over a plurality of sub-pixels.

9. The display screen of claim 8, wherein the average brightness error over the

plurality of sub-pixels includes an average brightness error over sub-pixels in a single

display pixel.

10. The display screen of claim 1, the display screen incorporated within a

computing system.

11. The display screen of claim 10, wherein the computing system includes one of

a mobile telephone and a digital media player.

12. A method of scanning a display screen, the method comprising:

scanning a plurality of scanning lines of the display screen to update data

voltages on pixel electrodes in sub-pixels of each scanning line in a scanning order of

the scanning lines, the updating of the pixel electrodes in each scanning line including

electrically connecting the pixel electrodes in each of a plurality of display pixels in

the scanning line to a corresponding set of a plurality of data lines, applying a target

data voltage to each data line in each of the sets of data lines in a predetermined

sequence while the data lines corresponding to the other of the data lines in each set of

the data lines are electrically floating, wherein a polarity of each of the target data

voltages is determined by the scanning system according to a predetermined inversion

scheme,

wherein the inversion scheme includes a 4-dot inversion scheme, the scanning

order includes a scanning order of updating scanning lines of a plurality of blocks of

eight adjacent scanning lines in an order within each block of second scanning line,



first scanning line, fourth scanning line, third scanning line, sixth scanning line, fifth

scanning line, eighth scanning line, and seventh scanning line.

13. A non-transitory computer-readable storage medium storing computer-

readable instructions that, when executed by a computing device, cause the device to

perform a method of scanning a display screen, the method comprising:

scanning a plurality of scanning lines of the display screen to update data

voltages on pixel electrodes in sub-pixels of each scanning line in a scanning order of

the scanning lines, the updating of the pixel electrodes in each scanning line including

electrically connecting the pixel electrodes in each of a plurality of display pixels in

the scanning line to a corresponding set of a plurality of data lines, applying a target

data voltage to each data line in each of the sets of data lines in a predetermined

sequence while the data lines corresponding to the other of the data lines in each set of

the data lines are electrically floating, wherein a polarity of each of the target data

voltages is determined by the scanning system according to a predetermined inversion

scheme,

wherein the inversion scheme includes a 4-dot inversion scheme, the scanning

order includes a scanning order of updating scanning lines of a plurality of blocks of

eight adjacent scanning lines in an order within each block of second scanning line,

first scanning line, fourth scanning line, third scanning line, sixth scanning line, fifth

scanning line, eighth scanning line, and seventh scanning line.











































A . CLASSIFICATION O F SUBJECT MATTER

INV. G09G3/36
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

G09G

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal , WPI Data

C . DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2005/219276 Al (NOSE TAKASHI [JP] ET 1-3 ,8-11
AL) 6 October 2005 (2005-10-06)

Y paragraph [0002] - paragraph [0025] ; 4-7 , 12 ,
f i gure 1 13
paragraph [0026] - paragraph [0141] ;
f i gures 1-17

X US 2003/090452 Al (UCHINO KATSUHIDE [JP] 1-3 ,8-11
ET AL) 15 May 2003 (2003-05-15)

Y paragraph [0063] - paragraph [0141] ; 4-7 , 12 ,
f i gures 1-21 13

-I

Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date

or priority date and not in conflict with the application but
"A" document defining the general state of the art which is not cited to understand the principle o r theory underlying the

considered to be of particular relevance invention
"E" earlier document but published on or after the international "X" document of particular relevance; the claimed invention

filing date cannot be considered novel o r cannot be considered to
"L" documentwhich may throw doubts on priority claim(s) o r involve an inventive step when the document is taken alone

which is cited to establish the publication date of another "Y" document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

"P" document published prior to the international filing date but in the art.

later than the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

23 September 2011 04/10/2011

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Gartl an , Mi chael



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 2006/018800 Al (K0NINKL PHI LI PS 1-3 ,8-11
ELECTRONICS NV [NL] ; HAGIN0 SHUJI [ P] ;
WATANABE HIDET)
23 February 2006 (2006-02-23)
paragraph [0082] - paragraph [0094] ;
f i gure 4
paragraph [0095] - paragraph [0211] ;
f i gures 1-36

W0 2010/093697 Al (APPLE INC [US] ; QI JUN 4,5
[US] ; CHEN WEI [US] ; SON M00 KYUNG [US] ;
YIN VI ) 19 August 2010 (2010-08-19)
paragraph [0060] ; f i gure 10

US 2008/252587 Al (WANG TSANG-HONG [TW] ET 6,7 , 12 ,
AL) 16 October 2008 (2008-10-16) 13
paragraph [0024] - paragraph [0027] ;
f i gure 3B



INTERNATIONAL SEARCH REPORT

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

□ Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

□ Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3 . □I I Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see addi t i onal sheet

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

□ As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

As only some of the required additional search fees were timely paid by the applicant, this international search report covers
' ' only those claims for which fees were paid, specifically claims Nos. :

4 . I I No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos. :

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
' ' payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
' ' fee was not paid within the time limit specified in the invitation.

IX INo protest accompanied the payment of additional search fees.

Form PCT/ISA/21 0 (continuation of first sheet (2)) (April 2005)



Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2005219276 Al 06-10-2005 CN 1677473 A 05-10-2005
P 2005292387 A 20-10-2005

US 2003090452 Al 15 -05 -2003 NONE

O 2006018800 Al 23 -02 -2006 CN 101027713 A 29 -08·-2007
P 2006053442 A 23 -02·-2006
P 2008510178 A 03 -04·-2008

US 2007247478 Al 25 -10·-2007

O 2010093697 Al 19 -08 -2010 US 2010207959 Al 19 -08·-2010

US 2008252587 Al 16 -10 -2008 NONE



International Application No. PCTV US2011/ 037805

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Thi s Internati onal Searchi ng Authori t y found mul t i pl e (groups of)
i nventi ons i n thi s i nternati onal appl i cati on , as fol l ows :

1. cl aims : 1-3 , 8-11

cancel l ati on of the f i rst and second errors i n a sub-pi xel
t o improve di spl ay appearance

2. cl aims : 4 , 5

a 2-dot i nversi on scheme i n order t o reduce the power
consumpti on of the di spl ay

3 . cl aims : 6, 7, 12 , 13

a scanni ng order of updati ng scanni ng l i nes of a pl ural i t y
of bl ocks of ei ght adjacent scanni ng l i nes i n an order
wi thi n each bl ock of second scanni ng l i ne, f i rst scanni ng
l i ne, fourth scanni ng l i ne, thi r d scanni ng l i ne, si xth
scanni ng l i ne, f i fth scanni ng l i ne, ei ghth scanni ng l i ne,
and seventh scanni ng l i ne t o reduce di spl ay artefacts


	abstract
	description
	claims
	drawings
	wo-search-report

