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Title of the Invention

METHODS AND APPARATUS FOR REDUCING
IRREGULARITIES IN COLOR FILTERS

The present application claims priority to U.S.
Provisional Patent Application 60/771,284, filed February 7,
2006 and entitled “Methods And Apparatus For Reducing
Irregularities In Color Filters” which is hereby incorporated

herein by reference in its entirety for all purposes.

CROSS REFERENCE TO RELATED APPLICATIONS

The present application is related to the following
commonly-assigned, co-pending U.S. Patent Applications, which
are hereby incorporated herein by reference in their entirety
for all purposes:

U.S. Patent Application Serial No. 11/061,120, filed
February 18, 2005 and entitled “Methods And Apparatus For
Precision Control Of Print Head Assemblies” (Attorney Docket
No. 9769), and

U.S. Patent Application Serial No. 11/238,632, filed
September 29, 2005 and entitled “Methods And Apparatus For
Inkjet Printing Color Filters For Displays” (Attorney Docket
No. 9521-5/P01).

FIELD OF THE INVENTION

The present invention relates generally to

electronic device fabrication methods, and is more
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particularly concerned with the manufacture of color filters

for flat panel displays.

BACKGRQUND OF THE INVENTION

The flat panel display industry has been attempting
to employ inkjet printing to manufacture display devices, in
particular, color filters. One problem with effective
employment of inkjet printing is that it is difficult to
inkjet ink or other material accurately and precisely on a
substrate while having high throughput. Accordingly, there is
a need for improved methods and apparatus for efficiently

printing using inkjet heads on a substrate.

SUMMARY OF THE INVENTION

In an aspect of the invention, a method is provided
in which an ink drop is deposited on a substrate within a
pixel well and the size of a subsequent ink drop deposited in
the pixel well is intentionally varied. The varied size is
chosen randomly to prevent an occurrence of a mura
irregularity.

In another aspect of the invention, a method is
provided in which an ink drop is deposited on a substrate
within a pixel well and the relative position of a subsequent
ink drop deposited in the pixel well is intentionally varied.
The varied position is chosen randomly to prevent an
occurrence of a mura irregularity.

In yet another aspect of the invention, a method is

provided including depositing a plurality of ink drops on a
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substrate within a column of pixel wells; and intentionally
varying a size of the ink drops deposited in the pixel wells.

In yet another aspect of the invention, an apparatus
is provided including a print head adapted to deposit a
plurality of ink drops on a substrate within a column of pixel
wells; and a controller adapted to vary a size of the ink
drops deposited in the pixel wells by the print head.

In yet another aspect of the invention, a method is
provided including depositing a plurality of ink drops on a
substrate within a column of pixel wells; and intentionally
varying a relative lateral position of the ink drops deposited
in the pixel wells.

In yet another aspect of the invention, an apparatus
is provided including a print head adapted to deposit a
plurality of ink drops on a substrate within a column of pixel
wells; and a controller adapted to vary a relative lateral
poesition of the ink drops deposited in the pixel wells by the
print head.

Other features and aspects of the present invention
will become more fully apparent from the following detailed
description of exemplary embodiments, the appended claims and

the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a magnified representation of an example
of an ideal color filter.

Figure 2 is a magnified representation of an example
of a plan view of color filter with arrows indicating mura

irregularities.
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Figure 3 is an example representation of the output
of a flat panel display exhibiting mura irregularities.

Figure 4 is a perspective view representation of two
columns of pixels with a mura irregularity.

Figure 5 is a perspective view representation of two
columns of pixels without a mura irregularity.

Figures 6A, 6B, 7A and 7B include tables that depict
the actual values used to create the examples in Figs. 4 and 5,
respectively.

Figure 8 is a table that illustrates that the
standard deviation of ink volume per pixel is reduced by
introducing a variation to drop size according to the present
invention.

Figure 9 is a graph that illustrates that the
standard deviation of ink volume per pixel is reduced by
introducing a variation to drop size according to the present
invention.

Figure 10 is a representation of magnified color
filter being manufactured.

Figure 11 is a representation of magnified color
filter being manufactured according to methods of the present
invention.

Figure 12 is a magnified representation of an
example of a color filter manufactured according to methods of

the present invention.

DETAILED DESCRIPTION

The present invention provides systems and methods

for eliminating an error condition that may occur in the
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manufacture of color filters for flat panel displays. The
errcor condition results from a phenomena that may occur when
an inkjet printer is used to precisely deposit ink, or other
materials, onto a substrate to form a color filter. Due to
mechanical and electrical accuracy limitations, the volume and
poesitioning of ink drops Jjetted onto a substrate may be
uniformly off from the ideal target size and/or location such
that even though the printer depositing the ink is operating
within tolerances, the cumulative effect of repeating the same
small error for each drop becomes a visible irregularity to a
naked human eye viewing a flat panel display with a color
filter manufactured using an inkjet printer. 1In other words,
even if ink drops are consistently deposited within tolerances
such that only imperceptible variations from the ideal occur
for each and every individual drop, a series of drops that are
uniformly so disposed may collectively create a perceptible
irregularity. This error may be referred to as a mura
irregularity or effect. Mura is a transliterated term from
Japanese and has no apparent English equivalent.

The present invention provides methods and apparatus
for printing color filters without creating mura
irregularities in flat panel displays. In accordance with the
present invention, the amount of variation that occurs in
depositing ink drops on a substrate is intentionally increased
(e.g., from the minimum amount of variation defined by the
maximum accuracy capability of the printer) so that
discernible, repeating uniformity in drop position and/or size
is avoided in adjacent pixels or sets of pixels.

Turning to Fig. 1, a magnified representation of an

example of an ideal color filter 100 is depicted. The color
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filter 100 includes a substrate 102 with an array of pixels
defined by black matrix material 104. Each pixel 106 includes
three different color {(e.g., red, green, blue) sub-pixel wells
108 that are each filled with a series of ink drops 110. 1In
the example shown, four drops of ink 110 have been deposited

in a column in each sub-pixel well 108. During manufacture,

the substrate 102 was moved on a stage, driven by an X-Y table,
below a print head (not shown) disposed above the substrate

102. The print head deposited four drops of ink in each sub-
pixel well 108.

The color filter 100 depicted in Fig. 1 is a
representation of a plan view of an ideal color filter wherein
each sub-pixel 108 includes drops 110 of an identical size
that have been deposited in a column exactly in the center of
each of the sub-pixel wells 108. Ideal sizing and placement
of ink drops can be difficult to achieve. Various factors
including electrical cross-talk between the signals used to
trigger individual print head nozzles to jet ink can cause
drop size variations. BAmong other things, mechanical error in
the alignment of print head nozzles as well as the X-Y table
(stage) may contribute to positioning error. While these
types of errors may be corrected to a large extent, it may be
difficult and/or cost prohibitive, for example, to adjust a
fire pulse voltage signal for each nozzle (which controls drop
size) to have less than a threshold percentage error tolerance
or to improve the drop landing accuracy to less than +/- a
threshold distance. As an example, the current generation of
inkjet printers manufactured by Applied Materials is able to
control fire pulse voltage to within a 1% tolerance which may

result in a +/- 10% volume error and drop landing accuracy to
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within +/- 5um. While these accuracy thresholds or tolerances
consistently land properly sized drops within target pixel
wells, these tolerances may not be sufficient to avoid
creating a mura irregularity.

Turning to Fig. 2, a magnified representation of an
example of a plan view of color filter 200 with arrows
indicating mura irregularities 202 is depicted. Note that the
drops 100 are all positioned and sized to fit within their
respective pixel wells 106, in other words, within tolerances.
Despite being within tolerance, mura irregularities may occur,
for example, where several drops within a column of sub-pixel
wells are displaced slightly off center within their
respective sub-pixel wells. Fig. 3 depicts an example
representation of the output of a flat panel display 300
exhibiting mura irregularities 302 while displaying a field of
solid white. Note that lines are visible where the mura
irregularities exist.

Fig. 4 is a perspective view representation of two
columns of pixels, each with three sub-pixels. The height of
each sub-pixel represents a total amount of ink that was
deposited within the sub-pixel. ©Note that where the arrow
indicates a mura irregularity, the adjacent columns of sub-
pixels consistently have a relatively large variation in the
amount of ink between the two columns. The effect results
from a consistently reduced and/or increased amount of ink
being deposited in a column next to a column with a nominal
amount of ink. The problem can be aggravated by having a
reduced ink column adjacent an increased ink column. Thus,
either the consistently offset ink drops depicted in the

example of Fig. 2 or the consistently reduced (or increased)
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ink quantities depicted in Fig. 4 may result in the visible
nmura effect shown in Fig. 3. Further, the combination of
consistently offset drops and consistently reduced or
increased amount of ink may create a cumulative visible mura
irregularity even where only one of these situations might not
have resulted in a visible mura effect.

Counter intuitively, the present invention solves
the problem of mura irregularities by increasing the nominal
error tolerances of the inkjet printer. In other words,
instead of attempting to reduce error tolerances below
whatever thresholds at which the printer was designed to
operate, the present invention varies the target drop size
and/or drop position to prevent the repetition of the same
small error in a series of drops that would otherwise become
visible as a mura irregularity. Fig. 5 is a perspective view
representation of two columns of pixels, each with three sub-
pixels. As with Fig. 4, the height of each sub-pixel
represents a total amount of ink that was deposited within the
respective sub-pixel. Note that there is an increased amount
of variation of ink quantity between different sub-pixels and
thus, there is no consistent series of reduced (or increased)
amounts of ink in any of the columns. This variation of drop
size may therefore be used to avoid creating visible mura
effects related to drop size and/or drop position.

Figs. 6A, 6B, 7A and 7B are tables that show the
actual values used to create the examples in Figs. 4 and 5,
respectively. The summary tables 600, 700 include the total
quantity of ink values plotted in Figs. 4 and 5, respectively.
These values were calculated using the example randomly

generated drop size data shown in the source tables 602, 604,
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702, 704. In this example, each pixel (sub-pixel) is filled
with four drops represented by the drop sizes listed under the
w17, “27”, “3”, and “4” headings in the tables 602, 604, 702,
704. The value listed under the pixel identification heading
(e.g., aRl, aGl, aBl, etc.) is the sum of the four drop sizes
(e.g., the total guantity) deposited into the respective sub-
pixel. The total quantity values are feed into their
respective position in the summary tables 600, 700.

When generated, the example random drop size data in
Figs. 6A and 6B was constrained to be within +/- 10 percent of
the ideal/target value. Thus, with a target value of 25 pl,
the individual drop sizes can range from 22.5 pl to 27.5 pl
but they are consistent within a given column. of sub-pixels.
This consistency is because the same print head nozzle is used
for depositing ink into a given column of sub-pixels and the
error remains the same from same size drop to drop. 1In
contrast, example randomly generated drop size data in Figs.
7A and 7B was varied by +/- 10 percent for a given column of
sub-pixels (e.g., for a given print head nozzle) with a +/- 10
percent volume error. This results in a total nominal error
of +/- 20 percent such that individual drops can range from 20
pl to 30 pl but they vary within a given column of sub-pixels.
Note that, unlike in the case of repeating that same drop size,
at different drop sizes the amount of error may vary from
differently sized drop to drop. Further note that these
values and ranges are merely provided as examples and that
many different values and ranges could be used. Various
methods of varying drop size and position are described in
detail in the documents previously incorporated by reference

listed above.
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As can be seen from the summary table 700 in Fig. 7A
compared to the summary table 600 of Fig. 6A, by increasing
the nominal error, the amount of variation in drop size is
increased. As shown in the plots of the summary tables 600,
700, in Figs. 4 and 5, this variation may be used to avoid
creating visible mura effects.

Turning to Figs. 8 and 9, a table and graph are
provided respectively that illustrate that the standard
deviation of ink volume per pixel is reduced by introducing a
variation to drop size according to the present invention. In
the example depicted in the table 800 of Fig. 8, the nominal
drop size is 42 um in diameter. The error is 3.5% and thus,
the range of drop sizes can vary from 41.265 um to 42.735 um.
The table 800 shows that a nozzle of one print head will on
average deposit 41.927 um drops (in, for example, a 16 drop
sub-pixel) with a standard deviation of 0.432 from column to
column (e.g., print pass to print pass). However, by
intentionally varying the drop size of the sixteen drops that
are to be deposited in each pixel, the average drop size is
42.009 with a standard deviation of 0.092 which is less than
one quarter of the one print head result. This result is
graphically depicted in Fig. 9 by comparison of the
substantially flatter line plot 902 (which represents the
intentionally varied drop size across the nozzles) versus the
relatively spiky line plot 904 (which represents the drop
sizes of one print head).

Turning to Figs. 10 and 11, an additional or
alternative method of avoiding mura effects is depicted.
Representations of magnified color filters 1000 are shown

being manufactured. Print heads 1002 are shown positioned

-10-
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above the substrates 1004 such that the nozzles 1006 of the
print heads 1002 are aligned to deposit ink into the sub-pixel
wells 1008 of the color filters 1000 when the substrates 1004
are moved under the print heads 1002 in the Y-direction
indicated by the Y-axis reference. Within each target sub-
pixel well 1008, a series of drop landing positions 1010, 1012
are indicated by interconnected dots.

The color filter 1000 of Fig. 10 is being
manufactured using a conventional method of depositing ink as
close to the center of the pixel wells 1008 as possible given
the accuracy of the printer. However, as shown by the ink
drop landing position offset M, some error (e.g., +/-10um, an
amount within tolerances) in some columns of sub-pixel wells
1008 can be expected such that a visible mura effect may
result.

In contrast, the color filter 1000 of Fig. 11 is
shown being manufactured according to embodiments of the
present invention. Instead of attempting to deposit ink in a
straight column in the absolute lateral center of each of the
sub-pixels, the ink drops are targeted to be deposited at
varying lateral positions (e.g., +/-10um in addition to the
inherent +/-10um of error) within the pixel wells 1008 as
shown by the drop landing positions 1012 in Fig. 11.

In some embodiments, as with drop size, the drop
landing positions may be varied randomly or they may be varied
based upon a function, such as for example, a sine curve as
depicted in Fig. 11. Varying the drop landing positions 1012
may be achieved by varying the print head position during
printing and/or by shifting the substrate’s position laterally

(e.g., perpendicular to the printing direction) during

_11_
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printing. In some embodiments, the print head 1002 may be
moved as a function of the stage (the table supporting the
substrate) or the substrate position, or as a function of time.
For example, as the substrate is moved by the stage in the
print direction, the print head may be continuocusly shifted
laterally depending on the stage position or based some
predetermined frequency, constant or variable. For example,
the print head 1002 may be continuously moved in the X-
direction +/- 5 to 20um from the nominal target position while
the filter 1000 is being printed (in the Y-direction). A
random number generator coupled to the print head positioning
mechanism may be used to continuously select the amounts of
+/- X-direction movement variation within the predefined range.
In some embodiments, the position of the print head 1002 may
be changed with every drop (e.g., 20 KHz), with groups of
drops (e.g., ~800 Hz to 20 KHz), with each pixel (e.g., ~500
to ~800 Hz), and/or with groups of pixels (e.g., every 5 to 10
pixels, 50 to 60 Hz). Various methods of varying drop size
and position using an inkjet printer are described in detail
in the documents previously incorporated by reference listed
above. In some embodiments a servo motor or piezoelectric
actuator may be employed to accurately generate the position
variations of the print head and/or substrate/stage during
printing. In other embodiments, the print head 1002 may be
vibrated at a high frequency and/or variable frequency to
relatively randomly generate the position variations.

As depicted in Fig. 12, in some embodiments, both drop
size variation and position variation metheds of the present
invention may be concurrently employed. Combinations of the

two methods may be used to find an optimal amount of drop size

._12_
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and/or drop position variation to minimize the likelihood of
creating a mura effect.

The foregoing description discloses only particular
embodiments of the invention; modifications of the above
disclosed methods and apparatus which fall within the scope of
the invention will be readily apparent to those of ordinary
skill in the art. For instance, it will be understood that
the invention also may be employed with any type of ink or
color filter material to make any type or size color filter.
Accordingly, while the present invention has been disclosed in
connection with specific embodiments thereof, it should be
understood that other embodiments may fall within the spirit

and scope of the invention, as defined by the following claims.

_13_
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Claims

1. A method comprising:

depositing a plurality of ink drops on a substrate within
a column of pixel wells; and

intentionally varying a size of the ink drops deposited

in the pixel wells.

2. The method of claim 1 wherein the size of the ink drops is
varied randomly to prevent an occurrence of a mura

irreqularity.

3. The method of claim 1 wherein a nominal tolerance of the
size of the ink drops is increased to prevent ‘an occurrence of

a mura irreqgularity.

4. The method of claim 1 wherein the size of the ink drops is

varied based on a function of a position of the substrate.

5. The method of claim 1 wherein the size of the ink drops is

varied based on a function of time.

6. The method of claim 1 further including intentionally
varying a relative lateral position of the ink drops deposited

in the pixel wells.
7. The method of claim 6 wherein intentionally varying a

relative lateral position of the ink drops includes varying a

lateral position of a print head during printing.

_14_
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8. The method of claim 1 wherein the size of the ink drops is

varied between each ink drop.

9. The method of claim 1 wherein the size of the ink drops is

varied between groups of ink drops.

10. The method of claim 1 wherein the size of the ink drops

is varied between pixel wells.

11. An apparatus comprising:

a print head adapted to deposit a plurality of ink drops
on a substrate within a column of pixel wells; and

a controller adapted to vary a size of the ink drops

deposited in the pixel wells by the print head.

12. The apparatus of claim 11 wherein the controller is
adapted to vary the size of the ink drops randomly to prevent

an occurrence of a mura irregularity.

13. The apparatus of claim 11 wherein the controller is
adapted to increase a nominal tolerance of the size of the ink

drops to prevent an occurrence of a mura irregularity.

14. The apparatus of claim 11 wherein the controller is
adapted to vary the size of the ink drops based on a function

of a position of the substrate.
15. The apparatus of claim 11 wherein the controller is
adapted to vary the size of the ink drops based on a function

of time.

_15_
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16. The apparatus of claim 11 wherein the controller is
adapted to vary a relative lateral position of the ink drops
deposited in the pixel wells by varying a lateral position of

a print head during printing.

17. The apparatus of claim 11 wherein the controller is
adapted to vary the size of the ink drops between each ink

drop.

18. The apparatus of claim 11 wherein the controller is
adapted to vary the size of the ink drops between groups of

ink drops.

19. The apparatus of claim 11 wherein the controller is

adapted to vary the size of the ink drops between pixel wells.

20. A method comprising:

depositing a plurality of ink drops on a substrate within
a column of pixel wells; and

intentionally varying a relative lateral position of the

ink drops deposited in the pixel wells.

21. The method of claim 20 wherein the relative lateral
position of the ink drops is varied randomly to prevent an

occurrence of a mura irregularity.
22. The method of claim 20 wherein a nominal tolerance of
the relative lateral position of the ink drops is increased to

prevent an occurrence of a mura irregularity.

_16_
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23. The method of claim 20 wherein the relative lateral
position of the ink drops is varied based on a function of a

position of the substrate.

24. The method of claim 20 wherein the relative lateral
position of the ink drops is varied based on a function of

time.

25. The method of claim 20 further including intentionally

varying a size of the ink drops deposited in the pixel wells.

26. The method of claim 25 wherein intentionally varying a
size of the ink drops includes varying a volume of ink jetted

by a print head during printing.

27. The method of claim 20 wherein the relative lateral

position of the ink drops is varied between each ink drop.
28. The method of claim 20 wherein the relative lateral
position of the ink drops is varied between groups of ink

drops.

29. The method of claim 20 wherein the relative lateral

position of the ink drops is varied between pixel wells.

_17_
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30. An apparatus comprising:

a print head adapted to deposit a plurality of ink drops
on a substrate within a column of pixel wells; and

a controller adapted to vary a relative lateral position
of the ink drops deposited in the pixel wells by the print
head.

31. The apparatus of claim 30 wherein the controller is
adapted to vary the relative lateral position of the ink drops

randomly to prevent an occurrence of a mura irregularity.

32. The apparatus of claim 30 wherein the controller is
adapted to increase a nominal tolerance of the relative
lateral position of the ink drops to prevent an occurrence of

a mura irregularity.

33. The apparatus of claim 30 wherein the controller is
adapted to vary the relative lateral position of the ink drops

based on a function of a position of the substrate.

34. The apparatus of claim 30 wherein the controller is
adapted to vary the relative lateral position of the ink drops

based on a function of time.

35. The apparatus of claim 30 wherein the controller is
adapted to vary a size of the ink drops deposited in the pixel
wells by varying a volume of ink jetted by a print head during

printing.

_18_
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36. The apparatus of claim 30 wherein the controcller is
adapted to vary the relative lateral position of the ink drops

between each ink drop.

37. The apparatus of claim 30 wherein the controller is
adapted to vary the relative lateral position of the ink drops

between groups of ink drops.
38. The apparatus of claim 30 wherein the controller is

adapted to vary the relative lateral position of the ink drops

between pixel wells.

_19_
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Abstract of the Disclosure

1 Abstract
Methods, apparatus and systems are disclosed for

printing color filters for flat panel displays and avoiding
mura effects by depositing a plurality of ink drops on a
substrate within a column of pixel wells and intentionally
varying the size and/or the relative lateral position of the
ink drops deposited in the pixel wells. Numerous other

aspects are disclosed.

2 Representative Drawing

FIG. 11

-20-
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