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LITHOGRAPHY STITCHING

BACKGROUND
Field

[0001] Embodiments of the present disclosure generally relate to methods of
forming patterns on substrates, for example using masks to transfer patterns to
substrates. More specifically, embodiments of the present disclosure relate to

improvements in lithography stitching.
Description of the Related Art

[0002] Transferring patterns to substrates, such as semiconductor substrates, is
often accomplished using masks. For example, photolithography can be used to
transfer patterns in the masks to a photoresist disposed on the substrate. The patterns
to be formed on the substrate correspond to the patterns on the mask. Ideally, no
pattern feature (e.g., a line in a pattern) on the substrate is formed with more than one
mask, but due to the size of the patterns to be formed on larger substrates and/or the
size of the equipment being used, more than one mask is often used to form a

particular patterned feature on a substrate.

[0003] In situations where two masks are used to form a single patterned feature
on a substrate, alignment of the two masks over the substrate is beneficial, so that the
portion of the patterned feature generated using the first mask lines up with the portion
of the patterned feature generated using the second mask. Despite efforts to make
the transition between the first mask and the second mask seamless, problems
remain. For example, the portions of patterned features corresponding to the seam
between the masks often receive too much or too little radiation causing the regions
of the patterned features corresponding to the seam between the masks to have larger
or smaller dimensions than intended. These variations in the dimensions of the
patterned features can often be significant enough to affect the performance of the
device (e.g., a waveguide combiner for an augmented reality application) ultimately

generated from the patterned features.
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[0004] Therefore, there is a need for methods and corresponding equipment for

improved lithography processing.

SUMMARY

[0005] Embodiments of the present disclosure generally relate to methods of
forming patterns in substrates, for example using masks to transfer patterns to
substrates. In one embodiment, a method of forming patterned features on a substrate
is provided. The method includes: positioning a first mask over a first portion of a
substrate, the first mask including a patterned area; directing radiation through the
patterned area of the first mask at the first portion of the substrate to form a first
patterned region on the substrate during a first time period; positioning a second mask
over a second portion of the substrate, the second mask including a first patterned
area and a second patterned area, the first patterned area spaced apart from the
second patterned area by an unpatterned area; directing radiation through the first
patterned area of the second mask at a first part of the second portion of the substrate
to form a second patterned region on the substrate during a second time period; and
directing radiation through the second patterned area of the second mask at a second
part of the second portion of the substrate to form a third patterned region on the
substrate during a third time period, wherein the third patterned region is positioned

between the first patterned region and the second patterned region.

[0006] In another embodiment, a method of forming patterned features on a
substrate is provided. The method includes: positioning a first mask over a first portion
of a substrate, the first mask including a patterned area, directing radiation through the
patterned area of the first mask at the first portion of the substrate to form a first
patterned region on the substrate during a first time period; positioning a second mask
over a second portion of the substrate, the second mask including a first patterned
area and a second patterned area, the first patterned area spaced apart from the
second patterned area by an unpatterned area; directing radiation through the first
patterned area of the second mask at a first part of the second portion of the substrate
to form a second patterned region on the substrate during a second time period; and
directing radiation through the second patterned area of the second mask at a second

part of the second portion of the substrate to form a third patterned region on the
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substrate during a third time period, wherein the third patterned region is positioned
between the first patterned region and the second patterned region, a size of the third
patterned region is less than 1% of a size of the second patterned region, the third
patterned region borders the first patterned region, and the third patterned region

borders the second patterned region.

[0007] In another embodiment, a method of forming patterned features on a
substrate is provided. The method includes: positioning a first mask over a first portion
of a substrate, the first mask including a patterned area, directing radiation through the
patterned area of the first mask at the first portion of the substrate to form a first
patterned region on the substrate during a first time period; positioning a second mask
over a second portion of the substrate, the second mask including a first patterned
area and a second patterned area, the first patterned area spaced apart from the
second patterned area by an unpatterned area; directing radiation through the first
patterned area of the second mask at a first part of the second portion of the substrate
to form a second patterned region on the substrate during a second time period; and
directing radiation through the second patterned area of the second mask at a second
part of the second portion of the substrate to form a third patterned region on the
substrate during a third time period, wherein the third patterned region is positioned
between the first patterned region and the second patterned region, wherein a size of
the third patterned region is less than 1% of a size of the second patterned region, the
third patterned region borders the first patterned region, and the third patterned region

borders the second patterned region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] So that the manner in which the above recited features of the present
disclosure can be understood in detail, a more particular description of the disclosure,
briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the appended
drawings illustrate only typical embodiments of this disclosure and are therefore not to
be considered limiting of scope, for the disclosure may admit to other equally effective

embodiments.



WO 2023/200676 PCT/US2023/017776

[0009] Figure 1A is a top view of a substrate, a first mask, and a second mask,

according to one embodiment.

[0010] Figures 1B-1F show the substrate and masks from Figure 1A during
different portions of the method shown in Figure 2 for forming the patterned features

on the substrate.

[0011] Figure 2 is a process flow diagram of a method for forming patterned

features on the substrate using the masks, according to one embodiment.

[0012] Figure 3A is a top view of a substrate, a first mask, and a second mask,

according to one embodiment.

[0013] Figure 3B shows the patterned areas 341, 361 of the masks from Figure 3B

next to each other without the supporting structures of the masks from Figure 3B.
[0014] Figure 3C is a close-up view of section 3C from Figure 3B.

[0015] Figure 3D shows the portions of the patterned areas from Figure 3C overlaid

on top of each other to form a combined patterned area.

[0016] Figures 3E-3H show the substrate and masks from Figure 3A during
different portions of the method shown in Figure 4 for forming the patterned features

on the substrate.

[0017] Figure 4 is a process flow diagram of a method for forming patterned

features on the substrate using the masks, according to one embodiment.

[0018] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. It is
contemplated that elements disclosed in one embodiment may be beneficially utilized
on other embodiments without specific recitation. The drawings referred to here
should not be understood as being drawn to scale unless specifically noted. Also, the
drawings are often simplified and details or components omitted for clarity of
presentation and explanation. The drawings and discussion serve to explain principles

discussed below, where like designations denote like elements.
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DETAILED DESCRIPTION

[0019] Embodiments of the present disclosure generally relate to methods of
forming patterns on substrates, for example using two or more masks to transfer
patterns to substrates. The improvements from these methods are applicable to any
process which use masks or reticles to create patterns on substrates including but not
limited to lithography, such as optical lithography or ultraviolet lithography (e.g.,
extreme UV lithography) as well as lithography using other portions of the

electromagnetic spectrum, such as infrared or X-ray.

[0020] Figure 1A is a top view of a substrate 100, a first mask 120, and a second
mask 140, according to one embodiment. The substrate 100 can include a layer of
photoresist or other material that can be altered by radiation directed at the substrate
100.

[0021] The first mask 120 can include a supporting structure 125 (e.g., a frame)
and a patterned area 121. The second mask 140 can include a supporting structure
145 (e.g., a frame) a first patterned area 141 and a second patterned area 142. The
first patterned area 141 can be spaced apart from the second patterned area 142 by
an unpatterned area 146. The patterned areas 121, 141, 142 are shown as having
rectangular shapes for ease of illustration, and the patterned areas 121, 141, 142 can

have any shape including irregular shapes.

[0022] Each of the patterned areas 121, 141, 142 can include one or more two-
dimensional arrays (e.g., an array extending in the X and Y directions) of transparent
and non-transparent cells to control the patterns of radiation directed at the substrate
100. Radiation can be directed through these patterned areas 121, 141, 142 of the
masks 120, 140 to form patterned regions 111, 112, 113 (see e.g., Figure 1E) on the
substrate 100. In one of these embodiments, these patterned regions 111-113 can
include patterned features that can be used to form structures for a waveguide

combiner that can form part of an augmented reality device.

[0023] The substrate 100 includes a first portion 101 and a second portion 102. As
described in more detail below, the first mask 120 can be positioned over the first

portion 101, and then radiation can be directed at the first portion 101 through the first
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mask 120. Similarly, the second mask 140 can be positioned over the second portion
102, and then radiation can be directed at the second portion 102 through the second
mask 140.

[0024] The second portion 102 of the substrate 100 includes a first part 1021 and a
second part 1022. The second part 1022 is positioned between the first portion 101
and the first part 1021 of the second portion 102. Radiation can be directed through
the first patterned area 141 of the second mask 140 at the first part 1021 of the second
portion 102 to form patterned features on the first part 1021 of the second portion 102.
Similarly, radiation can be directed through the second patterned area 142 of the
second mask 140 at the second part 1022 of the second portion 102 to form patterned

features on the second part 1022 of the second portion 102.

[0025] Figure 2 is a process flow diagram of a method 2000 for forming patterned
features on the substrate 100 using the masks 120, 140, according to one
embodiment. Figures 1B-1F show the substrate 100 and masks 120, 140 during
different portions of the method 2000 for forming the patterned features on the
substrate 100. The method 2000 is described with reference to Figures 1A-1F and
Figure 2. The method 2000 begins at block 2002.

[0026] At block 2002, the first mask 120 that includes the patterned area 121 is

positioned over the first portion 101 of the substrate 100 as shown in Figure 1B.

[0027] At block 2004, during a first time period, radiation (e.g., visible light or
ultraviolet light) is directed through the patterned area 121 of the first mask 120 at the
first portion 101 of the substrate 100 to form a first patterned region 111 (see Figure
1C) on the substrate 100.

[0028] At block 2006, with reference to Figure 1C, the first patterned area 141 of
the second mask 140 is positioned over the first part 1021 of the second portion 102
of the substrate 100.

[0029] At block 2008, radiation is directed through the first patterned area 141 of
the second mask 140 at the first part 1021 of the second portion 102 of the substrate



WO 2023/200676 PCT/US2023/017776

100 to form a second patterned region 112 (see Figure 1D) on the substrate 100 during

a second time period.

[0030] At block 2010, with reference to Figure 1D, the second patterned area 142
of the second mask 140 is positioned over the second part 1022 of the second portion
102 of the substrate 100.

[0031] At block 2012, radiation is directed through the second patterned area 142
of the second mask 140 at the second part 1022 of the second portion 102 of the
substrate 100 to form a third patterned region 113 (see Figure 1E) on the substrate

100 during a third time period.

[0032] Figure 1E shows the first patterned region 111, the second patterned region
112, and the third patterned region 113. Figure 1F shows a close-up view of section
1F of Figure 1E. Section 1F of Figure 1E includes a part of each of the first patterned
region 111, the second patterned region 112, and the third patterned region 113.
Section 1F shows a pattern 150 that includes patterned features 151 (e.g., lines) that
extend through each of the patterned regions 111-113 (although some are cutoff in
Figure 1F). Each patterned feature 151 can include a first portion 1511 positioned in
the first patterned region 111, a second portion 1512 positioned in the second
patterned region 112, and a third portion 1513 positioned in the third patterned region
113.

[0033] The patterned features 151 can include a length extending in a first direction
161 and a width extending in a second direction 162. In some embodiments, the
second direction 162 can be perpendicular to the first direction 161. The first direction
161 and the second direction 162 can be in the XY-plane. The patterned features 151
can additionally include a depth in the Z-direction. Often, a goal is to have the width
and depth of the patterned features 151 vary as little as possible between each of the
patterned regions 111-113, but this can often be difficult to achieve when using more
than one mask. Therefore, the goal is generally to reduce these differences as much
as possible, so that there is less variance in the width and depth of the patterned

features 151 formed by use of the different masks.
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[0034] As shown in Figure 1F, the third portions 1513 of the patterned features 151
in the third patterned region 113 have a greater width in the second direction 162 when
compared to a width of the portions 1514, 1512 of the patterned features 151 in the first
patterned region 111 and the second patterned region 112. Although the third portions
1513 of the patterned features 151 in the third patterned region 113 have a greater
width than the portions 1511, 1512 of the patterned features 151 in the first patterned
region 111 and the second patterned region 112, use of the second mask 140 with the
relatively small second patterned area 142 of the second mask 140 allows for greater
control over the radiation applied to areas of the substrate 100 near the border
between first portion 101 and the second portion 102. This greater control leads to
more uniformity for the width and depth of the patterned features 151 in the patterned
regions 111-113, which can improve device performance (e.g., performance of a
waveguide combiner) when compared to similar devices having less uniform
dimensions between different patterned regions. In some embodiments, greater
control for the radiation applied to form the third patterned region 113 is achieved by
using (1) radiation with a lower intensity for a longer duration when compared to the
radiation used to form the first and second patterned regions 111, 112, or (2) pulsed
radiation at a lower duty cycle for a longer duration when compared to pulsed radiation
used to form the first and second patterned regions 111, 112. In some embodiments,
patterned features 151 in the first and second patterned regions 111, 112 can include
different dimensions. For example, in one embodiment, the second portions 1512 of
the patterned features 151 in the second patterned region 112 can be wider in the
second direction 162 than the first portions 1511 of the patterned features in the first
patterned region 111. In such an embodiment, the radiation applied to form the third
patterned region 113 can be used to more gradually transition between the two
different widths of the first patterned region 111 and the second patterned region 112.
For example, in one embodiment, an intensity and/or duration of radiation can
gradually increase in the X-direction as radiation is applied to form the third patterned
region 113, so that the width of the third portions 1513 of the patterned features 151 in

the third patterned region 113 gradually increase in the X-direction.

[0035] In some embodiments, the second patterned area 142 is less than 10%,
such as less than 1%, such as less than 0.1% of the area of first patterned area 141.
8
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For example, in some embodiments, the first patterned area 141 can have a width in
the X-direction from about 50 mm to about 1000 mm while the second patterned area
142 can have a width in the X-direction from about 10 micron to about 500 micron.
Although the method 2000 is described as forming the first patterned region 111, then
the second patterned region 112, and then the third patterned region 113, the method
can be performed in any order. For example, in one embodiment, the regions 111-
113 are formed in the order as described above in the method 2000 with the first
patterned region 111 being formed first, then the second patterned region 112, and
then the third patterned region 113. In an alternative embodiment, the third patterned
region 113 is formed before the first and second patterned regions 111, 112. In
another embodiment, the third patterned region 113 is formed during a time period

between the first patterned region 111 and the second patterned region 112.

[0036] Figure 3A is a top view of a substrate 300, a first mask 340, and a second
mask 360, according to one embodiment. The substrate 300 can include a layer of
photoresist or other material that can be altered by radiation directed at the substrate
300.

[0037] The first mask 340 can include a supporting structure 345 (e.g., a frame)
and a patterned area 341. The second mask 360 can include a supporting structure
365 (e.g., a frame) and a patterned area 361. Each of the patterned areas 341, 361
can include one or more two-dimensional arrays (e.g., an array extending in the X and
Y directions) of transparent and non-transparent cells to control the patterns of
radiation directed at the substrate 300. Radiation can be directed through these
patterned areas 341, 361 of the masks 340, 360 to form patterned regions 310, 320,
330 (see e.g., Figure 3G) on the substrate 300. In one of these embodiments, these
patterned regions 310, 320, 330 can include patterned features that can be used to
form structures for a waveguide combiner that can form part of an augmented reality

device.

[0038] The substrate 300 includes a first portion 301 and a second portion 302. As
described in more detail below, the first mask 340 can be positioned over the first
portion 301, and then radiation can be directed at the first portion 301 through the first

mask 340. Similarly, the second mask 360 can be positioned over the second portion
9
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302 and then radiation can be directed at the second portion 302 through the second
mask 360. The first portion 301 overlaps with the second portion 302 in an overlap
portion 303. For example, a right side 301R of the first portion 301 is shown located
inside the second portion 302. Similarly, a left side 302L of the second portion 302 is
shown located inside the first portion 301. The area between the right side 301R of
the first portion 301 and the left side 302L of the second portion 302 form the overlap
portion 303. As described in more detail below, radiation is directed at the overlap
portion 303 in a staggered manner complementary manner, which can help reduce
the effects of non-uniformity in the features formed using the separate masks 340,
360. The arrangement of transparent cells for the patterned areas 341, 361 can be
staggered in the X-direction as shown in Figure 3C, but these two staggered patterns
of transparent cells can be overlaid on top of each other in a complementary manner
as shown in Figure 3D without any overlapping of transparent cells from the two

patterned areas 341, 361.

[0039] Figure 3B shows the patterned areas 341, 361 next to each other without
the supporting structures 345, 365 of the masks 340, 360 to more easily illustrate how
the patterned areas 341, 361 relate to each other. Figure 3C is a close-up view of
section 3C from Figure 3B. Referring to Figures 3B and 3C, the patterned area 341
includes transparent portions 347 and non-transparent portions 348. Similarly, the
patterned area 361 includes transparent portions 367 and non-transparent portions
368. The transparent portions 347, 367 can include transparent cells (e.g., square-
shaped or rectangular-shaped transparent regions) in the patterned areas 341, 361 of
the respective masks 340, 360. The non-transparent portions 348, 368 can include
non-transparent cells (e.g., square-shaped or rectangular-shaped transparent

regions) in the patterned areas 341, 361 of the of the respective masks 340, 360.

[0040] In Figure 3C portions of the patterned areas 341, 361 corresponding to
transparent cells are shown in black while portions of the patterned areas 341, 361
corresponding to non-transparent cells are shown in white. The pattern of transparent
cells are shown extending in the X-direction for ease of illustration only, and other

patterns (e.g., diagonal patterns or irregular patterns) can also be used.
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[0041] An exemplary non-transparent cell 343, 363 is shown in the respective
patterned areas 341, 361. The non-transparent cells 343, 363 each include a
corresponding first side 344, 364. The transparent cells (not shown) can have the
same size and shape as the non-transparent cells 343, 363. The transparent cells
and non-transparent cells can be arranged in an array of rows and columns to form
the transparent portions 347, 367 and non-transparent portions 348, 368 of the
respective patterned areas 341, 361. The first side 344 of the unit cells 343 can be
parallel to a right edge 341R (also referred to as first edge) of the patterned area 341.
Similarly, the first side 364 of the unit cells 363 can be parallel to a left edge 361L (also
referred to as first edge) of the patterned area 361. For each patterned area 341, 361
the columns of transparent and non-transparent cells can each individually extend in
the Y-direction (i.e., parallel to the edges 341R, 361L) and the columns can be spaced
apart from each other in the X-direction. On the other hand, the rows of transparent
and non-transparent cells for each patterned area 341, 361 can extend in the X-
direction (i.e., perpendicular to the edges 341R, 361L) while the rows can be spaced

apart from each other in the Y-direction.

[0042] The positioning of transparent cells in the patterned area 341 are arranged
in a staggered pattern with respect to the right edge 341R of the patterned area 341.
Similarly, the positioning of transparent cells in the patterned areas 361 are each
arranged in a staggered pattern with respect to the left edge 361L of the patterned
area 361. These two staggered patterns can be used to vary the position in the X-
direction for different locations in the Y-direction (i.e., for different rows of transparent
cells) that correspond to the transition between radiation applied through the first mask
340 and the second mask 360. This staggered arrangement can be used to have the
position of non-uniformities for the patterned features formed on the substrate 300
(e.g., a patterned feature having a different width and/or depth than intended) resulting
from the transition of the radiation applied using the two different masks 340, 360 to
also be staggered in the X-direction. By staggering the position of these non-
uniformities, the effect of these non-uniformities on device performance (e.g., optical
performance of a waveguide combiner) can be reduced as non-uniformities arranged
on a single line have been found to have a greater effect on device performance (e.g.,
optical performance).
11
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[0043] Figure 3D shows the portions of the patterned areas 341, 361 from Figure
3C overlaid on top of each other to form a combined patterned area 381. The
combined patterned area 381 can include transparent portions 387 that are formed
partially from transparent portions 347 from the first mask 340 and partially from
transparent portions 367 from the second mask 360. The combined patterned area
381 can further include non-transparent portions 388. During processing, the masks
340, 360 can be positioned, so that the transparent portions 347, 367 are used to apply
radiation to bordering regions of the substrate 300, but not used to apply radiation to
a same location on the substrate. Thus, the masks are positioned over the substrate
300, so that the combined pattern area 381 functions as if only one large mask were
positioned over the substrate 300 instead of the two masks 340, 360. For example,
the combined patterned area 381 includes a plurality of rows (e.g., six rows in Figure
3D) in which a transparent cell from the first staggered pattern of cells in the patterned
area 341 borders a transparent cell from the second staggered pattern of cells in the
patterned area 361 without any overlap of transparent cells from the two patterned
areas 341, 361.

[0044] In some embodiments, a distance from the corresponding edge 341R, 361L
to the first transparent cell varies for each neighboring row of transparent cells. In
some embodiments, two or more neighboring rows of transparent cells can have a
same distance to the corresponding edge 341R, 361L. In some embodiments,

although not required, the edges 341R, 361L can each consist of a single straight line.

[0045] Figure 4 is a process flow diagram of a method 4000 for forming patterned
features on the substrate 300 using the masks 340, 360, according to one
embodiment. Figures 3E-3H show the substrate 300 and masks 340, 360 during
different portions of the method 4000 for forming the patterned features on the
substrate 300. The method 4000 is described with reference to Figures 3A-3H and
Figure 4. The method 4000 begins at block 4002.

[0046] At block 4002, the first mask 340 that includes the patterned area 341 is

positioned over the first portion 301 of the substrate 300 as shown in Figure 3E.

12



WO 2023/200676 PCT/US2023/017776

[0047] At block 4004, during a first time period, radiation is directed through the
patterned area 341 of the first mask 340 at the first portion 301 of the substrate 300 to
form a first patterned region 310 (see Figure 3F) on the substrate 300. The radiation
directed at block 4004 also forms part of an overlap region 330 as described in more

detail below.

[0048] At block 4006, with reference to Figure 3F, the patterned area 361 of the

second mask 360 is positioned over the second portion 302 of the substrate 300.

[0049] At block 4008, radiation is directed through the patterned area 361 of the
second mask 360 at the second portion 302 of the substrate 300 to form a second
patterned region 320 (see Figure 3G) on the substrate 300 during a second time
period. The radiation directed at block 4008 also forms part of the overlap region 330.
The overlap region 330 is a region of the substrate that is exposed to radiation applied
using the first mask 340 and to radiation applied using the second mask 360 in a
staggered manner that matches the patterns described in reference to Figures 3C and
3D. Although the overlap region 330 is formed using radiation applied using the first
mask 340 and the second mask 360, the radiation is staggered so that no individual
portion of the substrate 300 (e.g., a portion of photoresist disposed on the substrate)
receives radiation directed through both of the masks 340, 360 (e.g., none of the

photoresist is exposed to radiation twice).

[0050] Figure 3H is a close-up view of section 3H in Figure 3G. Figure 3H includes
a portion of each of the regions 310, 320, 330. As described above, the first patterned
region 310 is formed using only the first mask 340, and the second patterned region
320 is formed using only the second mask 360. On the other hand, the overlap region
330 is formed using the first mask 340 and the second mask 360. Non-uniformities
often occur when at the portions of the substrate that correspond to a transition
between masks. In Figure 3H, non-uniformities 352 are shown as portions of
patterned features 351 that are wider than other portions of the patterned features
351. In other embodiments, the non-uniformities can be narrower portions or portions
having a different depth. Although efforts are made to completely remove non-
uniformities, such as the non-uniformities 352, these non-uniformities remain a

problem. When non-uniformities cannot be completely removed, the method 4000
13
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described above offers an improvement by staggering the position of the non-
uniformities. By staggering the position of the non-uniformities as described above,
the effect on device performance (e.g., the effect on optical performance of a
waveguide combiner) can be reduced when compared to the effect these non-
uniformities would have if the non-uniformities were aligned a straight line, for example

with the Y-axis.

[0051] While the foregoing is directed to embodiments of the present disclosure,
other and further embodiments of the disclosure may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.

14



WO 2023/200676 PCT/US2023/017776

Claims:

1. A method of forming patterned features on a substrate comprising:

positioning a first mask over a first portion of a substrate, the first mask including
a patterned area;

directing radiation through the patterned area of the first mask at the first portion
of the substrate to form a first patterned region on the substrate during a first time
period;

positioning a second mask over a second portion of the substrate, the second
mask including a first patterned area and a second patterned area, the first patterned
area spaced apart from the second patterned area by an unpatterned area;

directing radiation through the first patterned area of the second mask at a first
part of the second portion of the substrate to form a second patterned region on the
substrate during a second time period; and

directing radiation through the second patterned area of the second mask at a
second part of the second portion of the substrate to form a third patterned region on
the substrate during a third time period, wherein the third patterned region is positioned

between the first patterned region and the second patterned region.

2. The method of claim 1, wherein the third patterned region borders the first

patterned region.

3. The method of claim 2, wherein the third patterned region borders the second

patterned region.

4, The method of claim 1, wherein a size of the third patterned region is less than

10% of a size of the second patterned region.

5. The method of claim 4, wherein the size of the third patterned region is less

than 10% of a size of the first patterned region.
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6. The method of claim 1, wherein a size of the third patterned region is less than

1% of a size of the second patterned region.

7. The method of claim 6, the size of the third patterned region is less than 1% of

a size of the first patterned region.

8. The method of claim 1, wherein the third time period occurs after the first time

period and the second time period.

9. The method of claim 1, wherein the third time period occurs before the first time

period and the second time period.

10.  The method of claim 1, wherein the third time period occurs between the first

time period and the second time period.

11. A method of forming patterned features on a substrate comprising:
positioning a first mask over a first portion of a substrate during a first time
period;
directing radiation through a patterned area of the first mask at the first portion
of the substrate during the first time period to form a first patterned region on the
substrate, wherein for the first mask
the patterned area of the first mask includes a first edge,
the patterned area of the first mask includes a plurality of transparent
cells and non-transparent cells arranged in rows that extend perpendicular to
the first edge and columns that extend parallel to the first edge, each
transparent cell having a first side,
the first edge of the patterned area is parallel to the first side of each of
the transparent cells, and
the positions of the transparent cells are arranged in a first staggered
pattern in which the position of transparent cells are staggered for the different

rows with respect to the first edge;
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positioning a second mask over a second portion of the substrate during a
second time period; and
directing radiation through a patterned area of the second mask at the second
portion of the substrate during the second time period to form a second patterned
region on the substrate, wherein for the second mask
the patterned area of the second mask includes a first edge,
the patterned area of the second mask includes a plurality of transparent
cells and non-transparent cells arranged in rows perpendicular to the first edge
and columns parallel to the first edge, each transparent cell having a first side,
the first edge of the patterned area is parallel to the first side of each of
the transparent cells, and
the positions of the transparent cells are arranged in a second staggered
pattern in which the position of transparent cells are staggered for the different

rows with respect to the first edge.

12. The method of claim 11, wherein the first staggered pattern is configured to be
combined with the second staggered pattern to form a combined pattern, the
combined pattern including a plurality of rows in which a transparent cell from the first

staggered pattern borders a transparent cell from the second staggered pattern.

13. The method of claim 12, wherein there is no overlap of transparent cells from

the first staggered pattern and the second staggered pattern in the combined pattern.

14. The method of claim 11, wherein a distance from the first edge to a first

transparent cell changes for each bordering row in the first staggered pattern.

15. The method of claim 11, wherein the first edge of the patterned area of the first

mask consists of a single straight line.

16.  The method of claim 15, wherein the first edge of the patterned area of the

second mask consists of a single straight line.
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17. A method of forming patterned features on a substrate comprising:
positioning a first mask over a first portion of a substrate, the first mask including
a patterned area,
directing radiation through the patterned area of the first mask at the first portion
of the substrate to form a first patterned region on the substrate during a first time
period;
positioning a second mask over a second portion of the substrate, the second
mask including a first patterned area and a second patterned area, the first patterned
area spaced apart from the second patterned area by an unpatterned area;
directing radiation through the first patterned area of the second mask at a first
part of the second portion of the substrate to form a second patterned region on the
substrate during a second time period; and
directing radiation through the second patterned area of the second mask at a
second part of the second portion of the substrate to form a third patterned region on
the substrate during a third time period, wherein
the third patterned region is positioned between the first patterned region
and the second patterned region,
a size of the third patterned region is less than 1% of a size of the second
patterned region,
the third patterned region borders the first patterned region, and

the third patterned region borders the second patterned region.

18. The method of claim 17, wherein the size of the third patterned region is less

than 0.1% of the size of the second patterned region.

19. The method of claim 17, wherein
the third patterned region includes a first edge,
the second patterned region includes a first edge, and
a length of the first edge of the third patterned region is the same as a length of

the first edge of the second patterned region.

20.  The method of claim 19, wherein
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the first patterned region includes a first edge, and
the length of the first edge of the third patterned region is the same as a length

of the first edge of the first patterned region.
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