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(54) MASK FOR STITCHING EXPOSURE

(57)  Amethod for forming a line and a space pattern,
according to one embodiment of the present invention,
comprises exposing a mask in a first direction and a sec-
ond direction on a substrate and stitching same. The
method for forming a line and a space pattern comprises
the steps of: performing first exposure on the substrate
so that first shots of the mask come in contact with each
other in the first direction; and performing second expo-
sure on the substrate so that second shots of the mask
come in contact with each other so as to be distanced in
the second direction and be offset with respect to the first
shots in the first direction.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to optical prox-
imity correction of a photomask, and more particularly,
to a line and space pattern mask for optical proximity
correction removing an interference effect of shots
caused by a stitching exposure process.

BACKGROUND ART

[0002] A wire grid polarizer is an array of parallel wires
disposed on a surface of a substrate such as glass. The
wire grid polarizer is formed in nano-scaled a line and
space pattern. Conventionally, when a period (or a pitch)
of a wire grid is smaller than a wavelength of light, the
wire grid operates as a polarizer.

[0003] In the case of a metal wire grid polarizer used
in a polarization imaging device, S-waves reflected and
emitted are re-reflected and scattered by an ambient op-
tical unit and a mechanical unit within the imaging device
to deteriorate a polarized image. Accordingly, there is
demand for a method of reducing s-wave reflection of a
metal wire grid-based polarizer and enhancing transmit-
tance of p-waves.

[0004] In a wire grid polarization filter, a contrast ratio
C/R increases as a line width of a wire grid decreases
and a height of the wire grid increases. Accordingly, there
is demand for a process in which a line width of the wire
grid is 50 nm or less.

[0005] On the other hand, the wire grid polarization fil-
ter requires a large area to be used as a large-diameter
polarization filter for a camera or a flexible display. How-
ever, a stitching exposure process may be used as a
method of forming a die having a large area. The stitching
exposure process is a technique of continuously com-
bining a plurality of shots to form a die or chip having a
size, larger than a size (a shot field) of a photomask.
[0006] Conventionally, exposure areas (shot fields) of
an exposure device are spaced apart from each other at
regular intervals. Such an interval is referred to as a
scribe line, and markers are engraved to cut or align
chips. Accordingly, masks are generally spaced apart
from each other. A stitching exposure process of forming
a pattern, where an interval between masks is "0," is not
used. In the stitching exposure process, four shots are
disposed adjacent to each other on a substrate, so that
interference occurs between shots.

[0007] In particular, in the case of a line and space
pattern in which a line has a line width of 50 nm or less,
four shots are disposed adjacent to each other. Accord-
ingly, at a pitch of 100 nm, interference between shots
may occur three times, so that a line and space pattern
cannot be formed.

[0008] Accordingly, there is demand for a novel meth-
od of performing a stitching process even in the case of
a line and space pattern in which a line width of a pho-
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toresist line is about 50 nm.

DISCLOSURE OF THE INVENTION

TECHNICAL PROBLEM

[0009] The presentdisclosure provides a novel stitch-
ing process, capable of performing a stitching process
on aline and space pattern, and a novel mask for a stitch-
ing process.

[0010] The present disclosure provides a novel stitch-
ing process, capable of significantly reducing a thickness
of a photoresist, caused by aninterference, by a stitching
exposure process, and a novel mask for a stitching proc-
ess.

[0011] The present disclosure provides a novel stitch-
ing process, performing optical proximity correction to
provide a uniform line width in a stitching exposure proc-
ess, and a novel mask for a stitching process.

TECHNICAL SOLUTION

[0012] In a method of forming a line and space pattern
according to an example embodiment of the present dis-
closure, a mask is exposed on a substrate in a first di-
rection and a second direction to perform a stitching proc-
ess. The method includes: performing a first exposure
process on the substrate such that first shots of the mask
contact each other in the first direction; and performing
a second exposure process on the substrate such that
second shots of the mask contact each other to be
spaced apart from the first shots in the second directions
and have an offset with the first shots.

[0013] In an example embodiment, the offset may be
greater than a width of an interference area of the shots.
[0014] In an example embodiment, each of the first
shots and the second shots may include a reference en-
ergy area exposed to reference energy; a one-time in-
terference area having energy higher than the reference
energy due to interference of the first shots and the sec-
ond shots; and a two-times interference area having en-
ergy higher than the reference energy due to interference
of the first shots and the second shots.

[0015] In an example embodiment, a one-time inter-
ference mask area of the mask corresponding to the one-
time interference area may have a first mask line width
greater than a basic mask line width of a reference energy
mask area of the mask corresponding to the reference
energy area. A two-times energy mask area of the mask
corresponding to the two-times interference area may
have a second mask line width greater than a mask line
width of the reference energy mask area of the mask
corresponding to the reference energy area.

[0016] In an example embodiment, a pitch of the line
and space pattern may be the same in the first shots and
the second shots, and a pitch of photoresist of the line
and space pattern may be 80 nm to 140 nm.

[0017] In an example embodiment, the reference en-
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ergy area may have a shape of a rectangle disposed in
a rectangular shot and is disposed in a center of shots,
the one-time interference area may be disposed on a
side to surround the reference energy area, and the two-
times interference area may be locally disposed between
vertices of a reference energy area and a pair of vertices
in the first direction.

[0018] In an example embodiment, the mask may in-
clude: a rectangular reference energy mask area; a left
area and a right area, respectively disposed on left and
right sides of the reference energy mask area; an upper
left vertex area and an upper right vertex area, respec-
tively disposed in an upper left portion and an upper right
portion of the reference energy mask area; an lower left
vertex area and an upper lower vertex area, respectively
disposed in a lower left portion and a lower right portion
of the reference energy mask area; an upper area dis-
posed above the reference energy mask area; an upper
left area disposed between the upper area and the upper
left vertex area; an upper right area disposed between
the upper area and the upper right vertex area; a lower
area disposed below the reference energy mask area; a
lower left area disposed between the lower area and the
lower left vertex area; and an lower right area disposed
between the lower area and the lower left vertex area. A
line width of the reference energy mask area may be a
basic mask line width, line widths of the left area, the right
area, the upper left area, the upper right area, the lower
left area, and lower right area may be the same as a first
mask line width, line widths of the upper area, the lower
area, the upper left vertex area, the upper right vertex
area, the lower left vertex area, and the lower right vertex
area may be the same as a second mask line width, the
second mask line width may be greater than the first mask
line width, and the first mask line width may be greater
than the basic mask line width.

[0019] Inanexample embodiment, the reference mask
line width may be 50 nm, the first mask line width may
be 56 nm, and the second mask line width may be 60 nm.
[0020] Inanexample embodiment, a wire grid polarizer
manufactured by the method of forming the line and
space pattern, as set forth in claim 1.

[0021] In a mask for forming a line and space pattern
according to an example embodiment of the present dis-
closure, a stitching process is performed on a substrate
by exposing a mask in a first direction and a second di-
rection. The mask may include a rectangular reference
energy mask area formed on a mask substrate in the first
direction and the second direction; a one-time interfer-
ence mask area disposed on a side to surround the ref-
erence energy mask area; and a two-times interference
mask area locally disposed between vertices of the ref-
erence energy mask area and a pair of vertices in the
firstdirection. The reference energy mask area may have
a basic mask line width, the one-time interference mask
area may have a first mask line width, the two-times in-
terference mask area may have a second mask line
width, the second mask line width may be greater than
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the first mask line width, and the first mask line width may
be greater than the basic mask line width.

[0022] Inanexample embodiment, the basic mask line
width may be 50 nm, the first mask line width may be 56
nm, and the second mask line width may be 60 nm.
[0023] In a mask for forming a line and space pattern,
a stitching process is performed on a substrate by ex-
posing a mask in a first direction and a second direction.
The mask includes a rectangular reference energy mask
area; a left area and a right area, respectively disposed
on left and right sides of the reference energy mask area;
an upper left vertex area and an upper right vertex area,
respectively disposed in an upper left portion and an up-
per right portion of the reference energy mask area; an
lower left vertex area and an upper lower vertex area,
respectively disposed in a lower left portion and a lower
right portion of the reference energy mask area; an upper
area disposed above the reference energy mask area;
an upper left area disposed between the upper area and
the upper left vertex area; an upper right area disposed
between the upper area and the upper right vertex area;
alower area disposed below the reference energy mask
area; a lower left area disposed between the lower area
and the lower left vertex area; and an lower right area
disposed between the lower area and the lower left vertex
area. Aline width of the reference energy mask area may
be a basic mask line width, line widths of the left area,
the right area, the upper left area, the upper right area,
the lower left area, and lower right area may be the same
as a first mask line width, line widths of the upper area,
the lower area, the upper left vertex area, the upper right
vertex area, the lower left vertex area, and the lower right
vertex area may be the same as a second mask line
width, the second mask line width may be greater than
the basic mask line width, and the first mask line width
may be greater than the basic mask line width.

[0024] Inanexample embodiment, the basic mask line
width may be 50 nm, the first mask line width may be 56
nm, and the second mask line width may be 60 nm.
[0025] A method of manufacturing a mask for forming
a line and space pattern according to an example em-
bodiment of the present disclosure includes exposing a
first mask for forming a line and space pattern on a sub-
strate in afirst direction and a second direction to perform
afirst stitching process; measuring expose energy or line
width of a one-time interference area having energy high-
er than reference energy having no interference due to
one-time interference of shots through the first stitching
process; measuring expose energy or line width of a two-
times interference area having energy higher than the
reference energy due to two-times interference of shots
through the first stitching process; and forming a second
mask by performing first optical proximity correction to
increase a line width in a one-time interference mask
area of the first mask corresponding to the one-time in-
terference area based on the expose energy or the line
width of the one-time interference area and by performing
second optical proximity correction to increase line width
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in a two-times interference mask area of the first mask
corresponding to the two-times interference area based
on the expose energy or the line width of the two-times
interference area

[0026] In an example embodiment, the first stitching
process may include performing a first exposure process
on the substrate such that first shots of the first mask
contact each other in the first direction; and performing
a second exposure process on the substrate such that
second shots of the first mask contact each other to be
spaced apart from the first shots in the second direction
to have an offset with the first shots.

[0027] In an example embodiment, the first optical
proximity correction may increase a line width of a line
by a first variance while having the same pitch, the sec-
ond optical proximity correction may increase a line width
of a line by a second variance while having the same
pitch, the second variance may be greater than the first
variance, and the first variance may be proportional to a
difference between expose energy of the one-time inter-
ference area and basic expose energy of an interference-
free area.

ADVANTAGEOUS EFFECTS

[0028] A mask according to an example embodiment
of the present disclosure may form a wire grid polarizer
on an entire substrate by performing a switch process on
a line and space pattern.

[0029] A wire grid polarizer according to an example
embodiment of the present disclosure may be formed by
cutting a line and space pattern, formed by a stitching
process, into a predetermined size.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

FIG. 1 is a conceptual diagram illustrating that an
entire substrate is exposed by a stitching process
according to an example embodiment of the present
disclosure.

FIG. 2is an enlarged view illustrating an interference
form of shots by the stitching process of FIG. 1.
FIG. 3 is an electron microscope image illustrating
an interference form of the shots of FIG. 2.

FIG. 4 is a graph illustrating a line width of a pho-
toresist depending on expose energy under condi-
tions of a mask pitch (P = 100 nm) and a mask line
width (LW =50 nm).

FIG. 5 is an experimental result illustrating a line
width of a photoresist depending on expose energy
foreach line width of amask according to an example
embodiment of the present disclosure.

FIG. 6 is a conceptual diagram illustrating a stitching
process according to an example embodiment of the
present disclosure.

FIG. 7 is an enlarged view illustrating the stitching
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process of FIG. 6.

FIG. 8 is an electron microscope image illustrating
shots of FIG. 6.

FIG. 9 is an experimental result illustrating a line
width of a photoresist depending on expose energy
depending on line width of a mask at the same pitch
according to an example embodiment of the present
disclosure.

FIG. 10A is a conceptual diagram illustrating char-
acteristics of a mask having no OPC and a resist for
each area according to an example embodiment of
the present disclosure.

FIG. 10B is a conceptual diagram illustrating char-
acteristics of a mask having OPC and a resist for
each area according to an example embodiment of
the present disclosure.

FIG. 11A illustrates a variance of optical proximity
correction of a mask depending on a difference in
expose energy at a mask pitch of 100 nm in an ex-
ample embodiment of the present disclosure.

FIG. 11B illustrates a variance of optical proximity
correction of a mask depending on a difference in
expose energy at a mask pitch of 120 nm in an ex-
ample embodiment of the present disclosure.

FIG. 12 is an electron microscope image illustrating
a shot of a photoresist using a mask on which optical
proximity correction is performed according to an ex-
ample embodiment of the present disclosure.

FIG. 13 is a conceptual diagram illustrating a mask
on which optical proximity correction is performed
according to an example embodiment of the present
disclosure.

FIG. 14 is an enlarged view illustrating a stitching
process according to another embodiment of the
present disclosure.

FIG. 15is aview illustrating a mask on which a stitch-
ing process is performed according to another em-
bodiment of the present disclosure.

FIG. 16 shows a line width of a negative photoresist
according to another embodiment of the present dis-
closure.

FIG. 17 is a flowchart illustrating a method of man-
ufacturing a mask for forming a line and space pat-
tern.

MODE FOR CARRYING OUT THE INVENTION

[0031] Flare interference occurs up to 10 um outside
a shot field area due to shot field interference. For this
reason, uniformity of expose energy varies spatially and
aninterference area exceeding reference expose energy
is formed.

[0032] Shot field interference or shot interference
forms a three-times interference area, and a pattern of
the three-times interference area is collapsed due to en-
ergy overexposure. In addition, the three-times interfer-
ence area cannot be corrected through optical proximity
correction (OPC) under the condition of a line width of
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50 nm. On the other hand, the three-times interference
area may be corrected through optical proximity correc-
tion (OPC) under the condition of a line width of 60 nm.
However, when optical proximity correction (OPC) is per-
formed on the three-times interference area, a thickness
of a photoresist (PR) pattern is significantly reduced. Ac-
cordingly, when a lower conductive layer is etched using
the photoresist pattern as an etch mask, an etching depth
is limited and an etching selectivity or an etching aspect
ratio is significantly reduced. Accordingly, performance
of a metal wire grid polarizer is deteriorated.

[0033] Inthe stitching method according to an example
embodiment of the present disclosure, the three-times
interference area may be removed using offset of shots
to generate only a one-time interference area and a two-
times interference area. The one-time interference area
and the two-times interference area may increase a
range of pitches that can be patterned. Meanwhile, line
widths of photoresists in the one-time interference area
and the two-times interference area may be decreased.
[0034] According to an example embodiment of the
present disclosure, the decrease in line width of the pho-
toresist in the one-time interference area and/or the two-
times interference area may be corrected through optical
proximity correction (OPC) of a mask. The one-time in-
terference area and the two-times interference area may
be corrected through optical proximity correction (OPC)
of the mask. Accordingly, the same line width may be
obtained in all areas. In addition, the three-times inter-
ference area may be removed to extend conditions for
performing optical proximity correction (OPC). In addi-
tion, the three-times interference area may be removed
to suppress a decrease in thickness of the remaining
photoresist.

[0035] According to an example embodiment of the
present disclosure, even when a pattern collapses in a
two-times interference area, pattern collapse in the two-
times interference area may be suppressed through op-
tical proximity correction (OPC).

[0036] Hereinafter, example embodiments will now be
described more fully with reference to the accompanying
drawings, in which some example embodiments are
shown. Example embodiments may, however, be em-
bodied in many different forms and should not be con-
strued as being limited to the embodiments set forth here-
in. Rather, these example embodiments are provided so
that this disclosure will be thorough and complete, and
will fully convey the scope of example embodiments of
the present disclosure to those of ordinary skill in the art.
In the drawings, the thicknesses of layers and areas are
exaggerated for clarity. Like reference characters and/or
numerals in the drawings denote like elements.

[0037] FIG. 1 is a conceptual diagram illustrating that
an entire substrate is exposed by a stitching process ac-
cording to an example embodiment of the present dis-
closure.

[0038] FIG. 2is an enlarged view illustrating an inter-
ference form of shots by the stitching process of FIG. 1.
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[0039] FIG. 3 is an electron microscope image illus-
trating an interference form of the shots of FIG. 2.
[0040] FIG. 4 is a graph illustrating a line width of a
photoresist depending on expose energy under condi-
tions of a mask pitch (P = 100 nm) and a mask line width
(LW = 50 nm).

[0041] Referring to FIGS. 1 to 4, the stitching process
may expose a plurality of shots 12 in a first direction (an
x-axis direction). After the plurality of shots are spaced
ina seconddirection (ay-axis direction) at predetermined
intervals, they are exposed again in the first direction.
Accordingly, the shots 12 may be arranged in a matrix
form. Each of the shots 12 may be exposed in a rectan-
gular shape. Each shot is an area in which the mask 14
is exposed by an exposure device to form a pattern on
photoresist on a substrate.

[0042] Each of the shots 12 may have a rectangular
shape. Each of the shots 12 may have areference energy
area 20 in a center in which no interference is formed, a
one-time interference area 22 having one-time interfer-
ence on a side of a rectangle, and a three-times interfer-
ence area 24 having three-times shot interference at a
vertex of the rectangle. A width W of the one-time inter-
ference area 22 may be about 10 um. A width of the
three-times interference area 24 may be about 10 um. A
width W of an interference area may be determined by
shot field flare interference.

[0043] The width W of the interference area may de-
pend on the Local Flare Effect. Deep ultra violet (DUV)
lithography passes through a reticle or a mask, and then
passes through several tens of projection lenses to gen-
erates a lot of stray lights. The stray light may be gener-
ated due to a flare phenomenon. In a DUV lithography
process, most stray light causes flare in an area of 10
um. The exposure device may be an ArF immersion scan-
ner or an ArF stepper. The photoresist may be a positive
photoresist.

[0044] When the stitching process is performed in a
line and space pattern having a line width of 100 nm or
more, an effect of shot interference may be relatively
small as compared with line width. That is, in a line and
space pattern process of 100 nm or more, sensitivity of
a photoresist reaction may be low.

[0045] However, as a line width of a line decreases to
100 nmorless, a section in which a line and space pattern
based on energy variation of photoresist remain standing
without tipping over may be reduced. An appropriate
range of energy should be exposed in order for the width
of the line to be a line width, at which the patterns remain
standing without tripping over, for example, an effective
line width. A critical dimension (CD) value may vary de-
pending on a variance of expose energy. An effective
energy variation range becomes an energy latitude. The
larger the energy latitude, the more stably a stitching pat-
tern formation process may be performed.

[0046] For example, in the case of DUV lithography,
an interference phenomenon caused by a local flare ef-
fect occurs up to 10 um beyond each shot area.
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[0047] In the case of a line pattern of 100 nm, the line
pattern may be formed to a level at which a line width is
decreased by 10 to 20 nm. However, in the case of a line
width of 50 nm, a photoresist may be completely removed
by an effect flare, so that no pattern may be formed.
[0048] According to the present disclosure, an energy
latitude may be about £9% in a reference energy area
20 and the reference energy area 20 may have expose
energy of reference energy BE. A one-time interference
area 22 may be an area in which interference of shots
occurs once, and may have energy exposure of BE+A
with one-time interference. "A" is expose energy (about
6 mJ/cm”2) added by one-time interference. A three-
times interference area 124 may be an area in which
interference of shots occurs three times, and has energy
exposure of BE+3A with three-times interference. That
is, BE+A is 125% compared with the reference energy
BE, and BE+3A is 175% compared with the reference
energy BE.

[0049] As a result of identifying interference amounts
of the one-time interference area 22 and the three-times
interference area 24, the interference amount"A" is about
20 to about 30% of BE, and is about 6 mJ/cm”2. For
example, the reference energy BE is about 24 mJ/cm*2,
and BE+A is about 30 mJ/cm”2. BE+3A is about
48mJ/cm?2. Thatis, the expose energy increases in pro-
portion to the reference energy BE depending on the
number of interferences.

[0050] A line width of a smallest mask, which may be
provided by an ArF immersion lithography apparatus,
may be 38 nm. A line pattern of a smaller mask may
prevent light from passing therethrough.

[0051] To perform a stitching process on a photoresist
line pattern of 50 nm, positive photoresist may include a
50 nm line of a mask (a portion in which light is blocked
by a reticle) and a 50 nm space of the mask (a portion
through which light passes). A sum of a line width of the
mask and a line width of the space is equal to a pitch.
[0052] A pitch of photoresist on an entire surface of a
substrate including an interference area should be 100
nm, and a line width of the photoresist should be 50 nm.
[0053] When the reference energy (BE) of the expose
energy for achieving a line width of 50 nm in the line and
space pattern of the photoresist is 100%, a three-times
interference area, which is an excess energy section
caused by interference, may be BE+3A and receives
175% of energy compared with the reference energy.
[0054] Referring to FIG. 4, the energy of the three-
times interference area 24 is 175%, so that a line width
of photoresist may have a significantly reduced line width
rather than 50 nm. According to the experimental results
using an ArF exposure device, a line pattern collapses.
[0055] On the other hand, even when optical proximity
correction (OPC) is performed to prevent the pattern of
the three-time interference area 24 from collapsing, a
critical dimension of a mask may include a space width
of 38 nm and a line of 62 nm (a light transmission portion
is significantly reduced) at a mask pitch of 100 nm. A
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space, a mask critical dimension, may be determined by
a wavelength of an exposure device and optical charac-
teristics of a lens.

[0056] Even when 38 nm is applied as a space width
of the mask, the expose energy may be about 160% to
implement a line width of 50 nm of the photoresist. How-
ever, 175% of energy is exposed to the three-times in-
terference area, so that a pattern cannot be formed.
[0057] As a result, correction can be no longer per-
formed to 38 nm or less even by performing optical prox-
imity correction (OPC) on the mask. Accordingly, with
the three-times interference area 24, a stitching line and
space pattern having a line width of 50 nm of photoresist
cannot be formed.

[0058] FIG.5isanexperimental resultillustrating aline
width of a photoresist depending on expose energy for
each line width of a mask according to an example em-
bodiment of the present disclosure.

[0059] ReferringtoFIG. 5, amask pitchis twice amake
line width. Mask line widths are 40 nm (hollow circles),
44 nm (black circles), 50 nm (gray circles), 60 nm (hollow
squares), 70 nm (black squares), 80 nm (grey squares),
and 90 nm (triangles), respectively. Accordingly, mask
pitches are 80, 84, 100, 120, 140, 160, and 180 nm, re-
spectively.

[0060] For a mask line width of 50 nm, reference en-
ergy of an ArF exposure device is 24 mJ/cm”2. When
the expose energy is 36 mJ/cm”2 or more, a photoresist
pattern is not formed. Since the three-times interference
area has an energy of 42 mJ/cm”2, a photoresist pattern
is not formed.

[0061] For a mask line width of 60 nm, the reference
energy is 23 mJ/cm*2. When the expose energy is 40
mJ/cm”2 or more, the photoresist pattern may not be
formed. Since the three-times interference area has an
energy of 41 mJ/cm”2 (=23+3x6), a photoresist pattern
may not be formed.

[0062] For a mask line width of 70 nm, the reference
energy is 20 mJ/cm”*2. When the expose energy is 46
mJ/cm”2 or more, the photoresist pattern may not be
formed. Since the three-times interference area has en-
ergy of 42mJ/cm”2 (=20+3x6), a photoresist pattern may
be formed. However, in the three-times interference area,
a line width of photoresist may be significantly reduced,
so that stable wire grid polarizer characteristics cannot
be provided. In the three-times interference area, a thick-
ness of the photoresist is significantly reduced to make
subsequent etching processes difficult.

[0063] For mask line widths of 40 nm and 44 nm, the
reference energy is about23 mJ/cm”2. When the expose
energy is about 34 mJ/cm”2 or more, a photoresist pat-
tern may not be formed. Since the two-times interference
area has an energy of 35 mJ/cm”2 (23+2x6), a photore-
sist pattern may not be formed.

[0064] When the stitching process of the present dis-
closure is used, a three-times interference area is re-
moved, so that the stitching process may be performed
at a mask line width of 50 nm (a pitch of 100 nm) and a
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mask line width of 60 nm (a pitch of 120 nm).

[0065] When the stitching process of the present dis-
closure is used, a three-times interference area may be
removed and the stitching process may be performed
through proximity optical correction to be described later
at a mask line width of 40 nm (a pitch of 80 nm) and a
mask line width of 44 nm (a pitch of 880 nm). Accordingly,
a photoresist pattern may be formed.

[0066] In addition, when the stitching process of the
present disclosure is used, the stitching process may be
performed at a mask line width of 70 nm (a pitch of 140
nm) or more. Since the stitching process of the present
disclosure removes a gray interference area, a stable
photoresist pattern may be formed.

[0067] FIG. 6 is a conceptual diagram illustrating a
stitching process according to an example embodiment
of the present disclosure.

[0068] FIG. 7is an enlarged view illustrating the stitch-
ing process of FIG. 6.

[0069] FIG. 8 is an electron microscope image illus-
trating shots of FIG. 6.

[0070] Referringto FIGS. 6 to 8, in a method of forming
a line and space pattern, a mask may be exposed to a
substrate in a first direction (an X-axis direction) and a
second direction (a Y-axis direction) to perform a stitching
process to form a line and space pattern. The method of
forming line and space pattern may include performing
a first exposure process on the substrate such that first
shots 112a of the mask contact each other in the first
direction; and performing a second exposure process on
the substrate such that second shots 112b of the mask
contact each other to be spaced apart from the first shots
112b in the second directions and have an offset with the
first shots 112b.

[0071] Thefirst shots 112a and the second shots 112b
may sequentially expose the substrate 10. The exposure
device may be an ArF scanner or an ArF stepper.
[0072] The substrate 10 may be a semiconductor sub-
strate or a glass substrate. The photoresist (not illustrat-
ed) coated on the substrate 10 may be a positive pho-
toresist or a negative photoresist. After the stitching ex-
posure process, a baking process and a developing proc-
ess may be performed. Afterforming the lines and spaces
patterns of the photoresist, a conductive layer may be
etched using the lines and spaces patterns of the pho-
toresist as an etch mask to form a wire grid. The substrate
10 may be cut to have a size larger than a size of the
shot to provide a metal wire grid polarizer 30.

[0073] A mask (not illustrated) may have the same
pitch and the same line width in all areas. The exposure
device may expose a mask (not illustrated) at a magni-
fication of 1:1.

[0074] An offset between the first shots 112a and the
second shots 112b may be greater than a width W of an
interference area. The offset is greater than the width W
of the interference area. The width W of the interference
area may be about 10 um. The offset of the second shot
112b may be, in detail, half (D/2) of the size of the first
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shot in the first direction.

[0075] Each of the first shots and the second shots
may include a reference energy area 120 exposed to
reference energy; one-time interference areas 122 and
123 exposed to energy "BE+A" higher than the reference
energy "BE" by the interference of the first shots and the
second shots; and two interference areas 124 and 126
exposed to energy "BE+2A" higher than the reference
energy by interference of the first shots and the second
shots. As a result of identifying the degree of interference
between the one-time interference areas 122 and 123
and the two-times interference areas 124 and 126, an
amount "A" of the one-time interference may be about
20 to 30% of "BE."

[0076] In the line and space pattern, a line width of a
line may be 50 nmin the reference energy area 120. The
reference energy may be expose energy set to pattern
a line width of a mask to a desired line width of a pho-
toresist. The reference energy may be determined by a
pitch of the mask.

[0077] Referring to FIG. 8, a mask on which optical
proximity correction was not performed is used. A pitch
of the mask is 100 nm, and a line width of the mask is 50
nm. A line width of photoresistin a reference energy area
120 may be about 50 nm. A line width of photoresist in
each of one-time interference areas 122 and 123 may
be about 40 nm. A line width of photoresist in each of
two-times interference areas 124 and 126 may be about
38 nm.

[0078] A pitch of the line and space pattern is the same
in the first shots 112a and the second shots 112b, and
the line width of the line and space pattern may be 38
nm to 50 nm depending on an interference area.
[0079] Accordingly, characteristics of the polarizer
may be changed as a line width varies depending on an
interference area at the same pitch. As a result, optical
proximity correction (OPC) for the mask is required to
provide substantially the same line width in all interfer-
ence areas.

[0080] The firstoptical proximity correction on the one-
time interference areas 122 and 123 may increase a line
width of a mask by a first variance while having the same
pitch. The second optical proximity correction on the two-
time interference areas 124 and 126 may increase aline
width of a line by a second variance while having the
same pitch. The second variance may be greater than
the first variance, and the first variance may be propor-
tional to a difference "A" between expose energy of the
one-time interference area and basic expose energy of
an interference-free area. The difference between the
expose energy of the one-time interference area and the
basic expose energy of the interference-free area is an
amount "A" of one-time interference, which is about 20
to 30% of "BE."

[0081] FIG.9isanexperimental resultillustrating aline
width of a photoresist depending on expose energy de-
pending on line width of a mask at the same pitch ac-
cording to an example embodiment of the present dis-
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closure.

[0082] Referringto FIG. 9, the photoresist is a positive
photoresist. A pitch of the mask is 100 nm, and line widths
of lines are 50 nm, 56 nm, or 60 nm, respectively. In an
exposure process, exposure was performed at a magni-
fication of 1:1 through an ArF immersion scanner proc-
ess.

[0083] When aline width of the mask is 50 nm (rectan-
gular), after the exposure and development process, a
line width of the photoresist is displayed according to the
expose energy.

[0084] When a line width of the mask is 56 nm (trian-
gle), after the exposure and development process, a line
width of the photoresist is displayed according to the ex-
pose energy.

[0085] When a line width of the mask is 60 nm (circu-
lar), after the exposure and development process, a line
width of the photoresist is displayed according to the ex-
pose energy.

[0086] When aline width of the mask is 50 nm (rectan-
gular), the reference expose energy "BE" for obtaining a
photoresist having a line width of 50 nm is about 24
mJ/cm”2.

[0087] The one-time interference area is exposed to
energy "BE+A" higher than the reference energy "BE."
Accordingly, the expose energy "BE+A" of the one-time
interference area is 30 mJ/cm”2, and the line width of
the photoresist is 50 nm when the line width of the mask
is 56 nm (triangle).

[0088] The two-times interference area is exposed to
energy "BE+2A" higher than the reference energy "BE."
Accordingly, the expose energy "BE+2A" of the two-times
interference area is 36 mJ/cm”2, and the line width of
the photoresist is 50 nm when the line width of the mask
is 60 nm (circular).

[0089] Consequently, the optical proximity correction
may be set such that the line width of the mask is 56 nm
to allow the line width of the one-time interference area
to be maintained at 50 nm. The optical proximity correc-
tion may be set such that the line width of the mask is 60
nm to allow the line width of the two-times interference
area to be maintained at 50 nm.

[0090] Returning to FIGS. 5 and 9, for mask line widths
of 40 nm and 44 nm in FIG. 5, reference energy is 23
mJ/cm”2. When the expose energy is about 34 mJ/cm”"2
ormore, the photoresist pattern may notbe formed. Since
the two-times interference area has an energy of 35
mJ/cm”2 (23+2x6), a photoresist pattern may not be
formed.

[0091] However, referring to FIGS. 5 and 9, when the
line width of the mask is increased at the same pitch
through optical proximity correction of the mask, the line
width of the photoresist depending on the expose energy
may be moved to an upper right portion. For example,
for a mask line width of 44 nm (a pitch of 88 nm), a pho-
toresist pattern may be formed by performing optical
proximity correction at the mask line width of 50 nm (the
pitch of 88 nm) through optical proximity correction of the
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mask on the two-times interference area.

[0092] Referring to FIGS. 5 and 9, for example, when
a mask line width of 40 nm (a pitch of 80 nm) is corrected
into a mask line width of 42 nm (a patch of 80 nm) through
optical mask correction of the mask on the two-times in-
terference area, photoresist patterning may be per-
formed.

[0093] According to a modified embodiment of the
present disclosure, in a stitching process having an off-
set, proximity optical correction may be performed on
only one of a one-time interference area and a two-times
interference area. The proximity optical correction may
be performed on, in detail, only the two times interference
area.

[0094] FIG. 10A is a conceptual diagram illustrating
characteristics of a mask having no OPC and a resist for
each area according to an example embodiment of the
present disclosure.

[0095] FIG. 10B is a conceptual diagram illustrating
characteristics of a mask having OPC and a resist for
each area according to an example embodiment of the
present disclosure.

[0096] Referring to FIG. 10A, when a mask having no
OPC has a pitch P of 100 nm, a line width of the mask
is 50 nm and a space width of the mask is 50 nm.
[0097] A reference energy area 120 of photoresist has
expose energy of "BE" (about 24 mJ/cm”2). One-time
interference areas 122 and 123 of the photoresist have
expose energy of "BE+A" (about 30 mJ/cm”*2). Two-
times interference areas 124 and 126 of the photoresist
have expose energy of "BE+2A" (about 36 mJ/cm”2). In
the one-time interference areas 122 and 123, a height of
the photoresist may decrease due to flare interference
of 6 mJ. The two-times interference areas 124 and 126
of the photoresist may decrease in heigh due to flare
interference of 12 mJ.

[0098] When itis assumed that a three-times interfer-
ence area is present, the height of the photoresist is fur-
ther reduced by the flare interference of 18 mJ. Accord-
ingly, in the stitching process having the three-time inter-
ference area, a limited lower etching process may not be
performed due to a low thickness of the photoresist.
[0099] However, in the present disclosure. the three-
times interference area may be removed. In the present
disclosure, there are only a one-time interference area
and a two-times interference area. The stitching process
of the present disclosure may suppress a decrease in
thickness of photoresist to stably perform a subsequent
etching process.

[0100] Referring to FIG. 10B, when a mask having
OPC has a pitch P of 100 nm, a line width of the mask
is 50 nm, 56 nm, and 60 nm for respective interference
areas and a space width of the mask is 50 nm, 44 nm,
and 40 nm for the respective interference areas.

[0101] A reference energy mask area 311 may have a
basic mask line width LW. The one-time interference
mask areas 312a, 312b, 316a, 316b, 317a, and 317b
have the first mask line width LW1. Two-times interfer-
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ence mask areas 313a, 313b, 314a, 314b, 315a, and
315b may have a second mask line width LW2. The sec-
ond mask line width LW2 may be greater than the first
mask line width LW1, and the first mask line width LW1
may be greater than the basic mask line width LW. The
one-time interference mask areas 312a, 312b, 316a,
316b, 317a, and 317b may increase a line width of a
chromium pattern to reduce an expose energy profile.
Accordingly, aline width of photoresist may be increased.
[0102] Thatis, a basic mask space width (SW=P-LW)
of the reference energy mask area 311 is 50 nm. A first
mask space width (SW1 = P-LW1) of the one-time inter-
ference mask areas 312a, 312b, 316a, 316b, 317a, and
317b is 44 nm. A second mask space width (SW2 = P-
LW2) of the two-times interference mask areas 313a,
313b, 314a, 314b, 315a, and 315b is 40 nm. Due to the
decreased space width, the space width of the photore-
sist may be increased to be maintained at 50 nm. That
is, the line width of the photoresist may be increased to
be maintained at 50 nm due to the decreased space
width.

[0103] The reference energy area 220 of the photore-
sist may have expose energy of "BE" (about 24
mJ/cm”2). The one-time interference areas 222 and 223
of the photoresist may have expose energy of "BE+A"
(about 30 mJ/cm?2), but may have a narrowed energy
profile. The two-times interference areas 224 and 226 of
the photoresist have expose energy of "BE+2A" (about
36 mJ/cm”2), but may have a narrowed energy profile.
The space width of the photoresist may be decreased by
the narrowed energy profile.

[0104] Accordingly, both the one-time interference ar-
eas 222 and 223 of the photoresist and the two-times
interference areas 224 and 226 of the photoresist have
the same line width of 50 nm. As a result, the metal wire
grid polarizer may provide stable characteristics.

[0105] FIG. 11A illustrates a variance of optical prox-
imity correction of a mask depending on a difference in
expose energy at a mask pitch of 100 nm in an example
embodiment of the present disclosure.

[0106] ReferringtoFIG.11A,toobtain50nm,thesame
line width of the photoresist, in all interference areas, a
variance of optical proximity correction of a mask de-
pending on a difference in expose energy is illustrated.
An amount of interference caused by one-time interfer-
ence is "A," an amount of interference caused by two-
times interference is "2A," and an amount of interference
caused by three-times interference is "3A." A line width
of the mask may be corrected from 50 nm to 56 nm to
perform optical proximity correction on the amount of in-
terference "A" caused by one-time interference. The line
width of the mask may be corrected from 50 nm to 60
nm to perform optical proximity correction on the inter-
ference amount "2A" caused by the two-times interfer-
ence.

[0107] The line width of the mask may be corrected
from 50 nm to about 65 nm to perform optical proximity
correction on the amount of interference "3A" caused by
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three-times interference. However, when the line width
of the mask is 65 nm, the line width of the space is 35
nm ((100-65) nm). In this case, the ArF exposure device
cannot form a pattern due to limitation thereof. Accord-
ingly, such conditions cannot be accomplished. Although
the line width of the mask was corrected to 62 nm (a
limitation of an ArF immersion device) and an exposure
test may be performed on the three-times interference
area, aheight of the photoresist was significantly reduced
and a line width thereof did not approach 40 nm and
collapsed.

[0108] FIG. 11B illustrates a variance of optical prox-
imity correction of a mask depending on a difference in
expose energy at a mask pitch of 120 nm in an example
embodiment of the present disclosure.

[0109] Referring to FIG. 11B, to obtain 60 nm that is
the same line width the photoresist in all interference ar-
eas, a variance of optical proximity correction of the mask
depending on a difference in expose energy is illustrated.
An amount of interference caused by one-time interfer-
ence is "A," an amount of interference caused by two-
times interference is "2A," and an amount of interference
caused by three-times interference is "3A." For optical
proximity correction of the amount of interference "A"
caused by one-time interference, the line width of the
mask may be corrected from 60 nm to 66 nm. For optical
proximity correction of the amount of interference "2A"
caused by the two-times interference, the line width of
the mask may be corrected from 60 nm to 70 nm.
[0110] For optical proximity correction of the amount
of interference "3A" caused by three-times interference,
the line width of the mask may be corrected from 60 nm
to 75 nm. However, when the line width of the mask is
75 nm, a line width of a space is 45 nm ((120-75) nm).
The ArF exposure device may form a photoresist pattern
at a mask line width of 75 nm, but a height of the pho-
toresist pattern may be significantly reduced. Therefore,
it may be difficult to perform a subsequent etching proc-
ess. A difference in height of the photoresist may cause
transmittance performance of a wire grid polarizer to be
deteriorated in the future.

[0111] FIG. 12 is an electron microscope image illus-
trating a shot of a photoresist using a mask on which
optical proximity correction is performed according to an
example embodiment of the present disclosure.

[0112] Referring to FIG. 12, when a stitching process
having an offset is performed using a mask on which
optical proximity correction has been performed, the ref-
erence energy area 220 of each of the first shot 212a
and the second shot 212b may have expose energy of
"BE" (about 24 mJ/cm”2). The one-time interference ar-
eas 222 and 223 have expose energy of "BE+A" (about
30 mJ/cm”2). The two-times interference areas 224 and
226 have expose energy of "BE+2A" (about 36 mJ/cm”2).
[0113] The reference energy area 220 may have a
shape of a rectangle disposed within a rectangular shot
and may be disposed in a center of shots, the one-time
interference area 222 and 223 may be disposed on sides
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to surround the reference energy area, and the two-times
interference areas 224 and 226 may be locally disposed
between vertices of the reference energy area and a pair
of vertices in a first direction.

[0114] A case will be described, where a magnification
of a mask and a photoresist pattern is 1. The one-time
interference mask area of the mask corresponding to the
one-time interference area may have a first mask line
width, greater than a basic mask line width of a reference
energy mask area of the mask corresponding to the ref-
erence energy area.

[0115] Atwo-timesinterference mask area of the mask
corresponding to the two-times interference area may
have a second mask line width, greater than a mask line
width of a reference energy mask area of the mask cor-
responding to the reference energy area.

[0116] Accordingly, in the one-time interference area,
the line width of the corresponding mask may be in-
creased to 56 nm to obtain the photoresist having a width
of 50 nm. On the other hand, in the two-times interference
area, the line width of the corresponding mask may be
increased to 60 nm to obtain the photoresist having a line
width of 50 nm

[0117] According to an experimental result of the
presentdisclosure, the line width of the reference energy
area 220 is 50 nm, the line width of the one-time inter-
ference areas 222 and 223 is 50 nm, and the line width
of the two-times interference area 224 and 226 is 48 nm.
Accordingly, the two-times interference areas 224 and
226 may be within a margin of error while having a dif-
ference of 2 nm from the target value of 50 nm. As a
result, optical proximity correction may form uniform line
and spacer patterns that do not depend on interference
of shots.

[0118] According to a modified embodiment of the
present disclosure, the line and space pattern may have
the same pitch in the first shots 212as and the second
shots 212b, and may have a line width of 38 nm to 50 nm.
[0119] An experiment of the present disclosure was
performed using an ArF immersion exposure device, but
may be equally applied to an EUV exposure device.
[0120] FIG. 13 is a conceptual diagram illustrating a
mask on which optical proximity correction is performed
according to an example embodiment of the present dis-
closure.

[0121] Referring to FIG. 13, a mask 314 on which op-
tical proximity correction has been performed may in-
clude a rectangular reference energy mask area 311
formed on a mask substrate 310 in the first direction and
the second direction; one-time interference mask areas
312a, 312b, 316a, 316b, 317a, and 317b disposed on
sides to surround the reference energy mask area 311;
and two-times interference mask areas 313a, 313b,
314a, 314b, 315a, and 315b locally disposed between
vertices of the reference energy mask area and a pair of
vertices in the first direction. A width W’ of each of the
one-time interference mask areas 312a, 312b, 316a,
316b, 317a, and 317b may correspond to a width W of
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an interference area of a shot.

[0122] The reference energy mask area 311 may have
abasic maskline width. Each ofthe one-time interference
mask areas 312a, 312b, 316a, 316b, 317a, and 317b
may have a first mask line width. Each of the two-times
interference mask areas 313a, 313b, 314a, 314b, 315a,
and 315b may have a second mask line width. The sec-
ond mask line width may be greater than the first mask
line width, and the first mask line width may be greater
than the basic mask line width. The one-time interference
mask areas 312a, 312b, 316a, 316b, 317a, and 317b
may increase a line width of a chromium pattern to reduce
an expose energy profile. Accordingly, a line width of
photoresist may be increased.

[0123] The mask 314 on which optical proximity cor-
rection has been performed may include a rectangular
reference energy mask area 311; a leftarea 312a and a
right area 312b, respectively disposed on the left and
right sides of the reference energy mask area 311; an
upper left vertex area 313a and an upper right vertex
area 313b, respectively disposed in an upper left portion
and an upper right portion of the reference energy mask
area 311; an lower left vertex area 314a and an lower
left vertex area 314b, respectively disposed in a lower
left portion and a lower right portion of the reference en-
ergy mask area 311; an upper area 315a disposed above
the reference energy mask area 311; an upper left area
disposed between the upper area 315a and the upper
left vertex area 313a; an upper right area 316b disposed
between the upper area 315a and the upper right vertex
area 313b; a lower area 315b disposed below the refer-
ence energy mask area 311; a lower left area 317a dis-
posed between the lower area 315b and the lower left
vertex area 314a; and an lower right area 317b disposed
between the lower area 315b and the lower left vertex
area 314b.

[0124] A line width of the reference energy mask area
311 is a basic mask line width. Line widths of the left area
312a, the right area 312b, the upper left area 316a, the
upperright area 316b, the lower left area 317a, and lower
right area 317b are the same as a first mask line width.
Line widths of the upper area 315a, the lower area 315b,
the upper left vertex area 313a, the upper right vertex
area 313b, the lower left vertex area 314a, and the lower
right vertex area 314b are the same as a second mask
line width. The second mask line width is greater than
the first mask line width, and the first mask line width is
greater than the basic mask line width.

[0125] Whenthe magnification of the mask pattern and
the photoresist pattern is 1:1, the basic mask line width
may be 50 nm, the first mask line width may be 56 nm,
and the second mask line width may be 60 nm.

[0126] Whenthe magnification of the mask pattern and
the photoresist pattern is 4:1, the basic mask line width
may be 50 x 4 nm, the first mask line width may be 56 x
4 nm, and the second mask line width may be 60 x 4 nm.
[0127] FIG. 14 is an enlarged view illustrating a stitch-
ing process according to another embodiment of the
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present disclosure.

[0128] FIG. 15is a view illustrating a mask on which a
stitching process is performed according to another em-
bodiment of the present disclosure.

[0129] FIGS. 14 and 15 illustrate a result obtained by
performing a stitching process using a mask on which
optical proximity correction has been performed. In a
method of forming a line and space pattern, a stitching
process is performed by exposing a mask 500 to a sub-
strate in afirstdirection and a second direction. The meth-
od of forming the line and space pattern may include
performing a firstexposure process on the substrate such
that first shots 412a of the mask contact each other in
the first direction; and performing a second exposure
process on the substrate such thatthe second shots 412b
of the mask contact each other to be spaced apart from
the first shots 412a in the second direction and have an
offsetin the first direction. The offset may be greater than
a width W of the interference area of the shots.

[0130] Each of the first shots 412a and the second
shots 412b may include a reference energy area 420
exposed to reference energy; one-time interference ar-
eas 422 and 423 having energy higher than the reference
energy due to interference of the first shots and the sec-
ond shots; and two-times interference areas 424 and 426
having energy higher than the reference energy due to
interference of the first shots and the second shots.
[0131] Each of the one-time interference mask areas
512a, 512b, 516a, 516b, 517a, and 517b of the mask
500, corresponding to the one-time interference areas
422 and 423, may have a first mask line width, greater
than the basic mask line width of the reference energy
mask area 511 corresponding to the reference energy
area 420.

[0132] Each of the two-times interference mask areas
513a, 513b, 514a, 514b, 515a, and 515b of the mask
500, corresponding to the two-times interference areas
424 and 426 may have a second mask line width, greater
than a mask line width of a reference energy area of the
mask corresponding to the reference energy area.
[0133] A pitch of the line and space pattern may be the
same in the first shots 412a and the second shots 412b,
and a line width of the line and space pattern may be 38
nm to 50 nm.

[0134] The reference energy area 420 may have a
shape of a rectangle disposed within a rectangular shot
and may be disposed in a center of shots. The one-time
interference areas 422 and 423 may be disposed on
sides to surround the reference energy area.

[0135] The two-times interference areas 424 and 426
may be locally disposed between vertices of the refer-
ence energy area 420 and a pair of vertices in the first
direction.

[0136] The mask 500 includes arectangular reference
energy mask area 511; a left area 512a and a right area
512b, respectively disposed on a left side and a right side
of the reference energy mask area; an upper left vertex
area 513a and an upper right vertex area 513b, respec-
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tively disposed in an upper left portion and an upper right
portion of the reference energy mask area 511; a lower
left vertex area 514a and a lower right vertex area 514b,
respectively disposed in a lower left portion and a lower
right portion of the reference energy mask area 511; an
upper area 515a disposed above the reference energy
mask area 511; an upper left area 516a disposed be-
tween the upper area 515a and the upper left vertex area
513a; an upper right area 516b disposed between the
upper area 515a and the upper right vertex area 513b;
a lower area 515b disposed below the reference energy
mask area 511; alower left area 517a disposed between
the lower area 515b and the lower left vertex area 514a;
and a lower right area 517a disposed between the lower
area 515b and the lower right vertex area 514b.

[0137] A line width of the reference energy mask area
511 is the basic mask line width. Line widths of the left
area 512a, the right area 512b, the upper left area 516a,
the upper right area 516b, the lower left area 517a, and
the lower right area 517b are the same as a first mask
line width. Line widths of the upper area 515a, the lower
area 515b, the upper left vertex area 513a, the upper
right vertex area 513b, the lower left vertex area 514a,
and the lower right vertex area 514b are the same as a
second mask line width. The second mask line width may
be greater than the first mask line width, and the first
mask line width may be greater than the basic mask line
width.

[0138] When a magnification of the mask and the pho-
toresist pattern is 1:1, the basic mask line width may be
50 nm, the first mask line width may be 56 nm, and the
second mask line width may be 60 nm.

[0139] FIG. 16 shows a line width of a negative pho-
toresist according to another embodiment of the present
disclosure.

[0140] Referring to FIG. 16, photoresist is negative
photoresist. A pitch of a mask may be 100 nm, and a line
width of a line may be 50 nm, 56 nm, or 60 nm. In the
exposure process, exposure was performed at a magni-
fication of 1:1 through an ArF immersion scanner process
[0141] When the line width of the mask is 50 nm (rec-
tangles), a line width of photoresist is displayed based
on expose energy after an exposure and development
process.

[0142] When the line width of the mask is 56 nm (tri-
angles), a line width of photoresist is displayed based on
expose energy after an exposure and development proc-
ess.

[0143] When the line width of the mask is 60 nm (cir-
cles), a line width of photoresist is displayed based on
expose energy after an exposure and development proc-
ess.

[0144] When the line width of the mask is 50 nm (rec-
tangles), reference expose energy "BE" for obtaining a
photoresistline width of 50 nm may be about 20 mJ/cm”2.
[0145] The one-time interference area may be ex-
posed to energy "BE+A," higher than the reference en-
ergy "BE." Accordingly, the expose energy "BE+A" of the
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interference area may be 24 mJ/cm”2, and when the line
width of the mask is 56 nm (triangles), the line width of
the photoresist may be 50 nm.

[0146] The two-times interference area may be ex-
posed to energy "BE+2A," higher than the reference en-
ergy "BE." Accordingly, the expose energy "BE+2A" of
the two-times interference area may be 28 mJ/cm”2, and
when the line width of the mask is 60 nm (circles), the
line width of the photoresist may be 50 nm.

[0147] Asaresult, the optical proximity correction may
be set such that the line width of the mask has 56 nm to
allow the line width of the one-time interference area to
be maintained at 50 nm. The optical proximity correction
may be set such that the line width of the mask has 60
nm to allow the line width of the two-times interference
area to be maintained at 50 nm.

[0148] FIG. 17 is a flowchart illustrating a method of
manufacturing a mask for forming a line and space pat-
tern.

[0149] ReferringtoFIG. 17, a method of manufacturing
a mask for forming a line and space pattern,

[0150] exposing a first mask for forming a line and
space pattern on a substrate in a first direction and a
second direction to perform a first stitching process
(S110); measuring expose energy or line width of an one-
time interference area having energy higher than refer-
ence energy having no interference due to one-time in-
terference of shots through the first stitching process
(S120); measuring expose energy or line width of a two-
times interference area having energy higher than the
reference energy due to two-times interference of shots
through the first stitching process (S130); and forming a
second mask by performing first optical proximity correc-
tion to increase a line width in a one-time interference
mask area of the first mask corresponding to the one-
time interference area based on the expose energy or
the line width of the one-time interference area and by
performing second optical proximity correction to in-
crease line width in a two-times interference mask area
of the first mask corresponding to the two-times interfer-
ence area based on the expose energy or the line width
of the two-times interference area (S140).

[0151] The first stitching process (5110) may include
performing a firstexposure process on the substrate such
that first shots of the first mask contact each other in the
first direction; and performing a second exposure proc-
ess on the substrate such that second shots of the first
mask contact each other to be spaced apart from the first
shots in the second direction to have an offset with the
first shots.

[0152] The first optical proximity correction may have
the same pitch and may increase a line width of a line by
a first variance. The second optical proximity correction
may have the same pitch and may increase a line width
of aline by a second variance. The second variance may
be greater than the first variance, and the first variance
may be proportional to a difference between expose en-
ergy of the one-time interference area and basic expose
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energy of an interference-free area.

[0153] Then,astitching process is performed on a sec-
ond mask on which the first optical proximity correction
and the second optical proximity correction have been
performed.

[0154] Although the present disclosure and its advan-
tages have been described in detail, it should be under-
stood that various changes, substitutions and alterations
can be made herein without departing from the spirit and
scope ofthe disclosure as defined by the following claims.

Claims

1. A method of forming a line and space pattern by ex-
posing a mask on a substrate in a first direction and
a second direction to perform a stitching process,
the method comprising:

performing a first exposure process on the sub-
strate such that first shots of the mask contact
each other in the first direction; and

performing a second exposure process on the
substrate such that second shots of the mask
contact each other to be spaced apart from the
first shots in the second directions and have an
offset with the first shots.

2. The method as set forth in claim 1, wherein
the offset is greater than a width of an interference
area of the shots.

3. The method as set forth in claim 1, wherein
each of the first shots and the second shots com-
prises:

a reference energy area exposed to reference
energy;

a one-time interference area having energy
higher than the reference energy due to inter-
ference of the first shots and the second shots;
and

a two-times interference area having energy
higher than the reference energy due to inter-
ference of the first shots and the second shots.

4. The method as set forth in claim 3, wherein

a one-time interference mask area of the mask
corresponding to the one-time interference area
has a first mask line width greater than a basic
mask line width of a reference energy mask area
of the mask corresponding to the reference en-
ergy area, and

a two-times energy mask area of the mask cor-
responding to the two-times interference area
has a second mask line width greater than a
mask line width of the reference energy mask



5.

6.

7.

23

area of the mask corresponding to the reference
energy area.

The method as set forth in claim 1, wherein

a pitch of the line and space pattern is the same
in the first shots and the second shots, and

a pitch of photoresist of the line and space pat-
tern is 80 nm to 140 nm.

The method as set forth in claim 3, wherein

the reference energy area has a shape of a rec-
tangle disposed in a rectangular shot and is dis-
posed in a center of shots,

the one-time interference area is disposed on a
side to surround the reference energy area, and
the two-times interference area is locally dis-
posed between vertices of a reference energy
area and a pair of vertices in the first direction.

The method as set forth in claim 1, wherein
the mask comprises:

a rectangular reference energy mask area;
aleft area and aright area, respectively dis-
posed on leftandright sides of the reference
energy mask area;

an upper left vertex area and an upper right
vertex area, respectively disposed in an up-
per left portion and an upper right portion of
the reference energy mask area;

an lower left vertex area and an upper lower
vertex area, respectively disposed in a low-
er left portion and a lower right portion of
the reference energy mask area;

an upper area disposed above the refer-
ence energy mask area;

an upper left area disposed between the up-
per area and the upper left vertex area;

an upper right area disposed between the
upper area and the upper right vertex area;
a lower area disposed below the reference
energy mask area;

alower left area disposed between the low-
er area and the lower left vertex area; and
an lower right area disposed between the
lower area and the lower left vertex area,

a line width of the reference energy mask area
is a basic mask line width,

line widths of the left area, the right area, the
upper left area, the upper right area, the lower
left area, and lower right area are the same as
a first mask line width,

line widths of the upper area, the lower area, the
upper left vertex area, the upper right vertex ar-
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ea, the lower left vertex area, and the lower right
vertex area are the same as a second mask line
width,

the second mask line width is greater than the
first mask line width, and

the first mask line width is greater than the basic
mask line width.

The method as set forth in claim 7, wherein

the reference mask line width is 50 nm,
the first mask line width is 56 nm, and
the second mask line width is 60 nm.

A wire grid polarizer manufactured by the method of
forming the line and space pattern, as set forth in
claim 1.

A mask for forming a line and space pattern in which
a stitching process is performed on a substrate by
exposing a mask in a first direction and a second
direction, the mask comprising:

a rectangular reference energy mask area
formed on a mask substrate in the first direction
and the second direction;

a one-time interference mask area disposed on
a side to surround the reference energy mask
area; and

a two-times interference mask area locally dis-
posed between vertices of the reference energy
mask area and a pair of vertices in the first di-
rection,

wherein

the reference energy mask area has a basic
mask line width,

the one-time interference mask area has a first
mask line width,

the two-times interference mask area has a sec-
ond mask line width,

the second mask line width is greater than the
first mask line width, and

the first mask line width is greater than the basic
mask line width.

. The mask as set forth in claim 10, wherein

the basic mask line width is 50 nm,
the first mask line width is 56 nm, and
the second mask line width is 60 nm.

. A mask for forming a line and space pattern in which
a stitching process is performed on a substrate by
exposing a mask in a first direction and a second
direction, the mask comprising:

a rectangular reference energy mask area;
a left area and a right area, respectively dis-
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posed on left and right sides of the reference
energy mask area;

an upper left vertex area and an upper right ver-
tex area, respectively disposed in an upper left
portion and an upper right portion of the refer-
ence energy mask area;

an lower left vertex area and an upper lower ver-
tex area, respectively disposed in a lower left
portion and a lower right portion of the reference
energy mask area;

an upper area disposed above the reference en-
ergy mask area;

an upper left area disposed between the upper
area and the upper left vertex area;

an upper right area disposed between the upper
area and the upper right vertex area;

a lower area disposed below the reference en-
ergy mask area;

a lower left area disposed between the lower
area and the lower left vertex area; and

an lower right area disposed between the lower
area and the lower left vertex area,

wherein

a line width of the reference energy mask area
is a basic mask line width,

line widths of the left area, the right area, the
upper left area, the upper right area, the lower
left area, and lower right area are the same as
a first mask line width,

line widths of the upper area, the lower area, the
upper left vertex area, the upper right vertex ar-
ea, the lower left vertex area, and the lower right
vertex area are the same as a second mask line
width,

the second mask line width is greater than the
basic mask line width, and

the first mask line width is greater than the basic
mask line width.

13. The mask as set forth in claim 12, wherein

the basic mask line width is 50 nm,
the first mask line width is 56 nm, and
the second mask line width is 60 nm.

14. A method of manufacturing a mask for forming a line
and space pattern, the method comprising:

exposing a first mask for forming a line and
space pattern on a substrate in a first direction
and a second direction to perform a first stitching
process;

measuring expose energy or line width of a one-
time interference area having energy higher
than reference energy having no interference
due to one-time interference of shots through
the first stitching process;

measuring expose energy or line width of a two-
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times interference area having energy higher
than the reference energy due to two-times in-
terference of shots through the first stitching
process; and

forming a second mask by performing first opti-
cal proximity correction to increase a line width
in a one-time interference mask area of the first
mask corresponding to the one-time interfer-
ence area based on the expose energy or the
line width of the one-time interference area and
by performing second optical proximity correc-
tion to increase line width in a two-times inter-
ference mask area of the first mask correspond-
ing to the two-times interference area based on
the expose energy or the line width of the two-
times interference area

15. The method as set forth in claim 14, wherein
The first stitching process comprises:

performing a first exposure process on the sub-
strate such that first shots of the first mask con-
tact each other in the first direction; and
performing a second exposure process on the
substrate such that second shots of the first
mask contact each other to be spaced apart from
the first shots in the second direction to have an
offset with the first shots.

16. The method as set forth in claim 14, wherein

the first optical proximity correction increases a
line width of a line by a first variance while having
the same pitch,

the second optical proximity correction increas-
es a line width of a line by a second variance
while having the same pitch,

the second variance is greater than the first var-
iance, and

the first variance is proportional to a difference
between expose energy of the one-time inter-
ference area and basic expose energy of an in-
terference-free area.
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