SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE
SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This patent application is based on and claims priority to Korean Patent Application
No0.10-2022-0014392, filed on 3 February 2022, in the Korean Intellectual Property Office,

the disclosure of which is incorporated by reference herein in their entirety.

TECHNICAL FIELD
[0002] Embodiments relate to a semiconductor device and a method of manufacturing the

Same.

BACKGROUND
[0003] As semiconductor devices are downscaled, a size of an individual fine circuit pattern
for implementing semiconductor devices may be progressively reduced. A photolithography
process could have a limitation in resolution, and there could be a limitation in decreasing a

pitch of a fine pattern.

SUMMARY
[0004] The embodiments may be realized by providing a method of manufacturing a
semiconductor device, the method including forming a plurality of reference patterns and a
peripheral pattern on a feature layer by using a first material such that the peripheral pattern
is connected to end portions of the plurality of reference patterns; forming a plurality of first
spacers on both sidewalls of each of the plurality of reference patterns by using a second
material; removing the plurality of reference patterns; forming a plurality of second spacers

on both sidewalls of each of the plurality of first spacers by using the first material; removing
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the plurality of first spacers so that the plurality of second spacers and the peripheral pattern
remain on the feature layer; and patterning the feature layer by using the plurality of second
spacers and the peripheral pattern as an etch mask.

[0005] The embodiments may be realized by providing a method of manufacturing a
semiconductor device, the method including forming a plurality of reference patterns and a
peripheral pattern on a feature layer such that the peripheral pattern is connected to end
portions of the plurality of reference patterns; forming a plurality of first spacers on both
sidewalls of each of the plurality of reference patterns; removing the plurality of reference
patterns; forming a plurality of second spacers on both sidewalls of each of the plurality of
first spacers; forming a gap-fill insulation layer on the feature layer such that the gap-fill
insulation layer fills a space between the plurality of second spacers; removing the gap-fill
insulation layer and the plurality of first spacers such that the plurality of second spacers and
the peripheral pattern remain on the feature layer; and patterning the feature layer by using
the plurality of second spacers and the peripheral pattern as an etch mask.

[0006] The embodiments may be realized by providing a method of manufacturing a
semiconductor device, the method including providing a substrate including a cell array
region and a boundary region; forming a feature layer on the substrate; forming a plurality of
reference patterns and a peripheral pattern on the feature layer by using a first material, the
plurality of reference patterns being on the cell array region, and the peripheral pattern being
connected to end portions of the plurality of reference patterns and on the boundary region;
forming a plurality of first spacers on both sidewalls of each of the plurality of reference
patterns by using a second material; removing the plurality of reference patterns; forming a
plurality of second spacers on both sidewalls of each of the plurality of first spacers by using
the first material; removing the plurality of first spacers such that the plurality of second
spacers and the peripheral pattern remain on the feature layer; patterning the feature layer by
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using the plurality of second spacers and the peripheral pattern as an etch mask; and removing
a portion of the substrate by using the feature layer as an etch mask to form a device isolation
trench.

[0007] The embodiments may be realized by providing a semiconductor device including a
substrate including a cell array region and a boundary region; a device isolation trench
including a first portion extending in a first direction on the cell array region of the substrate
and a second portion connected to the first portion on the boundary region; and a device
isolation layer filling the device isolation trench and defining an active region in the substrate,
wherein the first portion of the device isolation trench includes a first trench, a second trench,
a third trench, and a fourth trench sequentially arranged in a second direction intersecting the
first direction, a length of the first trench is greater than a length of the second trench, and a
length of the third trench is greater than a length of the fourth trench.

[0008] The embodiments may be realized by providing a semiconductor device including a
substrate including a cell array region and a boundary region; a plurality of line patterns
arranged on the cell array region of the substrate to extend in parallel; and an align key pattern
on the boundary region of the substrate, wherein the align key pattern includes a main pattern
having a first height; and an edge pattern spaced apart from the main pattern to surround a
periphery of the main pattern, the edge pattern having a second height that is the same as the

first height.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Features will be apparent to those of skill in the art by describing in detail exemplary
embodiments with reference to the attached drawings in which:
[0010] FIGS. 1A to 10B are schematic diagrams illustrating stages in a method of
manufacturing a semiconductor device, according to embodiments; In detail, FIGS. 1A, 2A,
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3A, 4A, 5A, 6A, 7A and 9A are horizontal cross-sectional views taken along a line at a first
vertical level LV1 of FIG. 1B in process sequence, FIG. 10A is a horizontal cross-sectional
view taken along a line at a second vertical level LV2 of FIG. 10B in process sequence, and
FIGS. 1B, 2B, 3B, 4B, 5B, 6B, 7B, 8, 9B, and 10B are cross-sectional views taken along line
A-A' of FIG. 1A,

[0011] FIGS. 11A to 13 are schematic diagrams illustrating stages in a method of
manufacturing a semiconductor device, according to embodiments; FIGS. 11A, 12A, and 13
are plan views illustrating stages in a method of manufacturing a semiconductor device in
process sequence, and FIGS. 11B and 12B are cross-sectional views taken along line B-B' of
FIGS. 11A and 12A;

[0012] FIGS. 14A to 19B are schematic diagrams illustrating stages in a method of
manufacturing a semiconductor device, according to embodiments; and FIGS. 14A and 19A
are plan views illustrating stages in a method of manufacturing a semiconductor device in
process sequence, and FIGS. 14B, 15, 16, 17, 18, and 19B are cross-sectional views taken

along line C-C' of FIG. 14A.

DETAILED DESCRIPTION
[0013] FIGS. 1A to 10B are schematic diagrams illustrating stages in a method of
manufacturing a semiconductor device, according to embodiments. In detail, FIGS. 1A, 2A,
3A, 4A, 5A, 6A, 7A, 8A, and 9A are horizontal cross-sectional views taken along a line at a
first vertical level LV1 of FIG. 1B in process sequence, FIG. 10A is a horizontal cross-
sectional view taken along a line at a second vertical level LV2 of FIG. 10B in process
sequence, and FIGS. 1B, 2B, 3B, 4B, 5B, 6B, 7B, 8B, 9B, and 10B are cross-sectional views

taken along line A-A' of FIG. 1A.



[0014] Referring to FIGS. 1A and 1B, a feature layer 120 and a reference pattern layer 130L
may be formed on a substrate 110.

[0015] In an implementation, the substrate 110 may include silicon, e.g., single crystalline
silicon, polycrystalline silicon, or amorphous silicon. In an implementation, the substrate 110
may include, e.g., germanium (Ge), silicon germanium (SiGe), silicon carbide (SiC), gallium
arsenide (GaAs), indium arsenide (InAs), or indium phosphide (InP). In an implementation,
the substrate 110 may include a conductive region, e.g., an impurity-doped well or an
impurity-doped structure. As used herein, the term “or” is not an exclusive term, e.g., “A or
B” would include A, B, or A and B.

[0016] The feature layer 120 may be a layer to-be-etched, which may be used for forming a
plurality of feature patterns 122 (see FIG. 10B) through patterning. The feature layer 120 may
include, e.g., silicon oxide, silicon nitride, or polysilicon. The reference pattern layer 130L
may include a first material, e.g., the first material may include polysilicon or amorphous
silicon.

[0017] Subsequently, a first mask pattern M10 may be formed on the reference pattern layer
130L. The first mask pattern M10 may include a plurality of opening portions M10H which
extend (e.g., lengthwise) in a second direction Y. The first mask pattern M10 may include a
plurality of line patterns M12, which extend in the second direction Y, and a peripheral pattern
M14 which are connected to both end portions of the plurality of line patterns M12 and
surround peripheries of the plurality of line patterns M12.

[0018] Referring to FIGS. 2A and 2B, a reference pattern structure 130 including a plurality
of reference patterns 132 and a peripheral pattern 134 may be formed by patterning the
reference pattern layer 130L by using the first mask pattern M10 as an etch mask.

[0019] The plurality of reference patterns 132 may be formed at positions respectively
corresponding to the plurality of line patterns M12 of the first mask pattern M10 and may
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each have a first width W11 in a first direction X, e.g., and may be arranged of spaced apart
from one another by a first interval D11 in the first direction X. In an implementation, the
plurality of reference patterns 132 may be arranged at a first pitch P11, and when the plurality
of feature patterns 122 are to be formed to have a width of 1F and a pitch of 2F (e.g., when a
target feature size of the plurality of feature patterns 122 is 1F), the first pitch P11 may
correspond to 8F. In an implementation, the first width W11 of each of the plurality of
reference patterns 132 may correspond to 3F, and the first interval D11 may correspond to
5F. Here, F may be an arbitrary unit, e.g., 1F would be 1 arbitrary unit, 2F would be twice
the dimension of 1F or 2 arbitrary units, etc.

[0020] A reference pattern trench 132T may be between two adjacent reference patterns 132
of the plurality of reference patterns 132. A top surface of the feature layer 120 may be
exposed at a bottom portion of the reference pattern trench 132T.

[0021] The peripheral pattern 134 may be connected to both end portions of the plurality of
reference patterns 132 and may surround peripheries of the plurality of reference patterns 132
in a plan view. The peripheral pattern 134 may be formed at a position corresponding to the
peripheral pattern M14 of the first mask pattern M10.

[0022] In an implementation, the plurality of reference patterns 132 may be formed in or on
a pattern formation region where a pattern having a fine pitch is to be formed, and the
peripheral pattern 134 may be formed in or on a peripheral circuit region surrounding the
pattern formation region or may be formed on a region where a pattern having a relatively
large size is to be formed. In an implementation, the plurality of reference patterns 132 may
be formed on a memory cell array region, and the peripheral pattern 134 may be formed on a
boundary region or a peripheral circuit region surrounding the memory cell array region. In

an implementation, the plurality of reference patterns 132 may be formed on a logic cell



arrangement region, and the peripheral pattern 134 may be formed on an input/output (1/0)
device arrangement region.

[0023] Referring to FIGS. 3A and 3B, a first spacer layer 140L may be formed on the feature
layer 120 to cover the plurality of reference patterns 132 and the peripheral pattern 134.
[0024] A first portion 140P1 of the first spacer layer 140L may be conformally on both
sidewalls and a top surface of each of the plurality of reference patterns 132 and on a top
surface of the feature layer 120 exposed at a bottom portion of the reference pattern trench
132T. A second portion 140P2 of the first spacer layer 140L may be conformally on a sidewall
and a top surface of the peripheral pattern 134.

[0025] In an implementation, the first spacer layer 140L may include a second material that
is different from the first material included in the plurality of reference patterns 132 and the
peripheral pattern 134. In an implementation, the second material may include, e.qg., silicon
oxide, silicon nitride, or silicon oxynitride. In an implementation, the first spacer layer 140L
may be formed by an atomic layer stack process or a chemical vapor deposition process. In
an implementation, the feature layer 120 and the first spacer layer 140L may include silicon
oxide.

[0026] Subsequently, a second mask pattern M20 may be formed on the first spacer layer
140L. The second mask pattern M20 may include an opening portion M20H, and the opening
portion M20H may vertically overlap the plurality of reference patterns 132 and may not
vertically overlap the peripheral pattern 134. In an implementation, the first portion 140P1 of
the first spacer layer 140L on the plurality of reference patterns 132 may be exposed, e.g.,
may not be covered by the second mask pattern M20, and the second portion 140P2 of the
first spacer layer 140L on the peripheral pattern 134 may be covered by the second mask

pattern M20.



[0027] Referring to FIGS. 4A and 4B, a plurality of first spacers 142 may be formed on both
sidewalls of each of the plurality of reference patterns 132 by performing an etch-back
process on the first portion 140P1 of the first spacer layer 140L which is not covered by the
second mask pattern M20.

[0028] In performing the etch-back process, a portion of the first portion 140P1 of the first
spacer layer 140L on a top surface of each of the plurality of reference patterns 132 and a
portion of the first portion 140P1 of the first spacer layer 140L on a top surface of the feature
layer 120 at a bottom portion of the reference pattern trench 132T may be removed, and a
first spacer 142 may remain on both sidewalls of each of the plurality of reference patterns
132. In an implementation, in performing the etch-back process, the second portion 140P2 of
the first spacer layer 140L, e.g., where a top surface thereof is covered by the second mask
pattern M20, may not be removed and may remain.

[0029] In an implementation, as seen in a vertical cross-sectional view in FIG. 4B, the number
of first spacers 142 may be twice the number of reference patterns 132. In an implementation,
one first spacer 142 may be on a first sidewall of one reference pattern 132, another first
spacer 142 may be on a second sidewall, which is opposite to the first sidewall, of the one
reference pattern 132, and two first spacers 142 may be spaced apart from each other in one
reference pattern trench 132T.

[0030] Subsequently, the second mask pattern M20 may be removed.

[0031] Referring to FIGS. 5A and 5B, the plurality of reference patterns 132 may be removed,
and the plurality of first spacers 142 may remain on a top surface of the feature layer 120.
[0032] In an implementation, a process of removing the plurality of reference patterns 132
may be an etching process using an etch selectivity. In an implementation, when the plurality
of reference patterns 132 are removed, the plurality of first spacers 142 may not be removed
and may remain. In an implementation, in performing the etching process, the second portion
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140P2 of the first spacer layer 140L on the peripheral pattern 134 may not be removed and
may remain, and the peripheral pattern 134 may be covered by the second portion 140P2 of
the first spacer layer 140L and thus may remain without being exposed.

[0033] The plurality of first spacers 142 may each have a second width W12 in the first
direction X and may be spaced apart from one another by a second interval D12 in the first
direction X. In an implementation, the plurality of first spacers 142 may be arranged at a
second pitch P12, and when a target feature size of each of the plurality of feature patterns
122 is 1F, the second pitch P12 may correspond to 4F. In an implementation, the second width
W12 of each of the plurality of first spacers 142 may correspond to 1F, and the second interval
D12 may correspond to 3F.

[0034] A space between two adjacent first spacers 142 of the plurality of first spacers 142
may be referred to as a first spacer trench 142T, and the top surface of the feature layer 120
may be exposed at a bottom portion of the first spacer trench 142T.

[0035] In an implementation, as illustrated in a described with respect to FIGS. 4A to 5B, an
etch-back process on the first spacer layer 140L and a process of removing the plurality of
reference patterns 132 are sequentially performed. In an implementation, the etch-back
process on the first spacer layer 140L and the process of removing the plurality of reference
patterns 132 may be simultaneously performed.

[0036] Referring to FIGS. 6A and 6B, a second spacer layer 150L conformally covering the
plurality of first spacers 142 may be formed on the feature layer 120.

[0037] The second spacer layer 150L may include a first portion 150P1 on both sidewalls of
the first spacer 142, and a second portion 150P2 on the second portion 140P2 on the peripheral
pattern 134.

[0038] In an implementation, the second spacer layer 150L may include the first material. In
an implementation, the first material may include, e.g., polysilicon or amorphous silicon. In
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an implementation, the second spacer layer 150L may include the same first material as the
first material included in the plurality of reference patterns 132 (see FIG. 4B) and the
peripheral pattern 134, or may include the same kind of material having an etch characteristic
similar to that of the first material. In an implementation, the plurality of reference patterns
132 and the peripheral pattern 134 may include polysilicon, and the second spacer layer 150L
may include polysilicon. In an implementation, the plurality of reference patterns 132 and the
peripheral pattern 134 may include polysilicon, and the second spacer layer 150L may include
amorphous silicon.

[0039] Referring to FIGS. 7A and 7B, a plurality of second spacers 152 may be formed on
both sidewalls of each of the plurality of first spacers 142 by performing an etch-back process
on the second spacer layer 150L.

[0040] In performing the etch-back process, a portion of the first portion 150P1 of the second
spacer layer 150L on a top surface of each of the plurality of first spacers 142 and a portion
of the first portion 150P1 of the second spacer layer 150L on the top surface of the feature
layer 120 at a bottom portion of the first spacer trench 142T may be removed, and a second
spacer 152 may remain on both sidewalls of each of the plurality of first spacers 142.

[0041] In an implementation, in performing the etch-back process, a portion of the second
portion 150P2 of the second spacer layer 150L on the top surface of the peripheral pattern
134 may also be removed (e.g., together with the portion of the first portion 150P1 of the
second spacer layer 150L), and the second portion 140P2 of the first spacer layer 140L on the
top surface of the peripheral pattern 134 may be exposed.

[0042] In performing the etch-back process, the second portion 140P2 of the first spacer layer
140L may be on a sidewall of the peripheral pattern 134, and a portion of the second portion
150P2 of the second spacer layer 150L may remain on a sidewall of the second portion 140P2
of the first spacer layer 140L. In an implementation, a portion of the second portion 150P2 of
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the second spacer layer 150L on a sidewall of the peripheral pattern 134 may be referred to
as an edge spacer pattern 154.

[0043] Inan implementation, as illustrated in FIG. 7B, a top surface of the edge spacer pattern
154 may be at a level that is higher than (e.g., farther from the substrate in a vertical Z
direction than) a top surface of each of the plurality of second spacers 152. In an
implementation, the top surface of each of the plurality of second spacers 152 may be at a
level that is lower than the top surface of each of the plurality of first spacers 142.

[0044] In an implementation, as seen in a vertical cross-sectional view in FIG. 7B, the number
of second spacers 152 may be twice the number of first spacers 142. In an implementation,
one second spacer 152 may be on a first sidewall of one first spacer 142, another second
spacer 152 may be on a second sidewall, which is opposite to the first sidewall, of the one
first spacer 142, and two second spacers 152 may be spaced apart from each other in one first
spacer trench 142T.

[0045] The plurality of second spacers 152 may each have a third width W13 in the first
direction X and may be spaced apart from one another by a third interval D13 in the first
direction X. In an implementation, the plurality of second spacers 152 may be arranged at a
third pitch P13, and when a target feature size of each of the plurality of feature patterns 122
is 1F, the third pitch P13 may correspond to 2F. In an implementation, the third width W13
of each of the plurality of second spacers 152 may correspond to 1F, and the third interval
D13 may correspond to 1F.

[0046] Subsequently, a gap-fill insulation layer 160 may be formed to cover the feature layer
120, the plurality of first spacers 142, and the plurality of second spacers 152 and may fill the
first spacer trench 142T.

[0047] The gap-fill insulation layer 160 may include the second material. In an
implementation, the second material may include, e.g., silicon oxide, silicon nitride, silicon
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oxynitride, or a spin-on hardmask (SOH). In an implementation, the gap-fill insulation layer
160 may include the same material as a material included in the plurality of first spacers 142,
or may include the same kind of material having an etch characteristic similar to that of the
material. In an implementation, the plurality of first spacers 142 may include silicon oxide,
and the gap-fill insulation layer 160 may include silicon oxide. In an implementation, the
plurality of first spacers 142 may include silicon oxide, and the gap-fill insulation layer 160
may include an SOH.

[0048] In an implementation, the gap-fill insulation layer 160 may be formed to have a top
level where a top level of a portion of the gap-fill insulation layer 160 on the peripheral pattern
134 and the second portion 140P2 of the first spacer layer 140L is higher than a portion of
the gap-fill insulation layer 160 on a top surface of each of the plurality of first spacers 142
and the plurality of second spacers 152.

[0049] Referring to FIG. 8, a planarization process may be performed on an upper portion of
the gap-fill insulation layer 160. Through the planarization process, a height difference
between a top level of the gap-fill insulation layer 160 on the second portion 140P2 of the
first spacer layer 140L and a top level of the gap-fill insulation layer 160 on the plurality of
second spacers 152 may be reduced.

[0050] In an implementation, as illustrated in FIG. 8, the planarization process may be
performed until the gap-fill insulation layer 160 has a certain thickness and remains on the
second portion 140P2 of the first spacer layer 140L. In an implementation, the planarization
process may be performed until all of the gap-fill insulation layer 160 is removed from the
second portion 140P2 of the first spacer layer 140L and a top surface of the second portion
140P2 of the first spacer layer 140L is exposed. In this case, the gap-fill insulation layer 160

may fill only a space between the plurality of second spacers 152.
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[0051] Referring to FIGS. 9A and 9B, by removing the plurality of first spacers 142 and the
gap-fill insulation layer 160, the plurality of second spacers 152 and the peripheral pattern
134 may remain on the feature layer 120.

[0052] In an implementation, the plurality of first spacers 142 and the gap-fill insulation layer
160 may include the same second material or the same kind of materials having similar etch
characteristics, and thus, a process of removing the plurality of first spacers 142 and the gap-
fill insulation layer 160 may be performed at an etching step using the same etch recipe or
etchant.

[0053] In an implementation, the process of removing the plurality of first spacers 142 and
the gap-fill insulation layer 160 may be performed under etchings conditions having an etch
selectivity with respect to the plurality of second spacers 152 and the peripheral pattern 134.
In performing an etching process of removing the plurality of first spacers 142 and the gap-
fill insulation layer 160, the plurality of second spacers 152 and the peripheral pattern 134
may not be removed, and may remain. In an implementation, the second portion 140P2 of the
first spacer layer 140L on a sidewall of the peripheral pattern 134 may be removed, and only
the second portion 140P2 of the first spacer layer 140L under the edge spacer pattern 154
may remain.

[0054] Subsequently, a plurality of feature patterns 122 and a bulk pattern 124 may be formed
by etching the feature layer 120 by using the plurality of second spacers 152 and the peripheral
pattern 134 as an etch mask.

[0055] The plurality of feature patterns 122 may be formed at positions respectively
corresponding to (e.g., underlying) the plurality of second spacers 152, and the bulk pattern
124 may be formed at a position corresponding to the peripheral pattern 134. An edge pattern

122E may be formed at a position corresponding to the edge spacer pattern 154.
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[0056] In an implementation, the plurality of feature patterns 122 may each have a fourth
width W2 in the first direction X and may be spaced apart from one another by a fourth
interval D2 in the first direction X. In an implementation, the plurality of feature patterns 122
may be arranged at a fourth pitch P2, and when a target feature size of each of the plurality
of feature patterns 122 is 1F, the fourth pitch P2 may correspond to 2F. In an implementation,
the fourth width W2 of each of the plurality of feature patterns 122 may correspond to 1F,
and the fourth interval D2 may correspond to 1F.

[0057] Referring to FIGS. 10A and 10B, depending on the case, the plurality of second
spacers 152, the peripheral pattern 134, and the edge spacer pattern 154 may be removed, and
the plurality of feature patterns 122 and the bulk pattern 124 may remain.

[0058] According to a method of manufacturing a semiconductor device according to
embodiments, the plurality of feature patterns 122 having a fine pitch may be formed based
on quadruple patterning technology using a simple stack configuration.

[0059] In quadruple patterning technology, a double patterning process may be performed
twice by using a stack configuration which includes a plurality of pattern transfer sacrificial
layers and has a relatively large height. A first spacer having a pitch of 4F may be formed on
a sidewall of a reference pattern having a pitch of 8F, a first sacrificial pattern may be formed
in a first sacrificial layer under the first spacer, a second spacer having a pitch of 2F may be
formed on a sidewall of the first sacrificial pattern, a second sacrificial pattern may be formed
in a second sacrificial layer under the second spacer, and a plurality of feature patterns may
be formed by using the second sacrificial pattern. A tail portion or an inclined portion could
be formed at a sidewall of the first sacrificial layer in a process of etching a carbon material
used as the first sacrificial layer, and a process error or defect could occur in a process of

etching a polysilicon material used as the second sacrificial layer.
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[0060] According to an embodiment, the plurality of reference patterns 132 may be removed
after the first spacer 142 is formed on both sidewalls of each of the plurality of reference
patterns 132, the first spacer 142 may be removed after the second spacer 152 is formed of
the same material or the same kind of material as that of the reference pattern 132 on both
sidewalls of the first spacer 142, and the feature layer 120 may be patterned by using the
second spacer 152. The plurality of reference patterns 132 and the second spacer 152 may
include the same material, and only a pattern formation region may be patterned at a fine
pitch in a state where a peripheral region (e.g., the peripheral pattern 134) of each of the
plurality of reference patterns 132 is covered. Therefore, pattern transfer processes using the
first sacrificial layer and the second sacrificial layer may be omitted, and a process error or
defect occurring due to the first and second sacrificial layers may be reduced or prevented.
Therefore, according to the method of manufacturing the semiconductor device, a patterning
process for a fine pattern may be precisely adjusted.

[0061] FIGS. 11A to 13 are schematic diagrams illustrating stages in a method of
manufacturing a semiconductor device 200, according to embodiments. FIGS. 11A, 12A, and
13 are plan views illustrating stages in a method of manufacturing the semiconductor device
200 in process sequence, and FIGS. 11B and 12B are cross-sectional views taken along line
B-B' of FIGS. 11A and 12A.

[0062] Referring to FIGS. 11A and 11B, a plurality of feature patterns 222 and a bulk pattern
224 may be formed on a substrate 210 by performing a process described above with
reference to FIGS. 1A to 10.

[0063] The substrate 210 may include a cell array region MCA and a boundary region BA,
the plurality of feature patterns 222 may extend in a first diagonal direction D1 on the cell

array region MCA, and the bulk pattern 224 may be on the boundary region BA.
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[0064] In an implementation, the cell array region MCA may be a region where unit memory
cells of a dynamic random access memory (DRAM) device are to be formed, and the
boundary region BA may be a region where a peripheral circuit for driving the unit memory
cells formed in the cell array region MCA is to be formed.

[0065] In an implementation, the plurality of feature patterns 222 may be formed of silicon
oxide. The plurality of feature patterns 222 may include a plurality of line patterns extending
in the first diagonal direction D1, and the bulk pattern 224 may be connected to end portions
of the plurality of feature patterns 222 and may surround the plurality of feature patterns 222
in a plan view.

[0066] The plurality of feature patterns 222 may include a plurality of sets each including
line patterns, and one set including the line patterns may include a first line pattern LP1, a
second line pattern LP2, a third line pattern LP3, and a fourth line pattern LP4, which are
continuously arranged.

[0067] In an implementation, an extension portion of the second line pattern LP2 and an
extension portion of the third line pattern LP3 each extending to the boundary region BA may
be connected to each other, and a portion at which the extension portion of the second line
pattern LP2 is connected to the extension portion of the third line pattern LP3 may be referred
to as an extension portion edge pattern LPE. The extension portion edge pattern LPE may
correspond to an edge pattern 122E formed by using, as an etch mask, the edge spacer pattern
154 described above with reference to FIGS. 9A and 9B.

[0068] In an implementation, a length of the extension portion of the second line pattern LP2
and a length of the extension portion of the third line pattern LP3 may be greater than a length
of an extension portion of the fourth line pattern LP4 and a length of an extension portion of

the first line pattern LP1.
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[0069] A plurality of sets each including trenches may be arranged between two adjacent line
patterns of a plurality of sets each including line patterns of the plurality of feature patterns
222. One set including the trenches may include a first trench FT1, a second trench FT2, a
third trench FT3, and a fourth trench FT4, which are consecutively arranged. In an
implementation, the first trench FT1 may be between the first line pattern LP1 and the second
line pattern LP2, the second trench FT2 may be between the second line pattern LP2 and the
third line pattern LP3, the third trench FT3 may be between the third line pattern LP3 and the
fourth line pattern LP4, and the fourth trench FT4 may be between the fourth line pattern LP4
and the first line pattern LP1.

[0070] In an implementation, an extension portion of the first trench FT1 and an extension
portion of the third trench FT3 each extending to the boundary region BA may be connected
to each other. In an implementation, the extension portion of the first trench FT1 and the
extension portion of the third trench FT3 may surround an extension portion of the second
trench FT2 and may be connected to each other one-dimensionally. An extension portion of
the fourth trench FT4 may be surrounded by the bulk pattern 224 and may not be connected
to the other trenches.

[0071] Referring to FIGS. 12A and 12B, a mask pattern may be formed on the plurality of
feature patterns 222 and the bulk pattern 224, and a plurality of active region patterns ACP
may be formed by removing a portion of each of the plurality of feature patterns 222. The
plurality of active region patterns ACP may have a plurality of island shapes having a long
axis in the first diagonal direction D1.

[0072] Subsequently, a device isolation trench 230T may be formed by removing a portion
of the substrate 210 by using the plurality of active region patterns ACP and the bulk pattern

224 as an etch mask, and a device isolation layer 230 may be formed of an insulating material
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in the device isolation trench 230T. A plurality of active regions AC may be defined by the
device isolation layer 230.

[0073] On the boundary region BA, a portion of the device isolation trench 230T may have
a shape where a first extension portion TE1, a second extension portion TEZ2, a third extension
portion TE3, and a fourth extension portion TE4 are repeatedly arranged. In an
implementation, the first extension portion TEL may be connected to the third extension
portion TE3. In an implementation, a connection portion between the first extension portion
TE1 and the third extension portion TE3 may surround the second extension portion TE2 in
a plan view. The first extension portion TE1 and the third extension portion TE3 may have a
length that is greater than that of the second extension portion TE2. The first extension portion
TE1 and the third extension portion TE3 may have a length that is greater than that of the
fourth extension portion TEA4.

[0074] In an implementation, a portion of the substrate 210 corresponding to the extension
portion edge pattern LPE may be referred to as a boundary edge pattern 210E. The boundary
edge pattern 210E may be surrounded by the device isolation layer 230 and may include a
portion having a U-shape in a plan view.

[0075] Referring to FIG. 13, a word line trench extending in the first direction X may be
formed in the substrate 210, and a word line WL including a plurality of gate dielectric layers
and a plurality of gate electrodes may be formed in a word line trench.

[0076] Subsequently, a direct contact connected to the active region AC and a bit line BL
connected to the direct contact to extend in the second direction Y may be formed on the
substrate 210. A contact connected to the active region AC may be formed between adjacent
bit lines BL, and a storage node may be formed on the contact.

[0077] In an implementation, the active region AC having a fine pitch may be formed by
using the method described above with reference to FIGS. 1A to 10B, and thus, a patterning
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process performed on the active region AC may be precisely adjusted. The semiconductor
device 200 may have a good electrical characteristic.

[0078] In an implementation, as illustrated in and described with respect to FIGS. 11A to 13,
the method of manufacturing a DRAM may use the method described above with reference
to FIGS. 1A to 10B. In addition to the method of manufacturing the DRAM device, a method
of manufacturing a semiconductor device according to an embodiment may include a method
of manufacturing various devices such as a logic device, a flash memory device, a vertical
NAND memory device, a phase change memory device, a magnetic memory device, or a
complementary metal-oxide semiconductor (CMOS) image sensor by using the method
described above with reference to FIGS. 1A to 10B.

[0079] FIGS. 14A to 19B are schematic diagrams illustrating stages in a method of
manufacturing a semiconductor device 300, according to embodiments. FIGS. 14A and 19A
are plan views illustrating stages in a method of manufacturing a semiconductor device in
process sequence, and FIGS. 14B, 15 to 18, and 19B are cross-sectional views taken along
line C-C' of FIG. 14A.

[0080] Referring to FIGS. 14A and 14B, a feature layer 320 may be formed on a substrate
310 including a cell array region MCA and a boundary region BA.

[0081] A reference pattern layer may be formed on the feature layer 320, a plurality of
reference patterns 332 may be formed on the cell array region MCA by patterning the
reference pattern layer, and an align key reference pattern 334 may be formed on the boundary
region BA. In an implementation, the plurality of reference patterns 332 and the align key
reference pattern 334 may be formed of a first material, and the first material may include
polysilicon or amorphous silicon.

[0082] Referring to FIG. 15, a first spacer layer 340L covering the plurality of reference
patterns 332 and the align key reference pattern 334 may be formed on the feature layer 320,
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and a mask pattern covering the align key reference pattern 334 may be formed on the first
spacer layer 340L.

[0083] Subsequently, a plurality of first spacers 342 may be formed on both sidewalls of each
of the plurality of reference patterns 332 by performing an etch-back process on an upper
portion of the first spacer layer 340L not covered by the mask pattern. The plurality of first
spacers 342 may be formed of a second material, and the second material may include silicon
oxide, silicon nitride, or silicon oxynitride.

[0084] In an implementation, the first spacer layer 340L covering a top surface and a sidewall
of the align key reference pattern 334 may not be removed in the etch-back process and may
remain.

[0085] Referring to FIG. 16, the plurality of reference patterns 332 may be removed, and the
plurality of first spacers 342 may be formed on the cell array region MCA.

[0086] In an implementation, a process of removing the plurality of reference patterns 332
may include an etching process using an etch selectivity, e.g., the first spacer layer 340L may
be etched by a very small amount or may be hardly etched and may remain on the boundary
region BA, and a top surface of the align key reference pattern 334 may not be exposed.
[0087] Referring to FIG. 17, a second spacer layer covering the plurality of first spacers 342
and the first spacer layer 340L may be formed on the feature layer 320, and a plurality of
second spacers 352 may be formed on both sidewalls of each of the plurality of first spacers
342 by performing an etch-back process on an upper portion of the second spacer layer.
[0088] In this case, a portion of the second spacer layer may remain on a sidewall of the align
key reference pattern 334 and may be referred to as an edge spacer pattern 354.

[0089] In an implementation, the second spacer 352 may be formed of a first material, and
the first material may include polysilicon or amorphous silicon. In an implementation, the
second spacer 352 may include the same material as the first material included in the plurality
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of reference patterns 332 and the align key reference pattern 334, or may include a similar or
same kind of material having an etch characteristic similar to that of the first material.
[0090] Subsequently, a gap-fill insulation layer 360 filling a space between the plurality of
second spacers 352 may be formed on the feature layer 320. The gap-fill insulation layer 360
may include a second material, and the second material may include silicon oxide, silicon
nitride, silicon oxynitride, or an SOH. . In an implementation, the gap-fill insulation layer 360
may include the same material as a material included in the plurality of first spacers 342, or
may include the same kind of material having an etch characteristic similar to that of the
material. In an implementation, the plurality of first spacers 342 may include silicon oxide,
and the gap-fill insulation layer 360 may include silicon oxide. In an implementation, the
plurality of first spacers 342 may include silicon oxide, and the gap-fill insulation layer 360
may include an SOH.

[0091] In an implementation, a planarization process may be performed on an upper portion
of the gap-fill insulation layer 360.

[0092] Referring to FIG. 18, the plurality of second spacers 352, the edge spacer pattern 354,
and the align key reference pattern 334 may remain on the feature layer 320 by removing the
plurality of first spacers 342 and the gap-fill insulation layer 360.

[0093] In an implementation, the plurality of first spacers 342 and the gap-fill insulation layer
360 may include the same second material or the same kind of materials having similar etch
characteristics, and thus, a process of removing the plurality of first spacers 342 and the gap-
fill insulation layer 360 may be performed at an etching step (e.g., single etching step) using
the same etchant. In an implementation, the process of removing the plurality of first spacers
342 and the gap-fill insulation layer 360 may be performed under etching conditions having
an etch selectivity with respect to the plurality of second spacers 352 and the align key
reference pattern 334.
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[0094] Referring to FIGS. 19A and 19B, a plurality of feature patterns 322 and an align key
pattern AK may be formed by etching the feature layer 320 by using the plurality of second
spacers 352, the edge spacer pattern 354, and the align key reference pattern 334 as an etch
mask.

[0095] The plurality of feature patterns 322 may be formed at positions respectively
corresponding to the plurality of second spacers 352, and the align key pattern AK may be
formed at a position corresponding to the edge spacer pattern 354 and the align key reference
pattern 334.

[0096] In an implementation, the plurality of feature patterns 322 may each have a first width
W31 in the first direction X and may be spaced apart from one another by a first interval D31
in the first direction X. In an implementation, the plurality of feature patterns 322 may be
arranged at a first pitch P3, and when a target feature size of each of the plurality of feature
patterns 322 is 1F, the first pitch P3 may correspond to 2F. In an implementation, the first
width W31 of each of the plurality of feature patterns 322 may correspond to 1F, and the first
interval D31 may correspond to 1F.

[0097] In an implementation, the align key pattern AK may include a main pattern AKM and
an edge pattern AKE. The main pattern AKM may have a second width W32, and the second
width W32 may be greater than the first width W31 of each of the plurality of feature patterns
322.

[0098] In an implementation, the edge pattern AKE may surround the main pattern AKM in
a plan view and may be spaced apart from the main pattern AKM by a second interval D32.
In an implementation, the second interval D32 may be the same as the first interval D31. The
second interval D32 may correspond to 1F. The edge pattern AKE may have a third width
W33, and the third width W33 may be less than the second width W32 and may be equal to
the first width W31. In an implementation, the third width W33 may correspond to 1F.
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[0099] The edge pattern AKE may be formed to have the same height (e.g., in the Z direction)
as that of the main pattern AKM at a periphery of the main pattern AKM. In an
implementation, the main pattern AKM may have a first height H31, and the edge pattern
AKE may have a second height H32 which is the same as the first height H31.

[00100] In an implementation, the align key pattern AK may be formed along with the
plurality of feature patterns 322 having a fine pitch, and a patterning process performed on
the plurality of feature patterns 322 having a fine pitch may be precisely adjusted.

[00101] By way of summation and review, patterning technologies such as double
patterning technology (DPT) and quadruple patterning technology (QPT) may form a fine
pattern that is more reduced in a resolution limitation of a photolithography process.

[00102] One or more embodiments may provide a method of manufacturing a
semiconductor device by using quadruple patterning technology.

[00103] One or more embodiments may provide a method of manufacturing a
semiconductor device, in which a fine pattern having a reduced width may be formed.
[00104] Example embodiments have been disclosed herein, and although specific
terms are employed, they are used and are to be interpreted in a generic and descriptive sense
only and not for purpose of limitation. In some instances, as would be apparent to one of
ordinary skill in the art as of the filing of the present application, features, characteristics,
and/or elements described in connection with a particular embodiment may be used singly or
in combination with features, characteristics, and/or elements described in connection with
other embodiments unless otherwise specifically indicated. Accordingly, it will be
understood by those of skill in the art that various changes in form and details may be made
without departing from the spirit and scope of the present invention as set forth in the

following claims.
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WHAT IS CLAIMED IS:

1. A method of manufacturing a semiconductor device, the method comprising:

forming a plurality of reference patterns and a peripheral pattern on a feature layer by
using a first material such that the peripheral pattern is connected to end portions of the
plurality of reference patterns;

forming a plurality of first spacers on both sidewalls of each of the plurality of
reference patterns by using a second material;

removing the plurality of reference patterns;

forming a plurality of second spacers on both sidewalls of each of the plurality of first
spacers by using the first material;

removing the plurality of first spacers so that the plurality of second spacers and the
peripheral pattern remain on the feature layer; and

patterning the feature layer by using the plurality of second spacers and the peripheral

pattern as an etch mask.

2. The method as claimed in claim 1, wherein:
the first material includes polysilicon or amorphous silicon, and

the second material includes silicon oxide, silicon nitride, or silicon oxynitride.

3. The method as claimed in claim 1 or claim 2, wherein, in a plan view, the

peripheral pattern surrounds the plurality of reference patterns.

4. The method as claimed in any one of claims 1 to 3, wherein:
the plurality of reference patterns are arranged at a pitch of 8F,
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the plurality of first spacers are arranged at a pitch of 4F, and

the plurality of second spacers are arranged at a pitch of 2F.

5. The method as claimed in any one of claims 1 to 4, wherein forming the
plurality of first spacers includes:

forming a first spacer layer on the feature layer to cover the plurality of reference
patterns and the peripheral pattern;

forming a mask pattern on the first spacer layer such that the mask pattern does not
cover a first portion of the first spacer layer on the plurality of reference patterns and does
cover a second portion of the first spacer layer on the peripheral pattern; and

removing some portions of the first portion of the first spacer layer from a top surface
of each of the plurality of reference patterns such that the plurality of first spacers remain on

both sidewalls of the plurality of reference patterns.

6. The method as claimed in claim 5, wherein, in the removing of the plurality
of reference patterns, the second portion of the first spacer layer remains and covers a top

surface of the peripheral pattern.

7. The method as claimed in claim 5 or claim 6, further comprising forming a
gap-fill insulation layer that fills a space between the plurality of second spacers, on the
feature layer, after forming the plurality of second spacers,

wherein removing the plurality of first spacers further includes removing the gap-fill

insulation layer.
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8. The method as claimed in claim 7, further comprising performing a
planarization process on an upper portion of the gap-fill insulation layer such that a difference
between a top level of the gap-fill insulation layer on the second portion of the first spacer
layer and a top level of the gap-fill insulation layer on the plurality of second spacers is

decreased, after forming the gap-fill insulation layer.

9. The method as claimed in claim 7 or claim 8, wherein the gap-fill insulation

layer includes silicon oxide, silicon nitride, silicon oxynitride, or a spin-on hardmask (SOH).

10. A method of manufacturing a semiconductor device, the method comprising:

forming a plurality of reference patterns and a peripheral pattern on a feature layer
such that the peripheral pattern is connected to end portions of the plurality of reference
patterns;

forming a plurality of first spacers on both sidewalls of each of the plurality of
reference patterns;

removing the plurality of reference patterns;

forming a plurality of second spacers on both sidewalls of each of the plurality of first
spacers;

forming a gap-fill insulation layer on the feature layer such that the gap-fill insulation
layer fills a space between the plurality of second spacers;

removing the gap-fill insulation layer and the plurality of first spacers such that the
plurality of second spacers and the peripheral pattern remain on the feature layer; and

patterning the feature layer by using the plurality of second spacers and the peripheral

pattern as an etch mask.
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11.  The method as claimed in claim 10, wherein:

the plurality of reference patterns, the peripheral pattern, and the plurality of first
spacers include polysilicon or amorphous silicon, and

the plurality of second spacers and the gap-fill insulation layer include silicon oxide,

silicon nitride, or silicon oxynitride.

12.  The method as claimed in claim 10 or claim 11, wherein forming the plurality
of first spacers includes:

forming a first spacer layer on the feature layer to cover the plurality of reference
patterns and the peripheral pattern;

forming a mask pattern on the first spacer layer such that the mask pattern does not
cover a first portion of the first spacer layer on the plurality of reference patterns and does
cover a second portion of the first spacer layer on the peripheral pattern; and

removing some portions of the first portion of the first spacer layer from a top surface
of each of the plurality of reference patterns such that the plurality of first spacers remain on

both sidewalls of the plurality of reference patterns.

13.  The method as claimed in claim 12, wherein, in the removing of the plurality

of reference patterns, the second portion of the first spacer layer remains and covers a top

surface of the peripheral pattern.
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14.  The method as claimed in claim 12 or claim 13, further comprising performing
a planarization process on an upper portion of the gap-fill insulation layer such that a
difference between a top level of the gap-fill insulation layer on the second portion of the first
spacer layer and a top level of the gap-fill insulation layer on the plurality of second spacers

is decreased, after forming the gap-fill insulation layer.

15.  The method as claimed in any one of claims 10 to 14, wherein, in a plan view,

the peripheral pattern surrounds the plurality of reference patterns.

16.  The method as claimed in any one of claims 10 to 15, wherein:
the plurality of reference patterns are arranged at a pitch of 8F,
the plurality of first spacers are arranged at a pitch of 4F, and

the plurality of second spacers are arranged at a pitch of 2F.

17. A method of manufacturing a semiconductor device, the method comprising:

providing a substrate including a cell array region and a boundary region;

forming a feature layer on the substrate;

forming a plurality of reference patterns and a peripheral pattern on the feature layer
by using a first material, the plurality of reference patterns being on the cell array region, and
the peripheral pattern being connected to end portions of the plurality of reference patterns
and on the boundary region;

forming a plurality of first spacers on both sidewalls of each of the plurality of
reference patterns by using a second material;

removing the plurality of reference patterns;
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forming a plurality of second spacers on both sidewalls of each of the plurality of first
spacers by using the first material;

removing the plurality of first spacers such that the plurality of second spacers and the
peripheral pattern remain on the feature layer;

patterning the feature layer by using the plurality of second spacers and the peripheral
pattern as an etch mask; and

removing a portion of the substrate by using the feature layer as an etch mask to form

a device isolation trench.

18.  The method as claimed in claim 17, wherein:
forming the plurality of first spacers includes:
forming a first spacer layer on the feature layer to cover the plurality of
reference patterns and the peripheral pattern;
forming a mask pattern on the first spacer layer such that the mask pattern
does not cover a first portion of the first spacer layer on the plurality of reference
patterns and does cover a second portion of the first spacer layer on the peripheral
pattern; and
removing some portions of the first portion of the first spacer layer from a
top surface of each of the plurality of reference patterns such that the plurality of
first spacers remain on both sidewalls of the plurality of reference patterns, and
in the removing of the plurality of reference patterns, the second portion of the first

spacer layer remains and covers a top surface of the peripheral pattern.
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19.  The method as claimed in claim 18, further comprising forming a gap-fill
insulation layer on the feature layer such that the gap-fill insulation layer fills a space between
the plurality of second spacers, after forming the plurality of second spacers,

wherein removing the plurality of first spacers further includes removing the gap-fill

insulation layer.

20.  The method as claimed in claim 19, further comprising performing a
planarization process on an upper portion of the gap-fill insulation layer such that a difference
between a top level of the gap-fill insulation layer on the second portion of the first spacer
layer and a top level of the gap-fill insulation layer on the plurality of second spacers is

decreased, after forming the gap-fill insulation layer.
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