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SEMICONDUCTOR DEVICE INCLUDING
DIFFERENT ORIENTATIONS OF MEMORY
CELL ARRAY AND PERIPHERAL CIRCUIT

TRANSISTORS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 USC §119
to Korean Patent Application No. 10-2014-0067491, filed on
Jun. 3, 2014 in the Korean Intellectual Property Office
(KIPO), the contents of which are herein incorporated by
reference in their entirety.

BACKGROUND

[0002] 1.Field

[0003] Example embodiments relate to semiconductor
devices. More particularly, example embodiments relate to
memory devices.

[0004] 2. Description of the Related Art

[0005] Recently, a vertical memory device including a plu-
rality of memory cells vertically stacked on a substrate has
been developed. Due to the plurality of memory cells stacked
on the substrate, the substrate may have a large amount of
stress. Thus, the vertical memory device may have structural
and/or electrical defects.

SUMMARY

[0006] According to example embodiments, there is pro-
vided a semiconductor device. The semiconductor device
includes a memory cell, an active region and a transistor. The
memory cell is on a first region of a substrate. The active
region is in a second region neighboring the first region of the
substrate. An extension direction of the active region has an
acute angle with the <110> direction of the substrate. The
transistor serving as a peripheral circuit is on the second
region of the substrate.

[0007] In example embodiments, the memory cell may
include a channel structure extending in a direction substan-
tially perpendicular to a top surface of the substrate, a dielec-
tric structure on the channel structure, and a plurality of gate
lines stacked on the dielectric structure, the plurality of gate
lines being spaced apart from each other.

[0008] Inexample embodiments, the gate lines may extend
in the <110> direction of the substrate.

[0009] Inexample embodiments, the extension direction of
the active region may have an angle of about 10 degrees to
about 80 degrees with the <110> direction of the substrate.

[0010] In example embodiments, the substrate may be a
(100) silicon wafer.

[0011] Inexample embodiments, the semiconductor device
may further include a dummy region adjacent to the first
region in the second region, and the dummy region may
include a dummy active region therein.

[0012] Inexample embodiments, the dummy active region
may have a linear shape and may extend in a direction sub-
stantially parallel to a boundary line of the first region.
[0013] Inexample embodiments, the dummy active region
may extend in the direction having an angle of about 10
degrees to about 80 degrees with the <110> direction of the
substrate.

Dec. 3, 2015

[0014] In example embodiments, the dummy active region
may include a plurality of dummy active regions regularly
arranged in a direction substantially parallel to a boundary
line of the first region.

[0015] In example embodiments, the transistor may
include a gate electrode and an impurity region, and the gate
electrode may extend in a direction substantially perpendicu-
lar to a longitudinal direction of the active region.

[0016] In example embodiments, the transistor may
include a gate electrode and an impurity region, and the gate
region may extend in the <100> direction of the substrate.
[0017] According to other example embodiments, there is
provided a semiconductor device. The semiconductor device
includes a memory cell, an active region, a transistor and a
dummy active region. The memory cell is on a first region of
a substrate. The active region is in a second region neighbor-
ing the first region of the substrate. An extension direction of
the active region has an acute angle with the <110> direction
of the substrate. The transistor serving as a peripheral circuit
is on the second region of the substrate. The dummy active
region is in the second region adjacent to the first region, an
extension direction of the dummy active region has an angle
of about 10 degrees to about 80 degrees with the <110>
direction of the substrate.

[0018] Inexample embodiments, the extension direction of
the active region may have an angle of about 10 degrees to
about 80 degrees with the <110> direction of the substrate.
[0019] In example embodiments, the active region may
extend in the <110> direction of the substrate.

[0020] In example embodiments, the transistor may
include a gate electrode and an impurity region, and the gate
region may extend in a direction substantially perpendicular
to a longitudinal direction of the active region.

[0021] In example embodiments, the dummy active region
includes a plurality of dummy active regions regularly
arranged in a direction substantially parallel to a boundary
line of the first region.

[0022] According to yet other example embodiments, there
is provided a semiconductor device. The semiconductor
device includes a memory cell, an active region, and a tran-
sistor. The memory cell is on a first region of a substrate, and
a stress of a <110> direction is applied at the memory cell.
The active region is in a second region neighboring the first
region of the substrate. An extension direction of the active
region has an angle of about 10 degrees to about 80 degrees
with the <110> direction. The transistor serving as a periph-
eral circuit is on the second region of the substrate.

[0023] Inexampleembodiments,the semiconductor device
may further include a dummy region adjacent to the first
region in the second region, and the dummy region may
include a dummy active region therein.

[0024] In example embodiments, the memory cell may
include a channel structure extending in a direction substan-
tially perpendicular to a top surface of the substrate, a dielec-
tric structure on the channel structure, and a plurality of gate
lines stacked on the dielectric structure, the plurality of gate
lines being spaced apart from each other. In example embodi-
ments, the gate lines may extend in the <110> direction of the
substrate.

[0025] According to still other example embodiments,
there is provided a semiconductor device comprising a sub-
strate comprising a <110> direction. A memory cell array
comprises a plurality of word lines that extend along the
substrate parallel or perpendicular to the <110> direction. A
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plurality of peripheral circuit transistors extend along the
substrate oblique to the <110> direction.

[0026] Inexample embodiments, the plurality of peripheral
circuit transistors extend along the substrate at an angle of
between about 10 degrees and about 80 degrees to the <110>
direction.

[0027] In example embodiments, a plurality of dummy
active regions are provided between the memory cell array
and the plurality of peripheral cell transistors, the dummy
active regions not comprising transistors therein.

[0028] In example embodiments, the memory cell array
further comprises a plurality of memory cells having channel
structures that extend perpendicular to a face of the substrate.
[0029] In example embodiments, the substrate comprises
monocrystalline silicon and also comprises a <100> direc-
tion, and the plurality of peripheral circuit transistors extend
along the <100> direction.

[0030] According to example embodiments, an active
region of a peripheral region may be formed to have an acute
angle to a boundary line of'a cell region so that a stress smaller
than a stress due to a pressure of the <110> direction may be
generated at the peripheral region. When the vertical memory
cells are formed on the cell region, the stress of the peripheral
region may decrease. Thus, a crystal defect or a dislocation of
the peripheral region due to the stress may decrease, so that
leakage currents of a transistor in a peripheral circuit may
decrease.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Example embodiments will be more clearly under-
stood from the following detailed description taken in con-
junction with the accompanying drawings. FIGS. 1 to 20
represent non-limiting, example embodiments as described
herein.

[0032] FIG.1 is aplan view illustrating a vertical semicon-
ductor device in accordance with example embodiments.

[0033] FIG. 2 is a cross-sectional view cut along a line I-I'
of FIG. 1.
[0034] FIG. 3 is a plan view illustrating a substrate for

forming the vertical semiconductor device and a crystal ori-
entation of the substrate.

[0035] FIG. 4 is a plan view illustrating a layout of regions
of the vertical semiconductor device.

[0036] FIG. 5 is a perspective view illustrating a layout of
an active region in second region of FIG. 1.

[0037] FIGS. 6 to 15 are cross-sectional views and plan
views illustrating stages of a method of manufacturing the
vertical semiconductor of FIGS. 1 and 2.

[0038] FIG. 16 is a plan view illustrating a vertical semi-
conductor device in accordance with example embodiments.

[0039] FIG. 17 is a plan view illustrating a vertical semi-
conductor device in accordance with example embodiments.

[0040] FIG. 18 is a plan view illustrating a vertical semi-
conductor device in accordance with example embodiments.
[0041] FIG. 19 is a cross-sectional view illustrating a ver-
tical semiconductor device in accordance with example
embodiments.

[0042] FIG. 20 is a block diagram illustrating an electronic
system including a semiconductor device in accordance with
example embodiments.
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DESCRIPTION OF EMBODIMENTS

[0043] Various example embodiments will be described
more fully hereinafter with reference to the accompanying
drawings, in which some example embodiments are shown.
The present inventive concepts may, however, be embodied in
many different forms and should not be construed as limited
to the example embodiments set forth herein. Rather, these
example embodiments are provided so that this description
will be thorough and complete, and will fully convey the
scope of the present inventive concepts to those skilled in the
art. In the drawings, the sizes and relative sizes of layers and
regions may be exaggerated for clarity.

[0044] Tt will be understood that when an element or layer
is referred to as being “on,” “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numerals refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0045] Tt will be understood that, although the terms first,
second, third, fourth etc. may be used herein to describe
various elements, components, regions, layers and/or sec-
tions, these elements, components, regions, layers and/or sec-
tions should not be limited by these terms. These terms are
only used to distinguish one element, component, region,
layer or section from another region, layer or section. Thus, a
first element, component, region, layer or section discussed
below could be termed a second element, component, region,
layer or section without departing from the teachings of the
present inventive concept.

[0046] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein for
ease of description to describe one element or feature’s rela-
tionship to another element(s) or feature(s) as illustrated in
the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0047] The terminology used herein is for the purpose of
describing particular example embodiments only and is not
intended to be limiting of the present inventive concept. As
used herein, the singular forms “a,” “an” and “the” are
intended to include the plural forms as well, unless the con-
text clearly indicates otherwise. It will be further understood
that the terms “comprises” and/or “comprising,” when used in
this specification, specify the presence of stated features,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, steps, operations, elements, components, and/or groups
thereof.

[0048] Example embodiments are described herein with
reference to cross-sectional illustrations that are schematic
illustrations ofidealized example embodiments (and interme-
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diate structures). As such, variations from the shapes of the
illustrations as a result, for example, of manufacturing tech-
niques and/or tolerances, are to be expected. Thus, example
embodiments should not be construed as limited to the par-
ticular shapes of regions illustrated herein but are to include
deviations in shapes that result, for example, from manufac-
turing. For example, an implanted region illustrated as a rect-
angle will, typically, have rounded or curved features and/or
a gradient of implant concentration at its edges rather than a
binary change from implanted to non-implanted region. Like-
wise, a buried region formed by implantation may result in
some implantation in the region between the buried region
and the surface through which the implantation takes place.
Thus, the regions illustrated in the figures are schematic in
nature and their shapes are not intended to illustrate the actual
shape of a region of a device and are not intended to limit the
scope of the present inventive concept.

[0049] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this inventive concept belongs. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0050] FIG.1 is a plan view illustrating a vertical semicon-
ductor device in accordance with example embodiments.
FIG. 2 is a cross-sectional view cut along a line I-I' of FIG. 1.
FIG. 3 is a plan view illustrating a substrate for forming the
vertical semiconductor device and a crystal orientation of the
substrate. F1G. 4 is a plan view illustrating a layout of regions
of the vertical semiconductor device. FIG. 5 is a perspective
view illustrating a layout of an active region in a second
region of FIG. 1.

[0051] Referringto FIGS.1to5, a substrate 10 may include
monocrystalline silicon and may have the (100) crystalline
plane. Thus, the substrate 10 may be referred to as a (100)
silicon wafer.

[0052] Referringto FIG. 3, acrystal orientation of the (100)
silicon wafer in first and second directions, which may be
substantially parallel to a top surface of the substrate 10 and
substantially perpendicular to each other, may be the <110>
direction. The first direction may be substantially parallel to
the orientation of a notch N or a flat zone of the (100) silicon
water. That is, the (100) silicon wafer may be referred to as a
flat zone <110> wafer. The (100) silicon wafer may be gen-
erally used for manufacturing of a semiconductor device.
[0053] A plurality of vertical memory devices may be
formed on the substrate 10, and each of the vertical memory
devices may be formed in a chip area A of a quadrilateral
shape, such as a rectangular shape, having four sides extend-
ing in the first and second directions.

[0054] Referring to FIGS. 1 and 4, the chip area A of the
substrate 10 may include a first region 20 and a second region
22. The first region 20 may serve as a cell region for forming
memory cells, and the second region 22 may include a
dummy region and a peripheral region. The first region 20
may have a quadrilateral shape, such as a rectangular shape,
having four sides extending in the first and second directions.
Thus, each of boundary lines L. of the first region 20 may
extend in the first direction or in the second direction. That is,
the boundary lines L of the first region 20 may extend in the
<110> direction.
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[0055] The dummy region may be located between the first
region 20 and the peripheral region. The second region 22
may be adjacent to the first region 20. As shown in FIG. 4, a
plurality of first regions 20 may be located in the chip area A.
The second region 22 may be located between the first regions
20.

[0056] The memory cells may be stacked on the first region
20 in a third direction substantially perpendicular to the top
surface of the substrate 10. The memory cells may include a
vertical channel structure 142, a dielectric structure 136, a
plurality of gate lines 148a, 1485, 148¢ and 1484, and a bit
line (not shown). The vertical channel structure 142 may
extend in the third direction on the first region 20 of the
substrate 10. The dielectric structure 136 may be formed on a
sidewall of the vertical channel structure 142, and may
include a tunnel insulation layer (not shown), a charge storage
layer (not shown) and a blocking layer (not shown). The gate
lines 148a, 1485, 148¢ and 1484 may be formed on a sidewall
of dielectric structure 136 to be spaced apart from each other.
The bit line may be formed on an upper surface of the vertical
channel structure 142. The bit line and each of the gate lines
148a,148b, 148¢ and 1484 may be substantially perpendicu-
lar to each other. The gate lines 1484, 1485, 148¢ and 1484
may extend in one of the first and second directions, and the
bit line may extend in the other one of the first and second
directions, that is, in a direction substantially perpendicular to
the extension direction of the gate lines 148a, 1485, 148¢ and
148d. Thus, the gate lines 148a, 148b, 148¢ and 1484 may
extend in the <110> direction. In example embodiments, the
gate lines 148a, 1485, 148¢ and 1484 may extend in the first
direction.

[0057] Hereinafter, the memory cells shown in FIG. 2 will
be described. However, the structure of the memory cells may
not be limited thereto, and the memory cells may have various
other structures.

[0058] The vertical channel structure 142 may include a
channel layer 138 and a filling layer 140. The channel layer
138 may be formed on the substrate 10, and may have a
hollow cylindrical shape or a cup shape. Alternatively, the
channel layer 138 may have a pillar shape, and in this case, the
vertical channel structure 142 may not have the filling layer
140. Other shapes, such as polygonal shapes, also may be
provided. The channel layer 138 may include a single crys-
talline silicon or polysilicon. The filling layer 140 may fill an
inner space formed by the channel layer 138.

[0059] The tunnel insulation layer may include an oxide,
e.g., silicon oxide, the charge storage layer may include a
nitride, e.g., silicon nitride, and the blocking layer may
include an oxide, e.g., silicon oxide or a metal oxide such as
hafnium oxide, aluminum oxide, etc. In example embodi-
ments, the dielectric structure 136 including the tunnel insu-
lation layer, the blocking layer, and the blocking layer may
have an ONO structure including an oxide layer, a nitride
layer and an oxide layer sequentially stacked.

[0060] The gate lines 1484, 1485, 148¢ and 1484 may be
formed on the blocking layer, and may be spaced apart from
each other in the third direction. Each of the gate lines 148a,
148b,148¢ and 1484 may surround the sidewall of the vertical
channel structure 142, and may extend in the first direction.
[0061] In example embodiments, a lowermost one of the
gate lines 148a, 1485, 148¢ and 1484, or the lowermost one
and a nearest one thereto over the lowermost one of the gate
lines 148a, 1485, 148¢ and 1484 may serve as a ground select
line (GSL), and an uppermost one of the gate lines 148a,
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148b, 148¢ and 1484, or the uppermost one and a nearest one
thereto under the uppermost one of the gate lines 1484, 1485,
148¢ and 1484 may serve as a string select line (SSL). Others
of'the gate lines 1484, 1485, 148¢ and 1484 between the GSL
and the SSL may serve as a word line.

[0062] Insulating interlayer patterns 123a, 1235, 123c,
123d and 123e may be formed between the gate lines 148a,
148b, 148¢ and 1484 in the third direction. The insulating
interlayer patterns 123a, 1235, 123¢, 1234 and 123e may
include, an oxide, e.g., silicon oxide, SiOC, SiOF, etc. The
gate lines 148a, 148b, 148¢ and 1484 may be electrically
insulated from each other by the insulating interlayer patterns
123a, 1235, 123¢, 1234 and 123e.

[0063] As shown in FIGS. 1 and 2, a stacked structure
including the gate lines 148a, 1485, 148¢ and 1484 and the
insulating interlayer patterns 123a, 1236, 123¢, 123d and
123e may have alength in the first direction that may decrease
from a bottom toward a top in the third direction. In example
embodiments, the stacked structure including the gate lines
148a, 1485, 148¢ and 1484 and the insulating interlayer pat-
terns 123a, 1235, 123¢, 123d and 123¢ may have a stepped
shape. In example embodiments, a plurality of stacked struc-
tures may be formed in the first region 20.

[0064] A division pattern 152 may be formed between the
stacked structures adjacent to each other in the second direc-
tion. The stacked structures may be separated by the division
pattern 152, and the gate lines 148a, 1485, 148¢ and 1484
extending in the first direction in each of the stacked struc-
tures may be restricted by the division pattern 152 along the
second direction.

[0065] A second impurity region (not shown) may be
formed at an upper portion of the substrate 10 adjacent to the
division pattern 152. The second impurity region may extend
in the first direction and serve as a common source line (CSL)
of the vertical semiconductor device.

[0066] The bit line may be electrically connected to the
vertical channel structure 142. The bit line may extend in a
direction substantially perpendicular to the extension direc-
tion of the gate lines 123a, 1235, 123¢, 123d and 123¢, which
may be the second direction.

[0067] An isolation layer pattern 108 may be formed at the
second region of the substrate 10, and a field region and an
active region may be defined in the substrate 10.

[0068] A first active region 106a may be formed in the
dummy region of the second region 22. The first active region
106a may serve as a dummy active region on which no actual
circuits may be formed. The first active region 106a may
reduce or prevent elements from being polished or removed
on the second region 22 when a chemical mechanical polish-
ing (CMP) process is performed. The first active region 1064
may have a linear shape extending in a direction substantially
parallel to the boundary line (L) of the first region 20. That is,
the first active region 1064 may extend in the <110> direction.
[0069] A peripheral circuit may be formed on the periph-
eral region of the second region 22. The peripheral circuit
may include a CMOS transistor.

[0070] A second active region 1065 for forming the tran-
sistor may be formed at the peripheral region of the second
region 22. The second active region 1065 may be disposed to
have an oblique angle, and in some embodiments an acute
angle, with the <110> direction.

[0071] That s, a longitudinal direction of the second active
region 1065 may be neither perpendicular nor parallel to the
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boundary line (L) of the first region 20, but may have an
oblique angle, and in some embodiments an acute angle,
therewith.

[0072] In example embodiments, the second active region
1065 may be disposed to have an angle of about 10 degrees to
about 80 degrees to the boundary line (L) of the first region
20. When the second active region 1065 is disposed to have an
angle of 45 degrees to the boundary line (L) of the first region
20, the second active region 1065 may be disposed in the
<100> direction.

[0073] An elastic modulus of the substrate 10 may vary
depending on the crystal orientation of silicon in the substrate
10. The elastic modulus may be proportional to a stress of the
substrate 10, and thus the stress of the substrate 10 may be
changed according to the crystal orientation of silicon in the
substrate 10. For example, in a single crystalline (monocrys-
talline) silicon substrate, an elastic modulus of the <100>
direction may be smaller than that of the <110> direction.
Thus, a stress of the substrate 10 due to a pressure in the
<110> direction may be greater than a stress of the substrate
10 due to a pressure in the <100> direction.

[0074] In example embodiments, the second active region
1065 may be disposed in a direction different from the <110>
direction, so that the stress of the substrate 10 may decrease.
[0075] For forming sacrificial layer patterns and the insu-
lating interlayer patterns 123a, 1235, 123¢, 1234 and 123¢ on
the first region 20, a depositing process and an etching pro-
cess may be performed at a high temperature. Accordingly, as
different layers may be alternatively and repeatedly deposited
on the first region 20, a mechanical stress may be applied to
the first region 20. Also, a thermal stress may be applied to the
first region 20 during the depositing and etching processes.
The thermal stress and mechanical stress of the first region 20
may transfer to the second region 22 of the substrate 10, so
that defects or damages, e.g., a change of chemical structure
or a dislocation, etc., may be generated at the second region
22 of the substrate 10.

[0076] The sacrificial layer patterns and the insulating
interlayer patterns 123a, 1235, 123¢, 123d and 123e may be
disposed in the <110> direction, so that an excessive com-
pressive stress in the <110> direction may be applied to the
first region 20 of the substrate 10. Thus, a tensile stress in the
<110> direction may be applied to the second region 22
adjacent to the first region 20. Due to the tensile stress, a
crystal defect or a dislocation may occur at a weak portion of
the second region 22 of the substrate 10.

[0077] However, in example embodiments, the second
active region 1065 may be disposed in a direction different
from the <110> direction. Thus, a direction of the compres-
sive stress from the first region 20 to the second active region
1065 may not be identical to the longitudinal direction of the
second active region 1065. Also, the second active region
1065 may be disposed in a direction having a small elastic
modulus so that a small stress may be applied to the second
active region 106. The stress applied to the second active
region 1065 from the first region 20 may be dispersed. Also,
the second active region 1065 may have a relatively small
stress when compared to the second active region 1065 dis-
posed in the <110> direction.

[0078] Thus, the crystal defect or the dislocation in the
second active region 1065 due to the stress applied from the
first region 20 may decrease. Also, defects or failures of the
peripheral circuit due to the crystal defect or the dislocation in
the second active region 1065 may decrease.
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[0079] A gate structure 116 including a gate insulation
layer pattern 110, a gate electrode 112 and a gate mask 114
may be formed on the second region 22 of the substrate 10.
[0080] In example embodiments, the gate structure 116
may be disposed in a direction substantially perpendicular to
the longitudinal direction of the second active region 1065.
That is, the gate structure 116 may be disposed in a direction
different from the <100> direction so as to decrease an effect
of'the stress. Thus, failures of the gate structure 116 such as a
crack or a deformation may decrease.

[0081] In example embodiments, gate spacers 118 may be
further formed on sidewalls of the gate structure 116.

[0082] A first impurity region 120 may be formed at an
upper portion of the second active region 1065 adjacent to the
gate structure 116. A CMOS transistor may include the gate
structure 116 and the first impurity region 120, and the first
impurity region 120 may serve as a source region or a drain
region of the CMOS transistor.

[0083] Accordingly, as the crystal defect or the dislocation
in the second active region 1065 may decrease, electrical
defects or failures of the transistor such as leakage currents
may decrease. Thus, the vertical semiconductor device may
have a high reliability.

[0084] FIGS. 6 to 15 are cross-sectional views and plan
views illustrating stages of a method of manufacturing the
vertical semiconductor device of FIG. 1.

[0085] Particularly, FIGS. 6, 7, 9 and 11 to 15 are cross-
sectional views, and FIGS. 8 and 10 are plan views.

[0086] Referring to FIG. 6, a substrate 10 may be a (100)
silicon wafer. In the (100) silicon wafer, a crystal orientation
of the substrate 10 in first and second directions may be the
<110> direction. The (100) silicon wafer may be referred to
as a flat zone <110> wafer. The (100) silicon wafer may be
generally used for manufacturing of a semiconductor device.
[0087] A chip area A of the substrate 10 for forming the
vertical semiconductor device may include a first region 20
and a second region 22. The first region 20 may serve as a cell
region for forming memory cells, and the second region 22
may include a dummy region and a peripheral region. The
first region 20 may have a quadrilateral shape, such as a
rectangular shape, having four sides extending in the first and
second directions. Thus, each of boundary lines of the first
region 20 may extend in one of the first and second directions.
[0088] An etching mask 102 for forming first and second
active regions 1064 and 1065 may be formed on the first and
second regions 20 and 22 of the substrate 10. A field region of
the second region 22 may be etched using the etching mask
102 to form trenches 104. Portions of the second region 22
between the trenches 104 may serve as an active region 106a
and 1065, respectively. A first active region 106a may be
formed in the dummy region, and a second region 1065 may
be formed in the peripheral region.

[0089] Thefirstactive region 106a may be formed to extend
in the <110> direction. The first active region 106a may be
formed to have a linear shape extending in a direction sub-
stantially parallel to the boundary line of the first region 20. In
example embodiments, a plurality of first active regions 1064
may be formed, and the plurality of first active regions 106a
may be substantially parallel to each other.

[0090] The second active region 1065 may be formed to
have an oblique angle, such as an acute angle, with the <110>
direction. In example embodiments, the second active region
1065 may be formed to have an angle of about 10 degrees to
about 80 degrees with the <110>direction. That is, the second
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active region 1065 may be neither perpendicular nor parallel
to the boundary line of the first region 20, but may have an
acute angle therewith. When the second active region 1065 is
formed to have an angle of 45 degrees with the boundary line
L (refer to FIG. 8) of the first region 20, a longitudinal direc-
tion of the second active region 1065 may be disposed in the
<100> direction.

[0091] Referring to FIGS. 7 and 8, an insulation layer (not
shown) may be formed on the substrate 10 in, and in some
embodiments to fill, the trenches 104, and may be planarized
until a top surface of the substrate 10 may be exposed, and
thus an isolation layer pattern 108 may be formed in each of
the trenches 104. The first active region 106a, the second
active region 1065 and the field region in the second region 22
of the substrate 10 may be defined by the isolation layer
pattern 108.

[0092] Referring to FIGS. 9 and 10, a gate insulation layer,
a gate electrode layer and a gate mask layer may be sequen-
tially formed on the substrate 10. The gate mask layer may be
patterned by a photolithography process to form a gate mask
114. The gate mask 114 may be formed in the second region
22 of the substrate 10, and may be disposed in a direction
substantially perpendicular to the longitudinal direction of
the second active region 1065.

[0093] The gate electrode layer and the gate insulation
layer may be etched using the gate mask 114 as an etching
mask to form a gate electrode 112 and a gate insulation
pattern 110, respectively. Thus, a gate structure 116 including
the gate insulation layer pattern 110, the gate electrode 112
and the gate mask 114 may be formed on the second region 22
of the substrate 10. The gate structure 116 may be formed on
a portion of the second active region 1065, and may be dis-
posed in a direction substantially perpendicular to the longi-
tudinal direction of the second active region 1065.

[0094] The gate insulation layer may be formed to include
an oxide, e.g., silicon oxide, a metal oxide, etc., the gate
electrode layer may be formed to include, e.g., a metal, a
metal nitride, polysilicon, etc., and the gate mask layer may
be formed to include a nitride, e.g., silicon nitride. The gate
insulation layer, the gate electrode layer and the gate mask
layer may be formed by a chemical vapor deposition (CVD)
process, a plasma enhanced chemical vapor deposition (PE-
CVD) process, a high density plasma chemical vapor depo-
sition (HDP-CVD) process, an atomic layer deposition
(ALD) process, a sputtering process, etc. Alternatively, the
gate insulation layer may be formed on an upper portion of the
substrate 10 by a thermal oxidation process.

[0095] Impurities may be doped onto the second active
region 1065 adjacent to the gate structure 116 by an ion
implantation process to form a first impurity region 120. The
gate structure 116 and the first impurity region 120 may form
a MOS transistor of a peripheral circuit.

[0096] The second active region 10656 may be disposed in a
direction different from the <110> direction, so that the tran-
sistor on the second region 22 may have a reduced effect ofa
stress. If the second active region 1065 is disposed in the
<100> direction, the transistor formed on the (100) silicon
wafer may have an operation characteristic substantially the
same as or similar to that of a transistor formed on the (110)
silicon wafer.

[0097] In example embodiments, a spacer layer may be
formed on the substrate 10, on, and in some embodiments to
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cover, the gate structure 116, and the spacer layer may be
anisotropically etched to form gate spacers 118 on sidewalls
of the gate structure 116.

[0098] Referring to FIG. 11, insulating interlayers 122a,
122b,122¢, 122d and 122e and sacrificial layers 124a, 1245,
124¢ and 124d may be alternately and repeatedly formed on
the substrate 10. Thus, a preliminary mold structure including
the insulating interlayers and sacrificial layers may be
formed.

[0099] In example embodiments, the insulating interlayers
122a, 12256, 122¢, 122d and 122¢ may be formed to include,
e.g., silicon oxide, SiOC, SiOF, etc. The sacrificial layers
124a, 124b, 124c and 1244 may be formed to include a
material having an etching selectivity with respect to the
insulating interlayers 122a, 1225, 122¢,122d and 122¢. Also,
the sacrificial layers 124a, 1245, 124c and 1244 may be
formed to include a material that may be easily removed by a
wet etching process. The sacrificial layers 124a, 1245, 124¢
and 124d may be formed to include a nitride, e.g., silicon
nitride, SiBN, etc.

[0100] The sacrificial layers 124a, 124b, 124¢ and 124d
may be removed by subsequent processes, to form gaps 146
(refer to FIG. 14), and the gaps 146 may provide spaces for
forming a GSL, a word line and a SSL.. Thus, the numbers of
the insulating interlayers 122a, 1225, 122¢, 122d and 122¢
and the sacrificial layers 124a, 1245, 124¢ and 1244 may be
determined according to the numbers of the GSL, the word
line and the SSL subsequently stacked.

[0101] The insulating interlayers 122a, 1225, 122¢, 122d
and 122e and sacrificial layers 124a, 124b, 124¢ and 124d
may be partially etched to form a mold structure 130 having
a stepped shape.

[0102] Inexample embodiments, a first photoresist pattern
(not shown) may be formed on an uppermost one of the
insulating interlayers 122e, and edge portions of the insulat-
ing interlayers 122a, 122b, 122¢, 122d and 122e¢ and the
sacrificial layers 124a, 1245, 124¢ and 124d may be etched
using the first photoresist pattern as an etching mask. Then,
edge portions of the first photoresist pattern may be partially
removed to form a second photoresist pattern (not shown)
having a width smaller than that of the first photoresist pat-
tern, and edge portions of the insulating interlayers 122a,
122b, 122¢, 122d and 122¢ and the sacrificial layers 124a,
1245, 124¢ and 124d may be etched again using the second
photoresist pattern as an etching mask. By repeatedly per-
forming the etching process, the mold structure 130 may be
formed.

[0103] Inexample embodiments, the insulating interlayers
122a, 1225, 122¢, 122d and 122¢ and sacrificial layers 124a,
124b, 124¢ and 124d formed on the second region 22 may be
removed by the etching process for forming the mold struc-
ture 130. In the etching process for forming the mold structure
130, the gate structure 116 on the second region 22 may be
protected by a protection layer (not shown).

[0104] As described above, the mold structure 130 may
include a plurality of layers stacked on the first region 20 of
the substrate 10. The mold structure 130 may apply a stress to
the first region 20 of the substrate 10. As the numbers of the
layers included in the mold structure 130 may increase, the
stress of the first region 20 of the substrate 10 may increase.
Also, the stress of first region 20 of the substrate 10 may
transfer to the second region 22 of the substrate 10, and thus
the stress may be applied to the second region 22 of the
substrate 10.
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[0105] A compressive stress may be applied to the first
region 20 of the substrate 10 having the mold structure 130
thereon, and thus a tensile stress may be applied to the second
region of the substrate 10 adjacent to the first region 20.
However, in example embodiments, the second active region
1065 in the second region 22 may have a relatively small
elastic modulus, and the tensile stress applied to the second
region 22 may be dispersed. Thus, a crystal defect or a dislo-
cation of the second active region 1065 may decrease.
[0106] Referringto FIG.12,aninsulation layer (not shown)
may be formed on the substrate 10 on, and in some embodi-
ments to cover, the mold structure 130, and the insulation
layer may be planarized until a top surface of the mold struc-
ture 130 may be exposed to form a first upper insulation layer
132. In example embodiments, the planarization process may
be performed by a chemical mechanical polishing (CMP)
process and/or an etch back process.

[0107] A plurality of channel holes 134 may be formed
through the mold structure 130.

[0108] Inexample embodiments, a hard mask (not shown)
may be formed on an uppermost one of the insulating inter-
layers 122e, and the mold structure 130 including the insu-
lating interlayers 122a, 1225, 122¢, 122d and 122¢ and the
sacrificial layers 124a, 124b, 124¢ and 124d may be etched
using the hard mask as an etching mask to form the channel
holes 134. The channel holes 134 may extend in the third
direction to expose top surfaces of the substrate 10.

[0109] Referring to FIG. 13, a blocking layer, a charge
storage layer and a tunnel insulation layer may be sequen-
tially formed on inner walls of the channel holes 134, top
surfaces of the uppermost one of the insulating interlayers
122¢, and a top surface of the first upper insulation layer 132.
Thus, a dielectric structure 136 including the blocking layer,
the charge storage layer and the tunnel insulation layer may
be formed. The blocking layer may be formed to include an
oxide, e.g., silicon oxide, the charge storage layer may be
firmed to include a nitride, e.g., silicon nitride, and the tunnel
insulation layer may be formed to include an oxide, e.g.,
silicon oxide or a metal oxide, e.g., hathium oxide, aluminum
oxide, etc. In example embodiments, the dielectric structure
136 may be formed to have an ONO structure including an
oxide layer, a nitride layer and an oxide layer sequentially
stacked.

[0110] The dielectric structure 136 on the bottom surfaces
of the channel holes 134 may be etched by an etch back
process to expose top surfaces of the substrate 10.

[0111] A channel layer 138 may be formed on the dielectric
structure 136 and the exposed top surfaces of the substrate 10
in the channel holes 134, and a filling layer 140 may be
formed on the channel layer 138 to sufficiently fill remaining
portions of the channel holes 134. In example embodiments,
the channel layer 138 may be formed to include doped or
undoped polysilicon or amorphous silicon. Alternatively, the
channel layer 138 is formed to include amorphous silicon or
polysilicon, and the amorphous silicon layer or polysilicon
may be changed to a single crystalline silicon layer by per-
forming a laser beam treatment or a thermal treatment. The
filling layer 140 may be formed to include an oxide, e.g.,
silicon oxide or a nitride layer, e.g., silicon nitride.

[0112] The filling layer 140, the channel layer 138 and the
dielectric structure 136 may be planarized by e.g. a CMP
process.

[0113] Upper portions of the filling layer 140, the channel
layer 138 and the dielectric structure 136 in each of the
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channel holes 134 may be removed to form a recess (not
shown), and a pad pattern 144 including a conductive material
may be formed to fill the recess. In example embodiments, the
pad pattern 144 may be formed to include polysilicon, e.g.,
n-type doped polysilicon. Thus, a vertical channel structure
142 including the channel layer 138 and the filling layer 140,
and the dielectric structure 136 may be formed in each of the
channel holes 134.

[0114] Referring to FIG. 14, the mold structure 130 may be
etched to form a first opening 150 (refer to FIG. 1), and the
mold structure 130 may have a linear shape extending in the
first direction by forming the first opening 150.

[0115] Additionally, by forming the first opening 150, the
insulating interlayers 122a, 1225, 122¢, 122d and 122e and
the sacrificial layers may be transformed into the insulating
interlayer patterns 123a, 1235, 123¢, 123d and 123¢ and the
sacrificial layer patterns (not shown), respectively. The insu-
lating interlayer patterns 123a, 1235, 123¢, 123d and 123e
and the sacrificial layer patterns may extend in the first direc-
tion.

[0116] The sacrificial layer patterns exposed by the first
opening 150 may be removed to form the gaps 146 between
insulating interlayer patterns 123a, 1236, 123¢, 123d and
123¢ at adjacent levels. An outer sidewall of the dielectric
structure 136, e.g. the blocking layer may be exposed by the
gaps 146. In example embodiments, the sacrificial layer pat-
terns may be removed by a wet etch process using an etchant
having an etching selectivity with respect to the insulating
interlayer patterns 123a, 1235, 123¢, 123d and 123e.

[0117] Referring to FIG. 15, gate lines 148a, 1485, 148¢
and 1484 may be formed in the gaps 146, respectively. That is,
the sacrificial layer patterns may be replaced with the gate
lines 148a, 1485, 148¢ and 148d, respectively.

[0118] The gate lines 148a, 1485, 148¢ and 1484 may be
formed to include a metal and/or a metal nitride. For example,
the gate lines 148a, 1485, 148¢ and 1484 may be formed to
include a metal having a low resistance and a low work
function, e.g., tungsten, titanium, tantalum, platinum, etc., or
ametal nitride thereof, e.g., titanium nitride, tantalum nitride,
etc. In example embodiments, the gate lines 148a, 1485, 148¢
and 1484 may be formed to have a barrier layer including the
metal nitride and a metal layer including the metal.

[0119] The gate lines 148a, 1485, 148¢ and 1484 may serve
as a GSL, a word line and a GSL, which may be sequentially
stacked from the substrate 10 upwardly in the third direction.
[0120] Impurities may be implanted into the exposed top
surface of the substrate 10 in the first opening 150 to form a
second impurity region (not shown), and a division pattern
152 (refer to FIG. 1) may be formed to fill the first opening
150. In example embodiments, the second impurity region
may extend in the first direction and serve as a CSL.

[0121] Referring to FIG. 2 again, a second upper insulation
layer 154 may be formed on the uppermost one of the insu-
lating interlayer patterns 123e, the first upper insulation layer
132, the pad pattern 144, and the division pattern 152. A
wiring structure (not shown) including a bit line may be
formed on the second upper insulation layer 154. The bit line
may be formed to extend in a direction substantially perpen-
dicular to the extension direction of the gate lines 148a, 1485,
148¢ and 148d.

[0122] As described above, the vertical semiconductor
device shown in FIGS. 1 and 2 may be manufactured. In the
method of manufacturing the vertical semiconductor device,
the crystal defect or the dislocation in the second region 22
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due to the stress generated when the memory cells may be
formed on the cell region 20 may be decreased. Thus, elec-
trical defects or failures of the transistor formed on the second
region 22 such as leakage currents may be decreased.

[0123] FIG. 16 is a plan view illustrating a vertical semi-
conductor device in accordance with other example embodi-
ments. The vertical semiconductor device of FIG. 16 may be
substantially the same as that of FIG. 1, except for the shape
of the first active pattern.

[0124] Referring to FIG. 16, a substrate may include silicon
and may have the (100) crystalline plane. Thus, the substrate
may be referred to as a (100) silicon wafer.

[0125] The substrate may include a first region 20 and a
second region 22. The first region 20 may serve as a cell
region for forming memory cells, and the second region 22
may include a dummy region and a peripheral region. The
first region 20 may have a quadrilateral shape, such as a
rectangular shape, having four sides extending in the first and
second directions. Thus, each of boundary lines L. of the first
region 20 may extend in the first direction or in the second
direction.

[0126] The memory cells may be stacked on the first region
20 in the third direction substantially perpendicular to the top
surface of the substrate. In example embodiments, the
memory cells may be substantially the same as or similar to
that illustrated with reference to FIGS. 1 and 2. However, the
structure of the memory cells may not be limited thereto, and
the memory cells may have various other structures

[0127] A first active region 156a may be formed in the
dummy region of the second region 22. The first active region
1564 may serve as a dummy active region on which no actual
circuits may be formed. The first active region 156a may
reduce or prevent elements from being polished or removed
on the second region 22 when a chemical mechanical polish-
ing (CMP) process is performed.

[0128] A longitudinal direction of the first active region
156a may be disposed to have an oblique angle, such as an
acute angle, with the <110> direction. The first active region
1564 may a direction different from the <110> direction. That
is, the first active region 156a may be neither perpendicular
nor parallel to the boundary line (L) of the first region 20, but
may have an oblique angle, such as an acute angle, therewith.
In example embodiments, a plurality of first active regions
1564 may be formed, and the plurality of first active regions
1564 may be regularly arranged along the boundary line (L)
of'the first region 20. In example embodiments, the first active
region 156a may be disposed to have an angle of about 10
degrees to about 80 degrees to the boundary line (L) of the
first region 20. When the first active region 1564 is disposed
to have an angle of 45 degrees to the boundary line (L) of the
first region 20, the first active region 156a may be disposed in
the <100> direction. The first active region 1564 may be
disposed in a direction different from the <110> direction, so
that the stress of the substrate may decrease. Although a
thermal stress and/or a mechanical stress may be applied to
the second region 22 from the first region, the first active
region 1564 may have a relatively small stress. A stress trans-
ferred to the second active region 1065 of the peripheral
region may decrease.

[0129] A peripheral circuit of the vertical semiconductor
memory device may be formed on the peripheral region of the
second region 22. The peripheral circuit may include a
CMOS transistor.
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[0130] The second active region 1065 may be disposed to
have an oblique angle, such as an acute angle, with the <110>
direction. That s, a longitudinal direction of the second active
region 1065 may be neither perpendicular nor parallel to the
boundary line (L) of the first region 20, but may have an
oblique angle, such as an acute angle, therewith. Thus, the
second active region 1065 may be disposed in a direction
different from the <110> direction. In example embodiments,
the second active region 1065 may be disposed to have an
angle of about 10 degrees to about 80 degrees to the boundary
line (L) of the first region 20. The second active region 1065
may be disposed substantially the same as or similar to that
illustrated with reference to FIG. 1. Thus, a crystal defect or a
dislocation in the second active region 1565 due to a com-
pressive stress from the first region 20 to the second active
region 1565 may decrease.

[0131] A gate structure 116 including a gate insulation
layer pattern, a gate electrode and a gate mask may be formed
on the second active region 1065 of the substrate 10. In
example embodiments, the gate structure 116 may be dis-
posed in a direction substantially perpendicular to the longi-
tudinal direction of the second active region 1065. That is, the
gate structure 116 may be disposed in a direction different
from the <100> direction, so that the stress of the substrate
may decrease.

[0132] A first impurity region may be formed at an upper
portion of the second active region 1065 adjacent to the gate
structure 116. A CMOS transistor may include the gate struc-
ture 116 and the first impurity region.

[0133] According as the crystal defect or the dislocation in
the second active region 1065 may decrease, electrical defects
or failures of the transistor such as leakage currents may be
decreased.

[0134] FIG. 17 is a plan view illustrating a vertical semi-
conductor device in accordance with still other example
embodiments.

[0135] Referring to FIG. 17, a substrate may include silicon
and may have the (100) crystalline plane. Thus, the substrate
may be referred to as a (100) silicon wafer.

[0136] The substrate may include a first region 20 and a
second region 22. The first region 20 may serve as a cell
region for forming memory cells, and the second region 22
may include a dummy region and a peripheral region. The
first region 20 may have a quadrilateral shape, such as a
rectangular shape, having four sides extending in the first and
second directions. Thus, each of boundary lines L. of the first
region 20 may extend in the first direction or in the second
direction.

[0137] The memory cells may be stacked on the first region
20 in the third direction substantially perpendicular to the top
surface of the substrate. In example embodiments, the
memory cells may be substantially the same as or similar to
that illustrated with reference to FIGS. 1 and 2. However, the
structure of the memory cells may not be limited thereto, and
the memory cells may have various other structures

[0138] A first active region 160a may be formed in the
dummy region of the second region 22. The first active region
160a may serve as a dummy active region on which no actual
circuits may be formed. The first active region 160a may
reduce or prevent elements from being polished or removed
on the second region 22 when a chemical mechanical polish-
ing (CMP) process is performed.

[0139] A longitudinal direction of the first active region
160a may be disposed to have an oblique, e.g., acute angle,
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with the <110> direction. That is, the first active region 160a
may be neither perpendicular nor parallel to the boundary line
(L) of the first region 20, but may have an acute angle there-
with. In example embodiments, a plurality of first active
regions 160a may be regularly arranged along the boundary
line (L) of the first region 20. The first active region 160a may
a direction different from the <110> direction. In example
embodiments, the first active region 160a may be disposed to
have an angle of about 10 degrees to about 80 degrees to the
boundary line (L) of the first region 20. When the first active
region 160q is disposed to have an angle of 45 degrees to the
boundary line (L) of the first region 20, the first active region
1604 may be disposed in the <100> direction. The first active
region 160a may be disposed in a direction different from the
<110> direction, so that the stress of the substrate may
decrease. Although a thermal stress and/or a mechanical
stress may be applied to the second region 22 from the first
region, the first active region 160a may have a relatively small
stress. A stress transferred to the second active region 1605 of
the peripheral region may decrease.

[0140] A peripheral circuit of the vertical semiconductor
memory device may be formed on the peripheral region ofthe
second region 22. The peripheral circuit may include a
CMOS transistor.

[0141] The second active region 1605 may be disposed in a
direction substantially perpendicular or parallel to the bound-
ary line (L) of the first region 20. In example embodiments,
the second active region 1605 may be parallel to the boundary
line (L) of the first region 20, as shown in FIG. 17. The second
active region 1605 may be disposed in the second direction.
That is, the second active region may be disposed in the
<110> direction,

[0142] The stress transferred to the second active region
1605 is decreased. Thus, the stress of the second active region
1605 may decrease, although the second active region 16056
may be disposed in the <110> direction.

[0143] A gate structure 162 including a gate insulation
layer pattern, a gate electrode, and a gate mask may be formed
on the second active region 1605 of the substrate. In example
embodiments, the gate structure 162 may be disposed in a
direction substantially perpendicular to the longitudinal
direction of the second active region 1605. The gate structure
162 may be disposed in the first direction. That is, the gate
structure 162 may be disposed in the <110> direction.
[0144] A first impurity region may be formed at an upper
portion of the second active region 1605 adjacent to the gate
structure 162. A CMOS transistor may include the gate struc-
ture 162 and the first impurity region.

[0145] Accordingly, as the crystal defect or the dislocation
in the second active region 1605 may decrease, electrical
defects or failures of the transistor such as leakage currents
may be decreased.

[0146] FIG. 18 is a plan view illustrating a vertical semi-
conductor device in accordance with still other example
embodiments.

[0147] Referring to FIG. 18, a substrate may include silicon
and may have the (100) crystalline plane. Thus, the substrate
may be referred to as a (100) silicon wafer. The substrate may
include a first region 20 and a second region 22.

[0148] Memory cells may be stacked on the first region 20
in the third direction substantially perpendicular to the top
surface of the substrate. In example embodiments, the
memory cells may be substantially the same as or similar to
that illustrated with reference to FIGS. 1 and 2. However, the
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structure of the memory cells may not be limited thereto, and
the memory cells may have various other structures.

[0149] A first active region 106a may be formed in a
dummy region of the second region 22. The first active region
106a may serve as a dummy active region on which no actual
circuits may be formed. In example embodiments, the first
active region 106a may be substantially the same as or similar
to that illustrated with reference to FIGS. 1 and 2. In other
example embodiments, the first active region 106a may be
substantially the same as or similar to that illustrated with
reference to FIG. 16.

[0150] A peripheral circuit of the vertical semiconductor
memory device may be formed on the peripheral region of the
second region 22. The peripheral circuit may include a
CMOS transistor.

[0151] A second active region 1065 may be disposed to
have an oblique, and in some embodiments an acute, angle
with the <110> direction. That is, a longitudinal direction of
the second active region 1065 may be neither perpendicular
nor parallel to the boundary line (L) of the first region 20, but
may have an acute angle therewith. Thus, a crystal defectora
dislocation in the second active region 1065 due to a com-
pressive stress from the first region 20 to the second active
region 1065 may decrease.

[0152] A gate structure 116 including a gate insulation
layer pattern 110, a gate electrode 112 and a gate mask 114
may be formed on the second region 22 of the substrate 10.
The gate structure 116 may be disposed in the first or second
direction. In example embodiments, the gate structure 116a
may be disposed in the first direction. That is, the gate struc-
ture 116a may be disposed in the <110> direction.

[0153] A first impurity region may be formed at an upper
portion of the second active region 1065 adjacent to the gate
structure 116a. A CMOS transistor may include the gate
structure 116a and the first impurity region.

[0154] Accordingly, as the crystal defect or the dislocation
in the second active region 1065 may decrease, electrical
defects or failures of the transistor such as leakage currents
may be decreased.

[0155] FIG. 19 is a cross-sectional view illustrating a ver-
tical semiconductor device in accordance with still other
example embodiments.

[0156] Referring to FIG. 19, the vertical type semiconduc-
tor device may include a peripheral circuit structure PC, a
base layer 230, and a memory cell structure MC sequentially
stacked on the substrate 200.

[0157] The substrate 200 may include silicon, and a crystal
orientation of the substrate in first and second directions,
which may be substantially parallel to a top surface of the
substrate 200 and substantially perpendicular to each other,
may be the <110> direction. The first direction may be sub-
stantially parallel to the orientation of a notch or a flat zone of
the substrate 200.

[0158] An isolation layer pattern 202 may be formed at the
substrate 200, and a field region and an active region 204 may
be defined in the substrate 200 by the isolation layer pattern
202. A CMOS transistor including a gate structure 206 and an
impurity region 208 may be formed on the substrate 200. The
CMOS transistor may serve as the peripheral circuit structure.
[0159] The active region 204 may be substantially the same
as or similar to as the second active region of FIG. 1, and thus
the active region 204 may be disposed to have an oblique
angle, and in some embodiments an acute angle, with the
<110> direction. The active region 204 may be disposed to
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have an angle of about 10 degrees to about 80 degrees to the
first direction. When the active region 204 is disposed to have
an angle of 45 degrees to the first direction, the active region
204 may be disposed in the <100> direction.

[0160] Theactiveregion 204 may be disposed ina direction
different from the <110> direction, so that the stress of the
substrate 200 may decrease. Thus, a crystal defect or a dislo-
cation in the active region 204 may decrease, and electrical
defects or failures of the peripheral circuit structure on the
active region 204 may decrease.

[0161] The gate structure 206 may include a gate insulation
layer pattern, a gate electrode and a gate mask, and the gate
structure may be formed on the active region 22. In example
embodiments, gate spacers 209 may be further formed on
sidewalls of the gate structure 206.

[0162] A first lower insulation layer 210 may be formed on,
and in some embodiments to cover, the peripheral circuit
structure on the substrate 200. A first contact plug 212 may be
formed through the first lower insulation layer 210 to be
electrically connected to the impurity region 208. A first
electrode pattern 214 may be formed on the first lower insu-
lation layer 210 to contact the first contact plug 212. A second
lower insulation layer 216 may be formed on, and in some
embodiments to cover, the first electrode pattern 214 on the
first lower insulation layer 210. A second contact plug 218
may be formed through the second lower insulation 216 layer
to be electrically connected to the first electrode pattern 214,
and a second electrode pattern 220 may be formed on the
second lower insulation layer 216 to contact the second con-
tact plug 218. A third lower insulation layer 222 may be
formed on, and in some embodiments to cover, the second
electrode pattern 220 on the second lower insulation layer
216. In example embodiments, a wiring structure including
the first and second contact plugs 212 and 218 and the firstand
second electrode patterns 214 and 220 may be formed to have
two levels. However, the numbers of the wiring structure may
not be limited thereto.

[0163] The first, second and third lower insulation layers
210, 216 and 222 may include an oxide, e.g., silicon oxide.
The first and second contact plugs 212 and 218 and the first
and second electrode patterns 214 and 220 may include, e.g.,
a metal, a metal nitride, doped polysilicon, etc.

[0164] Thebase layer 230 may be formed on the third lower
insulation layer 222. The base layer 230 may include, e.g.,
doped polysilicon. The base layer 230 may be doped with
p-type impurities, e.g., boron (B), gallium (Ga), etc, and thus
the base layer 230 may serve as a p-well.

[0165] The memory cell structure MC may be formed on
the base layer 230. The memory cell structure MC may
include a vertical channel structure 142, a dielectric structure
136, a plurality of gate lines 148a, 1485, 148¢, 1484, 148¢ and
148/, and a bit line (not shown).

[0166] The memory cell structure MC may include a plu-
rality of memory cells sequentially stacked. In example
embodiments, the memory cells may be substantially the
same as or similar to that illustrated with reference to FIG. 1.
However, the structure of the memory cells may not be lim-
ited thereto, and the memory cells may have various other
structures

[0167] An insulation layer 240 may be formed on, and in
some embodiments to cover, sidewalls of the memory cell
structure MC on the base layer 230. A contact plug 248 may
be formed through the insulation layer 240 to be electrically
connected to the memory cell structure MC and the peripheral
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circuit structure PC. In example embodiments, the contact
plug 248 may be formed to contact the second electrode
pattern 220. An insulation pattern 242 may be formed on a
sidewall of the contact plug 248 to surround a sidewall of the
contact plug 248.
[0168] As described above, the peripheral circuit structure
PC may be formed on the substrate 200, and the memory cell
structure MC may de formed over the peripheral circuit struc-
ture PC. Thus, a integration degree of the vertical semicon-
ductor device may increase. The active region 204 in which
the peripheral circuit structure PC may be formed may be
disposed in a direction different from the <110> direction, so
that the stress of the substrate 200 may decrease. Thus, elec-
trical defects or failures of peripheral circuit structure PC may
decrease.
[0169] FIG. 20 is a block diagram illustrating an electronic
system including a semiconductor device in accordance with
example embodiments.
[0170] Referring to FIG. 20, an electronic system 2000 of
this example embodiment may include a controller 2020, an
input/output device 2040, a memory device 2060, an interface
2080 and a bus 2100. The controller 2020, the input/output
device 2040, the memory device 2060 and/or the interface
2080 may be coupled with each other via the bus 2100. The
bus 2100 may serve as a path through which data may be
transmitted.
[0171] In example embodiments, the controller 2020 may
include a microprocessor, a digital signal processor, a micro-
controller and/or logic devices having functions substantially
similar to the microprocessor, the digital signal processor and
the microcontroller. The input/output device 2040 may
include a keypad, a keyboard and/or a display unit, etc. The
memory device 2060 may store the data and/or commands.
The memory device 2060 and/or any of the other blocks of
FIG. 20 may include any one of the semiconductor devices in
above-mentioned example embodiments. Additionally, the
memory device 2060 may further include other semiconduc-
tor devices such as a flash memory device, a DRAM device
and/or an SRAM device, etc. The interface 2080 may transmit
the data to acommunication network. The interface 2080 may
receive the data from the communication network. The inter-
face 2080 may have a wired structure or a wireless structure.
For example, the interface 2080 may include an antenna, a
wired or wireless transceiver, etc. The electronic system 2000
may further include operational memory device for improv-
ing operations of the controller 2020 such as a DRAM device
and/or an SRAM device, etc., having a high operational
speed.
[0172] In example embodiments, the electronic system
2000 may be applied to electronic articles such as a personal
digital assistant (PDA), a portable computer, a web tablet, a
wireless phone, a mobile phone, a digital music player and/or
a memory card, etc.
[0173] While example embodiments have been particularly
shown and described, it will be understood by one of ordinary
skill in the art that variations in form and detail may be made
therein without departing from the spirit and scope of the
claims.

What is claimed is:

1. A semiconductor device, comprising:

a semiconductor substrate comprising a <110> direction;

a memory cell on a first region of the substrate;

an active region in a second region neighboring the first

region of the substrate, an extension direction of the
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active region having an acute angle with the <110>
direction of the substrate; and

a transistor serving as a peripheral circuit on the second

region of the substrate.

2. The device of claim 1, wherein the memory cell
includes:

a channel structure extending in a direction substantially

perpendicular to a top surface of the substrate;

a dielectric structure on the channel structure; and

a plurality of gate lines stacked on the dielectric structure,

the plurality of gate lines being spaced apart from each
other.

3. The device of claim 2, wherein the gate lines extend in
the <110> direction of the substrate.

4. The device of claim 1, wherein the extension direction of
the active region has an angle of about 10 degrees to about 80
degrees with the <110> direction of the substrate.

5. The device of claim 1, wherein the substrate is a (100)
silicon wafer.

6. The device of claim 1, further comprising a dummy
region adjacent to the first region in the second region,
wherein the dummy region includes a dummy active region
therein.

7. The device of claim 6, wherein the dummy active region
has a linear shape and extends in a direction substantially
parallel to a boundary line of the first region.

8. The device of claim 6, wherein the dummy active region
extends in a direction having an angle of about 10 degrees to
about 80 degrees with the <110> direction of the substrate.

9. The device of claim 8, wherein the dummy active region
includes a plurality of dummy active regions regularly
arranged in a direction substantially parallel to a boundary
line of the first region.

10. The device of claim 1, wherein the transistor includes a
gate electrode and an impurity region, and the gate electrode
extends in a direction substantially perpendicular to a longi-
tudinal direction of the active region.

11. The device of claim 1, wherein the transistor includes a
gate electrode and an impurity region, and the gate electrode
extends in the <100> direction of the substrate.

12. A semiconductor device, comprising:

a semiconductor substrate comprising a <110> direction;

a memory cell on a first region of the substrate;

an active region in a second region neighboring the first

region of the substrate, an extension direction of the
active region having an acute angle with the <110>
direction of the substrate;

a transistor serving as a peripheral circuit on the second

region of the substrate; and

a dummy active region in the second region adjacent to the

first region, an extension direction of the dummy active
region having an angle of about 10 degrees to about 80
degrees with the <110> direction of the substrate.

13. The device of claim 12, wherein the extension direction
of the active region has an angle of about 10 degrees to about
80 degrees with the <110> direction of the substrate.

14. The device of claim 12, wherein the active region
extends in the <110> direction of the substrate.

15. The device of claim 12, wherein the transistor includes
a gate electrode and an impurity region, and the gate electrode
extends in a direction substantially perpendicular to a longi-
tudinal direction of the active region.
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16. A semiconductor device, comprising:

a substrate comprising a <110> direction;

a memory cell array comprising a plurality of word lines
that extend along the substrate parallel or perpendicular
to the <110> direction; and

aplurality of peripheral circuit transistors that extend along
the substrate oblique to the <110> direction.

17. The device of claim 16 wherein the plurality of periph-
eral circuit transistors extend along the substrate at an angle of
between about 10 degrees and about 80 degrees to the <110>
direction.

18. The device of claim 16 further comprising a plurality of
dummy active regions between the memory cell array and the
plurality of peripheral cell transistors, the dummy active
regions not comprising transistors therein.

19. The device of claim 16 wherein the memory cell array
further comprises a plurality of memory cells having channel
structures that extend perpendicular to a face of the substrate.

20. The device of claim 16 wherein the substrate comprises
mono crystalline silicon and also comprises a <100> direc-
tion, and wherein the plurality of peripheral circuit transistors
extend along the <100> direction.
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