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(57) ABSTRACT

A vertical memory device includes a substrate, a channel,
gate lines and a connecting portion. A plurality of the chan-
nels extend in a first direction which is vertical to a top surface
of a substrate. A plurality of the gate lines are stacked in the
first direction to be spaced apart from each other and extend in
a second, lengthwise direction, each gate line intersecting a
set of channels and surrounding outer sidewalls of each chan-
nel of the set of channels. The gate lines forms a stepped
structure which includes a plurality of vertical levels. A con-
necting portion connects a group of gate lines of the plurality
of gate lines located at the same vertical level, the connecting
portion diverging from the second direction in which the gate
lines of the group of gate lines extend.
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VERTICAL MEMORY DEVICES AND
METHODS OF MANUFACTURING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 USC §119
to Korean Patent Application No. 10-2013-0140354, filed on
Nov. 19, 2013 in the Korean Intellectual Property Office
(KIPO), the contents of which are incorporated by reference
herein in their entirety.

BACKGROUND

[0002] 1. Field

[0003] Example embodiments relate to vertical memory
devices and methods of manufacturing the same. More par-
ticularly, example embodiments relate to non-volatile
memory devices including vertical channels and methods of
manufacturing the same.

[0004] 2. Description of the Related Art

[0005] Recently vertical memory devices including
memory cells stacked vertically with respect to a surface of a
substrate have been developed in order to realize a high
degree of integration. In a vertical memory device, gate lines
may be stacked vertically with respect to a top surface of the
substrate, and contacts and/or wirings for applying electrical
signals to the gate lines may be needed.

[0006] As the stacked number of the gate lines becomes
larger, the number of the contacts and the wirings may be also
increased. In this case, a circuit structure of the vertical
memory device may become excessively complex, and a
patterning process for a formation of the contacts and the
wirings may not be easily performed due to a resolution limit
of, e.g., an exposure apparatus.

SUMMARY

[0007] Example embodiments provide a vertical memory
device having a high degree of integration.

[0008] Example embodiments provide a method of manu-
facturing a vertical memory device having a high degree of
integration.

[0009] According to example embodiments, there is pro-
vided a vertical memory device. The vertical memory device
includes a substrate, a channel, gate lines and a connecting
portion. A plurality of the channels extends in a first direction
which is vertical to a top surface of the substrate. A plurality
of the gate lines are stacked in the first direction to be spaced
apart from each other, and extend in a second, lengthwise
direction, each gate line intersecting a set of channels and
surrounding outer sidewalls of each channel of the set of
channels. The gate lines forms a stepped structure which
includes a plurality of vertical levels. A connecting portion
connects a group of gate lines of the plurality of gate lines
located at the same vertical level. The connecting portion
diverges from the second direction in which the gate lines of
the group of gate lines extend.

[0010] Inexample embodiments, the substrate may include
a cell region and an extension region at a lateral portion of the
cell region. The connecting portion may be disposed on the
extension region.

[0011] Inexample embodiments, the gate line may include
an extension portion protruding toward the extension region.
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The connecting portion of an uppermost level may be
diverged from the extension portion of the gate line.

[0012] Inexample embodiments, a plurality ofthe connect-
ing portions may be provided at different vertical levels and
overlap each other in the first direction.

[0013] Inexample embodiments, the connecting portion is
inside outermost ends of the gates lines of the group of gate
lines in the second direction and is integral with the group of
gate lines.

[0014] Inexample embodiments, the extension region may
include a first extension region and a second extension region
at both lateral portions of the cell region. The plurality of gate
lines may be stacked in the first direction such that top sur-
faces of the plurality of gate lines may be exposed alternately
on the first extension region and the second extension region.
[0015] In example embodiments, the connecting portion
may be disposed on at least one of the first extension region
and the second extension region.

[0016] In example embodiments, the vertical memory
device may further include contacts electrically connected to
the plurality of gate lines. The contacts may be arranged
alternately on the first extension region and the second exten-
sion region in the first direction.

[0017] Inexample embodiments, the plurality of gate lines
may include ground selection lines (GSLs), word lines and
string selection lines (SSLs). The SSLs at the same level may
be separated from each other, and the group of word lines at
the same level may be connected or merged with each other
by the connecting portion.

[0018] In example embodiments, the GSLs at the same
level may be separated from each other by a separation layer
pattern.

[0019] Inexample embodiments, the separation layer pat-
tern may overlap the connecting portion in the first direction.
[0020] In example embodiments, the GSL may include a
recessed portion accommodating the separation layer pattern.
[0021] In example embodiments, the GSL may include a
protrusion in contact with the separation layer pattern.
[0022] In example embodiments, the vertical memory
device may further include a GSL contact, a word line contact
and an SSL contact electrically connected to the GSL, the
word line and the SSL, respectively. The number of the word
line contacts at one level may be smaller than the number of
the GSL contacts at one level or the number of the SSL
contacts at one level.

[0023] In example embodiments, a GSL contact and an
SSL contact may be provided on each individual GSL and
each individual SSL, respectively. The gate lines connected
by the connecting portion at one level may form a word line
group. The word line contact may be provided for each word
line group.

[0024] Inexample embodiments, the word line contact may
be provided on the connecting portion.

[0025] Inexampleembodiments, a plurality of the channels
may be arranged in the second direction to form a channel
row. A plurality of the channel rows may be arranged in a third
direction perpendicular to the second direction. A gate line
may surround channels of the channel row, and the connect-
ing portion may connect the group of gate lines arranged in
the second direction at the same vertical level.

[0026] According to example embodiments, a vertical
memory device includes: a substrate; a plurality of channels
extending in a first direction which is vertical to a top surface
of the substrate; and a plurality of sets of gate lines stacked in
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the first direction, each set of gate lines including a group of
gate lines at a same vertical level and extending in a second
direction perpendicular to the first direction, the group of
gates lines parallel to each other and separated from each
other in a third direction perpendicular to the first direction
and different from the second direction. Each gate line of each
group of gate lines intersects a plurality of channels, and a
plurality of sets of gate lines form a stepped structure which
includes a plurality of vertical levels. The vertical memory
device further includes at least a first connecting portion
connecting gate lines of a first gate line group of the plurality
of groups of gate lines, the connecting portion integrally
formed to connect the gate lines of the first gate line group and
extending in an extension direction different from the second
direction.

[0027] According to example embodiments, the plurality
of channels are formed at a central region of the vertical
memory device; and the first connecting portion is formed in
an outer region of the vertical memory device where the
channels are not formed.

[0028] According to example embodiments, the gate lines
ofthe first gate line group extend in the second direction from
the central region to the outer region and end at a location in
the outer region; and the connecting portion is located
between the end of the gate lines of the first gate line group
and the central region, with respect to the second direction.

[0029] According to example embodiments, the vertical
memory device further includes at least a second connecting
portion connecting gate lines of a second gate line group of
the plurality of groups of gate lines, second gate line group at
a different vertical level as the first gate line group, the second
connecting portion integrally formed to connect the gate lines
of the second gate line group and extending in the extension
direction different from the second direction. The second
connecting portion vertically overlaps the first connecting
portion.

[0030] The vertical memory device may further include a
word line contact shared among the the gate lines of the first
gate line group.

[0031] According to example embodiments, a vertical
memory device includes a substrate and a plurality of cell
blocks on the substrate. The substrate includes a cell region,
and a first extension region and a second extension region at
opposite lateral portions of the cell region. Each cell block of
the plurality of cell blocks includes a plurality of channels, a
plurality of gate lines and a connecting portion. The channels
extend in a first direction which is vertical to a top surface of
the substrate. Each gate lines surrounds outer sidewalls of a
set of channels of the plurality of channels and extending in a
second, lengthwise direction perpendicular to the first direc-
tion, the plurality of gate lines including at least two groups of
gate lines of the plurality of gate lines, the groups stacked in
the first direction to be spaced apart from each other. The
connecting portion connects the gate lines located at the same
level, and protrudes from the gate line in a third direction
different from the lengthwise direction.

[0032] In example embodiments, the cell blocks may be
arranged in the third direction which is parallel to the top
surface of the substrate. The first extension region and the
second extension region may face each other with respect to
a cell region in the second direction. The second direction
may be parallel to the top surface of the substrate and perpen-
dicular to the third direction.
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[0033] In example embodiments, the connection portions
of the cell blocks may be arranged alternately on the first
extension region and the second extension region in the third
direction.

[0034] In example embodiments, the vertical memory
device may further include a contact electrically connected to
the gate lines which are connected to or merged with each
other by the connecting portion. A plurality of the contacts
may be arranged alternately on the first extension region and
the second extension region in the third direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Example embodiments will be more clearly under-
stood from the following detailed description taken in con-
junction with the accompanying drawings. FIGS. 1 to 59
represent non-limiting, example embodiments as described
herein.

[0036] FIG. 1 is a perspective view illustrating a vertical
memory device in accordance with example embodiments;
[0037] FIG. 2 is an exemplary top plan view illustrating the
vertical memory device of FIG. 1, according to one embodi-
ment;

[0038] FIGS. 3 to 5 are exemplary cross-sectional views
taken along lines I-I', II-II' and of F1IG. 1, respectively, accord-
ing to certain embodiments;

[0039] FIGS. 6A and 6B are exemplary cross-sectional
views taken along a line IV-IV' of FIG. 1, according to certain
embodiments;

[0040] FIGS. 7 to 20B are perspective views, top plan views
and cross-sectional views illustrating a method of manufac-
turing a vertical memory device in accordance with example
embodiments;

[0041] FIG. 21 is a perspective view illustrating a vertical
memory device in accordance with example embodiments;
[0042] FIGS. 22 and 23 are exemplary cross-sectional
views taken along lines I-I' and II-II' of FIG. 21, respectively,
according to certain embodiments;

[0043] FIGS. 24A and 24B are exemplary cross-sectional
views taken along a line V-V' of FIG. 20, according to certain
embodiments;

[0044] FIGS. 25 to 32F are perspective views, a top plan
view and cross-sectional views illustrating a method of manu-
facturing a vertical memory device in accordance with
example embodiments;

[0045] FIG. 33 is a perspective view illustrating a vertical
memory device in accordance with example embodiments;
[0046] FIG. 34 is an exemplary top plan view illustrating
the vertical memory device of FIG. 33, according to one
embodiment;

[0047] FIGS. 35 to 37 are exemplary cross-sectional views
taken along lines I-I', II-IT' and ITI-I1T' of FIG. 33, respectively,
according to certain embodiments;

[0048] FIGS. 38 to 42D are perspective views, a top plan
view and cross-sectional views illustrating a method of manu-
facturing a vertical memory device in accordance with
example embodiments;

[0049] FIGS. 43 to 45 are top plan views illustrating verti-
cal memory devices in accordance with example embodi-
ments;

[0050] FIGS. 46 to 52 are cross-sectional views and top
plan views illustrating a method of manufacturing vertical
memory devices in accordance with example embodiments;
[0051] FIG. 53 is a top plan view illustrating a vertical
memory device in accordance with example embodiments;

YMTC EXHIBIT 1011
Page 113 of 129



US 2015/0137216 Al

[0052] FIGS. 54 to 58 are cross-sectional views and top
plan views illustrating a method of manufacturing a vertical
memory device in accordance with example embodiments;
and

[0053] FIG. 59 is a top plan view illustrating a vertical
memory device in accordance with example embodiments.

DESCRIPTION OF EMBODIMENTS

[0054] 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 concept may, however, be embodied in
many different forms and should not be construed as limited
to the example embodiments set forth herein. In the drawings,
the sizes and relative sizes of layers and regions may be
exaggerated for clarity. 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.

[0055] It 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 “contacting,” or being “directly on,” “directly
connected to” or “directly coupled to” another element or
layer, there are no intervening elements or layers present.
[0056] It 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. Unless the context
indicates otherwise, these terms are only used to distinguish
one element, component, region, layer or section from
another region, layer or section, for example as a naming
convention. 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. For example,
an element referred to as a “first” element in the specification
may be referred to as a “second” element in the claims, and
vice versa.

[0057] 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.

[0058] 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 “includes,” “including,” “comprises,” and/or
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“comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

[0059] Example embodiments are described herein with
reference to cross-sectional illustrations that are schematic
illustrations ofidealized example embodiments (and interme-
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 limit the scope of
the present inventive concept.

[0060] Terms such as “same,” “planar,” or “coplanar,” as
used herein when referring to orientation, layout, location,
shapes, sizes, amounts, or other measures do not necessarily
mean an exactly identical orientation, layout, location, shape,
size, amount, or other measure, but are intended to encompass
nearly identical orientation, layout, location, shapes, sizes,
amounts, or other measures within acceptable variations that
may occur, for example, due to manufacturing processes. The
term “substantially” may be used herein to reflect this mean-
ing.

[0061] 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.

[0062] FIGS. 1to 6B are a perspective view, a top plan view
and cross-sectional views illustrating a vertical memory
device in accordance with example embodiments. Specifi-
cally, FIG. 1 is a perspective view illustrating the vertical
memory device. FIG. 2 is a top plan view illustrating the
vertical memory device of FIG. 1. FIGS. 3 to 5 are cross-
sectional views taken along lines I-I', II-II' and of FIG. 1,
respectively. FIGS. 6A and 6B are cross-sectional views
taken along a line IV-IV' of FIG. 1.

[0063] For the convenience of explanation, FIGS. 1 to 4,
and FIGS. 6A and 6B do not show all elements of the vertical
semiconductor device, but only show some elements thereof,
e.g., a substrate, a channel, a gate line, a pad and a bit line.

[0064] In all figures in this specification, a direction sub-
stantially perpendicular to a top surface of the substrate is
referred to as a first direction, and two directions substantially
parallel to the top surface of the substrate and crossing each
other are referred to as a second direction and a third direc-
tion. For example, the second and third directions may be
substantially perpendicular to each other. Additionally, a

<«
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direction indicated by an arrow in the figures and a reverse
direction thereto are considered as the same direction.
[0065] Referring to FIGS. 1 to 6B, the vertical memory
device may include a channel 135 protruding vertically from
a top surface of the substrate 100, a dielectric structure 130
surrounding an outer sidewall of the channel 135, and gate
lines 170 surrounding the channel 135 and spaced apart from
each other in the first direction. A pad 150 may be disposed on
the channel 135. The vertical memory device may further
include a bit line contact 190 in contact with the pad 150, and
a bit line 195 electrically connected to the bit line contact 190.
[0066] The substrate 100 may include a semiconductor
material, e.g., single crystalline silicon or germanium. In
example embodiments, the substrate 100 may include a cell
region I and an extension region II. These regions may also be
referred to as inner region, or central region, and outer
regions, or side regions.

[0067] The channel 135 may be disposed on the cell region
I of the substrate 100, and may be in contact with the top
surface of the substrate 100. In certain embodiments, the
channel 135 may have a substantially hollow cylindrical
shape or a substantially cup shape. A plurality of the channels
135 may be arranged along the third direction to form a
channel row. A plurality of the channel rows may be arranged
along the second direction to form a channel array. The chan-
nel 135 may include, for example, polysilicon or single crys-
talline silicon. Each channel 135 may pass through a plurality
of gate lines 170 in a vertical direction.

[0068] FIG. 1 illustrates that three channels 135 are
included in one channel row and six channel rows are
arranged in the second direction. However, the number of the
channels 135 included in the one channel row, and the number
of the channel rows are not specifically limited.

[0069] As illustrated in FIG. 5, a first filling layer pattern
140 having a substantially pillar shape or a substantially solid
cylindrical shape may be formed in the channel 135. The first
filling layer pattern 140 may include an insulation material
such as silicon oxide, for example.

[0070] In one example embodiment, the channel 135 may
have a substantially pillar shape or a substantially solid cylin-
drical shape. In this case, the first filling layer pattern 140 may
be omitted.

[0071] The dielectric layer structure 130 may be formed on
the outer sidewall of the channel 135. The dielectric layer
structure 130 may have a cup shape of which a central bottom
is opened or straw shape.

[0072] The dielectric layer structure 130 may include a
plurality of layers stacked in the third direction from the outer
sidewall of the channel 135. In example embodiments, the
dielectric layer structure 130 may include a tunnel insulation
layer pattern, a charge storage layer pattern and a blocking
layer pattern.

[0073] Inexample embodiments, the blocking layer pattern
may include an oxide such as silicon oxide, the charge storage
layer pattern may include a nitride such as silicon nitride or a
metal oxide, and the tunnel insulation layer pattern may
include an oxide such as silicon oxide. In one example
embodiment, the dielectric layer structure 130 may have an
oxide-nitride-oxide (ONO) layer structure.

[0074] The pad 150 may be formed on the first filling layer
pattern 140, the channel 135 and the dielectric layer structure
130 to be electrically connected to the bit line 195 via the bit
line contact 190. The pad 150 may serve as a source/drain
region through which charges are moved or transferred to the
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channel 135. The pad 150 may include, for example, poly-
silicon or single crystalline silicon. The pad 150 may further
include impurities, e.g., n-type impurities such as phosphorus
(P) or arsenic (As).

[0075] The gate lines 170 may be disposed on an outer
sidewall of the dielectric layer structure 130 to be spaced
apart from each other in the first direction. In example
embodiments, each gate line 170 may surround the channels
135 included in the channel row at the height at which the gate
line is located, and may extend in the third direction. As
illustrated in FIG. 6A, each gate line 170 may surround chan-
nels at the same vertical level of the gate lines and in one
channel row.

[0076] Inoneexample embodiment, each gate line 170 may
surround a plurality of the channel rows at the same vertical
level of the gate lines. In this case, a channel row group
including the plurality of the channel rows may be defined by
the gate line 170. For example, each gate line 170 may sur-
round four channel rows as illustrated in FIG. 6B. For the
convenience of explanation, the dielectric layer structure 130
and the first filling layer pattern 140 adjacent to the channel
135 are omitted in FIG. 6B.

[0077] Hereinafter, detailed descriptions are provided
using the case illustrated in FIG. 6A.

[0078] A width oralength ofthe gate lines 170 at each level
may decrease from the top surface of the substrate along the
first direction. In example embodiments, the gate lines 170
may be stacked in the first direction to form a substantially
pyramidal structure or a stepped structure.

[0079] A plurality of the gate lines 170 may be also
arranged in the second direction at each level or at each layer.
[0080] FIG. 1 illustrates that the gate lines 170 are formed
at 7 levels, and six gate lines 170 are arranged in the second
direction at each level. However, the number of the levels and
the number of the gate lines 170 at each level may be properly
adjusted in consideration of, e.g., an integration degree and a
circuit design of the vertical memory device.

[0081] Each gate line 170 may include a metal or a metal
nitride. For example, the gate lines 170 may include the metal
or the metal nitride having a low electrical resistance such as
tungsten (W), tungsten nitride, titanium (Ti), titanium nitride,
tantalum (Ta), tantalum nitride, platinum (Pt), etc. In one
example embodiment, each gate line 170 may have a multi-
layered structure including a barrier layer formed of the metal
nitride, and a metal layer.

[0082] A lowermost gate line 170a may serve as ground
selection line (GSL), four gate lines 1705, 1705, 1704 and
170e on the GSL may serve as word lines, and two gate lines
170fand 170g on the word lines may serve as string selection
line (SSLs).

[0083] Hereinafter, two uppermost gate lines 170 are
referred to as a first SSL 170g and a second SSL 170f. The
four gate lines 170 between the SSL and the GSL are referred
to as a first word line 170e, a second word line 1704, a third
word line 170c and a fourth word line 1705.

[0084] As described above, the GSL, the word lines and the
SSLs may be formed at a single level, 4 levels and 2 levels,
respectively. However, the numbers of the levels at which the
GSL, the word lines and the SSLs are formed are not specifi-
cally limited. For example, the GSLs may be formed at 2
levels, and the SSL may be formed at a single level. The word
lines may be formed at 2 levels. In some example embodi-
ments, the word lines may be formed at 2” (n is a positive
integer) levels, e.g., 8 levels or 16 levels. The stacked number
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of the gate lines 170 may be determined in consideration of,
e.g., the integration degree and the circuit design of the ver-
tical memory device.

[0085] Inexample embodiments, a portion of the substrate
100 overlapping the first SSL. 170g may be defined as the cell
region . Lateral regions of the substrate 100 at both ends of
the cell region I may be defined as the extension regions II. In
example embodiments, portions of the gate lines 170 formed
at both extension regions II may be symmetrical with respect
to the cell region 1.

[0086] In example embodiments, a portion of the gate line
170 at one level which does not overlap the gate line 170 of an
upper level or which is not covered by the gate line 170 of an
upper level (e.g., a next upper level) may be defined as an
extension portion. For example, a portion of the first word line
170e which is formed on the extension region I and protrudes
in the third direction from a lateral face of the second SSL
170/ may be defined as the extension portion of the first word
line 170e. Thus, the extension portion of the first word line
170e extends beyond ends of the first word line 170f in the
third direction. As illustrated in FIGS. 1 and 2, the extension
portion of each level may form a step or a stair of the pyra-
midal or stepped structure.

[0087] Inexample embodiments of the present invention, a
word line, such as 1705, 170¢, 170d, or 170e, may refer to any
of the lines at a particular vertical level that extend in a third
direction. For example, FIG. 1 shows six word lines at each
vertical level, and any of those word lines may be referred to
herein by using the label 1705, 170¢, 1704, or 170e. Certain
word lines disposed at the same level may be connected to
each other in the second direction. For example, certain of the
first word lines 170e, the second word lines 1704, the third
word lines 170¢ and the fourth word lines 1705 may be
connected to each other by a first connecting portion 175, a
second connecting portion 1754, a third connecting portion
175¢ and a fourth connecting portion 1755, respectively. The
GSLs 170a may be also connected to each other by a fifth
connecting portion 175a, as illustrated in FIG. 3.

[0088] In example embodiments, the connecting portion
175 may diverge from the gate line 170. For example, if the
gate lines extend in a lengthwise direction (e.g., the third
direction shown in FIG. 1), the connecting portion may
extend in between the gate lines, to fill in spaces between the
gate lines, and may extend in a different direction from the
gate lines at the same vertical level of the gate lines (e.g., in
the second direction). In this case, the connecting portion 175
may be integral (i.e., integrally formed) with the gate line 170
to form a unitary or a single member with the gate line 170. In
example embodiments, the first SSLs 170g and the second
SSLs 170/ may be physically separated from each other in the
second direction at each level. The gate lines 170 connected to
each other by one connecting portion 175 may form a gate
line group or a word line group. Certain gate lines 170 at a
particular vertical level may not be connected to the gate line
group, however, and may be electrically separated as a sepa-
rate gate line.

[0089] In example embodiments, the first connection por-
tion 175¢ may be formed at the extension portion of the first
word line 170e. As illustrated in FIG. 3, the first to fifth
connecting portions 175e, 175d, 175¢, 1756 and 175a may
substantially overlap each other in the first direction.

[0090] FIGS. 1 to 3 illustrate that four gate lines 170 are
connected to each other by the one connecting portion 175 to
form the gate line group or the word line group. However, the
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number of the gate lines 170 included in one gate line group
or one word line group is not specifically limited, and may be
adjusted in consideration of a circuit construction of the ver-
tical memory device.

[0091] As illustrated in FIG. 5, insulating interlayer pat-
terns 106 may be disposed between the gate lines 170 neigh-
boring in the first direction. In certain embodiments, the insu-
lating interlayer patterns 106 may include a silicon oxide
based material, e.g., silicon dioxide (Si0,), silicon carboox-
ide (SiOC) or silicon fluorooxide (SiOF). The gate lines 170
included in one cell string may be insulated from each other
by the insulating interlayer patterns 106.

[0092] An impurity region 101 may be formed at an upper
portion of the substrate 100 between the adjacent channel
rows or cell strings. The impurity region 101 may extend in
the third direction and may serve as a common source line
(CSL) of the vertical memory device. The impurity region
101 may include impurities, e.g., n-type impurities such as
phosphorous or arsenic. In one example embodiment, a metal
silicide pattern, e.g., a cobalt silicide pattern or a nickel sili-
cide pattern (not illustrated) may be further formed on the
impurity region 101.

[0093] A second filling layer pattern 177 may be formed on
the impurity region 101. For example, the second filling layer
pattern 177 may be disposed between the neighboring cell
strings. The second filling layer pattern 177 may include an
insulation material, e.g., silicon oxide. The neighboring cell
strings may be insulated from each other by the second filling
layer pattern 177.

[0094] An upper insulation layer 185 may be formed on the
uppermost insulating interlayer pattern 1064, the pad 150 and
the second filling layer pattern 177. The bit line contact 190
may contact the pad 150 through the upper insulation layer
185. The bit line 195 may be electrically connected to the bit
line contact 190 on the upper insulation layer 185. In example
embodiments, a plurality of the bit line contacts 190 may
form an array comparable to an arrangement of the channels
135 or the pads 150. Each bit line 195 may extend in the
second direction, and a plurality of the bit lines 195 may be
disposed along the third direction.

[0095] The upper insulation layer 185 may include an insu-
lation material, e.g., silicon oxide. The bit line contact 190
and the bit line 195 may include a conductive material, e.g., a
metal, a metal nitride or doped polysilicon.

[0096] According to example embodiments, a set of the
word lines formed at the same vertical level may be physically
connected to each other by the connecting portion 175. Thus,
the number of word line contacts and/or wirings for merging
and/or connecting the word lines 170 may be decreased.
Accordingly, a free space capable of accommodating another
structure may be achieved in the vertical memory device, and
thus additional gate lines 170 may be stacked. In particular, if
the connecting portion is formed inside the end surfaces of the
gate lines 170 in the third direction (e.g., the lengthwise
direction in which each gate line 170 extends), additional
space can be saved by avoiding the need to form connecting
conductive elements outside of the ends of the gate lines 170.
Therefore, a capacity or an integration degree of the vertical
memory device may be improved.

[0097] FIGS.7to 20B are perspective views, top plan views
and cross-sectional views illustrating a method of manufac-
turing a vertical memory device in accordance with example
embodiments.
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[0098] Specifically, FIGS. 7, 8 and 9A are perspective
views illustrating the method of manufacturing the vertical
memory device. FIGS. 13A, 14A,15A,16A, 17A, 18A, 19A
and 20A are top plan views illustrating the method of manu-
facturing the vertical memory device. FIGS. 15B, 16B, 17B,
18B and 19B are cross-sectional views taken along a line I-I'
in the first direction. FIGS. 15C, 16C, 17C, 18C and 19C are
cross-sectional views taken along a line II-IT' in the first
direction. FIGS. 9B, 10, 11, 12, 13B, 14B, 15D, 16D, 17D,
18D, 19D and 20B are cross-sectional views taken along a
line ITI-III" in the first direction. FIG. 18E is a cross-sectional
view taken along a line IV-IV" in the third direction.

[0099] Referring to FIG. 7, a plurality of insulating inter-
layers 102 and sacrificial layers 104 are alternately and
repeatedly formed on a substrate 100.

[0100] The substrate 100 may include a semiconductor
material, e.g., single crystalline silicon and/or germanium.

[0101] In example embodiments, the insulating interlayer
102 may be formed using a silicon oxide based material, e.g.,
silicon dioxide, silicon carbooxide or silicon fluorooxide. The
sacrificial layer 104 may be formed using a material that has
an etching selectivity with respect to the insulating interlayer
102 and may be easily removed by a wet etching process. For
example, the sacrificial layer 104 may be formed using a
silicon nitride or silicon boronitride (SiBN).

[0102] The insulating interlayer 102 and the sacrificial
layer 104 may be formed by a chemical vapor deposition
(CVD) process, a plasma enhanced chemical vapor deposi-
tion (PECVD) process, an atomic layer deposition (ALD)
process, a spin coating process, etc. A lowermost insulating
interlayer 102a may be formed by performing a thermal oxi-
dation process on the substrate 100.

[0103] The sacrificial layers 104 may be removed in a sub-
sequent process to provide spaces for a GSL, a word line and
an SSL. Thus, the number of the insulating interlayers 102
and the sacrificial layers 104 may be adjusted in consideration
of the number of the GSL, the word line and the SSL. In
example embodiments, the GSL may be formed at a single
level, and the word line may be formed at 4 levels on the GSL.
The SSL may be formed at 2 levels on the word line. Accord-
ingly, the sacrificial layers 104 may be formed at 7 levels, and
the insulating interlayers 102 may be formed at 8 levels. In
one example embodiment, each of the GSL and the SSL. may
be formed at a single level, and the word line may be formed
at 2, 8 or 16 levels. In this case, the sacrificial layers 104 may
be formed at 4, 10 or 18 levels, and the insulating interlayers
102 may be formed at 5, 11 or 19 levels. However, the number
of the GSL, the SSL and the word lines is not limited herein.

[0104] Referring to FIG. 8, the insulating interlayers 102
and the sacrificial layers 104 may be partially etched to form
a mold structure 105 having a plurality of steps or stairs.

[0105] Inexample embodiments, a photoresist pattern (not
illustrated) partially covering an uppermost insulating inter-
layer 102/ may be formed. Both ends of the insulating inter-
layers 102 (e.g., 102/, 102g, 102, 102¢, 1024 and 102¢) and
the sacrificial layers 104 (e.g., 104g, 104/, 104¢, 1044, 104c
and 1045) may be etched using the photoresist pattern as an
etching mask. Both ends of the photoresist pattern may then
be removed so that a width of the photoresist pattern is
reduced. Next, both ends of the insulating interlayers 102/,
102g, 102f; 102e, and 1024, and the sacrificial layers 104g,
104/, 104e, 1044, and 104¢ may be etched using the photo-
resist pattern as the etching mask again. Etching processes
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may be repeated in a similar manner as described above to
obtain the mold structure 105 illustrated in FIG. 8.

[0106] Inexample embodiments, a portion of the substrate
100 substantially overlapping the uppermost insulating inter-
layer 102/ may be defined as a cell region 1. Portions of the
substrate 100 at both lateral portions of the cell region I may
be defined as an extension region II. For example, portions of
the mold structure 105 on two extension regions II may be
symmetrical with respect to the cell region 1.

[0107] In one example embodiment, a mold protection
layer (not illustrated) may be formed to cover lateral portions
or the steps of the mold structure 105. For example, an insu-
lation layer covering the mold structure 105 may be formed
using, e.g., silicon oxide by a CVD process. An upper portion
of the insulation layer may be planarized until the uppermost
insulating interlayer 102/ is exposed to form the mold pro-
tection layer. The planarization process may include a chemi-
cal mechanical polish (CMP) process and/or an etch-back
process. Hereinafter, the mold protection layer is omitted in
the figures for the convenience of explanation.

[0108] Referring to FIGS. 9A and 9B, a plurality of channel
holes 115 may be formed through the insulating interlayers
102 and the sacrificial layers 104.

[0109] In example embodiments, a hard mask 110 may be
formed on the uppermost insulating interlayer 102/2. The
insulating interlayers 102 and the sacrificial layers 104 may
be sequentially etched by a dry etching process using the hard
mask 110 as an etching mask to form the channel holes 115.
The top surface of the substrate 100 may be partially exposed
by the channel holes 115. The channel holes 115 may extend
in the first direction from the top surface of the substrate 100.
[0110] Inexampleembodiments, the hard mask 110 may be
formed using a material that has an etching selectivity with
respect to the insulating interlayers 102 and the sacrificial
layers 104. For example, the hard mask 110 may be formed
using polysilicon or amorphous silicon.

[0111] A channel 135 (see FIG. 13A) may be formed in the
channel hole 115. Thus, the plurality of the channel holes 115
may be formed according to an arrangement of the channels
135 on the cell region I of the substrate 100. For example, the
channel holes 115 may be regularly formed in the second and
third directions.

[0112] Referring to FIG. 10, a dielectric layer 120 may be
formed on a sidewall and a bottom of the channel hole 115
(e.g., the dielectric layer 120 may be conformally formed on
these surfaces). The dielectric layer 120 may be also formed
ona top surface of the hard mask 110. The dielectric layer 120
may be obtained, for example, by sequentially forming a
blocking layer, a charge storage layer and a tunnel insulation
layer.

[0113] In example embodiments, the first blocking layer
may be formed using an oxide, e.g., silicon oxide, the charge
storage layer may be formed using silicon nitride or a metal
oxide, and the tunnel insulation layer may be formed using an
oxide, e.g., silicon oxide. In one example embodiment, the
dielectric layer 120 may have an oxide-nitride-oxide (ONO)
layer structure. The first blocking layer, the charge storage
layer and the tunnel insulation layer may be formed by aCVD
process, a PECVD process, an ALD process, etc.

[0114] Referring to FIG. 11, a portion of the dielectric layer
120 which is formed on the bottom of the first hole 115 may
be partially etched to expose the top surface of the substrate
100. Accordingly, a central bottom of the dielectric layer 120
may be opened in the channel hole 115.
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[0115] Referring to FIG. 12, a channel layer 132 may be
formed on the dielectric layer 120 and the exposed top surface
of the substrate 100, and then a first filling layer 137 may be
formed on the channel layer 132 to sufficiently fill a remain-
ing portion of the channel hole 115. The channel layer 132
may be formed using polysilicon or amorphous silicon which
is optionally doped with impurities. In one embodiment, the
channel layer 132 may be conformally formed on the inner
surfaces of the dielectric layer 120 and exposed surface of the
substrate 100. In one example embodiment, a heat treatment
or a laser beam irradiation may be further performed on the
channel layer 132. In this case, the channel layer 132 may
include single crystalline silicon and defects in the channel
layer 132 may be cured. The first filling layer 137 may be
formed using an insulation material, e.g., silicon oxide or
silicon nitride.

[0116] The channel layer 132 and the first filling layer 137
may be formed by aCVD process, a PECVD process, an ALD
process, etc.

[0117] Inone example embodiment, the channel layer 132
may be formed to fully fill the channel hole 115. In this case,
the formation of the filling layer 137 may be omitted.

[0118] Referring to FIGS. 13A and 13B, the first filling
layer 137, the channel layer 132, the dielectric layer 120 and
the hard mask 110 may be planarized until the uppermost
insulating interlayer 102/ is exposed to form a dielectric layer
structure 130, the channel 135 and a filling layer pattern 140
sequentially stacked in the channel hole 115. The planariza-
tion process may include an etch-back process or a CMP
process.

[0119] Inexample embodiments, the dielectric layer struc-
ture 130 may have a substantially hollow cylindrical shape or
a straw shape. The channel 135 may have substantially a cup
shape. The filling layer pattern 140 may have a substantially
solid cylindrical shape or a substantially pillar shape.

[0120] In the case that the channel layer 132 fully fills the
channel hole 115, the first filling layer pattern 140 may be
omitted and the channel 135 may have a substantially solid
cylindrical shape or a substantially pillar shape.

[0121] The channels 135 may form an array comparable to
an arrangement of the channel holes 115. In example embodi-
ments, a plurality of the channels 135 may be arranged in the
third direction to form a channel row, and a plurality of the
channel rows may be arranged in the second direction.
[0122] Referring to FIGS. 14A and 14B, upper portions of
the dielectric layer structure 130, the channel 135 and the first
filling layer pattern 140 may be partially removed to form a
recess 145, and then a pad 150 capping the recess 145 may be
formed.

[0123] Inexample embodiments, the upper portions of the
dielectric layer structure 130, the channel 135 and the first
filling layer pattern 140 may be removed by an etch-back
process to form the recess 145. A pad layer sufficiently filling
the recess 145 may be formed on the dielectric layer structure
130, the channel 135, the first filling layer pattern 140 and the
uppermost insulating interlayer 1024. An upper portion of the
pad layer may be planarized until the top surface of the
uppermost insulating interlayer 1022 is exposed to obtain the
pad 150. In example embodiments, the pad layer may be
formed using polysilicon or doped polysilicon. In one
example embodiment, a preliminary pad layer may be formed
using amorphous silicon, and then a crystallization process
may be performed thereon to form the pad layer. The pla-
narization process may include a CMP process.
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[0124] Referring to FIGS. 15A to 15D, a plurality of open-
ings 155 may be formed through the insulating interlayers
102 and the sacrificial layers 104.

[0125] Inexample embodiments, a mask pattern (not illus-
trated) covering the pads 150 may be formed on the mold
structure 105 and the above mentioned mold protection layer.
A dry etching process may be performed using the mask
pattern as an etching mask, such that portions of the insulating
interlayers 102 and the sacrificial layers 104 between the
neighboring channel rows may be removed to form the open-
ings 155.

[0126] In example embodiments, the mask pattern may
include opening portions extending in the third direction,
through which the mold structure 105 and the mold protection
layer are partially exposed. The mask pattern may also
include an extension portion extending in the second direc-
tion and blocking the opening portions. The extension portion
of the mask pattern may be superimposed over a portion of a
sixth insulating interlayer pattern 106/in the extension region
1I.

[0127] The insulating interlayers 102 and the sacrificial
layers 104 may be changed into insulating interlayer patterns
106 and sacrificial layer patterns 108 by the formation of the
openings 155. The insulating interlayer pattern 106 and the
sacrificial layer pattern 108 of each level may extend in the
third direction.

[0128] In example embodiments, the opening 155 may
extend in the third direction and the top surface of the sub-
strate 100 may be partially exposed by the opening 155. For
the convenience of explanation, a first opening 155a, a second
opening 15554, a third opening 155¢, a fourth opening 1554
and a fifth opening 155e are illustrated in FIG. 15A.

[0129] The first and fifth openings 155a and 155¢ may
extend continuously in the second direction. The second,
third and fourth openings 1555, 155¢ and 1554 may be extend
discontinuously and may be cut or blocked in-between by a
fence structure 157 formed in the extension region II.
[0130] The fence structure 157 may be defined due to a
discontinuous formation of the second, third and fourth open-
ings 1555, 155¢ and 1554 in the third direction. In example
embodiments, the fence structure 157 may be formed on the
extension region II of the substrate 100 and protrude from the
top surface of the substrate 100 in the first direction. The fence
structure 157 may have a wall shape extending in the second
direction. The fence structure 157 may include the insulating
interlayer patterns 106a, 1065, 106¢,106d, 106e and 106f/and
the sacrificial layer patterns 1084, 1085, 108¢, 1084 and 108e,
alternately stacked from the top surface of the substrate 100.
[0131] Some of the insulating interlayer patterns 106 and
the sacrificial layer patterns 108 at an upper portion of the
mold structure 105 may be completely separated by the open-
ings 155 in the second direction. In example embodiments,
the sacrificial layer patterns 108fand 108g which are replaced
with the SSLs 170fand 170g (see FIGS. 18C and 18D) may be
completely separated in the second direction by the openings
155.

[0132] Referring to FIG. 16A to 16D, the sacrificial layer
patterns 108, sidewalls of which are exposed by the openings
155 may be removed. For example, the sacrificial layer pat-
terns 108 may be removed by a wet etching process using,
e.g., phosphoric acid and/or sulfuric acid as an etching solu-
tion.

[0133] By the removal of the sacrificial layer patterns 108,
first gaps 160 may be defined between the insulating inter-
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layer patterns 106 adjacent in the first direction. An outer
sidewall of the dielectric layer structure 130 may be partially
exposed by the first gap 160. As illustrated in FIG. 16B,
second gaps 161 may be defined at regions of the fence
structure 157 from which the sacrificial layer patterns 108 are
removed.

[0134] Referring to FIGS. 17A to 17D, a gate electrode
layer 167 may be formed on the outer sidewall of the dielec-
tric layer structure 130, innerwalls of the first and second gaps
160 and 161, surfaces of the insulating interlayer patterns
106, and the exposed top surface of the substrate 100. In one
example embodiment, a blocking layer may be further
formed before forming the gate electrode layer 167.

[0135] The gate electrode layer 167 may completely fill the
first and second gaps 160 and 161, and may partially fill the
openings 155.

[0136] Incertain embodiments, the gate electrode layer 167
may be formed using a metal or a metal nitride. For example,
the gate electrode layer 167 may be formed using tungsten,
tungsten nitride, titanium, titanium nitride, tantalum, tanta-
lum nitride, platinum, etc. In one example embodiment, the
gate electrode layer 167 may be formed as a multi-layered
structure including a barrier layer formed of the metal nitride,
and a metal layer.

[0137] The gate electrode layer 167 may be formed by. e.g.,
a CVD process, a PECVD process, an ALD process or a
sputtering process.

[0138] Referring to FIGS. 18A to 18E, the gate electrode
layer 167 may be partially removed to form a gate line 170 in
the first gap 160 of each level and a connecting portion 175 in
the second gap 161 of each level.

[0139] Inexample embodiments, a portion of the gate elec-
trode layer 167 formed in the openings 155 may be etched to
form the gate lines 170. The gate electrode layer 167 may be
etched by a dry etching process. The top surface of the sub-
strate 100 may be exposed again by the etching process.
[0140] The gate lines 170 may include the GSL, the word
line and the SSL sequentially stacked and spaced apart from
one another in the first direction. For example, a lower gate
line 170a may serve as the GSL. Four gate lines 1705, 170c,
170d and 170e on the GSL may serve as the word lines. Two
gate lines 170f'and 170g on the word lines may serve as the
SSLs.

[0141] The portion of the gate electrode layer 167 remain-
ing in the second gap 161 may be defined as the connecting
portion 175. Thus, the connection portion 175 may be formed
simultaneously with the gate line 170 without an additional
patterning process.

[0142] Inexampleembodiments,the SSLs170gand 170fat
each level may be separated from each other in the second
direction. Each of the SSLs 170g and 170 may extend in the
third direction. The word lines 170e, 170d, 170c and 1705
may extend in the third direction at each level and may be
connected to or merged with each other in the second direc-
tion on the extension region II by the connecting portions
175e, 175d, 175¢ and 175b. The GSLs 170a may be also
connected to or merged with each other by the connecting
portion 175a.

[0143] In example embodiments, the uppermost connect-
ing portion 175¢ may be connected to the extension portions
of the uppermost word lines 170e which protrude from side-
walls of the SSLs 170f1n the third direction. Other connecting
portions 1754, 175¢, 175b and 175a may overlap the upper-
most connecting portion 175¢ in the first direction.
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[0144] As illustrated in FIG. 18E, four word lines 170 may
be connected to each other by the connecting portion 175 at
each level. However, the number of the gate lines 170 con-
nected by the connecting portion 175 may be adjusted in
consideration of a circuit design and an integration degree of
the vertical memory device.

[0145] Referring to FIGS. 19A to 19D, an impurity region
101 may be formed at an upper portion of the substrate 100
exposed by the opening 155, and a second filling layer pattern
177 may be formed in the opening 155.

[0146] N-type impurities such as phosphorous or arsenic
may be implanted onto the substrate 100 through the opening
155 to form the impurity region 101. In one example embodi-
ment, a metal silicide pattern (not illustrated) such as a nickel
silicide pattern or a cobalt silicide pattern may be further
formed on the impurity region 101.

[0147] In example embodiments, the impurity region 101
may extend in the third direction and serve as a CSL of the
vertical memory device.

[0148] A second filling layer may be formed on the sub-
strate 100, the uppermost insulating interlayer pattern 106/
and the pad 150 to sufficiently fill the openings 155. An upper
portion of the second filling layer may be planarized by, e.g.,
a CMP process or an etch-back process until the uppermost
insulating interlayer pattern 106/ is exposed to form the
second filling layer pattern 177. The second filling layer may
be formed using an insulating material, e.g., silicon oxide by,
e.g., a CVD process.

[0149] Referring to FIGS. 20A and 20B, an upper insula-
tion layer 185 may be formed on the insulating interlayer
pattern 106, the second filling layer pattern 177 and the pad
150. The upper insulation layer 185 may be formed using an
insulation material, e.g., silicon oxide by, e.g., a CVD pro-
cess.

[0150] A bit line contact 190 may be formed through the
upper insulation layer 185 to contact the pad 150. The bit line
contact 190 may be formed using a metal, a metal nitride or a
doped polysilicon, for example. A plurality of the bit line
contacts 190 may form an array comparable to the arrange-
ment of the channels 135 or the pads 150.

[0151] A bitline 195 may be formed on the upper insulation
layer 185 to be electrically connected to the bit line contact
190. The bit line 195 may be formed using a metal, a metal
nitride or a doped polysilicon by, e.g., an ALD process or a
sputtering process. As illustrated in FIG. 20A, the bit line 195
may extend in the second direction and may be electrically
connected to the plurality of the bit line contacts 190 on the
cell region 1. A plurality of the bit lines 195 may be arranged
in the third direction.

[0152] FIG. 20B illustrates that the upper insulation layer
185 may be formed on the second filling layer pattern 177.
However, the upper insulation layer 185 and the second filling
layer pattern 177 may be merged with or integral with each
other. In this case, the second filling layer may be formed to
sufficiently fill the openings 155 and cover the insulating
interlayer pattern 106 and the pad 150. An upper portion of
the second filling layer may be planarized by, e.g., a CMP
process to form the second filling layer pattern 177 together
with the upper insulation layer 185.

[0153] FIGS. 21 to 24B are perspective views and cross-
sectional views illustrating a vertical memory device in accor-
dance with example embodiments. Specifically, FIG. 21 is a
perspective view illustrating the vertical memory device.
FIGS. 22 and 23 are cross-sectional views taken along lines
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I-I'and II-1I' of FIG. 21, respectively. FIGS. 24A and 24B are
cross-sectional views taken along a line V-V' of FIG. 20;

[0154] For the convenience of explanation, FIG. 21 does
not show all elements of the vertical semiconductor device,
but only shows some elements thereof, e.g., a substrate, a
channel, a gate line, a pad and a bit line.

[0155] Detailed description on elements and/or construc-
tions substantially the same as or similar to those illustrated
with reference to FIGS. 1 to 6B are omitted. Like reference
numerals are used to indicate like elements.

[0156] Referring to FIGS. 21 to 24B, the vertical memory
device may have a structure substantially the same as or
similar to that illustrated in FIGS. 1 to 6B except for a low-
ermost gate line 170a serving as a GSL.

[0157] The GSLs 170a of the vertical memory device illus-
trated in FIGS. 1 to 6B may be connected to each other in a
similar manner to that of the word lines 1705, 170c, 170d and
170e. However, GSLs 170a' of the vertical memory device of
FIGS. 24A to 24B may be completely separated from each
other in the second direction to extend in the third direction.

[0158] As illustrated in FIG. 22, a separation layer pattern
109 may be disposed between the GSLs 170a' neighboring in
the second direction to separate the GSLs 170a'. In example
embodiments, the separation layer pattern 109 may vertically
overlap connecting portions 1755, 175¢, 175d and 175e. The
separation layer pattern 109 may be disposed between two
lowermost insulating interlayer patterns 106, e.g., a first insu-
lating interlayer pattern 106a and a second insulating inter-
layer pattern 1064. In one example embodiment, the separa-
tion layer pattern 109 may be merged or integral with the
second insulating interlayer pattern 1064.

[0159] The separation layer pattern 109 may include a
material having an etching selectivity with respect to the
sacrificial layer or sacrificial layer pattern described above.
For example, the separation layer pattern 109 may include
silicon oxide, silicon carbooxide or silicon fluorooxide.

[0160] In example embodiments, the separation layer pat-
tern 109 may have a top plan dimension or a cross-sectional
dimension larger than those of the connecting portions 1755,
175¢,175d and 175e. In this case, the GSL 170a' may include
a recessed portion 171 at a region adjacent to the separation
layer pattern 109 as illustrated in FIG. 24A. The separation
layer pattern 109 may be accommodated in a pair of the
recessed portions 171.

[0161] Inoneexample embodiment, a separation layer pat-
tern 1094 may have a top plan dimension or a cross-sectional
dimension smaller than those of the connecting portions
175b, 175¢, 175d and 175e. In this case, the GSL 1704' may
include a protrusion 173 at a region adjacent to the separation
layer pattern 109q as illustrated in FIG. 24B. The separation
layer pattern 1094 may be sandwiched by a pair of the pro-
trusions 173.

[0162] Selection lines of the vertical memory device
including SSLs 170f'and 170g, and the GSL 1704' may be
physically separated at each level. Word lines 1705, 170c,
1704 and 170e may be connected to or merged with each
other by the connecting portions 1756, 175¢, 175d and 175¢
on an extension region II at each level.

[0163] Therefore, a reliability of a cell selection may be
increased while grouping the predetermined number of the
word lines 1705, 170¢, 170d and 170e by the connecting
portions 1755, 175¢, 175d and 175e.
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[0164] FIGS. 25 to 32F are perspective views, a top plan
view and cross-sectional views illustrating a method of manu-
facturing a vertical memory device in accordance with
example embodiments.

[0165] Specifically, FIGS. 25 to 28 and 29A are perspective
views illustrating the method of manufacturing the vertical
memory device. FIG. 30A is a top plan view illustrating the
method of manufacturing the vertical memory device. FIGS.
30B, 31A and 32A are cross-sectional views taken along a
line I-I' in the first direction. FIGS. 30C, 31B and 32B are
cross-sectional views taken along a line II-IT' in the first
direction. FIGS. 29B, 31C and 32C are cross-sectional views
taken along a line in the first direction. FIG. 32D is a cross-
sectional view taken along a line IV-IV' of FIG. 32A in the
third direction. FIGS. 32E and 32F are cross-sectional views
taken along a line V-V' of FIG. 32A in the third direction.
[0166] Detailed descriptions on processes and/or materials
substantially the same as or similar to those illustrated with
reference to FIGS. 7 to 20B are omitted.

[0167] Referring to FIG. 25, a first insulating interlayer
1024 and a first sacrificial layer 104a are sequentially formed
on a substrate 100. The first sacrificial layer 104a may be
removed by a subsequent process to provide a space for a
formation of a GSL 1704' (see FIGS. 32A to 32C).

[0168] Referring to FIG. 26, the first sacrificial layer 104a
is partially removed to form a separation hole 113. In example
embodiments, a mask pattern (not illustrated) may be formed
onthe first sacrificial layer 104a. The separation hole 113 may
be formed, for example, by a wet etching process using the
mask pattern as an etching mask. A top surface of the first
insulating interlayer 102a may be partially exposed by the
separation hole 113. The mask pattern may be removed by an
ashing and/or a strip process after forming the separation hole
113.

[0169] Inexample embodiments, a plurality of the separa-
tion holes 113 may be formed in the second direction. The
separation hole 113 may be formed at a predetermined region
of the first sacrificial layer 104a in consideration of locations
of connecting portions 1755, 175¢, 175d and 175¢ (see FIG.
32A). Accordingly, the separation hole 113 may substantially
overlap the connecting portions 175 in the first direction. In
one example embodiment, the separation hole 113 may have
a top plan dimension or a cross-section dimension larger than
that of the connecting portion 175 at each level. In one
example embodiment, the separation hole 113 may have a top
plandimension or a cross-section dimension smaller than that
of the connecting portion 175 at each level.

[0170] Referring to FIG. 27, a separation layer pattern 109
filling the separation hole 113 may be formed.

[0171] In example embodiments, a separation layer suffi-
ciently filling the separation holes 113 may be formed on the
first sacrificial layer 104a. An upper portion of the separation
layer may be planarized until a top surface of the first sacri-
ficial layer 104a is exposed to form the separation layer
pattern 109. The separation layer may be formed using a
material that may have an etching selectivity with respect to
the first sacrificial layer 104a, e.g., silicon oxide, silicon
carbooxide or silicon fluorooxide. The separation layer may
be formed by, e.g., a CVD process, a PECVD process or a
spin-coating process.

[0172] Referring to FIG. 28, a second insulating interlayer
1025 and a second sacrificial layer 1045 may be sequentially
formed on the first sacrificial layer 104a and the separation
layer pattern 109. Likewise, insulating interlayers 102c,
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1024, 102¢, 1021, 102g and 1024, and sacrificial layers 104c,
1044, 104¢, 104/ 'and 104g may be alternately and repeatedly
formed.

[0173] In one example embodiment, the second insulating
interlayer 1026 may fill the separation holes 113 while being
formed on the first sacrificial layer 1044. In this case, a for-
mation of the separation layer may be omitted, and the sepa-
ration layer pattern 109 and the second insulating interlayer
1025 may be merged with or integral with each other.
[0174] Referring to FIGS.29A and 29B, processes substan-
tially the same as or similar to those illustrated with reference
to FIGS. 8 to 14B may be performed. Accordingly, a mold
structure 1054 including steps or stairs may be obtained, and
a dielectric layer structure 130, a channel 135 and a first filling
layer pattern 140 may be formed through the mold structure
1054 on a cell region I. A pad 150 may be formed on the
dielectric layer structure 130, the channel 135 and the first
filling layer pattern 140. A top surface of the pad 150 may be
substantially coplanar with a top surface of the uppermost
insulating interlayer 102/.

[0175] Referring to FIGS. 30A to 30C, a process substan-
tially the same as or similar to that illustrated with reference
to FIGS. 15A to 15D may be performed.

[0176] Accordingly, the insulating interlayers 102 and the
sacrificial layers 104 may be partially etched to form open-
ings 155 between channel rows adjacent in the second direc-
tion. The insulating interlayers 102 and the sacrificial layers
104 may be changed into insulating interlayer patterns 106
and sacrificial layer patterns 108, respectively, by forming the
openings 155. A fence structure 159 may be formed on an
extension region II of the substrate 100 to cut or block the
openings 1555, 155¢ and 155d in-between.

[0177] As illustrated in FIG. 30B, the fence structure 159
may include the insulating interlayer patterns 106a, 1065,
106¢, 1064, 106e and 106f; and the sacrificial layer patterns
1084', 1085, 108¢, 1084, 108e, alternately stacked on each
other. The fence structure 159 may further include the sepa-
ration layer patterns 109 between the two lowermost insulat-
ing interlayer patterns 106a and 1065. FIG. 30B illustrates
that the fence structure 159 includes three separation layer
patterns 109 because three openings 1555, 155¢ and 1554 are
cut or blocked by the fence structure 159. However, the num-
ber of the separation layer patterns 109 included in the fence
structure 159 is not specifically limited.

[0178] Referring to FIGS. 31A to 31C, processes substan-
tially the same as or similar to those illustrated with reference
to FIGS. 16A to 16D may be performed to remove the sacri-
ficial layer patterns 108 exposed by the openings 155.
[0179] Accordingly, first gaps 160 may be defined between
the insulation layer patterns 106 adjacent in the first direction,
and an outer sidewall of the dielectric layer structure 130 may
be partially exposed by the first gaps 160. The sacrificial layer
patterns 108 may be also removed from the fence structure
159 such that second gaps 161 may be defined. Additionally,
a third gap 161a may be defined between the two lowermost
insulating interlayer patterns 106a and 1065 included in the
fence structure 159. Sidewalls of the separation layer patterns
109 may be exposed by the third gap 161a.

[0180] Referring to FIGS. 32A to 32F, processes substan-
tially the same as or similar to those illustrated with reference
to FIGS. 17A to 18E may be performed. For example, a gate
electrode layer filling the openings 155, the first gaps 160, the
second gaps 161 and the third gap 161a may be formed. A
portion of the gate electrode layer formed in the openings 155
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may be etched to form gate lines 170 in the first gaps 160, the
second gaps 161 and the third gap 161a.

[0181] Accordingly, SSLs 170g and 170/ may be formed in
the first gaps 160 of uppermost two levels. Word lines 170e,
1704, 170¢ and 1705 may be formed in the first gaps 160 of 4
levels under the SSLs 170g and 170f. Word lines 170e, 1704,
170¢ and 1705 formed in the second gaps 161 may be con-
nected to or merged with each other by the connecting por-
tions 175¢, 175d, 175¢ and 1755 at each level.

[0182] TheGSL 170a' may be formed in the lowermost first
gap 160 and the third gap 161a. The GSLs 1704' formed in the
third gap 161a may be physically separated from each other in
the second direction by the separation layer patterns 109.

[0183] As illustrate in FIG. 32E, a recessed portion 171
may be formed at a region of the GSL 170a' adjacent to the
separation layer pattern 109 in the case that the separation
layer pattern 109 has a top plan dimension or a cross-section
dimension larger than those of the connecting portions 1755,
175¢,175d and 175e.

[0184] In one example embodiment, the separation pattern
1092 may be formed to have a top plan dimension or a
cross-section dimension smaller than those of the connecting
portions 1756, 175¢, 175d and 175e. In this case, a protrusion
173 may be formed at a region of the GSL 170a' adjacent to
the separation layer pattern 109¢ as illustrated in FIG. 32F.
The separation layer pattern 1094 may be sandwiched by a
pair of the protrusions 173 in the second direction.

[0185] Processes substantially the same as or similar to
those illustrated with reference to FIGS. 19A and 20B may be
performed to obtain the vertical memory device illustrated in
FIGS. 21 to 24B. For example, an impurity region 101 serving
as a CSL may be formed on an upper portion of the substrate
100 exposed by the opening 155. A second filling layer pat-
tern 177 filling the opening 155 may be formed on the impu-
rity region 101. A bit line contact 190 may be formed to be in
contact with the pad 150. A bit line 195 may be formed to be
electrically connected to a plurality of the bit line contacts.
[0186] As described above, the separation layer patterns
109 and 1094 may be formed in the sacrificial layer 104 that
may be replaced with the GSL 1704' before completing the
mold structure 105a. When the sacrificial layer patterns 108
are removed after forming the fence structure 159, the sepa-
ration layer patterns 109 and 1094 may not be removed to
remain in the fence structure 159. Thus, the GSLs 1704' may
be separated from each other by the separation layer patterns
109 and 109a. The SSLs 170g and 170/, and the GSLs 1704
may be separated from each other at each level, and the word
lines 1705, 170¢, 170d and 170e may be connected to or
merged with each other by the connecting portions 1755,
175¢, 175d and 175e. Therefore, a reliability of a circuit
design and a circuit operation may be improved.

[0187] FIGS. 33 to 37 are a perspective view, a top plan
view and cross-sectional views illustrating a vertical memory
device in accordance with example embodiments. Specifi-
cally, FIG. 33 is a perspective view illustrating the vertical
memory device. FIG. 34 is a top plan view illustrating the
vertical memory device of FIG. 33. FIGS. 35 to 37 are cross-
sectional views taken along lines I-I', II-1I' and of FIG. 33,
respectively.

[0188] For the convenience of explanation, FIGS. 33 to 36
do not show all elements of the vertical semiconductor
device, but only shows some elements thereof, e.g., a sub-
strate, a channel, a gate line, a pad and a bit line.
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[0189] Detailed description on elements and/or construc-
tions substantially the same as or similar to those illustrated
with reference to FIGS. 1 to 6B are omitted. Like reference
numerals are used to indicate like elements.

[0190] Referring to FIGS. 33 to 37, the vertical memory
device may include a channel 235 protruding from a substrate
200 in the first direction, a dielectric layer structure 230
surrounding an outer sidewall of the channel 235, and gate
lines 270 spaced apart from each other in the first direction
and surrounding the dielectric layer structure 230 and the
channel 235. A first filling layer pattern 240 may be formed in
the channel 235. A pad 250 may be disposed on the dielectric
layer structure 230, the channel 235 and the first filling layer
pattern 240. A bit line contact 290 in contact with the pad 250
and a bit line 295 electrically connected to the bit line contact
290 may be disposed at an upper portion of the vertical
memory device.

[0191] In example embodiments, the substrate 200 may
include a cell region I and an extension region. The extension
region may include a first extension region Ila and a second
extension region IIb at both lateral portions of the cell region
I

[0192] Inthe vertical memory device of FIG. 1 to FIG. 6B,
the steps or the stairs of the gate lines 170 may be symmetri-
cally arranged with respect to the cell region 1. However,
according to example embodiments illustrated in FIGS. 33 to
37, the steps or the stairs of the gate lines 270 may be asym-
metrically arranged at the first extension region Ila and the
second extension region IIb.

[0193] Inexample embodiments, extension portions of the
gate lines 270 may alternately protrude in the third direction
on the first extension region Ha and the second extension
region IIb. For example, as illustrated in FIGS. 33 and 34, a
top surface of a seventh gate line 270a may be exposed on the
first extension region Ila, a top surface of a sixth gate line
2705 may be exposed on the second extension region IIb, and
a top surface of a fifth gate line 270¢ may be exposed on the
first extension region ITa. Likewise, top surfaces of remaining
gate lines 270d, 270e, 270f and 270g may be exposed alter-
nately on the second extension region IIb and the first exten-
sion region Ila. Therefore, the extension portions of the gate
lines 270 may form the steps or the stairs alternately protrud-
ing or exposed on the first and second extension regions Ila
and IIb in a zigzag arrangement.

[0194] In example embodiments, the lowermost seventh
gate line 270a may serve as a GSL of the vertical memory
device, and the gate lines 2705, 270¢, 2704, 270e at 4 levels on
the GSL may serve as word lines. The gate lines 270f and
270g at 2 levels on the word lines may serve as SSLs. The
number of the SSL, the word line and the SSL may be
adjusted in consideration of a circuit design and an integration
degree of the vertical memory device.

[0195] In example embodiments, the word lines 2705,
270c¢, 270d and 270e may be connected to or merged with
each other at each level by connecting portions 275 in the
second direction. For example, first word lines 270e, second
word lines 270d, third word lines 270¢ and fourth word lines
2705 may be connected by a first connecting portion 275¢, a
second connecting portion 2754, a third connecting portion
275¢ and a fourth connecting portion 2755, respectively. The
GSLs 270a may be also connected to each other by a fifth
connecting portion 275a. The connecting portion 275 may be
diverged from the gate line 270 and may be integral with the
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gate line 270. The SSLs 270/ and 270g may be physically
separated from each other at each level and extend in the third
direction.

[0196] FIGS. 33 to 35 illustrate that four gate lines 270 may
be connected by the connecting portion 275 to form a gate line
group or a word line group. However, the number of the gate
lines 170 included in one gate line group or one word line
group is not specifically limited, and may be properly
adjusted in consideration of a circuit construction of the ver-
tical memory device.

[0197] In example embodiments, the connecting portions
275 may be located on the extension region. The connecting
portions 275 may be located on the first extension region Ila
as illustrated in FIGS. 33 and 34. However, the connecting
portions 275 may be located on the second extension region
IIb. In example embodiments, the connecting portions 275
may be located on at least one of the first extension region Ila
and the second extension region ITb.

[0198] As illustrated in FIG. 37, insulating interlayer pat-
terns 206 may be disposed between the gate lines 270 adja-
cent in the first direction. An impurity region 201 may be
formed at an upper portion of the substrate 200 between
adjacent strings. A second filling layer pattern 277 may be
formed on the impurity region 201 to serve as a gate line cut
pattern. An upper insulation layer 285 may be formed on an
uppermost insulating interlayer pattern 206/, the pad 250 and
the second filling layer pattern 277. The bit line contact 290
may be formed through the upper insulation layer 285 to be in
contact with the pad 250. The bit line 295 may be formed on
the upper insulation layer 285 to be electrically connected to
the pad 250 via the bit line contact 290. The bit line 295 may
extend in the second direction on the cell region I to be
electrically connected to a plurality of the channels 235 or the
pads 250.

[0199] Asillustrated in FIGS. 33 and 34, in the case that the
gate lines 270 have the zigzag arrangement alternately on the
first and second extension regions Ila and IIb, contact or
wiring structures for grouping the gate lines 270 or the word
lines are not capable of being formed on one of the extension
regions. However, according to example embodiments, the
word lines 270e, 270d,270c and 2705 may be connected to or
merged with each other at each level by the connecting por-
tions 275 diverged from the gate lines 270, so that gate line
groups or word line groups may be formed without the con-
tact or wiring structures.

[0200] FIGS. 38 to 42D are perspective views, a top plan
view and cross-sectional views illustrating a method of manu-
facturing a vertical memory device in accordance with
example embodiments. Specifically, FIGS. 38, 39 and 40A
are perspective views illustrating the method of manufactur-
ing the vertical memory device. FIG. 41A is a top plan view
illustrating the method of manufacturing the vertical memory
device. FIGS. 41B and 42A are cross-sectional views taken
along a line I-I" in the first direction. FIGS. 41C and 42B are
cross-sectional views taken along a line II-II' in the first
direction. FIGS. 40B, 41D and 42C are cross-sectional views
taken along a line in the first direction. FIG. 42D is a cross-
sectional view taken along a line IV-IV' of FIG. 42A.

[0201] Detailed descriptions on processes and/or materials
substantially the same as or similar to those illustrated with
reference to FIGS. 7 to 20B are omitted.

[0202] Processes for a formation of a mold structure or gate
lines having steps of the zigzag arrangement are further
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described in Korean Patent Application No. 10-2012-
0091920 which is incorporated by reference herein in its
entirety.

[0203] Referring to FIG. 38, a process substantially the
same as or similar to that illustrated with reference to FIG. 7
may be performed to alternately and repeatedly form insulat-
ing interlayers 202 and sacrificial layers 204 on a substrate
200.

[0204] Referring to FIG. 39, both lateral portions of the
insulating interlayers 202 and the sacrificial layers 204 may
be etched to form a mold structure 205 having steps of a
zigzag arrangement.

[0205] Inexample embodiments, a photoresist pattern (not
illustrated) partially covering an uppermost insulating inter-
layer 202/ may be formed on the uppermost insulating inter-
layer 202/. Portions of the insulating interlayers 202/, 202g,
202f, 202e, 202d and 202¢, and the sacrificial layers 204g,
204f,204e,204d, 204¢ and 2045 on a first extension region Ila
may be removed using the photoresist pattern as an etching
mask. A portion of the photoresist pattern covering a second
extension region IIb may be partially removed such that a
width of the photoresist pattern may be reduced. Portions of
the insulating interlayers 2024, 202g, 202/, 202¢ and 2024,
and the sacrificial layers 204g, 204/, 204e, 204d and 204¢ on
the second extension region IIb may be removed using the
photoresist pattern as an etching mask. Likewise, the etching
process may be repeated alternately on the first extension
region Ila and the second extension region IIb to obtain the
mold structure 205 of FIG. 39.

[0206] In the etching process described with reference to
FIG. 8, the insulating interlayers 102 and the sacrificial layers
104 on both extension regions II may be etched simulta-
neously in a single etching step. However, in the process
described with reference to FIG. 39, the single etching step
may be performed on one region of the first extension region
IIa and the second extension region IIb. Thus, a total etching
amount may be reduced so that a damage of the photoresist
pattern may be prevented.

[0207] Referringto FIGS. 40A and 40B, processes substan-
tially the same as or similar to those illustrated with reference
to FIGS. 9A to 14B may be performed. Accordingly, a dielec-
tric layer structure 230, a channel 235 and a first filling layer
pattern 240 may be formed through the mold structure 205 on
a cell region 1. A pad 250 may be formed on the dielectric
layer structure 230, the channel 235 and the first filling layer
pattern 240.

[0208] Referring to FIGS. 41A to 41D, processes substan-
tially the same as or similar to those illustrated with reference
to FIGS. 15A to 15D may be performed.

[0209] Accordingly, openings 255 may be formed through
the insulating interlayers 202 and the sacrificial layers 204
between adjacent channel rows. The insulating interlayers
202 and the sacrificial layers 204 may be changed into insu-
lating interlayer patterns 206 and sacrificial layer patterns 208
by a formation of the openings 255. A fence structure 257
may be formed on the first extension region Ila to cut or block
the openings 2555, 255¢ and 2554 in-between. As illustrated
in FIG. 41B, the fence structure 257 may include the insulat-
ing interlayer patterns 206a, 2065, 206¢, 2064, 206e and 206/,
the sacrificial layer patterns 208a, 2085, 208¢, 2084 and 208e,
alternately and sequentially stacked from a top surface of the
substrate 200.

[0210] Inoneexample embodiment, the fence structure 257
may be formed on the second extension region IIb.
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[0211] Referring to FIGS. 42A to 42D, processes substan-
tially the same as or similar to those illustrated with reference
to FIGS. 15A to 18E may be performed. Accordingly, the
sacrificial layer patterns 208 exposed by the openings 255
may be removed, and gate lines 270 may be formed at spaces
from which the sacrificial layer patterns 208 are removed. In
example embodiments, two uppermost gate lines 207g and
207/ may serve as SSLs, and the gate lines 270e, 270d, 270¢
and 2705 at four levels under the SSLs may serve as word
lines. A lowermost gate line 270a may serve as a GSL. As
illustrated in FIGS. 42A and 42D, connecting portions 275e,
275d,275¢ and 2756 may be formed at spaces from which the
sacrificial layer patterns 208 of the fence structure 257 are
removed, such that the word lines 270e, 270d, 270¢ and 2705
at each level may be connected to or merged with each other
in the second direction. The GSLs 270a may be also con-
nected to each other by a connecting portion 275a.

[0212] Processes substantially the same as or similar to
those illustrated with reference to FIGS. 19A to 20B may be
performed to obtain the vertical memory device illustrated in
FIGS. 33 to 37. For example, an impurity region 201 serving
as a CSL may be formed at an upper portion of the substrate
200 exposed by the opening 255. A second filling layer pat-
tern 277 may be formed to fill the opening 255. A bit line
contact 290 may be formed on the pad 250, and a bit line 295
may be formed on the bit line contact 290 to be electrically
connected thereto.

[0213] Inone example embodiment, as illustrated with ref-
erence to FIGS. 21 to 24B, the GSLs 270a may be separated
from each other in the second direction to extend in the third
direction. In this case, processes substantially the same as or
similar to those illustrated with reference to FIGS. 25 to 32F
may be performed such that the GSLs 270a may be separated
from each other. In one example embodiment, separation
layer patterns overlapping the connecting portions 275 may
be formed in the first sacrificial layer 204a. The GSLs 270a
may be separated by the separation layer patterns.

[0214] According to example embodiments, the word lines
27056, 270c¢, 270d and 270e at each level may be connected to
or merged with each other by the connecting portions 2755,
275¢, 275d and 275¢ in the gate line structure having a zigzag
and asymmetrical arrangement. The GSLs 270a may be
optionally connected to each other by the connecting portion
275a or separated from each other by the separation layer
pattern in consideration of a circuit design.

[0215] FIGS. 43 to 45 are top plan views illustrating verti-
cal memory devices in accordance with example embodi-
ments.

[0216] The vertical memory devices of FIGS. 43 to 45 may
have elements and/or constructions substantially the same as
or similar to those illustrated with reference to FIGS. 1to 6B
or FIGS. 21 to 24B except for an addition of contacts and
wiring structures. Thus, repeated descriptions thereon are
omitted. For the convenience of explanation, FIGS. 43 to 45
do not show all elements of the vertical semiconductor
devices, but only show some elements thereof, e.g., a gate
line, a bit line contact, a bit line, the contact and the wiring
structure.

[0217] Referring to FIG. 43, the vertical memory device
may include word line contacts 300a, 3005, 300¢ and 3004
electrically connected to word lines 170e, 1704, 170¢ and
1705, a GSL contact 320 electrically connected to a GSL
170a, and SSL contacts 340a and 3405 electrically connected
to SSLs 170g and 170f. Word line wirings 310a, 3105, 310¢
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and 3104, a GSL wiring 330, and an SSL wiring 350 may be
electrically connected to word lines 170e, 1704, 170¢ and
17056, the GSL. 170, and the SSLs 170g and 170f, respectively,
via the word line contacts 300a, 3005, 300c and 300d, the
GSL contact 320, and the SSL contacts 340a and 3405.
[0218] In example embodiments, the GSLs 170a at the
same level may be separated from each other by the separa-
tion layer pattern 109 in the second direction to extend in the
third direction as described above. The SSLs 170g and 170/
may be also separated from each other at each level to extend
in the third direction. The predetermined number of the word
lines 170e, 170d, 170¢ and 1705 at each level may be con-
nected to or merged with each other by the connecting portion
175.

[0219] Accordingly, the number of the word line contacts
300 at one level may be smaller than the number of the GSL
contacts 320 at one level and/or the number of the SSL con-
tacts 340 at one level.

[0220] For example, the SSLs 170g and 1707, and the GSLs
170a may be separated from each other at each level. Thus,
the SSL contact 340 and the GSL contact 320 may be pro-
vided on each individual SSL 170g and 170f; and each indi-
vidual GSL 170a. However, the word lines 170e, 1704, 170¢
and 1705 may be connected to each other by the connecting
portion at each level so that a contact may not be formed on
each individual word line. In example embodiments, one
word line contact 300 may be provided on one word line
group (e.g., including a set of word lines) formed by the
connecting portion 175 at each level.

[0221] Therefore, the number of the contacts and/or the
wiring structures may be reduced in a circuit design of the
vertical memory device so that a circuit construction and a
patterning process may be simplified.

[0222] The SSL contacts 340 may be provided on a differ-
ent extension region from that of the word line contacts 300
and the GSL contacts 320. Thus, a density of the contacts
and/or the wiring structures in a unit area may be reduced.
[0223] In example embodiments, the SSL wiring 350 may
extend in a different direction from that of the word line
wiring 310 and the GSL wiring 330. For example, the word
line wiring 310 and the GSL wiring 330 may extend in sub-
stantially the same direction as that of the bit line 195 as
illustrated in FIG. 43. The SSL wiring 350 may extend in the
third direction.

[0224] FIG. 43 illustrates that the word line contacts 300a,
3005, 300¢ and 3004 are arranged along the same line in the
top plan view. However, the word line contacts 300a, 3005,
300c and 3004 may be provided on any word line 170e, 1704,
170¢ and 1705 included the one word line group. In one
example embodiment, the word line contacts 300a, 3005,
300c and 3004 and/or the word line wirings 310a, 3105, 310¢
and 3104 may be provided in a staggered arrangement or a
zigzag arrangement in the top plan view as illustrated in FIG.
44. In this case, a process margin for patterning the word line
contacts and/or the word line wirings may be increased.
[0225] Asillustrated in FIG. 45, the word line contact 300a'
for the uppermost word line 170e may be provided on the
connecting portion 175e. Thus, a process margin for pattern-
ing the word line contact 3004' may be additionally achieved
by the connecting portion 175e.

[0226] FIGS. 46 to 52 are cross-sectional views and top
plan views illustrating a method of manufacturing vertical
memory devices in accordance with example embodiments.
Specifically, FIGS. 46,47A, 48A, 50A, 51A and 52 are cross-
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sectional views taken along the first direction. FIGS. 47B,
48B, 49A, 50B and 51B are top-plan views of the vertical
memory device. FIGS. 49B, 49C, 50C and 50D are cross-
sectional views taken along a line I-I' of FIG. 49A.

[0227] Detailed descriptions on processed and/or materials
substantially the same as or similar to those illustrated with
reference to FIGS. 7 to 20B or FIGS. 25 to 32F are omitted.

[0228] Referring to FIG. 46, processes substantially the
same as or similar to those illustrated with reference to FIGS.
7 and 8 may be performed to obtain a mold structure 105
including insulating interlayers 102 and sacrificial layers 104
alternately and repeatedly stacked on a substrate 100. The
mold structure 105 may have a pyramidal shape or a stepped
shape including a plurality of steps or stairs. In one example
embodiment, processes substantially the same as or similar to
those illustrated with reference to FIGS. 25 to 27 may be
performed to form separation layer patterns in a lowermost
sacrificial layer 104a.

[0229] Referring to FIGS. 47A and 47B, a mold protection
layer 142 covering the steps or the stairs of the mold structure
105 may be formed on the substrate 100.

[0230] In example embodiments, an insulation layer cov-
ering the mold structure 105 may be formed on the substrate
100. For example, the insulation layer may be formed using
silicon oxide by a CVD process. An upper portion of the
insulating layer may be planarized until an uppermost insu-
lating interlayer 102/ is exposed to form the mold protection
layer 142. The planarization process may include a CMP
process and/or an etch-back process.

[0231] Referring to FIGS. 48 A and 48B, processes substan-
tially the same as or similar to those illustrated with reference
to FIGS. 9A to 14B may be performed. Accordingly, a dielec-
tric layer structure 130, a channel 135 and a first filling layer
pattern 140 may be formed through the mold structure 105 on
a cell region I. A pad 150 may be formed on the dielectric
layer structure 130, the channel 135 and the first filling layer
pattern 140. A top surface of the pad 150 may be coplanar
with a top surface of the uppermost insulating interlayer
1024.

[0232] Referring to FIGS. 49A to 49C, processes substan-
tially the same as or similar to those illustrated with reference
to FIGS. 15A to 15D may be performed.

[0233] Accordingly, the mold protection layer 142, the
insulating interlayers 102 and the sacrificial layers 104 may
be partially etched to form openings 156 between channel
rows adjacent in the second direction. A top surface of the
substrate 100 may be exposed by the opening 156. The insu-
lating interlayers 102 and the sacrificial layers 104 may be
changed into insulating interlayer patterns 106 and sacrificial
layer patterns 108, respectively, by a formation of the open-
ings 156. A fence structure 1574 and 1594 may be formed on
an extension region II of the substrate 100 to cut or block the
openings 1565, 156¢ and 156d in-between.

[0234] As illustrated in FIG. 49B, the fence structure 157a
may include the insulating interlayer patterns 106a, 1065,
106¢,106d, 106e and 1067, the sacrificial layer patterns 108a,
1085, 108¢, 1084 and 108e, and the mold protection layer
142, alternately and sequentially stacked from the top surface
of the substrate 100. In the case that the separation layer
patterns 109 are formed in a lowermost sacrificial layer 104a,
the fence structure 159a may include the separation layer
patterns 109 between two lowermost sacrificial layer patterns
1064 and 1065 as illustrated in FIG. 49C.
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[0235] Referring to FIGS. 50A to 50D, processes substan-
tially the same as or similar to those illustrated with reference
to FIGS. 16A to 19D may be performed.

[0236] Accordingly, the sacrificial layer patterns 108 may
be replaced with gate lines 170. An impurity region 101 may
be formed at an upper portion of the substrate 100 exposed by
the opening 156. A second filling layer pattern 177 may be
formed on the impurity region 101 to fill the opening 156.
[0237] The gate lines 170 may include a GSL 170a, word
lines 17056, 170c, 170d and 170e, and SSLs 170f and 170g
sequentially stacked from the top surface of the substrate 100.
As illustrated in FIG. 50C, the predetermined number of the
word lines 17056, 170¢, 170d and 170e at each level may be
connected to or merged with each other by connecting por-
tions 175. In one example embodiment, the GSLs 170a' may
be separated from each other in the second direction by the
separation layer patterns 109 as illustrated in FIG. 50D.
[0238] Referring to FIGS. 51A and 51B, word line contacts
3004, 300¢, 3005 and 300a, and a GSL contact 320 may be
formed through the mold protection layer 142 and the insu-
lating interlayer patterns 106 to be in contact with the word
lines 1705, 170¢, 170d, and 170e, and the GSL 170a, respec-
tively.

[0239] Inexample embodiments, the mold protection layer
142 and the insulation interlayer patterns 106 may be partially
etched to form contact holes exposing the word lines 1705,
170c¢, 170d and 170e, and the GSL 170a. A first conductive
layer filling the contact holes may be formed on the word lines
1705, 170¢, 1704 and 170e, and the GSL 170a. An upper
portion of the first conductive layer may be planarized by a
CMP process and/or an etch-back process until a top surface
of the mold protection layer 142 is exposed to form the word
line contacts 3004, 300c, 3005 and 300 and the GSL contact
320. The first conductive layer may be formed using, for
example, a metal, ametal nitride or doped polysilicon by, e.g.,
a CVD process, an ALD process or a sputtering process.
[0240] As described with reference to FIG. 43, the number
of the word line contacts 300 at one level may be smaller than
the number of the GSL contacts 320 at one level. For example,
the GSL contact 320 may be provided on each GSL 170a.
However, one word line contact 300 may be provided per one
word line group defined by the connecting portion 175.
[0241] As illustrated in FIG. 44, the word line contacts
300a, 3005, 300c and 3004 may be formed in a zigzag
arrangement. As illustrated in FIG. 45, the uppermost word
line contact 300a may be formed on the connecting portion
175e.

[0242] A second conductive layer may be formed on the
mold protection layer 142, and then the second conductive
layer may be patterned to form word line wirings 310a, 3105,
310c and 3104, and a GSL wiring 330 electrically connected
to the word line contacts 300a, 3005, 300c¢ and 3004, and the
GSL contact 320, respectively. For example, the second con-
ductive layer may be formed using a metal, a metal nitride or
doped polysilicon by a CVD process, an ALD process or a
sputtering process.

[0243] The word line wirings 310 and the GSL wiring 330
may extend in the second direction.

[0244] Referring to FIG. 52, a process substantially the
same as or similar to that illustrated with reference to FIGS.
20A and 20B may be performed.

[0245] Accordingly, a bit line contact 190 may be formed
through an upper insulation layer 185 to be in contact with the
pad 150. A bit line 195 may be formed on the upper insulation
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layer 185 to be electrically connected to the bit line contact
190. The bit line 195 may extend in the second direction to be
electrically connected to a plurality of the channels 135.
[0246] SSL contacts 340a and 34056 may be formed through
the upper insulation layer 185, the mold protection layer 142
and the insulating interlayer pattern 106 to be in contact with
the SSLs 170g and 170f. The SSL contacts 340a and 3405
may be formed simultaneously with the bit line contact 190.
In example embodiments, the SSL contacts 340a and 3405
may be formed on the different extension region II from that
of the word line contacts 300 and the GSL contact 320.
[0247] An SSL wiring 350 may be formed on the upper
insulation layer 185 to be electrically connected to the SSL
contacts 340a and 3405. In example embodiments, the SSL,
wiring 350 may extend in the third direction.

[0248] As illustrated with reference to FIGS. 43 to 45, the
SSL contacts 340a and 3405 may be provided per the indi-
vidual SSLs 170f'and 170g. Therefore, the number of the SSL,
contacts 340a and 3405 at one level may be greater than the
number of the word line contacts 300 at one level.

[0249] As illustrated in FIG. 52, the word line wirings 310
and the GSL wiring 330 may be formed on a different level
from that of the SSL wiring 350. However, the word line
wirings 310, the GSL wiring 330 and the SSL wiring 350 may
be formed on the same level. For example, all of the word line
wirings 310, the GSL wiring 330 and the SSL wiring 350 may
be formed on the mold protection layer 142 or the upper
insulation layer 185.

[0250] FIG. 53 is a top plan view illustrating a vertical
memory device in accordance with example embodiments.
[0251] The vertical memory device of FIG. 53 may have
elements and/or constructions substantially the same as or
similar to those illustrated with reference to FIGS. 33 to 37
except for an addition of contacts and wiring structures. Thus,
repeated descriptions thereon are omitted. For the conve-
nience of explanation, FIG. 53 do not show all elements of the
vertical semiconductor devices, but only shows some ele-
ments thereof, e.g., a gate line, a bit line contact, a bit line, the
contact and the wiring structure.

[0252] Referring to FIG. 53, the vertical memory device
may include gate lines 270 stacked in a zigzag arrangement
along the first direction as illustrated in FIGS. 33 to 37. In
example embodiments, the gate lines 270 may protrude in the
third direction alternately on a first extension region Ila and a
second extension region ITb. Accordingly, the contacts elec-
trically connected to the gate lines 270 may be also provided
alternately on the first extension region Ila and the second
extension region IIb.

[0253] For example, GSL contacts 420 formed at a lower-
most level may be provided on the first extension region Ila.
The GSL contact 420 may be provided on each individual
GSL 270a. A GSL wiring 430 may be electrically connected
to a plurality of the GSL contacts 420 to extend in the second
direction.

[0254] As illustrated in FIG. 53, a first word line contact
4004 connected to a lowermost word line 2705 may be pro-
vided on the second extension region IIb. A second word line
contact 400c may be provided on the first extension region
1Ia, a third word line contact 4005 may be provided on the
second extension region IIb, and a fourth word line contact
4002 may be provided on the first extension region Ila. In one
example embodiment, one word line contact 400 may be
provided per one word line group formed by a connecting
portion 275.
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[0255] Word line wirings 410a, 4105, 410c¢ and 4104 may
be electrically connected to the word line contacts 400a,
4005, 400¢ and 400d, respectively, to extend in the second
direction.

[0256] SSL contacts 440a and 4405 may be electrically
connected to SSLs 270f and 270g. SSL wirings 450 may be
electrically connected to the SSL contacts 440a and 4405 to
extend in the third direction. The SSL contact 440 may be
provided on each individual SSL 270f'and 270g.

[0257] In one example embodiment, as illustrated in FIG.
44, the word line contact 400 may be electrically connected to
any word line included in the word line group. As illustrated
in FIG. 45, the uppermost word line contact 400a may be
formed on the connecting portion 275e.

[0258] FIGS. 54 to 58 are cross-sectional views and top
plan views illustrating a method of manufacturing a vertical
memory device in accordance with example embodiments.
[0259] Specifically, FIGS. 54, 55, 56A, 57A and 58 are
cross-sectional views taken along the first direction. FIGS.
56B and 57B are top-plan views of the vertical memory
device. FIGS. 56C, 56D, 57C and 57D are cross-sectional
views taken along a line I-I".

[0260] Detailed descriptions on processes and/or materials
substantially the same as or similar to those illustrated with
reference to FIGS. 7 to 20B, FIGS. 25 to 32F, FIGS. 38 to
42D, or FIGS. 46 to 52 are omitted.

[0261] Referring to FIG. 54, processes substantially the
same as or similar to those illustrated with reference to FIGS.
38 and 39 may be performed to form a mold structure 205
including insulating interlayers 202 and sacrificial layers 204
which are alternately and repeatedly stacked in a zigzag
arrangement along the first direction.

[0262] Referring to FIG. 55, a process substantially the
same as or similar to that illustrated with reference to FIGS.
47A and 47B may be performed to form a mold protection
layer 242 covering steps or stairs of the mold structure 205.
[0263] Referring to FIGS. 56A to 56D, processes substan-
tially the same as or similar to those illustrated with reference
to FIGS. 40A to 41D or FIGS. 48A to 49C may be performed.
[0264] Accordingly, a dielectric layer structure 230, a chan-
nel 235 and a first filling layer pattern 240 may be formed
through the mold structure 205. A pad 250 may be formed on
the dielectric layer structure 230, the channel 235 and the first
filling layer pattern 240.

[0265] The mold protection layer 242, the insulating inter-
layers 202 and the sacrificial layers 204 may be partially
etched to form openings 256 between channel rows adjacent
in the second direction. The insulating interlayers 202 and the
sacrificial layers 204 may be changed into insulating inter-
layer patterns 206 and sacrificial layer patterns 208 by a
formation of the opening 256. A fence structure 257a and
259a may be formed on a first extension region Ila or asecond
extension region IIb to cut or block the openings 2565, 256¢
and 2564 in-between.

[0266] As illustrated in FIG. 56C, the fence structure 257a
may include the insulating interlayer patterns 206a, 2065,
206¢, 2064, 206¢ and 2067, the sacrificial layer patterns 208a,
208b, 208¢, 2084 and 208e, and the mold protection layer
242, alternately and sequentially stacked from the top surface
of the substrate 200. In the case that the separation layer
patterns 209 are formed in a lowermost sacrificial layer 204a,
the fence structure 2594 may include the separation layer
patterns 209 between two lowermost sacrificial layer patterns
2064 and 2065 as illustrated in FIG. 56D.
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[0267] Referring to FIGS. 57A to 57D, processes substan-
tially the same as or similar to those illustrated with reference
to FIGS. 16A to 19D, or FIGS. 50A to 50D may be per-
formed.

[0268] Accordingly, the sacrificial layer patterns 208 may
be replaced with gate lines 270. An impurity region 201 may
be formed at an upper portion of the substrate 200 exposed by
the opening 256. A second filling layer pattern 277 may be
formed on the impurity region 201 to fill the opening 256.
[0269] The gate lines 270 may include a GSL 270a, word
lines 2705, 270c, 270d and 270e, and SSLs 270f and 270g
sequentially stacked from the top surface ofthe substrate 200.
As illustrated in FIG. 57C, the predetermined number of the
word lines 2705, 270¢, 270d and 270e at each level may be
connected to or merged with each other by connecting por-
tions 275. In one example embodiment, the GSLs 2704' may
be separated from each other in the second direction by the
separation layer patterns 209 as illustrated in FIG. 57D.
[0270] Referring to FIG. 58, processes substantially the
same as or similar to those illustrated with reference to FIGS.
51A to 52 may be performed.

[0271] Accordingly, word line contacts 4004, 400¢, 4005
and 400q, and a GSL contact 420 may be formed through the
mold protection layer 242 and the insulating interlayer pat-
terns 206 be in contact with the word lines 2705, 270¢, 2704,
and 270e, and the GSL 270a, respectively.

[0272] As illustrated in FIG. 53, the contacts electrically
connected to the gate lines 270 may be formed alternately on
a first extension region Ila and a second extension region IIb.
For example, the GSL contact 420 formed at a lowermost
level may be formed on the first extension region ITa. The first
word line contact 4004 connected to the lowermost word line
2705 may be formed on the second extension region IIb. The
second word line contact 400c may be formed on the first
extension region Ila, the third word line contact 4005 may be
formed on the second extension region IIb, and the fourth
word line contact 400a may be formed on the first extension
region Ila.

[0273] In example embodiments, the contacts may be dis-
tributed alternately on both extension regions Ila and IIb, so
that a process margin for forming the contacts and the wiring
structures may be additionally achieved.

[0274] As illustrated in FIG. 53, the GSL contact 420 may
be formed on each individual GSL 270a, and the word line
contact 400 may be formed on each word line group defined
by the connecting portion 275 at each level.

[0275] A GSL wiring 430 may be formed on the mold
protection layer 242 to be in contact with a plurality of the
GSL contacts 420 and extend in the second direction. Word
line wirings 410a, 4105, 410¢ and 4104 may be in contact
with the word line contacts 400a, 4005, 400¢ and 4004 to
extend in the second direction.

[0276] An upper insulation layer 285 covering the word
line wirings 410 and the GSL wiring 430 may be formed on
the mold protection layer 242. SSL contacts 440a and 4405,
and bit line contacts 290 may be formed through the upper
insulation layer to be electrically connected to the SSLs 270g
and 270f; and the pads 250, respectively. A bit line 295 and an
SSL wiring 450 may be formed on the upper insulation layer
285 to be electrically connected to the bit line contact 290 and
the SSL contacts 440a and 4405, respectively. In example
embodiments, the bit line 295 and the SSL wiring 450 may be
patterned to extend in the second direction and the third
direction, respectively.
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[0277] Inexample embodiments, the SSL contact 440a and
4405 may be formed on each individual SSL, 270fand 270g.
[0278] FIG.58 illustrates that the SSL wiring 450 is formed
on the upper insulation layer 285. However, the SSL wiring
450 may be formed on the mold protection layer 242. In one
example embodiment, all of the word line wiring 410, the
GSL wiring 430 and the SSL wiring 450 may be formed on
the upper insulation layer 285.

[0279] FIG. 59 is a top plan view illustrating a vertical
memory device in accordance with example embodiments.
For the convenience of explanation, FIG. 59 illustrates only
conductive structures including, e.g., gate lines, bit lines,
wirings or contacts.

[0280] Referring to FIG. 59, the vertical memory device
may include a plurality of cell blocks 500 disposed on a
substrate. The substrate may include a cell region I and an
extension region. The extension region may include a first
extension region Ila and a second extension region I1b at both
lateral portions of the cell region I in the third direction.
[0281] In example embodiments, the plurality of the cell
blocks 500 are arranged in the second direction. The first
extension region Ila and the second extension region IIb may
face each other with respect to the cell region I. For example,
when viewed from a plan view, an inner boundary separating
the first extension region I1a from the cell region I may face an
inner boundary separating the second extension region IIb
from the cell region I.

[0282] Gate lines 170 may be stacked in a pyramidal shape
including a plurality of steps along the first direction as illus-
trated in FIGS. 1 and 2, or FIG. 21. In one example embodi-
ment, the gate lines may be stacked in a zigzag arrangement
as illustrated in FIGS. 33 and 34.

[0283] The gate lines 170 may include a GSL 170a, word
lines 17056, 170c, 170d and 170e, and SSLs 170f'and 170g
sequentially stacked from a top surface of the substrate.
[0284] The cell blocks 500a, 5005, 500¢ and 5004 may
include the gate lines 170 connected to each other by con-
necting portions 175. As illustrated n FIG. 59, the word lines
1706, 170¢, 170d and 170e extending in the third direction
may be connected to each other at each level by the connect-
ing portions 175 to form word line groups. The word line
group may include, e.g., four word lines at each level. The cell
block 500 may include a plurality of the word line groups
stacked in the first direction. The connecting portions 1755,
175¢, 175d and 175¢ included in one cell block may overlap
each other in the first direction.

[0285] Inoneexample embodiment, the GSLs 170a may be
separated from each other in the second direction by separa-
tion layer patterns as illustrated in FIGS. 21 to 24B.

[0286] The cell block 500 may include contacts and wirings
electrically connected to the gate lines 170. Word line con-
tacts 300a, 3005, 300c and 3004, and word line wirings 310a,
3105, 310c and 3104 may be provided on the word lines 1705,
170c¢, 170d and 170e. A GSL contact 320 and a GSL wiring
330 may be provided on the GSL 170a. SSL contacts 340a
and 3405 and an SSL wiring 350 may be provided on the
SSLs 170g and 340f.

[0287] In example embodiments, the number of the GSL
contacts 320 and the number of the SSL contacts 340 at one
level may be greater than the number of the word line contacts
300 at one level. For example, the GSL contact 320 and the
SSL contact 340 may be provided on each individual GSL
170a and the SSL 170fand 170g, respectively. However, the

May 21, 2015

word line contact 300 may be provided on each word line
group defined by the connecting portion 175.

[0288] In example embodiments, the connecting portions
175 may be provided in a zigzag arrangement. For example,
the connecting portions 175 may be arranged alternately on
the first extension region I1a and the second extension region
IIb along the second direction. As illustrated in FIG. 59, the
connecting portion 175 of the first cell block 5004 may be
located on the first extension region Ila, and the connecting
portion 175 of the second cell block 5005 adjacent to the first
cell block 500q in the second direction may be located on the
second extension region IIb. The connecting portion 175 of
the third cell block 500¢ may be located on the first extension
region Ila, and the connecting portion 175 of the fourth cell
block 5004 adjacent to the third cell block 500c¢ in the second
direction may be located on the second extension region IIb.
[0289] Accordingly, top surfaces of the uppermost con-
necting portions 175¢ included in the cell blocks 5004, 5005,
500¢ and 5004 may be exposed alternately on the first and
second extension regions I1la and IIb in a top plan view.
[0290] In example embodiments, the word line contacts
300 and the word line wirings 310 of the cell blocks 500 may
be disposed on the extension regions on which the connecting
portions 175 are formed. For example, the word line contacts
300 and the word line wirings 310 of the first cell block 500a
may be disposed on the first extension region Ila. The word
line contacts 300 and the word line wirings 310 of the second
cell block 5005 may be disposed on the second extension
region IIb. The word line contacts 300 and the word line
wirings 310 of the third cell block 500¢ may be disposed on
the first extension region ITa. The word line contacts 300 and
the word line wirings 310 of the fourth cell block 5004 may be
disposed on the second extension region IIb.

[0291] Accordingly, the word line contacts 300 and the
word line wirings 310 may be also distributed throughout
both extension regions Ila and IIb, so that a process margin
and a contact area may be increased, and an additional circuit
area may be achieved.

[0292] FIG. 59 illustrates that the GSL contact 320 and the
GSL wiring 330 are disposed on the same extension region as
that of the word line contact 300 and the word line wiring 310,
and the SSL contact 340 and the SSL wiring 350 are disposed
on the different extension region from that of the word line
contact 300 and the word line wiring 310. However, arrange-
ments and/or locations of the contacts and the wirings may be
adjusted in consideration of, e.g., a circuit design of the ver-
tical memory device. For example, the GSL contact 320, the
GSL wiring 330, the SSL contact 340 and the SSL wiring 350
of each cell block 500 may be disposed on the different
extension region from that of the word line contact 300 and
the word line wiring 310.

[0293] Bit line contacts 190 and bit lines 195 electrically
connected to channels and/or pads included in each cell block
may be disposed on the SSL 170g. As illustrated in FIG. 59,
the bit line 195 may extend in the same direction as that of the
GSL wiring 330 and word line wiring 310, e.g., the second
direction.

[0294] According to example embodiments of the present
invention, word lines of vertical memory device at each level
may be connected to or merged with each other by a connect-
ing portion. Thus, the number of contact and wiring structures
for grouping the word lines may be reduced. Therefore, the
vertical memory device may be utilized for a non-volatile
memory device having large capacity and integration degree.
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[0295] The foregoing is illustrative of example embodi-
ments and is not to be construed as limiting thereof. Although
a few example embodiments have been described, those
skilled in the art will readily appreciate that many modifica-
tions are possible in the example embodiments without mate-
rially departing from the novel teachings and advantages of
the present inventive concept. Accordingly, all such modifi-
cations are intended to be included within the scope of the
present inventive concept as defined in the claims. In the
claims, means-plus-function clauses are intended to cover the
structures described herein as performing the recited function
and not only structural equivalents but also equivalent struc-
tures. Therefore, it is to be understood that the foregoing is
illustrative of various example embodiments and is not to be
construed as limited to the specific example embodiments
disclosed, and that modifications to the disclosed example
embodiments, as well as other example embodiments, are
intended to be included within the scope of the appended
claims.

What is claimed is:

1. A vertical memory device, comprising:

a substrate;

a plurality of channels extending in a first direction which
is vertical to a top surface of the substrate;

a plurality of gate lines stacked in the first direction to be
spaced apart from each other and extending in a second,
lengthwise direction, each gate line intersecting a set of
channels and surrounding outer sidewalls of each chan-
nel of the set of channels, wherein the gate lines form a
stepped structure which includes a plurality of vertical
levels; and

a connecting portion which connects a group of gate lines
of the plurality of gate lines located at the same vertical
level, the connecting portion diverging from the second
direction in which the gate lines of the group of gate lines
extend.

2. The vertical memory device of claim 1, wherein the
substrate includes a cell region and an extension region at a
lateral portion of the cell region, and

wherein the connecting portion is disposed on the exten-
sion region.

3. The vertical memory device of claim 2, wherein a plu-
rality of the connecting portions are provided at different
vertical levels and overlap each other in the first direction.

4. The vertical memory device of claim 1, wherein the
connecting portion is inside outermost ends of the gates lines
of the group of gate lines in the second direction and is
integral with the group of gate lines.

5. The vertical memory device of claim 2, wherein the
extension region includes a first extension region and a sec-
ond extension region at both lateral portions of the cell region,
and

wherein the plurality of gate lines are stacked in the first
direction such that top surfaces of the plurality of gate
lines are exposed alternately on the first extensionregion
and the second extension region.

6. The vertical memory device of claim 5, further compris-
ing contacts electrically connected to the plurality of gate
lines, and

wherein the contacts are arranged alternately on the first
extension region and the second extension region in the
first direction.
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7. The vertical memory device of claim 1, wherein the
plurality of gate lines include ground selection lines (GSLs),
word lines, and string selection lines (SSLs), and

wherein the SSLs at the same level are separated from each
other, and the group of word lines at the same level are
connected or merged with each other by the connecting
portion.

8. The vertical memory device of claim 7, wherein the
GSLs at the same level are separated from each other by a
separation layer pattern.

9. The vertical memory device of claim 8, wherein the
separation layer pattern overlaps the connecting portion in the
first direction.

10. The vertical memory device of claim 7, further com-
prising a GSL contact, a word line contact and an SSL contact
electrically connected to the GSL, the word line and the SSL,
respectively, and

wherein the number of the word line contacts at one level is
smaller than the number of the GSL contacts at one level
or the number of the SSL contacts at one level.

11. The vertical memory device of claim 10, wherein the
GSL contact and the SSL contact are provided on each indi-
vidual GSL and each individual SSL, respectively,

wherein the gate lines connected by the connecting portion
at one level form a word line group, and

wherein a word line contact is provided for each word line
group.

12. The vertical memory device claim 11, wherein the word

line contact is provided on the connecting portion.
13. The vertical memory device claim 1, wherein a plural-
ity of the channels are arranged in the second direction to
form a channel row,
wherein a plurality of the channel rows are arranged in a
third direction perpendicular to the second direction,
wherein a gate line surrounds channels of the channel row,
and
wherein the connecting portion connects the group of gate
lines arranged in the second direction at the same verti-
cal level.
14. A vertical memory device, comprising:
a substrate;
a plurality of channels extending in a first direction which
is vertical to a top surface of the substrate;
a plurality of sets of gate lines stacked in the first direction,
each set of gate lines including a group of gate lines at a
same vertical level and extending in a second direction
perpendicular to the first direction, the group of gates
lines parallel to each other and separated from each other
in a third direction perpendicular to the first direction
and different from the second direction,
wherein each gate line of each group of gate lines inter-
sects a plurality of channels, and

wherein a plurality of sets of gate lines form a stepped
structure which includes a plurality of vertical levels;
and

at least a first connecting portion connecting gate lines of a
first gate line group of the plurality of groups of gate
lines, the connecting portion integrally formed to con-
nect the gate lines of the first gate line group and extend-
ing in an extension direction different from the second
direction.

15. The vertical memory device of claim 14, wherein:

the plurality of channels are formed at a central region of
the vertical memory device; and
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the first connecting portion is formed in an outer region of
the vertical memory device where the channels are not
formed.

16. The vertical memory device of claim 15, further com-

prising:

at least a second connecting portion connecting gate lines
of a second gate line group of the plurality of groups of
gate lines, second gate line group at a different vertical
level as the first gate line group, the second connecting
portion integrally formed to connect the gate lines of the
second gate line group and extending in the extension
direction different from the second direction,

wherein the second connecting portion vertically overlaps
the first connecting portion.

17. The vertical memory device of claim 14, further com-

prising:

aword line contact shared among the gate lines of the first
gate line group.

18. A vertical memory device, comprising:

a substrate including:
a cell region; and
a first extension region and a second extension region at

opposite lateral portions of the cell region; and

a plurality of cell blocks on the substrate, each cell block
including:
a plurality of channels extending in a first direction

which is vertical to a top surface of the substrate;

May 21, 2015

aplurality of gate lines, each gate line surrounding outer
sidewalls of a set of channels of the plurality of chan-
nels and extending in a second, lengthwise direction
perpendicular to the first direction, the plurality of
gate lines including at least two groups of gate lines of
the plurality of gate lines, the groups stacked in the
first direction to be spaced apart from each other; and

a connecting portion which connects the gate lines
located at the same level, the connecting portion pro-
truding from the gate line in a third direction different
from the lengthwise direction.

19. The vertical memory device of claim 18, wherein the
cell blocks are arranged in the third direction which is parallel
to the top surface of the substrate, and

wherein the first extension region and the second extension

region face each other with respect to a cell region in the
second direction, the second direction being parallel to
the top surface of the substrate and perpendicular to the
third direction.

20. The vertical memory device of claim 19,

further comprising a contact electrically connected to the

gate lines which are connected to or merged with each
other by the connecting portion,
wherein the connection portions of the cell blocks are
arranged alternately on the first extension region and the
second extension region in the third direction, and

wherein a plurality of the contacts are arranged alternately
on the first extension region and the second extension
region in the third direction.
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