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SEMICONDUCTOR DEVICES AND
METHODS OF MANUFACTURING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 U.S.C.
§119 to Korean Patent Application No. 10-2013-0027261,
filed on Mar. 14, 2013 in the Korean Intellectual Property
Office (KIPO), the contents of which are herein incorporated
by reference in their entirety.

FIELD

[0002] The present inventive concepts relate to semicon-
ductor devices, and more particularly to vertical memory
devices.

BACKGROUND

[0003] For a high integration of semiconductor elements,
methods of stacking cells in a vertical direction, i.e., vertical
memory devices have been developed. It may be beneficial
for each transistor included in the vertical memory devices to
have uniform electric characteristics.

SUMMARY

[0004] According to some embodiments of the inventive
concepts, there is provided a memory device. The memory
device may include a plurality of semiconductor patterns on a
substrate. Each of the plurality of semiconductor patterns
may include a first impurity region doped at a first impurity
concentration with first impurities. The first impurities may
include a first conductive type. The memory device may
include a plurality of second impurity regions at a plurality of
first upper portions of the substrate. Each of the plurality of
second impurity regions may contact one of the plurality of
semiconductor patterns and may be doped at a second impu-
rity concentration with second impurities. The second impu-
rities may include the first conductive type. The memory
device may include a plurality of channel patterns on the
plurality of semiconductor patterns. Each of the plurality of
channel patterns may correspond to a respective one of the
plurality of semiconductor patterns and may extend in a first
direction substantially perpendicular to a top surface of the
substrate. The memory device may include a plurality of gate
structures. Each of the plurality of gate structures may extend
in a second direction substantially parallel to the top surface
of the substrate and may be adjacent to a sidewall of each of
one or more of the plurality of channel patterns. The plurality
of gate structures may be spaced apart from each other in the
first direction. The memory device may include a plurality of
third impurity regions at a plurality of second upper portions
of the substrate adjacent to end portions of the plurality of
gate structures. Each of the plurality of third impurity regions
may be doped with third impurities and may be configured to
provide a common source line. The third impurities may
include a second conductive type different from the first con-
ductive type. The memory device may include a plurality of
fourth impurity regions at a plurality of third upper portions of
the substrate between the second and third impurity regions
and between adjacent second impurity regions. Each of the
plurality of fourth impurity regions may be doped at a third
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impurity concentration with fourth impurities. The third
impurity concentration may be lower than the first and second
impurity concentrations.

[0005] The fourth impurities may include the first conduc-
tive type or the second conductive type.

[0006] The plurality of first and second impurity regions
may be configured to provide a plurality of vertical channel
regions of a plurality of ground selection transistors and the
plurality of fourth impurity regions may be configured to
provide a plurality of horizontal channel regions thereof.
[0007] A top surface of each of the plurality of semicon-
ductor patterns may be coplanar with or lower than a top
surface of a lowermost one of the plurality of gate structures
in the first direction relative to the top surface of the substrate.
[0008] A top surface of each of the plurality of semicon-
ductor patterns may be higher than a top surface of a lower-
most one of the plurality of gate structures in the first direction
relative to the top surface of the substrate.

[0009] Each of the plurality of second impurity regions
may have a first depth from the top surface of the substrate.
Each of the plurality of fourth impurity regions may have a
second depth from the top surface of the substrate. The second
depth may be less deep than the first depth.

[0010] The substrate may be doped at a fourth impurity
concentration with fifth impurities. The fourth impurity con-
centration may be lower than the first and second impurity
concentrations. The fifth impurities may include the first con-
ductive type.

[0011] The memory device may include a plurality of
recessed portions of the substrate. Each of the plurality of
semiconductor patterns may extend from a respective one of
the plurality of recessed portions.

[0012] The plurality of channel patterns may be arranged in
a plurality of channel pattern columns which extend in the
second direction. The plurality of channel pattern columns
may be arranged in a channel pattern array which extends in
a third direction which is substantially parallel to the top
surface of the substrate and substantially perpendicular to the
second direction.

[0013] Each of the plurality of gate structures may be adja-
cent to a sidewall of each of the channel patterns included in
at least two of the plurality of channel pattern columns.
[0014] According to some embodiments of the inventive
concepts, there is provided a method of manufacturing a
memory device. A preliminary impurity region may be
formed at a first upper portion of a substrate. The preliminary
impurity region may be doped at a first impurity concentra-
tion with first impurities. A plurality of insulating interlayers
and sacrificial layers may be alternately formed on the sub-
strate. A plurality of channel holes may be formed through the
sacrificial layers and the insulating interlayers. Each of the
plurality of channel holes may expose a respective one of a
plurality of portions of a top surface of the substrate. A plu-
rality of first impurity regions may be formed at the plurality
of portions of the top surface of the substrate exposed by the
plurality of channel holes. The plurality of first impurity
regions may be doped at a second impurity concentration with
second impurities. The second impurities may include a first
conductive type. The second impurity concentration may be
higher than the first impurity concentration. A plurality of
semiconductor patterns may be formed. Each of the plurality
of semiconductor patterns may be formed on a respective one
of the plurality of first impurity regions and may include a
respective one of a plurality of second impurity regions. The
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plurality of second impurity regions may be doped at a third
impurity concentration with third impurities. The third impu-
rities may include the first conductive type. The third impurity
concentration may be higher than the first impurity concen-
tration. A plurality of channel patterns may be formed. Each
of the plurality of channel patterns may be formed on a
respective one of the plurality of semiconductor patterns. A
plurality of openings may be formed through the sacrificial
layers and the insulating interlayers. Each of the plurality of
openings may expose a respective one of a plurality of por-
tions of the top surface of the substrate. A plurality of third
impurity regions may be formed at the plurality of portions of
the top surface of the substrate exposed by the plurality of
openings. The plurality of third impurity regions may be
doped with fourth impurities. The fourth impurities may
include a second conductive type different from the first con-
ductive type. The plurality of sacrificial layers exposed by the
channel holes may be removed. A plurality of gate structures
may be formed. Each of the plurality of gate structures may
extend substantially parallel to the top surface of the substrate
and may be adjacent to a sidewall of each of one or more of the
plurality of channel patterns. The gate structures may be
spaced apart from each other in a first direction substantially
perpendicular to the top surface of the substrate.

[0015] The forming of the plurality of first impurity regions
may include performing an ion implantation process.

[0016] The forming of the plurality of semiconductor pat-
terns including the plurality of second impurity regions may
include performing a selective epitaxial growth (SEG) pro-
cess and an ion implantation process in-situ.

[0017] The channel holes may be formed through the sac-
rificial layers, the insulating interlayers and at least an upper
portion of the substrate, to form a recess.

[0018] According to some embodiments of the inventive
concepts, there is provided a memory device. The memory
device may include a semiconductor substrate. The substrate
may include a first concentration of a first conductivity type of
impurity. The memory device may include a plurality of
semiconductor patterns on the substrate. Each of the plurality
of semiconductor patterns may include a second concentra-
tion of the first conductivity type of impurity. The second
concentration may be greater than the first concentration. The
memory device may include a plurality of channel patterns on
the plurality of semiconductor patterns. Each of the plurality
of channel patterns may correspond to a respective one of the
plurality of semiconductor patterns and extend substantially
perpendicular to a top surface of the substrate. The memory
device may include a plurality of gate structures. Each of the
plurality of gate structures may extend substantially parallel
to the top surface of the substrate. The memory device may
include a plurality of common source lines at the top surface
of'the substrate. Each ofthe plurality of common source lines
may be adjacent to end portions of the plurality of gate struc-
tures and may include a second conductivity type of impurity.
The second conductivity type of impurity may be different
from the first conductivity type of impurity. The memory
device may include a plurality of channel regions at the top
surface of the substrate extending between the plurality of
semiconductor patterns and the plurality of common source
lines and between adjacent semiconductor patterns. The
channel regions may include a third concentration of impu-
rity. The third concentration may be less than the second
concentration.

Sep. 18,2014

[0019] The channel regions may be first channel regions
and the memory device may also include a plurality of second
channel regions at the top surface of the substrate. Each of the
plurality of second channel regions may include a fourth
concentration of the first conductivity type of impurity and
may contact a respective one of the plurality of semiconduc-
tor patterns. The fourth concentration may be greater than the
third concentration.

[0020] Each ofthe plurality of semiconductor patterns may
extend from a recessed portion of the substrate.

[0021] A top surface of each of the plurality of semicon-
ductor patterns may be coplanar with or higher than a top
surface of a lowermost one of the plurality of gate structures
relative to the top surface of the substrate.

[0022] A top surface of each of the plurality of semicon-
ductor patterns may be coplanar with or lower than a bottom
surface of a lowermost one of the plurality of gate structures
relative to the top surface of the substrate.

[0023] Each ofthe plurality of channel regions may include
the first conductivity type of impurity.

[0024] Each of the plurality of channel regions may include
the second conductivity type of impurity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1is a plan view illustrating a vertical memory
device in accordance with example embodiments;

[0026] FIG. 2 is a cross-sectional view cut along a line I-I'
in FIG. 1;

[0027] FIG. 3 is an enlarged view of a ground selection
transistor of FIG. 2;

[0028] FIGS. 4 to 9 are cross-sectional views illustrating
stages of a method of manufacturing the vertical memory
device of FIGS. 1 to 3;

[0029] FIG. 10 is a cross-sectional view illustrating a ver-
tical memory device;

[0030] FIG. 11 is an enlarged view of a ground transistor of
FIG. 10;

[0031] FIGS. 12 and 13 are cross-sectional views illustrat-
ing stages of a method of manufacturing the vertical memory
device of FIG. 10;

[0032] FIG. 14 is a vertical memory device in accordance
with example embodiments;

[0033] FIGS. 15 to 17 are cross-sectional views illustrating
stages of a method of manufacturing the vertical memory
device of FIG. 14; and

[0034] FIG. 18 is a block diagram illustrating a data pro-
cessing system in accordance with example embodiments.

DETAILED DESCRIPTION

[0035] Embodiments of the inventive concepts will now be
described more fully with reference to the accompanying
drawings, in which example embodiments are shown.
Example embodiments may, however, be embodied in many
different forms and should not be construed as limited to the
example embodiments set forth herein. Rather, these embodi-
ments are provided as examples so that this disclosure will be
thorough and complete, and will fully convey the scope of the
invention to those skilled in the art. In the drawings, the
thicknesses of layers and regions may be exaggerated for
clarity. Like reference numerals in the drawings denote like
elements.

[0036] It will be understood that when an element or layer

is referred to as being “on,” “connected to” or “coupled to”
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another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items. Other words used to
describe the relationship between elements or layers should
be interpreted in a like fashion (e.g., “between” versus
“directly between,” “adjacent” versus “directly adjacent”).
[0037] It will be understood that, although the terms first,
second, third, etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. Unless indicated otherwise,
these terms are only used to distinguish one element, compo-
nent, region, layer or section from another region, layer or
section. Thus, a first element, component, region, layer or
section discussed below could be termed a second element,
component, region, layer or section without departing from
the teachings of the example embodiments.

[0038] 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.

[0039] The terminology used herein is for the purpose of
describing particular example embodiments only and is not
intended to be limiting of the example embodiments. As used
herein, the singular forms “a,” “an” and “the” are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms “comprises” and/or “comprising,” when used in this
specification, specify the presence of stated features, steps,
operations, elements, and/or components, but do not preclude
the presence or addition of one or more other features, steps,
operations, elements, components, and/or groups thereof.
[0040] It will be understood that when an element is
referred to as being “at” an upper portion of a substrate, it can
at least partially be contained within the substrate at a depth
from a top surface of the substrate. In contrast, when an
element is referred to as being “on” a substrate, it will be
understood that the element can be contained outside of the
substrate extending from a top surface of the substrate.
[0041] Example embodiments are described herein with
reference to cross-sectional illustrations that are schematic
illustrations of idealized 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-
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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 disclosure.

[0042] 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 disclosure belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, 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.

[0043] FIG. 1is a plan view illustrating a vertical memory
device in accordance with example embodiments. FIG. 2 is a
cross-sectional view of the semiconductor device in FIG. 1
cut along the line FIG. 3 is an enlarged view of a ground
selection transistor (GST) of FIG. 2.

[0044] Hereinafter, a direction substantially perpendicular
to a top surface of a substrate may be defined as a first
direction, and two directions substantially parallel to the top
surface of the substrate and substantially perpendicular to
each other may be defined as second and third directions,
respectively.

[0045] Referring to FIGS. 1 to 3, the vertical memory
device may include a semiconductor pattern 134 on a sub-
strate 100. In example embodiments, a plurality of semicon-
ductor patterns 134 may be formed both in the second and
third directions to define a semiconductor pattern array. A
pillar structure including a channel pattern 146 therein may
be formed on the semiconductor pattern 134. In example
embodiments, a plurality of pillar structures may be formed
both in the second and third directions to define a pillar
structure array corresponding to the semiconductor pattern
array. The pillar structure array may include a plurality of
pillar structure columns arranged in the third direction, and
each pillar structure column may include a plurality of pillar
structures arranged in the second direction. A plurality of gate
structures 176 each of which may extend in the second direc-
tion and surround sidewalls of the pillar structures may be
formed in the first direction.

[0046] The semiconductor pattern 134 may be doped with
impurities of a first conductive type, and may serve as a first
impurity region. A second impurity region 132 doped with
impurities of the first conductive type may be formed at an
upper portion of the substrate 100 beneath the semiconductor
pattern 134. In example embodiments, a plurality of second
impurity regions 132 may be formed both in the second and
third directions, and second impurity regions 132 may contact
the semiconductor patterns 134, respectively.

[0047] A third impurity region 162 serving as a common
source line (CSL) may be formed at an upper portion of the
substrate 100 adjacent to end portions of the gate structures
176. The third impurity region 162 may be spaced apart from
the second impurity region 132 in the third direction. In
example embodiments, a plurality of third impurity regions
162 each of which may extend in the second direction may be
formed in the third direction. The third impurity region 162
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may be doped with impurities of a second conductive type
different from the first conductive type.

[0048] A fourth impurity region 1024 may be formed at an
upper portion of the substrate 100 between the second and
third impurity regions 132 and 162, and also between the
second impurity regions 132. In example embodiments, a
plurality of fourth impurity regions 102a each of which may
extend in the second direction may be formed in the third
direction.

[0049] The substrate 100 may include a semiconductor
material, e.g., silicon, germanium, etc. The substrate 100 may
be doped with impurities of the first conductive type at a first
impurity concentration, which may be low. For example, the
first conductive type may be a p-type.

[0050] The semiconductor pattern 134 may contact the top
surface of the substrate 100 and may have a pillar shape
protruding therefrom in the first direction. The semiconductor
pattern 134 may include, e.g., single crystalline silicon. The
semiconductor pattern 134 may serve as a channel of the GST.
[0051] The first impurity region, i.e., the semiconductor
pattern 134 may have a second impurity concentration higher
than the first impurity concentration.

[0052] The second impurity region 132 may contact the
semiconductor pattern 134, and may be doped with impurities
of the first conductive type, which may be the same as the
semiconductor pattern 134. Thus, the first impurity region
and the second impurity region 132 may be electrically con-
nected to each other. The second impurity region 132 may
have a third impurity concentration higher than the first impu-
rity concentration. The third impurity concentration may be
substantially the same as or different from the second impu-
rity concentration. The second impurity region 132 may have
a first depth from the top surface of the substrate 100.
[0053] The channel pattern 146 may contact a top surface of
the semiconductor pattern 134. The channel pattern 146 may
have a hollow cylindrical shape in which a bottom thereof is
not open, and may protrude from the top surface of the semi-
conductor pattern 134. An internal space defined by the hol-
low cylindrical channel pattern 146 may be filled with a first
insulation layer pattern 148. Alternatively, the channel pattern
146 may have a solid cylindrical shape, and thus no first
insulation layer pattern may exist. The channel pattern 146
may include doped or undoped polysilicon, single crystalline
silicon, etc. Each pillar structure may include a tunnel insu-
lation layer 144, a charge storage layer 142 and an oxide layer
141 sequentially formed on an outer sidewall of the channel
pattern 146.

[0054] The tunnel insulation layer 144 may surround the
outer sidewall of the channel pattern 146. The tunnel insula-
tion layer 144 may include an oxide, e.g., silicon oxide. The
charge storage layer 142 may be formed on the tunnel insu-
lation layer 144. The charge storage layer 142 may include a
nitride, e.g., silicon nitride. The oxide layer 141 may be
formed on the charge storage layer 142. A pad 150 may be
disposed on the pillar structure. In example embodiments, a
plurality of pads 150 may be formed both in the second and
third directions to define a pad array corresponding to the
pillar structure array. The pad 150 may include doped or
undoped polysilicon, single crystalline silicon, etc. The pad
150 may be electrically connected to the channel pattern 146.
[0055] Insulating interlayers 110 may be interposed
between the gate structures 176 arranged at different levels in
the first direction. That is, the gate structures 176 spaced apart
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from each other in the first direction may be electrically
insulated from each other by the insulating interlayers 110.
[0056] In example embodiments, at each level, a plurality
of gate structures 176 each of which may extend in the second
direction may be formed in the third direction, and the gate
structures 176 may be spaced apart from each other by a
second insulation layer pattern 180. Each of the gate struc-
tures 176 at each level may surround sidewalls of the pillar
structures included in the plurality of pillar structure columns.
In example embodiments, each of the gate structures 176 at
each level may surround sidewalls of the pillar structures
included in four pillar structure columns.

[0057] Each ofthe gate structures 176 may include a block-
ing layer 170, a barrier layer 172 and a metal layer 174. The
metal layer 174 may be surrounded by the barrier layer 172
except for one end portion thereof, and the blocking layer 170
may be formed on the barrier layer 172. The metal layer 174
and the barrier layer 172 may serve as a gate electrode of each
transistor.

[0058] Atleast one gate structure 176, e.g., alowermost one
of the gate structures 176, hereinafter, may be referred to as a
first gate structure 176a, and the gate electrode of the first gate
structure 176a may serve as a ground selection line (GSL) of
the GST. The other gate structures 176 may be referred to as
second gate structures 176.

[0059] The first gate structure 176a may face the channel
pattern 146 of the pillar structure, and the top surface of the
semiconductor pattern 134 may be lower than or substantially
coplanar with a bottom surface of the first gate structure 176a.
[0060] The blocking layer 170 may have silicon oxide or a
metal oxide having a high dielectric constant. For example,
the metal oxide may include aluminum oxide, hafnhium oxide,
lanthanum oxide, lanthanum aluminum oxide, lanthanum
hafnium oxide, hafnium aluminum oxide, titanium oxide,
tantalum oxide, zirconium oxide, etc.

[0061] The gate electrode of the second gate structures 176
may serve as a word line or a string selection line (SSL).
Particularly, at least one of the second gate structures 176,
e.g., an uppermost one of the second gate structures 176 may
include the gate electrode serving as the SSL. The barrier
layer 172 may include a conductive metal nitride, e.g., tita-
nium nitride, tantalum nitride, etc. The metal layer 174 may
include a metal having a low resistance, e.g., tungsten, tita-
nium, platinum, etc.

[0062] The third impurity region 162 serving as the CSL
may have a low resistance, and may have a high impurity
concentration. The third impurity region 162 may have a
second depth from the top surface of the substrate 100.
[0063] The fourth impurity region 102a may serve as a
portion of a horizontal channel of the GST. The fourth impu-
rity region 102a may have a fourth impurity concentration
lower than the second and third impurity concentrations. That
is, the fourth impurity region 1024 denoted by reference mark
B in FIG. 2 may have an impurity concentration lower than
those of the first and second impurity regions 134 and 132
denoted by reference mark A in FIG. 2.

[0064] The fourth impurity region 1024 may have a third
depth from the top surface of the substrate 100. The third
depth may be smaller than the first and second depths. The
fourth impurity region 102a may be formed between the
second and third impurity regions 132 and 162 or between the
second impurity regions 132.

[0065] The fourth impurity region 102a may have impuri-
ties of the first conductive type or the second conductive type.
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‘When the fourth impurity region 102« includes impurities of
the second conductive type, the fourth impurity region 102a
may have an impurity concentration lower than that of the
third impurity region 162.

[0066] A portion of the channel pattern 146 adjacent to the
first gate structure 1764, the semiconductor pattern 134, and
a portion of the substrate 100 adjacent to the first gate struc-
ture 1764, i.e., the second and fourth impurity regions 132 and
102a may serve as a channel of the GST. The GST may be a
negative-channel metal oxide semiconductor (NMOS) tran-
sistor or a positive-channel metal oxide semiconductor
(PMOS) transistor, however, for the convenience of explana-
tions, only the case in which the GST is an NMOS transistor
will be illustrated.

[0067] The GST may include a first channel and a second
channel, which may be a vertical channel region V and a
horizontal channel region H, respectively. The vertical chan-
nel region V may include the portion of the channel pattern
146 adjacent to the first gate structure 176a, the semiconduc-
tor pattern 134 and a portion of the second impurity region
132 adjacent to the first gate structure 176a, and the horizon-
tal channel region H may include the fourth impurity region
102a. An end portion of the second channel may contact the
third impurity region 162 serving as the CSL. The first and
second channels may be connected in series to each other.
[0068] As described above, the first and second impurity
regions 134 and 132 of the first channel may have the second
and third impurity concentrations, respectively. The fourth
impurity region 102a of the second channel may have the
fourth impurity concentration lower than the second and third
impurity concentrations.

[0069] In example embodiments, the fourth impurity
region 102a may be doped with n-type impurities at a low
concentration. In this case, the second channel may have the
same conductive type as that of the third impurity region 162
serving as the CSL, and thus may be electrically connected
thereto.

[0070] In example embodiments, the fourth impurity
region 102a may be doped with p-type impurities at a low
concentration. In this case, a horizontal transistor including
the second channel may have a lower threshold voltage,
thereby serving as a pass transistor.

[0071] As illustrated in FIGS. 1 and 2, each gate structure
176 may surround the sidewalls of the pillar structures in the
plurality of pillar structure columns arranged in the third
direction. The length of the second channel may be varied
depending on the location of the pillar structures. For
example, a first channel length CL1 of the second channel of
a first GST including the channel pattern 146 of the pillar
structure in a first pillar structure column counted from the
CSL may be shorter than a second channel length CL2 of the
second channel of a second GST including the channel pat-
tern 146 of the pillar structure in a second pillar structure
column counted from the CSL. The first and second GSTs
may have different on-currents from each other due to the
channel length difference, e.g., the difference between first
and second channel lengths CLL1 and CL.2, and thus the char-
acteristic distribution of memory cells may occur.

[0072] However, in accordance with example embodi-
ments, the fourth impurity region 102a of the horizontal chan-
nel region H may be doped with impurities having the fourth
impurity concentration lower than the second and third impu-
rity concentrations, and thus the horizontal transistor may
have a low threshold voltage or the fourth impurity region
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102a may be electrically connected to the CSL. Thus, the
characteristic distribution of the memory cell due to the chan-
nel length difference in the GST may be reduced.

[0073] In a vertical transistor including the first channel,
currents may flow in the vertical direction, and in the hori-
zontal transistor including the second channel, currents may
flow in the horizontal direction. Therefore, the direction of the
currents may be changed by about 90 degrees at a portion
connecting the vertical and horizontal transistors, which may
reduce the mobility of the electrons.

[0074] However, in accordance with example embodi-
ments, the second impurity region 132 doped with impurities
at the third concentration higher than the first concentration of
the substrate 100 may be formed at the upper portion of the
substrate 100 contacting the semiconductor pattern 134,
which may reduce the decrease of the mobility of the elec-
trons.

[0075] The second insulation layer pattern 180 filling an
opening 160 through the insulating interlayers 110 and the
first and second gate structures 176a and 176 may be formed
on the third impurity region 162. End portions of the first and
second gate structures 176a and 176 may contact sidewalls of
the second insulation layer pattern 180.

[0076] In example embodiments, a metal silicide pattern
such as a cobalt silicide pattern or a nickel silicide pattern may
be further formed on the third impurity region 162. The metal
silicide pattern on the third impurity region 162 may also
serve as the CSL together with the third impurity region 162.
[0077] Abitline may be formed over the pads 150, and may
be electrically connected to the pads 150 via bit line contacts.
Accordingly, the bit line may be electrically connected to the
channel patterns 146. The bit line may include a metal, a
metal nitride, doped polysilicon, etc.

[0078] The shape and structure of the pillar structure and
the gate structure may not be limited herein. In example
embodiments, the gate structure 176 may include a tunnel
insulation layer, a charge storage layer, a blocking layer, a
barrier layer and a metal layer sequentially stacked, and in
this case, the pillar structure may include only a channel
pattern and the first insulation layer pattern 148 filling the
internal space defined by the channel pattern.

[0079] FIGS. 4 to 9 are cross-sectional views illustrating
stages of a method of manufacturing the vertical memory
device of FIGS. 1 to 3.

[0080] Referring to FIG. 4, a pad layer 101 may be formed
on a substrate 100.

[0081] The substrate 100 may include a semiconductor
material, e.g., silicon or germanium. The substrate 100 may
be doped with impurities of a first conductive type at a first
impurity concentration. In example embodiments, the sub-
strate 100 may be doped with p-type impurities at the first
impurity concentration.

[0082] The pad layer 101 may be formed to reduce a dam-
age of an upper portion of the substrate 100 by an ion implan-
tation process, however, in some cases, the process for form-
ing the pad layer 101 may be skipped.

[0083] Impurities may be implanted into the substrate 100
by an ion implantation process at a fourth impurity concen-
tration to form a preliminary fourth impurity region 102 at an
upper portion of the substrate 100. The impurities may have
the first conductive type or a second conductive type. The
preliminary fourth impurity region 102 may have a third
depth from a top surface of the substrate 100.
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[0084] After the ion implantation process is performed, the
pad layer 101 on the substrate 100 may be removed.

[0085] Referringto FIG. 5, an insulating interlayer 110 and
a sacrificial layer 120 may be alternately and repeatedly
stacked on the substrate 100. The insulating interlayers 110
and the sacrificial layers 120 may be formed by a chemical
vapor deposition (CVD) process, a plasma enhanced chemi-
cal vapor deposition (PECVD) process or an atomic layer
deposition (ALD) process. The insulating interlayers 110
may be formed using, e.g., silicon oxide, and the sacrificial
layers 120 may be formed using a material having an etching
selectivity with respect to the insulation layers 110, e.g.,
silicon nitride.

[0086] A gate electrode of each transistor may be formed in
the sacrificial layer 120 at each level by a subsequent process.
In particular, a gate electrode for an SSL. may be formed in at
least one of the sacrificial layers 120, e.g., an uppermost one
of the sacrificial layers 120. A gate electrode for a GSL may
be formed in at least one of the sacrificial layers 120, e.g., a
lowermost layer of the sacrificial layers 120. Gate electrodes
for word lines may be formed in the other sacrificial layers
120, e.g., central ones of the sacrificial layers 120. The num-
bers of the insulating interlayers 110 and the sacrificial layers
120 may be varied in accordance with the number of the
transistors stacked in the first direction.

[0087] Referring to FIG. 6, a plurality of channel holes 130
may be formed through the insulating interlayers 110 and the
sacrificial layers 120 in the second and third directions to
define a channel hole array. Each of the channel holes 130
may be formed to expose a top surface of the substrate 100.
The channel holes 130 may be formed by a dry etching
process using a hard mask as an etching mask. Due to char-
acteristics of the dry etching process, the channel holes 130
may have a width that becomes gradually smaller from a top
portion to a bottom portion thereof.

[0088] Impurities of the first conductive type may be
implanted into the exposed top surfaces of the substrate 100
by the channel holes 130 through an ion implantation process
to form a plurality of second impurity regions 132. The sec-
ond impurity regions 132 may have a first depth from the top
surface of the substrate 100. When the first conductive type is
a p-type, the implanted impurities may include boron (B).
[0089] In example embodiments, for the simplicity of the
processes, after the channel holes 130 are formed, the ion
implantation process for forming the second impurity region
132 may not be performed but skipped. In this case, the ion
implantation process for forming the second impurity region
132 may be subsequently performed.

[0090] Referring to FIG. 7, a semiconductor pattern 134
may be formed to fill a lower portion of each channel hole
130, and thus a plurality of semiconductor patterns 134 may
be formed both in the second and third directions in the
channel holes 130, respectively. In particular, the semicon-
ductor patterns 134 may be formed by a selective epitaxial
growth (SEG) process using the exposed top surfaces of the
substrate 100 as a seed layer. The semiconductor patterns 134
may include single crystalline silicon or single crystalline
germanium. The semiconductor patterns 134 may serve as
channels of vertical transistors of ground selection transistors
(GST).

[0091] Inexample embodiments, a top surface of the semi-
conductor pattern 134 may be formed to be lower than or
substantially coplanar with a bottom surface ofthe lowermost
sacrificial layer 120.
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[0092] In example embodiments, in the SEG process for
forming the semiconductor patterns 134, impurities of the
first conductive type may be doped, so that first impurity
regions doped with the first conductive type impurities may
be formed in the semiconductor patterns 134, respectively.
That is, an additional ion implantation process for forming the
first impurity regions may not be needed. The first impurity
regions may have a second impurity concentration higher
than the first impurity concentration.

[0093] Alternatively, after the SEG process for forming the
semiconductor patterns 134, the semiconductor patterns 134
may be doped with impurities of the first conductive type to
form the first impurity regions. That is, an additional ion
implantation process for forming the first impurity regions
may be performed. In an example embodiment, the SEG
process and the ion implantation process may be performed
in-situ. The first impurity regions may have the second impu-
rity concentration higher than the first impurity concentra-
tion. When the first conductive type is a p-type, the doped
impurities may include boron.

[0094] In the process illustrated with reference to FIG. 6,
when the ion implantation process for forming the second
impurity regions 132 has not been performed, upper portions
of the substrate 100 beneath the semiconductor patterns 134
may be doped with impurities when the first impurity regions
are formed, so that the first and second impurity regions may
be formed simultaneously.

[0095] Referring to FIG. 8, an oxide layer 141, a charge
storage layer 142, a tunnel insulation layer 144 and a first
polysilicon layer may be formed sequentially on an inner
sidewall of each channel hole 130 and a top surface of each
semiconductor pattern 134. A silicon oxide layer or a silicon
nitride layer for protecting the first polysilicon layer may be
further formed on the first polysilicon layer.

[0096] The charge storage layer 142 may be formed to
include a nitride, e.g., silicon nitride. The tunnel insulation
layer 144 may be formed to include an oxide, e.g., silicon
oxide.

[0097] Lower portions of the oxide layer 141, the charge
storage layer 142, the tunnel insulation layer 144 and the first
polysilicon layer may be etched to expose a top surface of
each semiconductor pattern 134, so that the first polysilicon
layer, the tunnel layer 144, the charge storage layer 142 and
the oxide layer 141 may remain only on the sidewall of each
channel hole 130. If the silicon oxide layer or the silicon
nitride layer is previously formed on the first polysilicon
layer, the silicon oxide layer or the silicon nitride layer may be
removed in the etching process.

[0098] A second polysilicon layer may be formed on the
first polysilicon layer and each semiconductor pattern 134.
The first and the second polysilicon layers may serve as a
channel pattern 146. The channel pattern 146 may have a
hollow cylindrical shape in which a bottom is not open, and
the bottom of the channel pattern 146 may contact each semi-
conductor pattern 134.

[0099] A first insulation layer may be formed using, e.g.,
silicon oxide, to sufficiently fill the channel holes 130, and an
upper portion of the first insulation layer may be planarized
until a top surface of the uppermost insulating interlayer 110
may be exposed to form first insulation patterns 148.

[0100] Upper portions of the first insulation layer patterns
148, the oxide layer 141, the charge storage layer 142, the
tunnel insulation layer 144 and the channel pattern 146 in
each channel hole 130 may be removed to form a recess and
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apillar structure in each channel hole 130. A polysilicon layer
may be formed to fill the recesses, and an upper portion of the
polysilicon layer may be planarized until a top surface of the
insulating interlayer 110 may be exposed to form a plurality
of pads 150 on the pillar structures, respectively.

[0101] Referring to FIG. 9, an opening 160 may be formed
through the insulating interlayers 110 and the sacrificial lay-
ers 120 to expose a top surface of the substrate 100. In
example embodiments, a plurality of openings 160 each of
which may extend in the second direction may be formed in
the third direction.

[0102] A third impurity region 162 may be formed by
implanting impurities of the second conductive type into the
exposed top surface of the substrate 100 by each opening 160.
In example embodiments, the third impurity region 162 may
be formed by implanting N-type impurities at a high concen-
tration. The third impurity region 162 may have a second
depth from the top surface of the substrate 100. The second
depth may be greater than the third depth.

[0103] Thethird impurity region 162 may serve as the CSL.
The preliminary fourth impurity region 102 may be trans-
formed into a fourth impurity region 102a of which both end
portions may contact the second and third impurity regions
132 and 162. The fourth impurity region 102¢ may be
arranged between the second and third impurity regions 132
and 162 or between the second impurity regions 132.

[0104] For example, a metal silicide pattern, e.g., a cobalt
silicide pattern or a nickel silicide pattern, may be further
formed on the third impurity region 162.

[0105] Referring to FIG. 2 again, the sacrificial layers 120
exposed by the openings 160 may be removed to form a
plurality of gaps between the insulating interlayers 110. In
example embodiments, a wet etching process using an etch-
ing solution having a high etching selectivity with respect to
the insulating interlayers 110 may be performed to remove
the sacrificial layers 120. The etching solution may include
phosphoric acid.

[0106] A blocking layer 170 may be formed on an inner
wall of each gap and sidewalls of the openings 160. The
blocking layer 170 may be formed to include silicon oxide or
a metal oxide having a high dielectric constant, e.g., alumi-
num oxide, hafnium oxide, lanthanum oxide, lanthanum alu-
minum oxide, lanthanum hafnium oxide, hafnium aluminum
oxide, titanium oxide, tantalum oxide, zirconium oxide, etc.

[0107] A barrier layer 172 may be formed on the blocking
layer 170. A metal layer 174 may be formed to fill a remaining
portion of each gap. The barrier layer 172 may be formed to
include a metal nitride, e.g., titanium nitride or tantalum
nitride. The metal layer 174 may be formed to include a low
resistance metal, e.g., tungsten, titanium, tantalum, platinum,
etc.

[0108] Portions of the metal layer 174 and the barrier layer
172 on sidewalls of the openings 160 may be removed to form
a plurality of gate structures 176. The removing process may
include a wet etching process.

[0109] A second insulation layer pattern 180 may be
formed to fill each opening 160. An upper insulating inter-
layer may be formed on the first insulating interlayers 110, the
pads 150, the second insulation patterns 180 and the blocking
layer 170, and contact holes may be formed through the upper
insulating interlayer to expose top surfaces of the pads 150. A
plurality of bit line contacts may be formed in the contact
holes. A bit line contacting the bit line contact may be formed.
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[0110] According to the above processes, the vertical
memory device having the reduced characteristic distribution
and the increased cell currents may be manufactured.

[0111] FIG. 10 is a cross-sectional view illustrating a ver-
tical memory device in accordance with example embodi-
ments. FIG. 11 is an enlarged view of a ground selection
transistor (GST) of FIG. 10.

[0112] This vertical memory device may be substantially
the same as that of FIGS. 1 to 3 except for the shape of the
semiconductor pattern. Thus, like reference numerals refer to
like elements, and detailed explanations thereon are omitted
herein.

[0113] Referring to FIGS. 10 and 11, a substrate 100 may
be doped with impurities of a first conductive type at a first
concentration, which may be low.

[0114] A semiconductor pattern 134a may contact a top
surface of the substrate 100 and may have a pillar shape
protruding therefrom in the first direction. The semiconductor
pattern 134a may include, e.g., single crystalline silicon. The
semiconductor pattern 134a may serve as a channel of the
GST. In example embodiments, a channel pattern 146 of a
pillar structure may not serve as a channel of the GST. The
semiconductor pattern 134a may serve as a first impurity
region. The first impurity region may have a second impurity
concentration higher than the first impurity concentration.
For example, the first impurity region may be doped with
p-type impurities.

[0115] A second impurity region 132 may contact the semi-
conductor pattern 134a, and may be doped with impurities of
the first conductive type, which may be the same as the
semiconductor pattern 134a. Thus, the first impurity region
and the second impurity region 132 may be electrically con-
nected to each other. The second impurity region 132 may
have a third impurity concentration higher than the first impu-
rity concentration. The third impurity concentration may be
substantially the same as or different from the second impu-
rity concentration. The second impurity region 132 may have
a first depth from the top surface of the substrate 100.
[0116] A pillar structure may be formed on the semicon-
ductor pattern 134a. The pillar structure may be substantially
the same as that of the pillar structure of FIG. 1.

[0117] Inexample embodiments, a plurality of pillar struc-
tures may be formed both in the second and third directions.
A plurality of gate structures 176 each of which may extend in
the second direction and surround sidewalls of the pillar
structures may be formed in the first direction. Insulating
interlayers 110 may be interposed between the gate structures
176 arranged at different levels in the first direction. That is,
the gate structures 176 spaced apart from each other in the
first direction may be electrically insulated from each other
by the insulating interlayers 110. Each of the gate structures
176 at each level may surround sidewalls of the pillar struc-
tures included in the plurality of pillar structure columns.
[0118] Atleast one gate structure 176, e.g., alowermost one
of the gate structures 176 may be referred to as a first gate
structure 1764, and the gate electrode of the first gate struc-
ture 1764 may serve as a ground selection line of the GST. The
other gate structures 176 may be referred to as second gate
structures 176.

[0119] The first gate structures 176a may extend in the
second direction and surround sidewalls of the semiconduc-
tor patterns 134a. The second gate structures 176 may extend
in the second direction and surround sidewalls of the pillar
structures. A top surface of the semiconductor pattern 134a
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may be higher than or substantially coplanar with a top sur-
face of the first gate structure 176a.

[0120] A third impurity region 162 serving as a common
source line (CSL) may be formed at an upper portion of the
substrate 100 adjacent to end portions of the gate structures
176. The third impurity region 162 may be doped with impu-
rities of a second conductive type at a high concentration, and
may have a second depth from the top surface of the substrate
100.

[0121] A fourth impurity region 102a may be formed at
upper portions of the substrate 100 between the second and
third impurity regions 132 and 162, and also between the
second impurity regions 132. The fourth impurity region
102a may have a fourth impurity concentration lower than the
second and third impurity concentration. The fourth impurity
region 102a may have a third depth from the top surface of the
substrate 100. The third depth may be smaller than the first
and second depth.

[0122] The fourth impurity region 102¢ may have impuri-
ties of the first conductive type or the second conductive type.
The second, third and fourth impurity region 132, 162 and
102a may be substantially the same as those in FIG. 1.
[0123] The GST may include a first channel and a second
channel, which may be a vertical channel region V and a
horizontal channel region H, respectively. The first and sec-
ond channels may be connected in series to each other. The
fourth impurity region 102a serving as the horizontal channel
region H may be electrically connected to the CSL, or a
horizontal transistor including the horizontal channel region
H may have a turn-on status. Thus, the characteristic distri-
bution of the memory cell due to the channel length difference
in the GST may be reduced.

[0124] The second impurity region 132 may be formed at
the upper portion of the substrate 100 contacting the semi-
conductor pattern 134a, which may increase on-currents of
the GST.

[0125] FIGS. 12 and 13 are cross-sectional views illustrat-
ing stages of a method of manufacturing the vertical memory
device of FIG. 10.

[0126] This method of manufacturing the vertical memory
device may be substantially the same as that illustrated with
reference to FIGS. 4 to 9 except for the process for forming
the semiconductor pattern.

[0127] Processes substantially the same as or similar to
those illustrated with reference to FIGS. 4 to 6 may be per-
formed to form second impurity regions 132 and channel
holes 130 in FIG. 6.

[0128] Referring to FIG. 12, a semiconductor pattern 134a
filling a lower portion of each channel hole 130 may be
formed. In example embodiments, a top surface of the semi-
conductor pattern 134a may be higher than or substantially
coplanar with a top surface of a lowermost sacrificial layer
120. A first impurity region may be formed in the semicon-
ductor pattern 134a. The first impurity region may have a
second impurity concentration higher than a first impurity
concentration.

[0129] Processes for forming the semiconductor pattern
134a and the first impurity region may be substantially the
same as those illustrated with reference to FIG. 7. In example
embodiments, in the SEG process for forming the semicon-
ductor patterns 134a, impurities of the first conductive type
may be doped, so that first impurity regions doped with the
first conductive type impurities may be formed in the semi-
conductor patterns 134a, respectively. That is, an additional

Sep. 18,2014

ion implantation process for forming the first impurity
regions may not be needed. The first impurity regions may
have a second impurity concentration higher than the first
impurity concentration.

[0130] Alternatively, after the SEG process for forming the
semiconductor patterns 134a, the semiconductor patterns
1344 may be doped with impurities of the first conductive
type to form the first impurity regions. That is, an additional
ion implantation process for forming the first impurity
regions may be performed. In an example embodiment, the
SEG process and the ion implantation process may be per-
formed in-situ. The first impurity regions may have the sec-
ond impurity concentration higher than the first impurity
concentration. When the first conductive type is a p-type, the
doped impurities may include boron.

[0131] Referring to FIG. 13, a pillar structure may be
formed in each channel hole 130. Processes for formation of
the pillar structure may be substantially the same as those
illustrated with reference to FIG. 8.

[0132] An opening 160 may be formed through the insu-
lating interlayers 110 and the sacrificial layers 120 to expose
a top surface of the substrate 100. In example embodiments,
a plurality of openings 160 each of which may extend in the
second direction may be formed in the third direction.
[0133] A third impurity region 162 may be formed by
implanting impurities of the second conductive type into the
substrate 100 exposed by each opening 160. The third impu-
rity region 162 may be formed to serve as the CSL. A pre-
liminary fourth impurity region 102 may be transformed into
a fourth impurity region 1024. The fourth impurity region
1024 may contact end portions of the second and third impu-
rity regions 132 and 162, and may be arranged between the
second and third impurity regions 132 and 162 or between the
second impurity regions 132. Processes for formation of the
opening 160 and the third impurity region 162 may be sub-
stantially the same as those illustrated with reference to FIG.
9.

[0134] By performing subsequent processes illustrated
with reference to FIG. 2, the vertical memory device in FIG.
10 may be manufactured.

[0135] FIG. 14 is a cross-sectional view illustrating a ver-
tical memory device in accordance with example embodi-
ments.

[0136] This vertical memory device may be substantially
the same as that of FIGS. 10 and 11 except for a semiconduc-
tor pattern and an impurity region formed in the semiconduc-
tor pattern and a substrate. Thus, like reference numerals refer
to like elements, and detailed explanations thereon are omit-
ted herein.

[0137] Referring to FIG. 14, a substrate 100 may be doped
with impurities of a first conductive type at a first concentra-
tion, which may be low. Anupper portion of the substrate 100
at which a semiconductor pattern 1345 may be formed, may
be recessed with a first depth.

[0138] The semiconductor pattern 1345 protruding from a
top surface of the substrate 100 may fill a recess 105 of the
substrate 100. A bottom surface of the semiconductor pattern
1345 may be lower than the top surface of the substrate 100.
The semiconductor pattern 1345 may have a sidewall that
may not be perpendicular to the top surface of the substrate
100 but slanted thereto. Therefore, a boundary between the
sidewalls of the semiconductor pattern 1345 contacting the
recess 105 and the semiconductor pattern 1345 not contacting
the recess 105 may be formed.
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[0139] The semiconductor pattern 1345 may include, e.g.,
single crystalline silicon. The semiconductor pattern 1345
may serve as a channel of the GST. In example embodiments,
a channel pattern 146 of a pillar structure may not serve as a
channel of the GST. A first impurity region may be formed at
the semiconductor pattern 1345. The first impurity region,
i.e., the semiconductor pattern 1345 may have a second impu-
rity concentration higher than the first impurity concentra-
tion. The first impurity region may be doped with impurities
of a p-type. A depth of the recess 105 may be controlled to
adjust a depth of the first impurity region from the substrate
100.

[0140] A pillar structure may be formed on the semicon-
ductor pattern 1345. The pillar structure may be substantially
the same as that of the pillar structure of FIG. 1.

[0141] Inexample embodiments, a plurality of pillar struc-
tures may be formed both in the second and third directions.
A plurality of gate structures 176 each of which may extend in
the second direction and surround sidewalls of the pillar
structures may be formed in the first direction. Insulating
interlayers 110 may be interposed between the gate structures
176 arranged at different levels in the first direction. That is,
the gate structures 176 spaced apart from each other in the
first direction may be electrically insulated from each other
by the insulating interlayers 110. Each of the gate structures
176 at each level may surround sidewalls of the pillar struc-
tures included in the plurality of pillar structure columns.
[0142] Atleastone gate structure 176, e.g., alowermost one
of the gate structures 176 may be referred to as a first gate
structure 176a, and the gate electrode of the first gate struc-
ture 176a may serve as a ground selection line of the GST. The
other gate structures 176 may be referred to as second gate
structures 176.

[0143] The first gate structures 176a may extend in the
second direction and surround sidewalls of the semiconduc-
tor patterns 1345. The second gate structures 176 may extend
in the second direction and surround sidewalls of the pillar
structures. A top surface of the semiconductor pattern 1345
may be higher than or substantially coplanar with a top sur-
face of the first gate structure 176a.

[0144] A third impurity region 162 serving as a common
source line (CSL) may be formed at an upper portion of the
substrate 100 adjacent to end portions of the gate structures
176. The third impurity region 162 may be doped with impu-
rities of a second conductive type at a high concentration, and
may have a second depth from the top surface of the substrate
100.

[0145] A fourth impurity region 102a may be formed at
upper portions of the substrate between the first and third
impurity regions 1345 and 162, and also between the first
impurity regions 1345. The fourth impurity region 102a may
have a fourth impurity concentration lower than the second
and third impurity concentration. The fourth impurity region
102a may have a third depth from the top surface of the
substrate 100. The third depth may be smaller than the first
and second depth.

[0146] The fourth impurity region 102a may have impuri-
ties of the first conductive type or the second conductive type.
[0147] The semiconductor pattern 1345 of this vertical
memory device may extend at a recessed portion of the sub-
strate. The fourth impurity region 1024 serving as a horizon-
tal channel region of the GST may contact the sidewalls of the
semiconductor pattern 1345.
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[0148] In this vertical memory device, the fourth impurity
region 102a serving the horizontal channel region H may be
electrically connected to the CSL or a horizontal transistor
including the horizontal channel region H may have a turn-on
status. Thus, the characteristic distribution of the memory cell
due to the channel length difference in the GST may be
reduced.

[0149] The semiconductor pattern 1345 of this vertical
memory device may extend at a recessed portion of the sub-
strate. The first impurity region may be formed at the semi-
conductor pattern 1345. On-currents of the GST may be
increased.

[0150] FIGS. 15 to 17 are cross-sectional views illustrating
stages of a method of manufacturing the vertical memory
device of FIG. 14.

[0151] Processes substantially the same as or similar to
those illustrated with reference to FIGS. 4 and 5 may be
performed to form sacrificial layers and insulating interlay-
ers.

[0152] Referring to FIG. 15, a plurality of channel holes
1304 may be formed through the sacrificial layers 120 and the
insulating interlayers 110 to define a channel hole array, and
also may remove a upper portion of the substrate 100 to form
a recess 105 with a first depth from a top surface of the
substrate 100. The first depth is greater than a third depth ofa
preliminary impurity region 102. The preliminary impurity
region 102 may be divided by the recess 105.

[0153] Referring to FIG. 16, a semiconductor pattern 1345
may be formed to fill a lower portion of each channel hole
130. In example embodiments, a top surface of the semicon-
ductor pattern 1345 may be higher than or substantially
coplanar with a top surface of a lowermost sacrificial layer
120. The first impurity region may have a second impurity
concentration higher than the first impurity concentration.
[0154] Processes for forming the semiconductor pattern
13454 and the first impurity region may be substantially the
same as those illustrated with reference to FIG. 7. In example
embodiments, in the SEG process for forming the semicon-
ductor patterns 1345, impurities of the first conductive type
may be doped, so that first impurity regions doped with the
first conductive type impurities may be formed in the semi-
conductor patterns 1345, respectively. That is, an additional
ion implantation process for forming the first impurity
regions may not be needed. The first impurity regions may
have a second impurity concentration higher than the first
impurity concentration.

[0155] Alternatively, after the SEG process for forming the
semiconductor patterns 1345, the semiconductor patterns
1345 may be doped with impurities of the first conductive
type to form the first impurity regions. That is, an additional
ion implantation process for forming the first impurity
regions may be performed. In an example embodiment, the
SEG process and the ion implantation process may be per-
formed in-situ. The first impurity regions may have the sec-
ond impurity concentration higher than the first impurity
concentration. When the first conductive type is a p-type, the
doped impurities may include boron.

[0156] The semiconductor pattern 1345 protruding from a
top surface of the substrate 100 may fill the recess 105 of the
substrate 100. A bottom surface of the semiconductor pattern
1345 may be lower than the top surface of the substrate 100.
A bottom surface of the first impurity region may be lower
than a bottom surface of the preliminary impurity region 102.
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[0157] Referring to FIG. 17, a pillar structure may be
formed in each channel hole 130a. Processes for formation of
the pillar structure may be substantially the same as those
illustrated with reference to FIG. 8.

[0158] An opening 160 may be formed through the insu-
lating interlayers 110 and the sacrificial layers 120 to expose
a top surface of the substrate 100. In example embodiment, a
plurality of openings 160 each of which may extend in the
second direction may be formed in the third direction.
[0159] A third impurity region 162 may be formed by
implanting impurities of the second conductive type into the
substrate 100 exposed by each opening 160. The third impu-
rity region 162 may be formed to serve as the CSL. The
preliminary fourth impurity region 102 may be transformed
into a fourth impurity region 102a. The fourth impurity region
102a may contact end portions of the first and the third impu-
rity regions 1345 and 162, and may be arranged between the
first and third impurity regions 1345 and 162 or between the
first impurity regions 1344.

[0160] By performing subsequent processes illustrated
with reference to FIG. 2, the vertical memory device in FIG.
14 may be manufactured.

[0161] FIG. 18 is a block diagram illustrating a data pro-
cessing system in accordance with example embodiments.
[0162] Referringto FIG. 18, a data processing system 1100
may include a vertical memory device 1111 in accordance
with example embodiments.

[0163] The data processing system 1100 may include a
memory system 1110, a modem 1120, a CPU 1130, a RAM
1140 and a user interface 1150, all of which may be electri-
cally connected to a system bus 1160. Data is inputted/out-
putted to/from the memory device 1111 via the memory
controller 1112 to be processed at the CPU 1130. The
memory system may include the memory device 1111 and the
memory controller 1112 such that the data processing system
1100 may store large amounts of data, reliably.

[0164] Although it is not illustrated, a data processing sys-
tem in accordance with example embodiments may further
include an application chipset, a camera image processor
(CIS), mobile DRAM or input/output device.

[0165] While example embodiments have been particularly
shown and described, it will be understood by one of ordinary
skill in the art that variations in form and detail may be made
therein without departing from the principles and spirit of the
general inventive concepts, the scope of which is defined in
the appended claims and their equivalents.

1. A memory device, comprising:

aplurality of semiconductor patterns on a substrate, each of
the plurality of semiconductor patterns comprising a
first region doped with impurities at a first concentra-
tion;

a plurality of second regions at a plurality of first upper
portions of the substrate, wherein each of the plurality of
second regions contacts one of the plurality of semicon-
ductor patterns and is doped with impurities at a second
concentration;

a plurality of channel patterns on the plurality of semicon-
ductor patterns, wherein each of the plurality of channel
patterns corresponds to a respective one of the plurality
of' semiconductor patterns and extends in a first direction
substantially perpendicular to a top surface of the sub-
strate;

a plurality of gate structures, wherein each of the plurality
of gate structures extends in a second direction substan-
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tially parallel to the top surface of the substrate and is
adjacent to a sidewall of each of one or more of the
plurality of channel patterns, and wherein the plurality
of gate structures are spaced apart from each other in the
first direction;

a plurality of third regions at a plurality of second upper
portions of the substrate adjacent to end portions of the
plurality of gate structures, wherein each of the plurality
of third regions is doped with impurities and is config-
ured to provide a common source line; and

a plurality of fourth regions at a plurality of third upper
portions of the substrate between the second and third
regions and between adjacent second regions, wherein
each of the plurality of fourth regions is doped with
impurities at a third concentration, and wherein the third
concentration is lower than the first and second concen-
trations.

2. The memory device of claim 1, wherein the impurities of
the plurality of fourth regions comprise a first conductive type
or a second conductive type.

3. The memory device of claim 1, wherein the plurality of
first and second regions are configured to provide a plurality
of vertical channel regions of a plurality of ground selection
transistors and the plurality of fourth regions are configured to
provide a plurality of horizontal channel regions thereof.

4. The memory device of claim 1, wherein a top surface of
each of the plurality of semiconductor patterns is coplanar
with or lower than a top surface of a lowermost one of the
plurality of gate structures in the first direction relative to the
top surface of the substrate.

5. The memory device of claim 1, wherein a top surface of
each of the plurality of semiconductor patterns is higher than
a top surface of a lowermost one of the plurality of gate
structures in the first direction relative to the top surface of the
substrate.

6. The memory device of claim 1, wherein each of the
plurality of second regions comprises a first depth from the
top surface of the substrate, and each of the plurality of fourth
regions comprises a second depth from the top surface of the
substrate, wherein the second depth is less deep than the first
depth.

7. The memory device of claim 1, wherein the substrate is
doped at a fourth concentration with impurities, wherein the
fourth concentration is lower than the first and second con-
centrations.

8. The memory device of claim 1, further comprising a
plurality of recessed portions of the substrate, wherein each of
the plurality of semiconductor patterns extends from a
respective one of the plurality of recessed portions.

9. The memory device of claim 1, wherein the plurality of
channel patterns are arranged in a plurality of channel pattern
columns which extend in the second direction, and wherein
the plurality of channel pattern columns are arranged in a
channel pattern array which extends in a third direction which
is substantially parallel to the top surface of the substrate and
substantially perpendicular to the second direction.

10. The memory device of claim 9, wherein each of the
plurality of gate structures is adjacent to a sidewall of each of
the plurality of channel patterns included in at least two of the
plurality of channel pattern columns.

11. A method of manufacturing a memory device, the
method comprising:
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forming a preliminary region at a first upper portion of a
substrate, wherein the preliminary region is doped at a
first concentration with impurities;

alternately forming a plurality of insulating interlayers and
sacrificial layers on the substrate;

forming a plurality of channel holes through the sacrificial
layers and the insulating interlayers, wherein each of the
plurality of channel holes exposes a respective one of a
plurality of portions of a top surface of the substrate;

forming a plurality of first regions at the plurality of por-
tions of the top surface of the substrate exposed by the
plurality of channel holes, wherein the plurality of first
regions are doped at a second concentration with impu-
rities, wherein the second concentration is higher than
the first concentration;

forming a plurality of semiconductor patterns, wherein
each of the plurality of semiconductor patterns is formed
on a respective one of the plurality of first regions and
includes a respective one of a plurality of second
regions, wherein the plurality of second regions are
doped at a third concentration, wherein the third concen-
tration is higher than the first concentration;

forming a plurality of channel patterns, wherein each of the
plurality of channel patterns is formed on a respective
one of the plurality of semiconductor patterns;

forming a plurality of openings through the sacrificial lay-
ers and the insulating interlayers, wherein each of the
plurality of openings exposes a respective one of a plu-
rality of portions of the top surface of the substrate;

forming a plurality of third regions at the plurality of por-
tions of the top surface of the substrate exposed by the
plurality of openings, wherein the plurality of third
regions are doped with impurities;

removing the plurality of sacrificial layers exposed by the
channel holes; and

forming a plurality of gate structures each of which extends
substantially parallel to the top surface of the substrate
and is adjacent to a sidewall of each of one or more ofthe
plurality of channel patterns, wherein the gate structures
spaced apart from each other in a first direction substan-
tially perpendicular to the top surface of the substrate.

12. The method of claim 11, wherein forming the plurality
of first regions comprises performing an ion implantation
process.

13. The method of claim 11, wherein forming the plurality
of semiconductor patterns including the plurality of second
regions comprises performing a selective epitaxial growth
(SEG) process and an ion implantation process in-situ.

14. The method of claim 11, wherein the channel holes are
formed through the sacrificial layers, the insulating interlay-
ers and at least an upper portion of the substrate, to form a
recess.

15. A memory device, comprising:

a semiconductor substrate comprising a first concentration

of a first conductivity type of impurity;
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a plurality of semiconductor patterns on the substrate, each
of the plurality of semiconductor patterns comprising a
second concentration of the first conductivity type of
impurity, wherein the second concentration is greater
than the first concentration;

a plurality of channel patterns on the plurality of semicon-
ductor patterns, wherein each of the plurality of channel
patterns corresponds to a respective one of the plurality
of semiconductor patterns and extends substantially per-
pendicular to a top surface of the substrate;

a plurality of gate structures, wherein each of the plurality
of gate structures extends substantially parallel to the top
surface of the substrate;

a plurality of common source lines at the top surface of the
substrate, wherein each of the plurality of common
source lines is adjacent to end portions of the plurality of
gate structures and comprises a second conductivity
type of impurity, wherein the second conductivity type
of impurity is different from the first conductivity type of
impurity; and

a plurality of channel regions at the top surface of the
substrate extending between the plurality of semicon-
ductor patterns and the plurality of common source lines
and between adjacent semiconductor patterns and com-
prising a third concentration of impurity, wherein the
third concentration is less than the second concentration.

16. The memory device of claim 15, wherein the channel
regions are first channel regions and the memory device fur-
ther comprises a plurality of second channel regions at the top
surface of the substrate, each of the plurality of second chan-
nel regions comprising a fourth concentration of the first
conductivity type of impurity and contacting a respective one
of'the plurality of semiconductor patterns, wherein the fourth
concentration is greater than the first concentration and
greater than the third concentration.

17. The memory device of claim 15, wherein each of the
plurality of semiconductor patterns extends from a recessed
portion of the substrate.

18. The memory device of claim 15, wherein a top surface
of each of the plurality of semiconductor patterns is coplanar
with or higher than a top surface of a lowermost one of the
plurality of gate structures relative to the top surface of the
substrate.

19. The memory device of claim 15, wherein a top surface
of each of the plurality of semiconductor patterns is coplanar
with or lower than a bottom surface of a lowermost one of the
plurality of gate structures relative to the top surface of the
substrate.

20. The memory device of claim 15, wherein each of the
plurality of channel regions comprises the first conductivity
type of impurity.

21. (canceled)
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