SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE
SAME
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of priority to Korean Patent Application No.
10-2017-0078589, filed on June 21, 2017, in the Korean Intellectual Property Office, and
entitled: “Semiconductor Device and Method of Manufacturing the Same”, the
disclosure of which is incorporated by reference herein in its entirety.

TECHNICAL FIELD

[0002] Embodiments relate to a semiconductor device and a method of manufacturing
the semiconductor device, and more particularly, to a semiconductor device including a
vertical channel layer and a method of manufacturing the semiconductor device.

BACKGROUND

[0003] As the integration degree of memory devices has increased, a memory device
having a vertical transistor structure has been suggested instead of those having a planar
transistor structure. A memory device having the vertical transistor structure includes a
vertical channel layer extending on a substrate in a vertical direction.

SUMMARY

[0004] According to an aspect of embodiments, there is provided a semiconductor
device including a plurality of channel structures on a substrate, each of the plurality of
channel structures having a gate insulating layer and a channel layer and extending in a
first direction perpendicular to an upper surface of the substrate, a common source
extension region disposed between the substrate and the plurality of channel structures
and including a first semiconductor layer having an n-type conductivity, a plurality of
gate electrodes disposed on the common source extension region and spaced apart from
each other on a sidewall of each of the plurality of channel structures in the first

direction, and a common source region disposed on the substrate, the common source



region being in contact with the common source extension region and including a second
semiconductor layer having an n-type conductivity, wherein the gate insulating layer of
each of the plurality of channel structures extends to cover an upper surface and at least a
portion of a bottom surface of the common source extension region.

[0005] According to another aspect of embodiments, there is provided a semiconductor
device including: a base layer disposed on a substrate and having an n-type conductivity,
a common source extension region disposed on the base layer and including a first
semiconductor layer having an n-type conductivity, a plurality of channel structures
disposed on the common source extension region and extending in a first direction
perpendicular to an upper surface of the substrate, each of the plurality of channel
structures having a gate insulating layer and a channel layer, a plurality of gate
electrodes disposed on the common source extension region and spaced apart from each
other on a sidewall of each of the plurality of channel structures in the first direction, and
a common source region disposed on the substrate, the common source region being in
contact with a portion of a bottom surface of the common source extension region and
including a second semiconductor layer having an n-type conductivity, wherein a portion
of the gate insulating layer of each of the plurality of channel structures extends to cover
an upper surface and at least a portion of the bottom surface of the common source
extension region.

[0006] According to yet another aspect of embodiments, there is provided a method of
manufacturing a semiconductor device, the method including: forming a sacrificial layer
on a substrate, forming a gate mold structure on the sacrificial layer, the gate mold
structure including a plurality of first material layers and a plurality of second material
layers that are alternately arranged, forming a plurality of channel holes passing through

the gate mold structure to expose the sacrificial layer, forming a first recess by removing



the sacrificial layer, forming a gate insulating layer on an inner wall of the first recess
and an inner wall of the plurality of channel holes, forming a common source extension
region filling the first recess, forming a common source opening portion passing through
the gate mold structure, and forming a common source region filling a bottom portion of
the common source opening portion.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Features will become apparent to those of skill in the art by describing in detail
exemplary embodiments with reference to the attached drawings, in which:

[0008] FIG. 1 illustrates an equivalent circuit diagram of a memory cell array of a
semiconductor device according to example embodiments;

[0009] FIG. 2 illustrates a perspective view of a representative structure of a
semiconductor device according to example embodiments;

[0010] FIG. 3 illustrates a cross-sectional view taken along line III-1II' of FIG. 2;

[0011] FIG. 4 illustrates a cross-sectional view of a semiconductor device according to
example embodiments;

[0012] FIG. 5 illustrates a cross-sectional view of a semiconductor device according to
example embodiments;

[0013] FIG. 6 illustrates a cross-sectional view of a semiconductor device according to
example embodiments;

[0014] FIGS. 7 through 16 illustrate cross-sectional views of stages in a method of
manufacturing a semiconductor device, according to example embodiments; and

[0015] FIGS. 17 through 19 illustrate cross-sectional views of stages in a method of

manufacturing a semiconductor device according to example embodiments.



DETAILED DESCRIPTION

[0016] Hereinafter, embodiments will be described more fully hereinafter with
reference to the accompanying drawings.

[0017] FIG. 1 is an equivalent circuit diagram of a memory cell array 10 of a
semiconductor device according to example embodiments, e.g., an equivalent circuit
diagram of a vertical NAND (VNAND) flash memory device having a vertical channel
structure.

[0018] Referring to FIG. 1, the memory cell array 10 of the semiconductor device
according to the example embodiments may include a plurality of memory cell strings
11. Each of the memory cell strings 11 may have a vertical structure extending in a
direction perpendicular to a main surface of a substrate , e.g., along a direction normal to
an upper surface of the substrate (i.e., along the z-direction). The plurality of memory
cell strings 11 may constitute a memory cell block 13.

[0019] Each of the memory cell strings 11 may include a plurality of memory cells
MCI1 through MCh, a string selection transistor SST, and a ground selection transistor
GST. In each of the memory cell strings 11, the ground selection transistor GST, the
memory cells MC1 through MCn, and the string selection transistor SST may be
vertically (i.e., in the z-direction) disposed in series. Here, the memory cells MC1
through MCn may be configured to store data. A plurality of word lines WL1 through
WLn may be respectively included in and be configured to control the memory cells
MCI1 through MCn. The number of the plurality of memory cells MC1 through MCn
may be appropriately selected according to a capacity of the semiconductor device.

[0020] A plurality of bit lines BL1 through BLm (extending in an x-direction) may be
respectively connected to ends of the memory cell strings 11, which are arranged in first

through mth columns of the memory cell block 13, e.g., to drains of the string selection



[0021]

[0022]

[0023]

[0024]

transistors SST, in a second direction (y-direction). A common source line CSL may be
connected to other ends of the memory cell strings 11, e.g., to sources of the ground
selection transistors GST.

A word line (for example, word line WL1) (extending in the y-direction) may be
commonly connected to gate electrodes of memory cells arranged on the same layer of
the plurality of memory cell strings 11 in the first direction (x direction). Data may be
programmed in, read from, or erased from the memory cells MC1 through MCn
according to driving states of the word lines WL1 through WLn.

The string selection transistors SST of the memory cell strings 11 may be
arranged between a bit line (for example, bit line BL1) and an uppermost memory cell
MChn. In the memory cell block 13, each of the string selection transistors SST may
control data transmissions between the bit lines BL1 through BLm and the memory cells
MCI1 through MCn through string selection lines SSL1 and SSL2 connected to gate
electrodes of the string selection transistors SST.

The ground selection transistors GST may be arranged between a lowermost
memory cell MC1 and the common source line CSL. In the memory cell array 10, each
of the ground selection transistors GST may control data transmissions between the
plurality of memory cells MC1 through MCn and the common source line CSL through
ground selection lines GSL1 and GSL2 connected to gate electrodes of the ground
selection transistors GST.

According to example embodiments, a common source extension region 122
(see FIG. 2) having an n-type conductivity may be formed between the ground selection
lines GSL1 and GSL2 and the common source line CSL, and accordingly, an erase
operation of the memory cell array 10 may be performed using a gate induced drain

leakage (GIDL) method. For example, when an erase voltage Ver is applied to the



common source line CSL, and a reference voltage Vref is applied to the ground selection
lines GSL1 and GSL2, due to a potential difference between the erase voltage Ver and
the reference voltage Vref, a high electric field may be generated in the common source
extension region 122, which is adjacent to the ground selection line GSL. Further, due
to the high electric field, electrons and holes may be generated in the common source
extension region 122. The holes generated in the common source extension region 122
may be injected into the memory cell strings 11 so as to perform an erase operation of
the plurality of memory cells MC1 through MChn.

[0025] According to other example embodiments, unlike in FIG. 1, the ground selection
lines GSL1 and GSL2 may have a double-layer structure including a first ground
selection line and a second ground selection line, each arranged in the direction
perpendicular to the main surface of the substrate (z-direction). In this case, one of the
first and second ground selection lines may function as a gate electrode for generating
holes for an erase operation, and the other may function as a gate electrode of the ground
selection transistor GST.

[0026] According to a semiconductor device of a comparative example, an erase
method using a substrate body may be used, and an erase operation of a plurality of
memory cells may be performed by directly injecting holes from the substrate into a
memory cell string that is electrically connected to the substrate. However, according to
the comparative example, an additional bottom structure needs to be formed to provide
an injection path for the holes from the substrate into the memory cell string, requiring a
complicated process. In contrast, in the semiconductor device according to the example
embodiments, an erase operation using a GIDL method may be performed using a

simplified structure.



[0027] FIG. 2 is a perspective view of a representative structure of a semiconductor
device 100 according to example embodiments, and FIG. 3 is a cross-sectional view of
the semiconductor device 100 taken along line III-III' of FIG. 2. In FIG. 2, some
elements such as bit lines, bit line contacts, word line contact plugs, and word line
contact pads are omitted for convenience of illustration.

[0028] Referring to FIGS. 2 and 3, a substrate 110 may have a main surface extending
in a first direction (x-direction) and a second direction (y-direction), e.g., the main
surface of the substrate 110 is in the xy plane. The substrate 110 may include a
semiconductor material, e.g., a Group IV semiconductor, a Group III-V compound
semiconductor, or a Group II-VI compound semiconductor. For example, the Group IV
semiconductor may include silicon (Si), germanium (Ge), or silicon-germanium. The
substrate 110 may be a bulk wafer or an epitaxial layer. A cell region, i.e., a region in
which a plurality of cell string array group regions CG are arranged, and a peripheral
region, i.e., a region arranged outside the cell region, may be defined on the substrate
110.

[0029] A connection region IA may be disposed in the cell region of the substrate 110,
and the cell string array group region CG may be disposed in the connection region IA.
In example embodiments, the cell string array group regions CG may not be disposed in
the peripheral region, and thus, no connection region IA may be disposed in the
peripheral region.

[0030] The plurality of cell string array group regions CG may be disposed in the cell
region of the substrate 110. The cell string array group regions CG may be disposed in
the connection region IA, and may be separated from each other via an isolation region
180 in the first direction (x-direction). For example, FIG. 2 illustrates one cell string

array group region CG between two isolation regions 180.



[0031] The plurality of memory cell strings 11 of FIG. 1 may be disposed in each of the
cell string array group regions CG, e.g., each one of the memory cell strings 11 of FIG. 1
may correspond to a respective channel layer 130 in FIG. 2 (represented by the circles in
the cell string array group region CG). For example, each of the memory cell strings 11
may include the ground selection transistor GST (FIG. 1), the plurality of memory cells
MCI1 through MCn (FIG.1), and the string selection transistor SST (FIGS. 1) along
sidewalls of the respective channel layer 130. However, embodiments are not limited
thereto, e.g., two ground selection transistors and two string selection transistors may be
provided.

[0032] The channel layers 130 may have a structure extending in a third direction (z-
direction) on the connection region IA. As illustrated in FIG. 2, the channel layers 130
may be spaced apart from each other in the first direction (x-direction) and the second
direction (y-direction). In addition, a channel layer 130 in one line in one of the two
directions, the first direction (x-direction) and the second direction (y-direction), may be
arranged in a zigzag pattern with respect to a channel layer 130 disposed in another line
adjacent to the line. That is, two adjacent lines of the channel layers 130 may be offset
with respect to each other in the y-direction and/or the x-direction to define a zigzag
pattern.

[0033] While the semiconductor device 100 illustrated in FIG. 2 includes four channel
layers 130 in the first direction (x-direction), the arrangement of the channel layers 130
is not limited thereto. For example, three or less channel layers 130 or five or more
channel layers 130 may be arranged in the first direction (x-direction). The channel
layers 130 may have, for example, a cylindrical shape. In addition, the shape of the

channel layers 130 is not limited to a cylindrical shape, but may also be a cylindrical



pillar shape or a square pillar shape, or the channel layers 130 may be formed only on
both lateral surfaces and a bottom surface of a square pillar.

[0034] The channel layers 130 may include a semiconductor material, e.g., polysilicon
or single crystalline silicon. The semiconductor material may be doped with a p-type or
n-type impurity ion. A buried insulating layer 175 may be formed inside the channel
layers 130 (FIG. 3). In example embodiments, the buried insulating layer 175 may have
a cylindrical pillar structure, or voids may be formed in the buried insulating layer 175.
When the channel layers 130 have a pillar shape, the buried insulating layer 175 may be
omitted.

[0035] A gate insulating layer 140 may include a first gate insulating layer 140-1
arranged along a side wall of the channel layers 130, and a second gate insulating layer
140-2 extending from a bottom portion of the channel layers 130 in a horizontal
direction. The first gate insulating layer 140-1 and the second gate insulating layer 140-2
may each have a structure in which a tunneling insulating layer 142, a charge storage
layer 144, and a blocking insulating layer 146 are sequentially stacked. The tunneling
insulating layer 142 may tunnel charges from the channel layer 130 to the charge storage
layer 144. For example, the tunneling insulating layer 142 may include silicon oxide.
The charge storage layer 144 may include a charge trap layer. The charge storage layer
144 may include quantum dots or nanocrystals. Here, the quantum dots or the
nanocrystals may be formed of fine particles of a conductor, e.g., fine particles of a metal
or a semiconductor. The blocking insulating layer 146 may include a high-k dielectric
material. The high-k dielectric material refers to a dielectric material having a higher
dielectric constant than that of a silicon oxide layer.

[0036] A bit line 193 (the bit lines BL1 through BLm of FIG. 1) may be connected to a

drain of the string selection transistors SST (FIG. 1). For example, the bit line 193 may
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extend in the first direction (x-direction) and may have line shapes separated from each
other in the second direction (y-direction). The bit line 193 may be electrically connected
to the string selection transistors SST (FIG. 1) via a contact plug 195 formed on the
channel layers 130, as illustrated in FIG. 3.

[0037] As illustrated I FIGS. 2-3, the isolation regions 180 may be formed between
adjacent memory cell strings that use different gate electrodes 150 from each other. The
isolation regions 180 may extend in the second direction (y-direction), be spaced apart
from each other in the first direction (x-direction), and separate the gate electrodes 150
from each other in the first direction (x-direction). An impurity region may be disposed
in the connection region IA under the isolation regions 180, and the ground selection
transistors GST (FIG. 1) may be electrically connected to the impurity region adjacent to
the ground selection transistors GST.

[0038] The isolation region 180 may include a metal layer 182 and an insulation spacer
184. The metal layer 182 of the isolation region 180 may be disposed on the impurity
region. The metal layer 182 may correspond to a common source line. A metal silicide,
e.g., a cobalt silicide (CoSix) or a tungsten silicide (WSix), may be formed at a lower end
of the metal layer 182. The metal layer 182 may be formed of, e.g., W, Al or Cu. In
example embodiments, the metal layer 182 may also have a structure in which a barrier
metal layer, e.g., Ti/TiN, and a wiring metal layer, e.g., tungsten, are stacked.

[0039] In example embodiments, the metal layer 182 and the insulation spacer 184 may
have a structure extending to a level higher than that of a top surface of a gate electrode
150-s of the string selection transistors SST (FIG. 1), e.g., relative to the substrate 110.
However, the structure of the isolation region 180 is not limited thereto. For example,
the isolation region 180 may have a structure in which the metal layer 182 has a small

thickness and is formed adjacent to the impurity region so that the metal layer 182 is
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extended to a level lower than that of a top surface of a lowermost interlayer insulating
layer 161, and a buried insulating layer is disposed on the metal layer 182. In the above-
described structure, an insulation spacer may be omitted. In another example, the
isolation region 180 may also be formed such that the insulation spacer 184 is formed
only up to a side wall of a gate electrode 150-g of the ground selection transistor GST
(FIG. 1) so that the metal layer 182 is formed at a predetermined height between the
insulation spacers 184, and a buried insulating layer is disposed on the metal layer 182.

[0040] The gate electrodes 150 may be disposed in a structure in which the gate
electrodes 150 and interlayer insulating layers 160 are alternately stacked in the third
direction (z-direction) along the sidewall of the channel layer 130 from the connection
region IA. The gate electrodes 150 may include the gate electrode 150-g of the ground
selection transistor GST (FIG. 1), gate electrodes 150-m1 through 150-mn of a plurality
of memory cells MC1 through MCn (FIG. 1), the gate electrode 150-s of the string
selection transistor SST (FIG. 1), and a dummy gate electrode 150-m0.

[0041] The gate electrodes 150 may be commonly connected to the memory cell
strings. The gate electrode 150-s of the string selection transistor SST (FIG. 1) may be
connected to the string selection line SSL (FIG. 1). The gate electrodes 150-m1 through
150-mn of the memory cells MC1 through MCn (FIG. 1) may be connected to the word
lines WL1, WL2, WLn-1, and WLn (FIG. 1). The gate electrode 150-g of the ground
selection transistor GST (FIG. 1) may be connected to the ground selection line GSL
(FIG. 1). The gate electrodes 150 may be formed of a metal, e.g., tungsten (W). In
addition, although not illustrated, the gate electrodes 150 may further include a diffusion
barrier, which may include, e.g., one of a tungsten nitride (WN), a tantalum nitride

(TaN), and a titanium nitride (TiN).
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[0042] The interlayer insulating layers 160 may be disposed between the gate electrodes
150. Like the gate electrodes 150, the interlayer insulating layers 160 may be spaced
apart from each other in the third direction (z-direction) and extend in the second
direction (y-direction). For example, the interlayer insulating layers 160 may be formed
of silicon oxide or silicon nitride. The lowermost interlayer insulating layer 161, an
interlayer insulating layer 162 between the lowermost gate electrode 150-g and the
dummy gate electrode 150-m0, an interlayer insulating layer 163 between the gate
electrodes 150-m1 through 150-mn of the memory cells, and an uppermost interlayer
insulating layer 165 may be collectively referred to as the interlayer insulating layers
160.

[0043] In example embodiments, the dummy gate electrode 150-m0 above the gate
electrode 150-g of the ground selection transistor GST (FIG. 1) is a dummy gate
electrode and may not constitute a memory cell. In a VNAND structure according to the
related art, an interlayer insulating layer between the lowermost gate electrode 150-g and
the dummy gate electrode 150-m0 may be thicker than an interlayer insulating layer
between the gate electrodes 150-m1 through 150-mn of the memory cells. In contrast, in
example embodiments, the interlayer insulating layer 162 between the lowermost gate
electrode 150-g and the dummy gate electrode 150-m0 may have a substantially same
thickness as the interlayer insulating layer 163 in portions of the memory cells.

[0044] The connection region IA may be disposed between the substrate 110 and the
cell string array group regions CG. The connection region IA may include an isolation
insulating layer 112, a base layer 114, a first lower insulating layer 116, a common
source region 120, and a common source extension region 122.

[0045] The isolation insulating layer 112 may be disposed on the substrate 110. The

isolation insulating layer 112 may electrically insulate the substrate 110 from the
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plurality of cell string array group regions CG. For example, as illustrated in FIG. 2, the
isolation insulating layer 112 may be immediately disposed on the substrate 110, e.g., the
isolation insulating layer 112 may be directly on the substrate 110. In another example,
as referred to as a cell over periphery (COP) structure, a driving transistor region for
driving the cell string array group regions CG may be further formed between the
substrate 110 and the isolation insulating layer 112. In this case, the isolation insulating
layer 112 may have a relatively large thickness so as to cover the driving transistor
region.

[0046] The base layer 114 including a semiconductor layer having an n-type
conductivity may be formed on the isolation insulating layer 112. For example, the base
layer 114 may include a polysilicon layer doped with n-type conductivity impurities. The
base layer 114 may be disposed substantially on the entire region of the substrate 110
overlapping the cell string array group regions CG.

[0047] The common source region 120 may be disposed on the isolation insulating
layer 112, under the isolation region 180. Sidewalls of the common source region 120
contact the base layer 114, and may extend in the second direction (y-direction) on the
isolation insulating layer 112. In FIGS. 2 and 3, the common source region 120 is
illustrated as having a bottom surface at an identical level as a bottom surface of the base
layer 114. However, embodiments are not limited thereto, and a portion of the base layer
114 may be disposed between the common source region 120 and the isolation insulating
layer 112 so that the common source region 120 does not directly contact the isolation
insulating layer 112, and a bottom surface of the common source region 120 may be
surrounded by the base layer 114.

[0048] The metal layer 182 of the isolation region 180 may be disposed on the common

source region 120, and a metal silicide layer may be further formed between the common
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source region 120 and the metal layer 182. The common source region 120 may include
a semiconductor layer having an n-type conductivity. For example, the common source
region 120 may include a polysilicon layer doped with n-type conductivity impurities.
The common source region 120 may be a high-concentration impurity region for ohmic
contact with the metal layer 182.

[0049] As illustrated in FIG. 2, the common source region 120 may be disposed under
the isolation region 180 that isolates the gate electrodes 150 from each other. The
isolation region 180 may be formed in a portion of a word line cut. The word line cut
may refer to an isolation trench or a common source opening portion Twl (see FIG. 12)
that is formed to extend in the second direction (y-direction) to isolate the gate electrodes
150.

[0050] The common source extension region 122 may be disposed between the base
layer 114 and the cell string array group regions CG. A portion of a bottom surface of
the common source extension region 122 (for example, a bottom surface of both end
portions of the common source extension region 122 adjacent to the isolation region 180)
may contact the common source region 120. The common source extension region 122
may include a semiconductor layer having an n-type conductivity. For example, the
common source extension region 122 may include a polysilicon layer doped with n-type
conductivity impurities.

[0051] As illustrated in FIGS. 2 and 3, an upper surface, a sidewall, and a portion of the
bottom surface of the common source extension region 122 may be surrounded by the
second gate insulating layer 140-2. As described above, the gate insulating layer 140
may include the first gate insulating layer 140-1 and the second gate insulating layer
140-2, and the first gate insulating layer 140-1 may extend along the sidewall of the

channel layer 130 in the third direction (z-direction). The second gate insulating layer
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140-2 may extend form a bottom portion of the channel layer 130 in a horizontal
direction so as to conformally cover the upper surface, the sidewall, and the bottom
surface of the common source extension region 122. A portion of the bottom surface of
the common source extension region 122 that is not covered by the second gate
insulating layer 140-2 may contact the common source region 120. The second gate
insulating layer 140-2 may extend to a point of contact between the common source
extension region 122 and the common source region 120 and contact the common source
region 120.

[0052] The second gate insulating layer 140-2 may have a substantially identical layer
structure or a substantially identical material composition (for example, a structure in
which the tunneling insulating layer 142, the charge storage layer 144, and the blocking
insulating layer 146 are sequentially formed) to the first gate insulating layer 140-1. For
example, the second gate insulating layer 140-2 may be formed during the same process
as the first gate insulating layer 140-1. Here, the second gate insulating layer 140-2 has a
substantially identical layer structure as the first gate insulating layer 140-1, and does not
function as a gate insulating layer.

[0053] The first lower insulating layer 116 may be formed between the base layer 114
and the common source extension region 122 and may contact the sidewalls of the
common source region 120. A second lower insulating layer 126 may cover an upper
surface of the common source region 120 between the isolation region 180 and the
common source extension region 122. Unlike FIGS. 2 and 3, the first and second lower
insulating layers 116 and 126 may also be formed as a single lower insulating layer so as
to cover the sidewall and the bottom surface of the common source extension region 122

and also the upper surface of the common source region 120.
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[0054] As illustrated in FIG. 3, an undercut region 116-u may be formed in a portion of
the first lower insulating layer 116 between the common source extension region 122
and the base layer 114, and the common source region 120 may include a protrusion
120-p filling the undercut region 116-u. For example, a common source opening portion
Twl (see FIG. 12) for forming the isolation region 180 may be formed, and the undercut
region 116-u may be formed by using a selective etching process of expanding a bottom
portion of the common source opening portion Twl. In addition, through a process of
forming the common source region 120 to fill the common source opening portion Twl
that is expanded, the protrusion 120-p having a shape protruding outwardly along a
profile of the undercut region 116-u may be formed.

[0055] As illustrated in FIG. 3, the upper surface of the common source region 120 may
be at a first level LV1, and the bottom surface of the common source extension region
122 may be at a second level LV2 that is lower than the first level LV 1. For example,
through a selective etching process of expanding a bottom portion of the common source
opening portion Twl, a portion of the second lower insulating layer 126 may also be
removed, and accordingly, the upper surface of the common source region 120 may be at
a higher level than the bottom surface of the common source extension region 122.

[0056] The common source extension region 122 may function as a hole generating
region for an erase operation performed using a GIDL method of the cell string array
group regions CG. In detail, due to a potential difference between a reference voltage
Vref applied to the gate electrode 150-g for the ground selection transistor GST and an
erase voltage Ver applied to the common source line CSL, a high electric field may be
applied to the common source extension region 122, and accordingly, electrons and
holes may be generated in the common source extension region 122. The holes generated

in the common source extension region 122 may be injected into the memory cell strings
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11 (FIG. 1) so that the memory cells MC1 through MCn (FIG. 1) are erased. That is, as
described with reference to FIG. 1, an erase operation using a GIDL method may be
performed.

[0057] Semiconductor devices according to comparative example may be driven using
an erase method in which a substrate body is used. In such semiconductor devices, holes
may be injected from the substrate into memory cell strings that are electrically
connected to the substrate. However, a bottom structure has to be formed using a
complicated process in order to provide an injection path of holes from the substrate to
the memory cell strings. For example, a semiconductor layer may be formed at a
predetermined height from a bottom portion of a channel hole of the memory cell strings
by using a selective epitaxial growth (SEG) process, and then a gate insulating layer may
be formed on an inner wall of the channel hole, and an anisotropic etching process of
removing a portion of the gate insulating layer on the bottom portion of the channel hole
needs to be performed so as to expose an upper surface of the semiconductor layer. This
process is complicated, and also may make scaling down of the channel hole difficult. In
addition, reliability of the semiconductor devices may be degraded due to the
complicated manufacturing process.

[0058] However, according to the semiconductor device of the example embodiments,
an erase operation using a GIDL method may be performed using the common source
extension region 122 having an n-type conductivity and the channel layer 130 disposed
on the common source extension region 122. Accordingly, a bottom structure does not
have to be formed using a complicated manufacturing method, and thus, the
semiconductor device 100 having reliability may be obtained using a simplified

manufacturing method.
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[0059] FIG. 4 is a cross-sectional view of a semiconductor device 100a according to
example embodiments. In FIG. 4, like reference numerals as those in FIGS. 1 through 3
denote like elements. The semiconductor device 100a is similar to the semiconductor
device 100 described with reference to FIGS. 2 and 3, except for a shape of a common
source region 120a. Thus, description of FIG. 4 will focus on the shape of the common
source region 120a.

[0060] Referring to FIG. 4, the common source region 120a may include a concave
portion 120a-c in an upper portion thereof. Accordingly, an upper surface of the concave
portion 120a-c may be at a first level LV 1a, and a bottom surface of the common source
extension region 122 may be at a second level LV2 higher than the first level LV1a. For
example, when forming the common source opening portion Twl (see FIG. 12) for
forming the isolation region 180, an upper portion of the base layer 114 may also be
removed while forming the common source opening portion Twl. If the upper portion of
the base layer 114 is removed relatively deeply, due to the insulation spacer 184 formed
on a sidewall of the common source opening portion Twl, a height difference or a step
portion may be generated on an upper surface of the common source opening portion
Twl expanded during a selective etching process of expanding a bottom portion of the
common source opening portion Twl. Accordingly, the concave portion 120a-c may be
formed on an upper surface of the common source region 120a that fills the bottom
portion of the expanded common source opening portion Twl (or an expanded second
recess R2-e (see FIG. 14)). The concave portion 120a-c may extend in the second
direction (y-direction) (for example, in an extension direction of the isolation region
180).

[0061] FIG. 5 is a cross-sectional view of a semiconductor device 100b according to

example embodiments. In FIG. 5, like reference numerals as those in FIGS. 1 through 4
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denote like elements. The semiconductor device 100b is similar to the semiconductor
device 100 described with reference to FIGS. 2 and 3, except for a shape of a common
source region 120b. Thus, description of FIG. 5 will focus on the shape of the common
source region 120b.

[0062] Referring to FIG. 5, an upper surface of the common source region 120b may be
at a first level LV 1b, and an upper surface of the common source extension region 122
may be at a third level LV3 that is lower than or similar to the first level LV1b. A second
gate insulating layer 140-2 may not be disposed on a sidewall of the common source
extension region 122, and a substantially entire region of the sidewall of the common
source extension region 122 (for example, a substantially entire region of the sidewall of
the common source extension region 122 that overlaps the common source region 120b)
may be surrounded by the common source region 120b. According to this structure, a
contact area between the common source extension region 122 and the common source
region 120b may be relatively large.

[0063] FIG. 6 is a cross-sectional view of a semiconductor device 100c according to
example embodiments. In FIG. 6, like reference numerals as those in FIGS. 1 through 5
denote like elements. The semiconductor device 100c is similar to the semiconductor
device 100 described with reference to FIGS. 2 and 3, except for a shape of a common
source region 120c. Thus, description of FIG. 6 will focus on the shape of the common
source region 120c.

[0064] Referring to FIG. 6, the common source region 120c may include a common
source semiconductor layer 120c-1 and a support layer 120c-2.

[0065] The common source semiconductor layer 120c-1 may be disposed in a lateral
direction with respect to the base layer 114 on the isolation insulating layer 112. The

common source semiconductor layer 120c-1 may include a semiconductor layer having
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an n-type conductivity. For example, the common source semiconductor layer 120c-1
may be a polysilicon layer doped with n-type conductivity impurities.

The support layer 120c-2 may be disposed on the common source
semiconductor layer 120c-1 to be spaced apart from the common source extension region
122. The support layer 120c-2 may include an n-type conductivity semiconductor layer
or a metal layer. The support layer 120c-2 may be electrically connected to the common
source extension region 122 via the common source semiconductor layer 120c-1. In
example embodiments, the support layer 120c-2 may surround a lower sidewall of the
isolation region 180 and extend in the second direction (y-direction).

An upper surface of the common source extension region 122 may be at a third
level LV3, and an upper surface of the support layer 120c-2 may be at a fourth level LV4
higher than the third level LV3. For example, the support layer 120c-2 may be formed,
after forming a plurality of first sacrificial layers 222S (see FIG. 7) for forming the
common source extension region 122, by filling space between adjacent first sacrificial
layers 222S with a conductive material. Here, an insulation liner 242 may be further
formed between the support layer 120c-2 and the first sacrificial layers 22285 so as to
prevent direct contact between the support layer 120c-2 and the first sacrificial layers
222S. Next, when forming a common source opening portion Twl-c (see FIG. 18) for
forming the isolation region 180, the support layer 120c-2 may function as an etching
stopper layer, and accordingly, an etching process for expanding the common source
opening portion Twl-c may be precisely adjusted. In addition, even if a distance between
adjacent common source extension regions 122 is small, a relatively large contact area
may be ensured between the metal layer 182 and the support layer 120c-2 and between
the metal layer 182 and the common source semiconductor layer 120c-1. In addition,

even if a distance between adjacent common source extension regions 122 is small, a
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common source region 120 having a relatively large volume may be formed, thus
enabling stable driving of the semiconductor device 100c.

[0068] FIGS. 7 through 16 are cross-sectional views of stages in a method of
manufacturing the semiconductor device 100 of the example embodiments, according to
a process order. In FIGS. 7 through 16, like reference numerals as those in FIGS. 1
through 6 denote like elements.

[0069] Referring to FIG. 7, the isolation insulating layer 112 may be formed on the
substrate 110, and the base layer 114 may be formed on the isolation insulating layer
112. Next, the first lower insulating layer 116 may be formed on the base layer 114.

[0070] In example embodiments, the isolation insulating layer 112 and the first lower
insulating layer 116 may be formed of an insulation material, e.g., silicon oxide, silicon
nitride or silicon oxynitride. The base layer 114 may be formed of a semiconductor
material, e.g., polysilicon, and by using a chemical vapor deposition (CVD) method or
an atomic layer deposition (ALD) method. While forming the base layer 114, n-type
conductivity impurities may be doped in situ.

[0071] Next, a conductive layer may be formed on the first lower insulating layer 116,
and then a mask pattern may be formed on the conductive layer. The conductive layer
may be patterned by using the mask pattern as an etching mask, thereby forming a
plurality of first sacrificial layers 222S. For example, the plurality of first sacrificial
layers 222S may be formed of polysilicon. However, a material for forming the plurality
of first sacrificial layers 2228 is not limited thereto. Any material having an etching
selectivity with respect to the first lower insulating layer 116 disposed under the plurality
of first sacrificial layers 222S and a second sacrificial layer 230S in a gate mold structure
230 to be formed in a subsequent process may be used to form the plurality of first

sacrificial layers 222S.
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[0072] An insulation material may be formed on the plurality of first sacrificial layers
2228 and the first lower insulating layer 116 to fill spaces between the plurality of first
sacrificial layers 222S. Then, an upper portion of the insulation material may be removed
by performing a planarization process or the like until upper surfaces of the plurality of
first sacrificial layers 2228 are exposed so as to form the second lower insulating layer
126.

[0073] Next, the plurality of interlayer insulating layers 160 and the plurality of second
sacrificial layers 230S may be alternately formed on the second lower insulating layer
126 to thereby form a gate mold structure 230 in which the plurality of interlayer
insulating layers 160 and the plurality of second sacrificial layers 230S are alternately
stacked. The number and thicknesses of each of the plurality of second sacrificial layers
230S and the plurality of interlayer insulating layers 160 may be varied according to a
capacity and design of the semiconductor device 100. For example, a thickness of the
lowermost interlayer insulating layer 161 from among the plurality of interlayer
insulating layers 160 may be greater than or identical to a thickness of the other
interlayer insulating layers 160. In addition, a thickness of the uppermost interlayer
insulating layer 165 from among the plurality of interlayer insulating layers 160 may be
greater than a thickness of the other interlayer insulating layers 160.

[0074] According to the semiconductor device of the comparative example, a
lowermost interlayer insulating layer or a lowermost sacrificial layer may have a
relatively large thickness for a SEG process. However, according to example
embodiments, since the SEG process is not performed, the lowermost interlayer
insulating layer 161 or the second sacrificial layer 230S in a lowermost portion may have
substantially the same thickness as other interlayer insulating layers 160 or other second

sacrificial layers 230S.
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[0075] In example embodiments, the plurality of interlayer insulating layers 160 may be
formed of an insulation material, e.g., silicon oxide, silicon nitride, or silicon oxynitride.
In example embodiments, the plurality of second sacrificial layers 230S may be formed
of an insulation material, e.g., silicon oxide, silicon nitride, or silicon oxynitride. The
plurality of interlayer insulating layers 160 and the plurality of second sacrificial layers
230S may have an etching selectivity with respect to each other, and may be formed of a
material having an etching selectivity with respect to the plurality of the first sacrificial
layers 222S. For example, the plurality of first sacrificial layers 222S may include
polysilicon, the plurality of interlayer insulating layers 160 may include silicon oxide,
and the plurality of second sacrificial layers 230S may include silicon nitride.

[0076] Next, a channel hole Hch passing through the gate mold structure 230 may be
formed to expose an upper surface of the first sacrificial layer 2228S. In example
embodiments, a mask pattern may be formed on the gate mold structure 230, and the
plurality of interlayer insulating layers 160 and the plurality of second sacrificial layers
230S may be sequentially anisotropically etched by using the mask pattern as an etching
mask, until an upper surface of the first sacrificial layer 2228 is exposed so that the
channel hole Hch is formed.

[0077] Referring to FIG. 8, by removing the first sacrificial layer 222S exposed through
the channel hole Hch through a selective etching process, a first recess R1 may be
formed in a portion from which the first sacrificial layer 222S has been removed.
Accordingly, the channel hole Hch may extend in the third direction (z-direction)
perpendicular to an upper surface of the substrate 110, and the first recess R1 may extend
in the second direction (y-direction) that is in parallel with the upper surface of the

substrate 110, and a bottom portion of the channel hole Hch may be communicatively
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connected to the first recess R1. In example embodiments, the selective etching process
may be a wet etching process or a dry etching process.

[0078] Referring to FIG. 9, the blocking insulating layer 146, the charge storage layer
144, and the tunneling insulating layer 142 may be sequentially formed on an inner wall
of the channel hole Hch and an inner wall of the first recess R1 by using an ALD
process, a CVD process or the like. The blocking insulating layer 146, the charge storage
layer 144, and the tunneling insulating layer 142 may be collectively referred to as the
gate insulating layer 140. The blocking insulating layer 146, the charge storage layer
144, and the tunneling insulating layer 142 may be formed of the materials described
with reference to FIGS. 2 and 3.

[0079] The gate insulating layer 140 may be conformally formed on the inner wall of
the channel hole Hch and the inner wall of the first recess R1. Here, for convenience, a
portion of the gate insulating layer 140 disposed on the inner wall of the channel hole
Hch will be referred to as the first gate insulating layer 140-1, and a portion of the gate
insulating layer 140 disposed on the inner wall of the first recess R1 will be referred to as
the second gate insulating layer 140-2.

[0080] Next, a conductive layer 122P may be formed on the inner wall of the channel
hole Hch and the inner wall of the first recess R1. For example, after conformally
forming the gate insulating layer 140 on sidewalls of the channel hole Hch and the first
recess R1, the conductive layer 122P may fill a space surrounded by the gate insulating
layer 140. For example, as illustrated in FIG. 9, the conductive layer 122P may be
conformal on the insulating layer 140 in the channel hole Hch, and may be completely
fill the space remaining in the first recess R1. For example, the conductive layer 122P
may be formed of polysilicon, and while forming the conductive layer 122P, an n-type

impurity may be doped in situ.
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[0081] For example, as illustrated in FIG. 9, a thickness of the conductive layer 122P
may not completely fill an inner portion of the channel hole Hch. In another example
embodiments, after forming the conductive layer 122P having a predetermined thickness
on the inner wall of the channel hole Hch and the inner wall of the first recess R1, a
portion of the conductive layer 122P formed on the inner wall of the channel hole Hch
may be removed, e.g., through an etch back process, and the conductive layer 122P may
be formed on the inner wall of the channel hole Hch and the inner wall of the first recess
R1 again until an inner portion of the first recess R1 is filled completely.

[0082] Referring to FIG. 10, by removing the conductive layer 122P (see FIG. 9)
formed on a sidewall of the channel hole Hch via an etch-back process or the like, the
common source extension region 122 filling the inner portion of the first recess R1 may
be left. For example, as illustrated in FIG. 10, the conductive layer 122P may be
completely removed from the sidewalls of the channel hole Hch to expose the first gate
insulating layer 140-1 on the sidewall of the channel hole Hch, so the remaining portion
of the conductive layer 122P in the first recess R1 defines the common source extension
region 122.

[0083] Referring to FIG. 11, the channel layer 130 may be formed on an upper surface
of the gate mold structure 230 and the inner wall of the channel hole Hch. For example,
the channel layer 130 may be formed of polysilicon by using an ALD process, a CVD
process or the like. The channel layer 130 may be formed of polysilicon that is not doped
with an impurity, or may be formed of polysilicon doped with a small amount of an n-
type impurity or a p-type impurity. The channel layer 130 may contact the upper surface
of the common source extension region 122 on the bottom portion of the channel hole

Hch.
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[0084] According to the semiconductor device of the comparative example, a
semiconductor layer for a body contact may be formed on a bottom portion of a channel
hole at a predetermined height through a SEG process, and a gate insulating layer may be
formed on a sidewall of the channel hole and an upper surface of the semiconductor
layer. Next, the upper surface of the semiconductor layer may be exposed by removing a
portion of the gate insulating layer on the bottom portion of the channel hole through an
anisotropic etching process, thereby forming a channel layer on an inner wall of the
channel hole. In this case, the process for forming the semiconductor layer may be highly
difficult (for example, it may be difficult to precisely adjust a height of the
semiconductor layer), and/or the difficulty of the process for removing a gate insulating
layer may be high (for example, it may be difficult to precisely remove the gate
insulating layer on the bottom portion of the channel hole having a small size).
Accordingly, in some channel holes, the semiconductor layer and the channel hole may
not contact each other or a contact area thereof may be small, and thus, reliability of the
semiconductor device may be degraded.

[0085] In contrast, according to the manufacturing method of the example
embodiments, the SEG process or the anisotropic etching process of the gate insulating
layer is not performed. Thus, even in the channel hole Hch having a relatively small size,
sufficient contact between the common source extension region 122 and the channel
layer 130 may be provided.

[0086] For example, as illustrated in FIG. 11, the channel layer 130 may not completely
fill the channel hole Hch, e.g., may be conformally formed on the inner wall of the
channel hole Hch. In another example, the channel layer 130 may completely fill the

channel hole Hch.
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[0087] Referring to FIG. 12, the buried insulating layer 175 filling the channel hole Hch
may be formed on the channel layer 130. Next, by removing a portion of an upper
portion of the buried insulating layer 175, an upper portion of the channel hole Hch may
be opened again, and then the channel hole Hch may be filled using a conductive layer
so as to form the channel layer 130 having a cylindrical shape surrounding the buried
insulating layer 175 in the channel hole Hch. An uppermost surface of the channel layer
130 may be at a substantially identical level as the upper surface of the gate mold
structure 230 (FIG. 11).

[0088] Next, the upper insulating layer 192 may be formed on the gate mold structure
230 and the channel layer 130, and the common source opening portions Twl exposing
the base layer 114 may be formed by etching the upper insulating layer 192 and the gate
mold structure 230. The common source opening portions Twl may extend in the second
direction (y-direction) and be spaced apart from each other in the first direction (x-
direction). The common source opening portions Twl may correspond to an isolation
trench or a word line cut. Here, as illustrated in FIG. 12, a portion of an upper portion of
the base layer 114 may be recessed through the common source opening portion Twl,
e.g., via selective etching.

[0089] Next, the plurality of second sacrificial layers 230S (see FIG. 11) exposed
through the common source opening portions Twl may be selectively removed, e.g., via
selective etching, and a metal layer is formed in the common source opening portion Twl
and a portion from which the plurality of second sacrificial layer 230S have been
removed. The metal layer may be formed of, e.g., tungsten. Next, a portion of the metal
layer corresponding to the common source opening portion Twl may be anisotropically

etched again so that the metal layer remains only in a portion from which the plurality of
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second sacrificial layers 230S have been removed, thereby forming the plurality of gate
electrodes 150.

[0090] Referring to FIG. 13, an insulating layer is formed on an inner wall of the
common source opening portion Twl, and an anisotropic etching process may be
performed on the insulating layer to thereby form an insulation spacer 184 on the
sidewall of the common source opening portion Twl. Next, by removing the base layer
114 exposed on the bottom portion of the common source opening portion Twl, the
bottom portion of the common source opening portion Twl may be expanded. The
process of removing the base layer 114 may be a selective etching process including a
wet process or a dry process.

[0091] The expanded bottom portion of the common source opening portion Twl may
be referred to as a second recess R2. The second recess R2 may be communicatively
connected to the bottom portion of the common source opening portion Twl. The second
recess R2 may be a space where a top portion and a bottom portion of the second recess
R2 are respectively defined by the first lower insulating layer 116 and the isolation
insulating layer 112, and a sidewall portion of the second recess R2 is defined by the
base layer 114.

[0092] Referring to FIG. 14, the protection liner 240 may be formed of, e.g.,
polysilicon, on the sidewall of the common source opening portion Twl. In detail, a
conductive layer having a very small thickness may be formed on the inner wall of the
common source opening portion Twl and the upper insulating layer 192, and then an
anisotropic etching process may be performed on the conductive layer so as to leave the
protection liner 240 only on the sidewall of the common source opening portion Twl.

[0093] Next, by removing portions of the first lower insulating layer 116, the second

lower insulating layer 126, and the insulation spacer 184 exposed through the second
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recess R2 (see FIG. 13), e.g., via selective etching, an expanded second recess R2-e may
be formed. Through the expanded second recess R2-e, the second gate insulating layer
140-2 surrounding the bottom surface and the sidewall of the common source extension
region 122 may be exposed. Next, by further removing the second gate insulating layer
140-2 exposed through the expanded second recess R2-e, a portion of the bottom surface
and a portion of the sidewall of the common source extension region 122 may be
exposed.

[0094] While forming the expanded second recess R2-e, portions of the first lower
insulating layer 116 and the second gate insulating layer 140-2 between the common
source extension region 122 and the base layer 114 may be removed together so as to
form the undercut region 116-u. A shape or a size of the undercut region 116-u in the
drawing is an example for convenience of description, and the undercut region 116-u
may have a different shape or size than that illustrated in FIG. 14 according to conditions
of the above removing process and/or a material composition of the second gate
insulating layer 140-2.

[0095] Referring to FIG. 15, a conductive layer is formed on inner walls of the common
source opening portion Twl and the expanded second recess R2-e, and a portion of the
conductive layer corresponding to the common source opening portion Twl may be
anisotropically etched again so that the conductive layer remains only inside the
expanded second recess R2-e, thereby forming the common source region 120. The
common source region 120 may be formed of polysilicon, and while forming the
common source region 120, an n-type conductivity impurity may be doped in situ.
Alternatively, the common source region 120 may be formed of undoped polysilicon,

and then an n-type conductivity impurity may be implanted into the common source
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region 120 through an ion implantation process or the like. Selectively, the protection
liner 240 may be removed.

[0096] Referring to FIG. 16, a conductive layer is formed on the upper insulating layer
192 and in the common source opening portion Twl, and an upper portion of the
conductive layer may be planarized until an upper surface of the upper insulating layer
192 is exposed, thereby forming the metal layer 182 filling the common source opening
portion Twl.

[0097] Selectively, a metal silicide layer may be formed on the common source region
120 before forming the metal layer 182. Alternatively, after forming the metal layer 182,
a metal silicide layer may be formed between the common source region 120 and the
metal layer 182.

[0098] By performing the above-described processes, the semiconductor device 100
may be completed.

[0099] According to the manufacturing method of the semiconductor device 100, a
SEG process or an anisotropic etching process of a gate insulating layer is not
performed. Thus, the semiconductor device 100 having higher reliability may be
manufactured through a simplified process.

[00100] Meanwhile, in the operation of forming the common source opening portion Twl
described with reference to FIG. 12, the semiconductor device 100a of FIG. 4 or the
semiconductor device 100b of FIG. 5 may be formed according to a recessed depth of an
upper portion of the base layer 114. For example, if an upper portion of the base layer
114 1s removed relatively deeply, a height difference may be generated at an upper
surface of the expanded second recess R2-e, and thus, a concave portion 120a-c may be
formed on an upper surface of the common source region 120a filling the expanded

second recess R2-e. In this case, the semiconductor device 100a according to FIG. 4 may
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be formed. On the contrary, if an upper portion of the base layer 114 is removed
relatively thinly, an upper surface of the expanded second recess R2-e may be at a
substantially identical level as an upper surface level of the common source extension
region 122, that is, the third level LV3, and in this case, the semiconductor device 100b
of FIG. 5 may be formed.

[00101] FIGS. 17 through 19 are cross-sectional views illustrating stages in a method of
manufacturing the semiconductor device 100c according to example embodiments. In
FIGS. 17 through 19, like reference numerals as those in FIGS. 1 through 16 denote like
elements.

[00102] First, by performing the operation described with reference to FIG. 7, the
isolation insulating layer 112, the base layer 114, and the first lower insulating layer 116,
and the plurality of first sacrificial layers 222S may be formed on the substrate 110.

[00103] Referring to FIG. 17, an insulation liner 242 may be conformally formed of an
insulation material on the plurality of first sacrificial layers 2225 and the first lower
insulating layer 116. The insulation liner 242 may be formed of a material having an
etching selectivity with respect to the plurality of first sacrificial layers 222S.

[00104] Next, by forming a conductive layer on the insulation liner 242, space between
the plurality of first sacrificial layers 222S may be filled, and an upper portion of the
conductive layer may be planarized until an upper surface of the insulation liner 242 is
exposed, thereby forming a support layer 120c-2 between the plurality of first sacrificial
layers 222S. The support layer 120c-2 may have an upper surface at an identical level as
an upper surface of the insulation liner 242.

[00105] Next, by performing the operations described with reference to FIGS. 8 through
12, a structure in which an upper insulating layer 192 is formed on the channel layers

130 and the interlayer insulating layers 160 is completed.
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[00106] Referring to FIG. 18, by etching the upper insulating layer 192 and the gate
mold structure 230, a common source opening portion Twl-c exposing the support layer
120c-2 may be formed.

[00107] Referring to FIG. 19, the support layer 120c-2 exposed on a bottom portion of
the common source opening portion Twl-c may be further removed, and then the first
lower insulating layer 116 and the base layer 114 may be sequentially removed so as to
form an expanded second recess R2-ec that is communicatively connected to the bottom
portion of the common source opening portion Twl-c.

[00108] Next, the operations described with reference to FIGS. 12 through 16 may be
performed to complete the semiconductor device 100c.

[00109] That is, according to the above-described manufacturing method, in the process
for forming the common source opening portion Twl-c and the expanded second recess
R2-ec, the support layer 120c-2 may function as an etch stopper layer, and thus, an
etching operation for expanding the common source opening portion Twl-c may be
precisely adjusted. In addition, even when a distance between the common source
extension regions 122 is small, a relatively broad contact area may be ensured between
the metal layer 182 and the support layer 120c-2 and between the metal layer 182 and the
common source semiconductor layer 120c-1.

[00110] By way of summation and review, due to down-scaling of the memory device,
reliability of the vertical channel layer may be degraded, and the manufacturing process
may become complicated. Therefore, embodiments provide a semiconductor device with
a vertical channel that has high reliability, and a method of manufacturing the
semiconductor device by using a simplified process.

[00111] That is, according to embodiments, instead of a body erase method in which

holes are received from a substrate, a method in which electrons and holes are generated
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from an n+ semiconductor layer (common source extension region) due to a high electric
field, and then are injected into a channel structure, i.e., a gate induced drain leakage
(GIDL) method, is used. As the complicated selective epitaxial growth (SEG) process is
omitted, a semiconductor device having a simplified structure may be provided through a
simplified process.

[00112] Various embodiments may relate to a method of manufacturing a semiconductor
device. The method may include forming a sacrificial layer on a substrate; forming a
gate mold structure on the sacrificial layer, the gate mold structure including a plurality
of first material layers and a plurality of second material layers that are alternately
arranged; forming a plurality of channel holes passing through the gate mold structure to
expose the sacrificial layer; forming a first recess by removing the sacrificial layer;
forming a gate insulating layer on an inner wall of the first recess and an inner wall of
the plurality of channel holes; forming a common source extension region filling the first
recess; forming a common source opening portion passing through the gate mold
structure; and forming a common source region filling a bottom portion of the common
source opening portion.

[00113] In various embodiments of the method of manufacturing the semiconductor
device, forming the common source extension region may include filling an inner
portion of the first recess with a first semiconductor layer having an n-type conductivity.

[00114] In various embodiments, the method may further include, before forming the
sacrificial layer, forming a base layer having an n-type conductivity on the substrate;
wherein the method may further include, after forming the common source opening
portion, expanding the bottom portion of the common source opening portion by

removing a portion of the base layer exposed through the common source opening
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portion; and wherein the common source region fills the expanded bottom portion of the
common source opening portion.

[00115] In various embodiments of the method of manufacturing the semiconductor
device, expanding the bottom portion of the common source opening portion may
include removing a portion of the gate insulating layer such that a bottom surface of the
common source extension region is exposed.

[00116] In various embodiments of the method of manufacturing the semiconductor
device, removing a portion of the base layer or removing a portion of the gate insulating
layer may be performed using a wet etching process.

[00117] In various embodiments, the method may further include, before forming the
gate mold structure, forming a support layer that is laterally spaced apart from the
sacrificial layer on the substrate, wherein forming the common source opening portion
includes forming the common source opening portion such that the common source
opening portion passes through the gate mold structure and at least a portion of the
support layer is removed.

[00118] Example embodiments have been disclosed herein, and although specific terms
are employed, they are used and are to be interpreted in a generic and descriptive sense
only and not for purpose of limitation. In some instances, as would be apparent to one of
ordinary skill in the art as of the filing of the present application, features, characteristics,
and/or elements described in connection with a particular embodiment may be used
singly or in combination with features, characteristics, and/or elements described in
connection with other embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art that various changes in
form and details may be made without departing from the spirit and scope of the present

invention as set forth in the following claims.
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WHAT IS CLAIMED IS:

1. A semiconductor device, comprising:

a plurality of channel structures on a substrate, each channel structure of the
plurality of channel structures extending in a first direction perpendicular to an upper
surface of the substrate, and having a gate insulating layer and a channel layer;

a common source extension region between the substrate and the plurality of
channel structures, the common source extension region including a first semiconductor
layer having an n-type conductivity;

a plurality of gate electrodes on the common source extension region and spaced
apart from each other on a sidewall of each of the plurality of channel structures in the
first direction; and

a common source region on the substrate, the common source region being in
contact with the common source extension region and including a second
semiconductor layer having an n-type conductivity,

wherein the gate insulating layer of each of the plurality of channel structures
extends to cover an upper surface and at least a portion of a bottom surface of the

common source extension region.

2. The semiconductor device as claimed in claim 1, wherein a portion of the
gate insulating layer extends from a sidewall of the channel layer, and the portion of the
gate insulating layer covers the upper surface, a sidewall, and a portion of the bottom

surface of the common source extension region.
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3. The semiconductor device as claimed in claim 1 or claim 2, wherein a
portion of the bottom surface of the common source extension region is in contact with

the common source region.

4. The semiconductor device as claimed in any one of claims 1 to 3,
wherein an upper surface of the second semiconductor layer is at a level that is lower

than or identical to the upper surface of the common source extension region.

5. The semiconductor device as claimed in any one of claims 1 to 4, further
comprising:

a base layer between the common source extension region and the substrate and
having an n-type conductivity; and

a lower insulating layer between the base layer and the common source

extension region.

6. The semiconductor device as claimed in claim 5, wherein a bottom
surface of the common source region is at an identical level as a bottom surface of the
base layer, and

the plurality of channel structures are electrically insulated from the substrate by

the lower insulating layer.

7. The semiconductor device as claimed in claim 5 or claim 6, wherein a
portion of the gate insulating layer is between the common source extension region and

the lower insulating layer.
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8. The semiconductor device as claimed in any one of claims 5 to 7,
wherein an undercut region is in a portion of the lower insulating layer between the
common source extension region and the base layer, and the common source region
includes a protrusion that fills the undercut region and contacts the lower insulating

layer.

0. The semiconductor device as claimed in any one of claims 1 to 8,
wherein the common source region further includes a support layer that is on the second
semiconductor layer, spaced apart from the common source extension region, and
electrically connected to the common source extension region via the second

semiconductor layer of the common source region.

10.  The semiconductor device as claimed in claim 9, wherein an upper
surface of the support layer is at a higher level than the upper surface of the common

source extension region.

11. The semiconductor device as claimed in claim 9 or claim 10, further
comprising a common source line on the common source region, wherein the support

layer surrounds a lower sidewall of the common source line.

12. A semiconductor device, comprising:
a base layer on a substrate and having an n-type conductivity;
a common source extension region on the base layer and including a first

semiconductor layer having an n-type conductivity;
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a plurality of channel structures on the common source extension region and
extending in a first direction perpendicular to an upper surface of the substrate, each of
the plurality of channel structures having a gate insulating layer and a channel layer;

a plurality of gate electrodes on the common source extension region and spaced
apart from each other on a sidewall of each of the plurality of channel structures in the
first direction; and

a common source region on the substrate, the common source region being in
contact with a portion of a bottom surface of the common source extension region and
including a second semiconductor layer having an n-type conductivity,

wherein a portion of the gate insulating layer of each of the plurality of channel
structures extends to cover an upper surface and at least a portion of the bottom surface

of the common source extension region.

13. The semiconductor device as claimed in claim 12, further comprising a
lower insulating layer between the base layer and the common source extension region,
the plurality of channel structures being electrically insulated from the substrate by the

lower insulating layer.

14. The semiconductor device as claimed in claim 13, wherein an undercut
region is in a portion of the lower insulating layer between the common source
extension region and the base layer, the common source region including a protrusion

that fills the undercut region and contacts the lower insulating layer.
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15.  The semiconductor device as claimed in any one of claims 12 to 14,
wherein a bottom surface of the common source region is at an identical level as a

bottom surface of the base layer.

16. The semiconductor device as claimed in any one of claims 12 to 15,
wherein the common source region includes a support layer on the second
semiconductor layer and having an upper surface that is at a higher level than the upper

surface of the common source extension region.

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

forming a sacrificial layer on a substrate;

forming a gate mold structure on the sacrificial layer, the gate mold structure
including a plurality of first material layers and a plurality of second material layers that
are alternately arranged;

forming a plurality of channel holes passing through the gate mold structure to
expose the sacrificial layer;

forming a first recess by removing the sacrificial layer;

forming a gate insulating layer on an inner wall of the first recess and an inner
wall of the plurality of channel holes;

forming a common source extension region by filling the first recess with a first
semiconductor layer having n-type conductivity;

forming a common source opening portion passing through the gate mold

structure; and
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forming a common source region by filling a bottom portion of the common
source opening portion with a second semiconductor layer having n-type conductivity;
wherein the common source region is in contact with the common source

extension region.

18. The method as claimed in claim 17, wherein forming the common source
extension region includes filling an inner portion of the first recess with the first

semiconductor layer.

19. The method as claimed in claim 17 or claim 18, further comprising,
before forming the sacrificial layer, forming a base layer having an n-type conductivity
on the substrate,

wherein the method further comprises, after forming the common source
opening portion, expanding the bottom portion of the common source opening portion
by removing a portion of the base layer exposed through the common source opening
portion, and

wherein the common source region fills the expanded bottom portion of the

common source opening portion.

20. The method as claimed in any one of claims 17 to 19, further
comprising, before forming the gate mold structure, forming a support layer that is
laterally spaced apart from the sacrificial layer on the substrate,

wherein forming the common source opening portion includes forming the
common source opening portion such that the common source opening portion passes

through the gate mold structure and at least a portion of the support layer is removed.





