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(57) ABSTRACT 
A vertical memory device includes a channel and gate elec 
trodes. The channel extends in a vertical direction with 
respect to a top surface of a Substrate. The gate electrodes are 
disposed on an outer sidewall of the channel. The gate elec 
trodes includes a ground selection line (GSL), a word line, a 
string selection line (SSL) and a first dummy word line 
sequentially stacked from the top surface of the Substrate in 
the vertical direction to be spaced apart from each other. The 
channel includes an impurity region at a portion adjacent to 
the SSL. 
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VERTICAL MEMORY DEVICES AND 
METHODS OF MANUFACTURING THE 

SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority under 35 USC S119 
to Korean Patent Application No. 10-2013-0 104726, filed on 
Sep. 2, 2013 in the Korean Intellectual Property Office 
(KIPO), the contents of which are incorporated by reference 
herein in their entirety. 

FIELD 

0002 Example embodiments relate to vertical memory 
devices and methods of manufacturing the same. More par 
ticularly, example embodiments relate to non-volatile 
memory devices including vertical channels and methods of 
manufacturing the same. 

BACKGROUND 

0003 Recently, a vertical memory device including 
memory cells and insulation layers stacked alternately and 
vertically with respect to a surface of a substrate has been 
developed in order to realize a high degree of integration. In 
the Vertical memory device, a channel protruding vertically 
from the surface of the substrate may be provided, and the 
memory cells and the insulation layers Surrounding the chan 
nel may be stacked. Further, ions or impurities may be 
implanted into the channel to control electrical characteristics 
of the vertical memory device. 
0004. The electrical characteristics of the vertical memory 
device may be changed according to a distribution of the ions 
or impurities. 

SUMMARY 

0005 Example embodiments provide a vertical memory 
device having improved electrical characteristics. 
0006 Example embodiments provide a method of manu 
facturing a vertical memory device having improved electri 
cal characteristics. 
0007 According to example embodiments, there is pro 
vided a vertical memory device. The vertical memory device 
includes a channel and gate electrodes. The channel extends 
in a vertical direction with respect to a top surface of a sub 
strate. The gate electrodes are disposed on an outer sidewall 
of the channel. The gate electrodes include a ground selection 
line (GSL), a word line, a string selection line (SSL) and a first 
dummy word line sequentially stacked from the top Surface of 
the substrate in the vertical direction to be spaced apart from 
each other. 
0008. In example embodiments, the channel may include 
an impurity region at a portion adjacent to the SSL. 
0009. In example embodiments, the gate electrodes may 
further include a second dummy word line between the word 
line and the SSL. 
0010. In example embodiments, the SSL, the second 
dummy word line and the word line may be arranged in the 
vertical direction by the same distance. 
0011. In example embodiments, the vertical memory 
device may further include a dielectric layer structure 
between the channel and the gate electrodes. The dielectric 
layer structure may extend from the top surface of the sub 
strate in the vertical direction. 
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0012. In example embodiments, a top surface of the 
dielectric layer structure may be located between a bottom 
surface of the SSL and a top surface of the word line. 
0013. In example embodiments, the dielectric layer struc 
ture may include a tunnel insulation layer pattern, a charge 
storage layer patternand a blocking layer pattern sequentially 
stacked from the outer sidewall of the channel. 
0014. In example embodiments, a single gate insulation 
layer may be disposed on a portion of the outer sidewall of the 
channel which is not covered by the dielectric layer structure. 
0015. In example embodiments, the vertical memory 
device may further include a second dummy word line 
between the word line and the SSL. A top surface of the 
dielectric layer structure may be located between a bottom 
Surface of the second dummy word line and a top Surface of 
the word line. 
0016. In example embodiments, the channel may include 
a semiconductor pattern disposed on the top Surface of the 
Substrate. A top Surface of the semiconductor pattern may be 
located between a top surface of the GSL and a bottom sur 
face of the word line. 
0017. In example embodiments, the dielectric layer struc 
ture may extend from the top surface of the semiconductor 
substrate. 
0018. In example embodiments, a predetermined turn-on 
Voltage may be applied to the first dummy word line. 
0019. In example embodiments, the predetermined turn 
on Voltage may have a value between a threshold Voltage of 
the SSL and a read voltage of the word line. 
0020. According to example embodiments, there is pro 
vided a method of manufacturing a vertical memory device. 
In the method, insulating interlayers and sacrificial layers are 
formed alternately and repeatedly on a substrate. An opening 
is formed through the insulating interlayers and the sacrificial 
layers to expose a top Surface of the Substrate. A dielectric 
layer structure is formed on a sidewall of the opening. A 
channel is formed on the dielectric layer structure and the top 
surface of the substrate. The sacrificial layers are removed. A 
GSL, a word line, an SSL and a first dummy word line are 
sequentially formed at spaces from which the sacrificial lay 
ers are removed. An impurity region is formed at a portion of 
the channel adjacent to the SSL. 
0021. In example embodiments, an upper portion of the 
dielectric layer structure may be removed such that a top 
surface of the dielectric layer structure may be located 
between a bottom surface of the SSL and a top surface of the 
word line. 
0022. In example embodiments, a vertical memory device 
includes a plurality of gate electrodes and insulating layers 
alternately stacked in a vertical direction from a top surface of 
a Substrate. The method also includes a channel extending 
from the top surface of the substrate in a vertical direction 
through the gate electrodes and insulating layers, wherein an 
upper sidewall region of the channel laterally adjacent to an 
upper one of the gate electrodes has a different impurity 
concentration than a lower sidewall region of the channel 
laterally adjacent to a lower one of the gate electrodes below 
the upper one of the gate electrodes. 
0023. In example embodiments, an upper boundary of the 
lower sidewall region is laterally adjacent to one of the insu 
lating layers between the upper one of the gate electrodes and 
the lower one of the gate electrodes. 
0024. In example embodiments, the upper one of the gate 
electrodes is configured to receive a predetermined turn-on 
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voltage having a value different than a value of a threshold 
voltage of the lower one of the gate electrodes. 
0025. In example embodiments, the upper one of the gate 
electrodes is a dummy word line and the lower one of the gate 
electrodes is a string selection line (SSL). The plurality of 
gate electrodes may further include a word line below the SSL 
and a ground select line (GSL) below the word line. The 
plurality of gate electrodes may also include a second dummy 
word line between the SSL and the word line. 
0026. In example embodiments, the second dummy word 
line is configured to receive the predetermined turn-on volt 
age. 
0027. In example embodiments, a lower boundary of the 
lower sidewall region is laterally adjacent to an insulating 
layer between the SSL and the second dummy word line. 
0028. In example embodiments, the lower sidewall region 
of the channel has a greater impurity concentration than the 
upper sidewall region of the channel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029. Example embodiments will be more clearly under 
stood from the following detailed description taken in con 
junction with the accompanying drawings. FIGS. 1A to 31 
represent non-limiting, example embodiments as described 
herein. 
0030 FIGS. 1A and 1B are a perspective view and a cross 
sectional view, respectively, illustrating a vertical memory 
device in accordance with example embodiments; 
0031 FIGS. 2 to 15 are cross-sectional views illustrating a 
method of manufacturing the vertical memory device of 
FIGS. 1A and 1B: 
0032 FIG. 16 is a cross-sectional view illustrating a ver 

tical memory device in accordance with example embodi 
ments; 
0033 FIG. 17 is a cross-sectional view illustrating a 
method of manufacturing the vertical memory device of FIG. 
16: 
0034 FIG. 18 is a cross-sectional view illustrating a ver 

tical memory device in accordance with example embodi 
ments; 
0035 FIGS. 19 to 23 are cross-sectional views illustrating 
a method of manufacturing the vertical memory device of 
FIG. 18; 
0036 FIG. 24 is a cross-sectional view illustrating a ver 

tical memory device in accordance with example embodi 
ments; 
0037 FIGS. 25 to 30 are cross-sectional views illustrating 
a method of manufacturing the vertical memory device of 
FIG. 24; and 
0038 FIG. 31 is a block diagram illustrating a schematic 
construction of an information processing system in accor 
dance with example embodiments. 

DETAILED DESCRIPTION 

0039 Various example embodiments will be described 
more fully hereinafter with reference to the accompanying 
drawings, in which some example embodiments are shown. 
The present inventive concept may, however, be embodied in 
many different forms and should not be construed as limited 
to the example embodiments set forth herein. Rather, these 
example embodiments are provided so that this description 
will be thorough and complete, and will fully convey the 
scope of the present inventive concept to those skilled in the 
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art. In the drawings, the sizes and relative sizes of layers and 
regions may be exaggerated for clarity. 
0040. It will be understood that when an element or layer 

is referred to as being “on.” “connected to’ or “coupled to 
another element or layer, it can be directly on, connected or 
coupled to the other element or layer or intervening elements 
or layers may be present. In contrast, when an element is 
referred to as being “directly on.” “directly connected to’ or 
“directly coupled to another element or layer, there are no 
intervening elements or layers present. Like numerals refer to 
like elements throughout. As used herein, the term “and/or 
includes any and all combinations of one or more of the 
associated listed items. 
0041. It will be understood that, although the terms first, 
second, third, fourth etc. may be used herein to describe 
various elements, components, regions, layers and/or sec 
tions, these elements, components, regions, layers and/or sec 
tions should not be limited by these terms. These terms are 
only used to distinguish one element, component, region, 
layer or section from another region, layer or section. Thus, a 
first element, component, region, layer or section discussed 
below could be termed a second element, component, region, 
layer or section without departing from the teachings of the 
present inventive concept. 
0042 Spatially relative terms, such as “beneath.” “below.” 
“lower,” “above.” “upper and the like, may be used hereinfor 
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. 
0043. The terminology used herein is for the purpose of 
describing particular example embodiments only and is not 
intended to be limiting of the present inventive concept. As 
used herein, the singular forms “a,” “an and “the are 
intended to include the plural forms as well, unless the con 
text clearly indicates otherwise. It will be further understood 
that the terms “comprises” and/or “comprising, when used in 
this specification, specify the presence of Stated features, 
integers, steps, operations, elements, and/or components, but 
do not preclude the presence or addition of one or more other 
features, integers, steps, operations, elements, components, 
and/or groups thereof. 
0044 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 
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 
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wise, a buried region formed by implantation may result in 
some implantation in the region between the buried region 
and the surface through which the implantation takes place. 
Thus, the regions illustrated in the figures are schematic in 
nature and their shapes are not intended to illustrate the actual 
shape of a region of a device and are not intended to limit the 
scope of the present inventive concept. 
0045. Unless otherwise defined, all terms (including tech 
nical and scientific terms) used herein have the same meaning 
as commonly understood by one of ordinary skill in the art to 
which this inventive concept belongs. It will be further under 
stood that terms, such as those defined in commonly used 
dictionaries, should be interpreted as having a meaning that is 
consistent with their meaning in the context of the relevant art 
and will not be interpreted in an idealized or overly formal 
sense unless expressly so defined herein. 
0046 FIGS. 1A and 1B are a perspective view and a cross 
sectional view, respectively, illustrating a vertical memory 
device in accordance with example embodiments. Specifi 
cally, FIG. 1B is a cross-sectional view taken along a line I-I' 
of FIG. 1A. 
0047. For the convenience of explanation, FIG. 1A does 
not show all elements of the vertical semiconductor device, 
but only shows some elements thereof, e.g., a substrate, a 
channel, a gate electrode, a pad, a bit line contact and a bit 
line. In all figures in this specification, a direction substan 
tially perpendicular to a top surface of the substrate is referred 
to as a first direction, and two directions substantially parallel 
to the top surface of the substrate and substantially perpen 
dicular to each other are referred to as a second direction and 
a third direction. Additionally, a direction indicated by an 
arrow in the figures and a reverse direction thereto are con 
sidered as the same direction. 
(0.048 Referring to FIGS. 1A and 1B, the vertical memory 
device may include a channel 135 protruding vertically from 
a substrate 100, a dielectric layer structure 129 surrounding 
an outer sidewall of the channel 135 and gate electrodes 170 
stacked on the dielectric layer structure 129 along the first 
direction to partially surround the channel 135. A pad 150 
may be disposed on the channel 135. The vertical memory 
device may further include a bit line contact 190 in contact 
with the pad 150, and a bit line 195 electrically connected to 
the bit line contact 190. A first impurity region 101 may be 
formed at an upper portion of the substrate 100 between the 
adjacent channels 135, and a second impurity region 138 may 
beformed at a predetermined region of an upper portion of the 
channel 135. 

0049. The substrate 100 may include a semiconductor 
material, e.g., silicon, germanium, etc. 
0050. The channel 135 may have a substantially hollow 
cylindrical shape or a substantially cup shape. A plurality of 
the channels 135 may be arranged along the second direction 
to form a channel column. A plurality of the channel columns 
may be arranged along the third direction. The channel may 
include polysilicon or single crystalline silicon. 
0051. A first filling layer pattern 145 having a substan 

tially pillar shape or a substantially solid cylindrical shape 
may be formed in the channel 135. The first filling layer 
pattern 145 may include an insulation material such as silicon 
oxide. 
0052. The dielectric layer structure 129 may include a 
plurality of layers stacked in the third direction from the outer 
sidewall of the channel 135. In example embodiments, the 
dielectric layer structure 129 may include a tunnel insulation 
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layer pattern 127, a charge storage layer pattern 125 and a first 
blocking layer pattern 123. In one example embodiment, the 
first blocking layer pattern 123 may be omitted. 
0053. In example embodiments, the first blocking layer 
pattern 123 may include an oxide such as silicon oxide, the 
charge storage layer pattern 125 may include a nitride such as 
silicon nitride or a metal oxide, and the tunnel insulation layer 
pattern 127 may include an oxide such as silicon oxide. 
0054) The pad 150 may be formed on the first filling layer 
pattern 145, the channel 135 and the dielectric layer structure 
129 to be electrically connected to the bit line 195 via the bit 
line contact 190. The pad 150 may serve as a source/drain 
region through which charges are moved or transferred to the 
channel 135. The pad 150 may include polysilicon or single 
crystalline silicon. The pad 150 may further include, e.g., 
n-type impurities such as phosphorus (P) or arsenic (AS). 
0055. The gate electrodes 170 may be disposed on the 
dielectric layer structure 129 to be spaced apart from each 
other in the first direction. In example embodiments, each 
gate electrode 170 may surround the channel 135 and may 
extend in the second direction. 
0056. The gate electrode 170 may include a metal having 
a low electrical resistance or a nitride thereof. For example, 
the gate electrode 170 may include tungsten (W), tungsten 
nitride, titanium (Ti), titanium nitride, tantalum (Ta), tanta 
lum nitride, platinum (Pt), etc. In one example embodiment, 
the gate electrode 170 may have a multi-layered structure 
including a barrier layer that may include the metal nitride 
and a metal layer. 
0057 Lowermost gate electrodes 170a and 170b at 2 lev 
els may serve as ground selection lines (GSLs), gate elec 
trodes 170c, 170d, 170e and 170fat 4 levels on the GSLs may 
serve as word lines, and gate electrodes 170g and 170h at 2 
levels on the word lines may serve as string selection lines 
(SSLs). 
(0.058. In example embodiments, a dummy word line may 
be disposed on the SSL. An uppermost gate electrode 170i 
may serve as the dummy word line. 
0059. As described above, the GSL, the word line and the 
SSL may be formed at 2 levels, 4 levels and 2 levels, respec 
tively. However, the number of the levels at which the GSL, 
the word line and the SSL are formed is not specifically 
limited. In some example embodiments, the GSL and the SSL 
may be formed at a single level, respectively, and the word 
line may be formed at 2, 8 or 16 levels. 
0060 Distances between the adjacent gate electrodes 170 
in one string may be the same as each other. In one example 
embodiment, a distance between the SSL 170g and the word 
line 170fmay be greater than distances between the adjacent 
word lines 170c, 170d, 170e and 170?. 
0061 Insulating interlayer patterns 106 (106a-106j) may 
be disposed between the adjacent gate electrodes 170 in the 
first direction. The insulating interlayer patterns 106 may 
include a silicon oxide based material, e.g., silicon dioxide 
(SiO), silicon carbooxide (SiOC) or silicon fluorooxide 
(SiOF). The gate electrodes 170 included in one string may be 
insulated from each other by the insulating interlayer patterns 
106. 

0062. In one example embodiment, a second blocking 
layer 163 may be formed along surfaces of the insulating 
interlayer patterns 106 and an outer sidewall of the dielectric 
layer structure 129. The second blocking layer 163 may 
include silicon oxide or a metal oxide. For example, the metal 
oxide may include aluminum oxide, hafnium oxide, lantha 
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num oxide, lanthanum aluminum oxide, lanthanum hafnium 
oxide, hafnium aluminum oxide, titanium oxide, tantalum 
oxide, zirconium oxide, etc. The second blocking layer 163 
may have a multi-layered structure including, e.g., a silicon 
oxide layer and a metal oxide layer. 
0063. The first impurity region 101 may be formed at the 
upper portion of the substrate 100 between the adjacent chan 
nel columns. The first impurity region 101 may extend in the 
second direction and serve as a common Source line (CSL). 
The first impurity region 101 may include n-type impurities 
Such as phosphorus or arsenic. In one example embodiment, 
a metal silicide pattern (not illustrated) such as a cobalt sili 
cide pattern may be furtherformed on the first impurity region 
101. 
0064. A second filling layer pattern 180 may be disposed 
on the first impurity region 101 to fill a space between the 
adjacent strings. The second filling layer pattern 180 may 
include an insulation material, e.g., silicon oxide. The adja 
cent strings may be insulated from each other by the second 
filling layer pattern 180. 
0065. A second impurity region 138 may be formed at an 
upper portion of the channel 135 adjacent to the SSL. In 
example embodiments, the second impurity region 138 may 
beformed at a portion of the channel 135 adjacent to the gate 
electrodes 170g and 170h serving as the SSL. The second 
impurity region 138 may include p-type impurities such as 
boron (B), indium (In) or gallium (Ga). 
0066. As illustrated in FIG. 1B, the second impurity 
region 138 may have a length sufficiently covering the SSLs 
170g and 170h. In this case, a threshold voltage (Vth) of the 
SSLs may be controlled by the second impurity region 138. 
0067 Specifically, during an operation of the vertical 
memory device, a selection and a non-selection of a particular 
string may be determined according to a combination of 
voltages applied to the bit line and the SSL. A distribution of 
the Vth of the SSL may be controlled within a range between 
the voltage for the selection and the voltage for the non 
selection. Thus, the second impurity region 138 may be 
formed at the portion of the channel 135 adjacent to the SSL 
for controlling the distribution of the Vith. 
0068. However, as the degree of integration of the vertical 
memory device becomes higher, a Voltage applied to each 
memory cell may be decreased to reduce power consumption. 
Accordingly, the distribution of the Vth may not be controlled 
solely by the formation of the second impurity region 138. 
0069. Additionally, during the formation of the second 
impurity region 138, impurities may be diffused to undesired 
regions, e.g., a portion of the channel 135 adjacent to an 
uppermost word line 170f and/or a portion of the channel 135 
adjacent to the pad 150. Thus, the second impurity region 138 
may be excessively extended to result in an over-tail phenom 
enon. In this case, resistances between the SSL and the pad 
150 and/or between the SSL and the word line may be 
increased so that a cell current may be decreased. 
0070. In example embodiments, the dummy word line 
170i may be further disposed on the SSL 170h. The dummy 
word line 170i may control the distribution of the Vth of the 
SSL within a substantially constant level and may prevent the 
reduction of the cell current. 
(0071. For example, the dummy word line 170i may be 
maintained at a turn-on state by a predetermined buffer volt 
age. In example embodiments, the buffer voltage between the 
Vth of the SSL and a read voltage (Vread) of the word line 
may be applied to the dummy word line 170i. For example, in 
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the case that the Vth of the SSL is about 2V and the Vread of 
the word line is about 20V, the buffer voltage ranging from 
about 7V to about 10V may be applied to the dummy word 
line 170i. 
(0072. The resistance between the SSL and the pad 150 
may be decreased by the buffer voltage so that the distribution 
of the Vth of the SSL may be reduced and the reduction of the 
cell current may be prevented. A portion of the channel 135 
adjacent to the dummy word line 170i may substantially serve 
as a lightly doped drain (LDD) which may be formed by 
implanting n-type impurities in order to achieving the Suffi 
cient cell current. 
0073. An upper insulation layer 185 may be formed on an 
uppermost insulating interlayer pattern 106i, the pad 150 and 
the second filling layer pattern 180. The bit line contact 190 
may be formed through the upper insulation layer 185 to 
contact the pad 150. The bit line 195 may be disposed on the 
upper insulation layer 185 to be electrically connected to the 
bit line contact 190. In example embodiments, a plurality of 
the bit line contacts 190 may form an array comparable to an 
arrangement of the pad 150 or the channel 135. The bit line 
195 may extend in the third direction and a plurality of the bit 
lines 195 may be arranged along the second direction. 
0074 The upper insulation layer 185 may include an insu 
lation material, e.g., silicon oxide. The bit line contact 190 
and the bit line 195 may include a conductive material, e.g., a 
metal, a metal nitride or doped polysilicon. 
0075 FIGS. 2 to 15 are cross-sectional views illustrating a 
method of manufacturing the vertical memory device of 
FIGS. 1A and 1B. 
0076 Referring to FIG. 2, an insulating interlayer 102 and 
a sacrificial layer 104 may be alternately and repeatedly 
formed on a substrate 100. A plurality of the insulating inter 
layers 102 (102a-102i) and a plurality of the sacrificial layers 
104 (104a-104i) may be alternately formed on each other at a 
plurality of levels. 
0077. The substrate 100 may include a semiconductor 
material, e.g., single crystalline silicon and/or germanium. 
0078. In example embodiments, the insulating interlayer 
102 may be formed using a silicon oxide based material, e.g., 
silicon dioxide, silicon carbooxide or silicon fluorooxide. The 
sacrificial layer 104 may be formed using a material that may 
have an etching selectivity with respect to the insulating inter 
layer 102 and may be easily removed by a wet etching pro 
cess. For example, the sacrificial layer 104 may be formed 
using a silicon nitride or silicon boronitride (SiBN). 
007.9 The insulating interlayer 102 and the sacrificial 
layer 104 may be formed by a chemical vapor deposition 
(CVD) process, a plasma enhanced chemical vapor deposi 
tion (PECVD) process, an atomic layer deposition (ALD) 
process, etc. A lowermost insulating interlayer 102a may be 
formed by performing a thermal oxidation process on the 
Substrate 100. 
0080. The sacrificial layers 104 may be removed in a sub 
sequent process to provide spaces for a GSL, a word line, an 
SSL and a dummy word line (refer to FIG. 12). Thus, the 
number of the insulating interlayers 102 and the sacrificial 
layers 104 may be adjusted in consideration of the number of 
the GSLs, the word lines, the SSLs and the dummy word 
lines. In example embodiments, each of the GSL and the SSL 
may be formed at 2 levels, and the word line may be formed 
at 4 levels. The dummy word line may be formed at a single 
level on the SSL. Accordingly, the sacrificial layers 104 may 
beformed at 9 levels, and the insulating interlayers 102 may 
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beformed at 10 levels. In one example embodiment, each of 
the GSL and the SSL may be formed at a single level, and the 
word line may be formed at 2, 8 or 16 levels. In this case, the 
sacrificial layers 104 may be formed at 5, 11 or 19 levels, and 
the insulating interlayers 102 may be formed at 6, 12 or 20 
levels. However, the number of the GSL, the SSL and the 
word lines may not be limited herein. 
0081 Referring to FIG. 3, a first opening 120 may be 
formed through the insulating interlayers 102 and the sacri 
ficial layers 104. 
0082 In example embodiments, a hard mask 110 may be 
formed on an uppermost insulating interlayer 102i. The insu 
lating interlayers 102 and the sacrificial layers 104 may be 
partially etched by, e.g., a dry etching process using the hard 
mask 110 as an etching mask to form the first opening 120. A 
top surface of the substrate 100 may be partially exposed by 
the first opening 120. The first opening 120 may extend in the 
first direction. 
0083. The hard mask 110 may be formed using a material 
that may have an etching selectivity with respect to the insu 
lating interlayers 102 and the sacrificial layers 104. For 
example, the hard mask 110 may beformed using polysilicon 
or amorphous silicon. 
I0084. A channel 135 (refer to FIG. 7) may beformed in the 
first opening 120. Thus, a plurality of the channels 135 may be 
arranged in the second and third directions. 
0085. Referring to FIG. 4, a first blocking layer 122, a 
charge storage layer 124 and a tunnel insulation layer 126 
may be sequentially formed on an inner wall of the first 
opening 120 and a top surface of the hard mask 110. 
I0086. In example embodiments, the first blocking layer 
122 may be formed using an oxide, e.g., silicon oxide, the 
charge storage layer 124 may be formed using silicon nitride 
or a metal oxide, and the tunnel insulation layer 126 may be 
formed using an oxide, e.g., silicon oxide. The first blocking 
layer 122, the charge storage layer 124 and the tunnel insu 
lation layer 126 may beformed by a CVD process, a PECVD 
process, an ALD process, etc. In one example embodiment, 
the formation of the first blocking layer 122 may be omitted. 
I0087. Referring to FIG. 5, the first blocking layer 122, the 
charge storage layer 124 and the tunnel insulation layer 126 
may be anisotropically etched to partially expose the top 
surface of the substrate 100. Accordingly, a first blocking 
layer pattern 123, a charge storage layer pattern 125 and a 
tunnel insulation layer pattern 127 may be formed on a side 
wall of the first opening 120 and the top surface of the hard 
mask 110. 
I0088 Referring to FIG. 6, a channel layer 130 may be 
formed on the tunnel insulation layer pattern 127 and the 
exposed top surface of the substrate 100, and then a first filling 
layer 140 may be formed on the channel layer 140 to suffi 
ciently fill a remaining portion of the first opening 120. The 
channel layer 130 may be formed using polysilicon or amor 
phous silicon. The first filling layer 140 may beformed using 
an insulation material, e.g., silicon oxide. 
0089. In one example embodiment, a heat treatment or a 
laser beam irradiation may be further performed on the chan 
nel layer 130. In this case, the channel layer 130 may include 
single crystalline silicon and defects in the channel layer 140 
may be cured. 
0090 Referring to FIG. 7, the first filling layer 140, the 
channel layer 130, the tunnel insulation layer pattern 127, the 
charge storage layer pattern 125, the first blocking layer pat 
tern 123 and the hard mask 110 may be planarized until a top 
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Surface of the uppermost insulating interlayer 102i is exposed 
to form a first filling layer pattern 145 and a channel 135 in the 
first opening 120. The planarization process may include an 
etch-back process or a chemical mechanical polishing (CMP) 
process. 
0091. Accordingly, a multi-stacked structure including the 

first blocking layer pattern 123, the charge storage layer pat 
tern 125, the tunnel insulation layer pattern 127, the channel 
135 and the first filling layer pattern 145 may beformed in the 
first opening 120. Hereinafter, a structure including the first 
blocking layer pattern 123, the charge storage layer pattern 
125 and the tunnel insulation layer pattern 127 may be defined 
as a dielectric layer structure 129. 
0092. In example embodiments, the dielectric layer struc 
ture 129 may have a substantially hollow cylindrical shape or 
a substantially straw shape. The channel 135 may have a 
substantially cup shape. The first filling layer pattern 145 may 
have a substantially solid cylindrical shape or a substantially 
pillar shape. 
(0093. Referring to FIG. 8, upper portions of the dielectric 
layer structure 129, the channel 135 and the first filling layer 
pattern 145 may be partially removed to form a recess 147. 
and then a pad 150 capping the recess 147 may be formed. 
0094. In example embodiments, an upper portion of the 
multi-stacked structure may be removed by an etch-back 
process to form the recess 147. A pad layer sufficiently filling 
the recess 147 may be formed on the uppermost insulating 
interlayer 102i. An upper portion of the pad layer may be 
planarized until the top surface of the uppermost insulating 
interlayer 102i is exposed to obtain the pad 150. In example 
embodiments, the pad layer may beformed using polysilicon 
or doped polysilicon. In one example embodiment, a prelimi 
nary pad layer may be formed using amorphous silicon, and 
then a crystallization process may be performed thereon to 
form the pad layer. The planarization process may include a 
CMP process. 
(0095 Referring to FIG.9, a second opening 155 may be 
formed through the insulating interlayers 102 and the sacri 
ficial layers 104. 
0096. In example embodiments, a hard mask (not illus 
trated) may be formed on the uppermost insulating interlayer 
102i, and then the insulating interlayers 102 and the sacrificial 
layers 104 may be partially etched by, e.g., a dry etching 
process using the hard mask as an etching mask. 
0097. In example embodiments, the top surface of the 
substrate 100 may be partially exposed by the second opening 
155. The second opening 155 may extend in the second direc 
tion, and a plurality of the second openings 155 may be 
formed along the third direction. By the formation of the 
second opening 155, the insulating interlayers 102 and the 
sacrificial layers 104 may be transformed into insulating 
interlayer patterns 106 and the sacrificial layer patterns 108 
(108a-108i). Each of the insulating interlayer pattern 106 and 
the sacrificial layer pattern 108 may extend in the second 
direction. 
(0098 Referring to FIG. 10, the sacrificial layer patterns 
108, sidewalls of which are exposed by the second opening 
155 may be removed. In example embodiments, the sacrifi 
cial layer patterns 108 may be removed by a wet etching 
process using, e.g., phosphoric acid and/or Sulfuric acid as an 
etching solution. 
0099. A gap 160 may be defined by a region at which the 
sacrificial layer pattern 108 is removed. A plurality of the gaps 
160 may be formed along the first direction, and each gap 160 
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may be formed between the adjacent insulating interlayer 
patterns 106. An outer sidewall of the dielectric layer struc 
ture 129 may be partially exposed by the gap 160. 
0100 Referring to FIG. 11, a gate electrode layer 165 may 
beformed on the exposed outer sidewall of the dielectric layer 
structure 129, surfaces of the insulating interlayer patterns 
106, inner walls of the gaps 106, the exposed top surface of 
the substrate 100 and a top surface of the pad 150. In one 
example embodiment, a second blocking layer 163 may be 
further formed prior to forming the gate electrode layer 165. 
0101. The gate electrode layer 165 may sufficiently fill the 
gaps 160 and partially fill the second opening 155. 
0102 The second blocking layer 163 may be formed 
using, e.g., silicon oxide or a metal oxide. The metal oxide 
may include, e.g., aluminum oxide, hafnium oxide, lantha 
num oxide, lanthanum aluminum oxide, lanthanum hafnium 
oxide, hafnium aluminum oxide, titanium oxide, tantalum 
oxide or zirconium oxide. The second blocking layer 163 may 
be formed as a multi-layered structure including, e.g., a sili 
con oxide layer and a metal oxide layer. 
0103) The gate electrode layer 165 may be formed using a 
metal or a metal nitride. For example, the gate electrode layer 
165 may beformed usingtungsten, tungsten nitride, titanium, 
titanium nitride, tantalum, tantalum nitride, platinum, etc. In 
one example embodiment, the gate electrode layer 165 may 
be formed as a multi-layered structure including a barrier 
layer that may include the metal nitride and a metal layer. 
0104. The second blocking layer 163 and the gate elec 
trode layer 165 may be formed by a CVD process, a PECVD 
process, an ALD process, a sputtering process, etc. 
0105. Referring to FIG. 12, the gate electrode layer 165 
may be partially removed to form a gate electrode 170 in the 
gap 160 of each level. 
0106 For example, an upper portion of the gate electrode 
layer 165 may be planarized until the uppermost insulating 
interlayer pattern 106i is exposed. A portion of the second 
blocking layer 163 which is formed on the uppermost insu 
lating interlayer pattern 106i and the pad 150 may also be 
removed during the planarization process. A portion of the 
gate electrode layer 165 formed in the second opening 155 
may be etched to obtain the gate electrodes 170. A portion of 
the second blocking layer 163 which is formed on the top 
surface of the substrate 100 may also be removed during the 
etching process so that a third opening 175 exposing the top 
surface of the substrate 100 may be defined. 
0107. In example embodiments, the planarization process 
may include a CMP process, and the etching process may 
include a wet etching process. 
0108. In one example embodiment, a portion of the second 
blocking layer 163 which is formed on sidewalls of the insu 
lating interlayer patterns 106 may also be removed during the 
etching process. In this case, a second blocking layer pattern 
may be formed on the inner wall of each gap 160. 
0109. The gate electrodes 170 may include the GSL, the 
word line, the SSL and the dummy word line sequentially 
stacked and spaced apart from one another in the first direc 
tion. For example, lowermost gate electrodes 170a and 170b 
at 2 levels may serve as the GSL. Gate electrodes 170c, 170d. 
170e and 170fat 4 levels on the GSL may serve as the word 
line. Gate electrodes 170g and 170h at two levels may serve as 
the SSL. A gate electrode 170i on the SSL may serve as the 
dummy word line. 
0110 Referring to FIG. 13, a first impurity region 101 may 
beformed at an upper portion of the substrate 100 exposed by 
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the third opening 175, and then a second filling layer pattern 
180 may be formed to fill the third opening 175. 
0111. In example embodiments, an ion-implantation mask 
(not illustrated) covering the pad 150 may be formed on the 
uppermost insulating interlayer pattern 106j. A first impurity 
may be implanted through the third opening 175 using the 
ion-implantation mask to form the first impurity region 101. 
The first impurity may include n-type impurities such as 
phosphorus or arsenic. The first impurity region 101 may 
serve as a CSL extending in the second direction. 
0112 A metal silicide pattern (not illustrated) including, 
e.g., nickel silicide or cobalt silicide may be furtherformed on 
the first impurity region 101. 
0113. A second filling layer sufficiently filling the third 
opening 175 may be formed on the substrate 100, the upper 
most insulating interlayer pattern 106i and the pad 150. An 
upper portion of the second filling layer may be planarized by 
a CMP process or an etch-back process until the uppermost 
insulating interlayer pattern 106i is exposed to form the sec 
ond filling layer pattern 180. The second filling layer may be 
formed using an insulation material, e.g., silicon oxide. 
0114 Referring to FIG. 14, a second impurity region 138 
may be formed at a portion of the channel 135 adjacent to the 
gate electrodes 170g and 170h serving as the SSL. 
0.115. In example embodiments, a second impurity may be 
implanted by an ion-implantation process through the pad 
150 to form the second impurity region 138. The second 
impurity may include p-type impurities, e.g., boron, indium 
or gallium. In the ion-implantation process, a projection 
range (Rip) may be controlled so that the second impurity 
region 138 may have a length substantially covering a dis 
tance between the SSLs 170g and 170h. For example, a top 
portion of the second impurity region 138 may be higher than 
a top surface of the gate electrode 170h, and a bottom portion 
of the second impurity region 138 may be lower thana bottom 
surface of the gate electrode 170g. 
0116. In the case that the second impurity region 138 is 
diffused to a portion of the channel 135 adjacent to the pad 
150 to cause an over-tail phenomenon, a threshold voltage of 
the SSL may be increased. According to example embodi 
ments, the uppermost gate electrode 170i may serve as the 
dummy word line to which a predetermined turn-on Voltage 
may be applied, so that the threshold Voltage may be Sup 
pressed from being increased. 
0117. In one example embodiment, a third impurity may 
be further implanted into the pad 150. The third impurity may 
include n-type impurities such as phosphorous or arsenic. 
0118 Referring to FIG. 15, an upper insulation layer 185 
may beformed on the uppermost insulating interlayer pattern 
106i, the second filling layer pattern 180 and the pad 150. The 
upper insulation layer 185 may beformed using an insulation 
material Such as silicon oxide by, e.g., a CVD process. 
0119) A bit line contact 190 may be formed through the 
upper insulation layer 185 to contact the pad 15Q. The bit line 
contact 190 may be formed using a metal, a metal nitride or a 
doped polysilicon. 
I0120 Abit line 195 may beformed on the upper insulation 
layer 185 to be electrically connected to the bit line contact 
190. The bit line 195 may be formed using a metal, a metal 
nitride or a doped polysilicon by, e.g., an ALD process or a 
sputtering process. 
I0121. In example embodiments, a plurality of the bit line 
contacts 190 may be formed according to the arrangement of 
the pads 150 to form a bit line contact array. The bit line 195 
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may be formed to extend in the third direction, and a plurality 
of the bit lines 195 may beformed along the second direction. 
0122 FIG. 16 is a cross-sectional view illustrating a ver 

tical memory device in accordance with example embodi 
ments. The vertical memory device may have a structure 
and/or a construction Substantially the same as or similar to 
those illustrated with reference to FIGS. 1A and 1B except for 
an arrangement of gate electrodes. Thus, detailed descrip 
tions on elements substantially the same as or similar to those 
illustrated with reference to FIGS. 1A and 1B are omitted. 
Like reference numerals are used to indicate like elements. 

0123 Referring to FIG. 16, the vertical memory device 
may include gate electrodes 170 at one more level than those 
illustrated in FIG. 1B. For example, the vertical memory 
device may include the gate electrodes 170 at 10 levels as 
illustrated in FIG. 16. 

0.124. In example embodiments, lowermost gate elec 
trodes 170a and 170b at 2 levels may serve as GSLs, and gate 
electrodes 170c, 170d, 170e and 170fat 4 levels may serve as 
word lines. A gate electrode 170? at 1 level on the word lines 
may serve as a second dummy word line, and gate electrodes 
170g and 170h at 2 levels on the second dummy word line 
may serve as SSLs. An uppermost gate electrode 170i on the 
SSLs may serve as a first dummy word line. Thus, the SSLs 
170g and 170h may be disposed between the first dummy 
word line 170i and the second dummy word line 170f. 
0.125. As described with reference to FIGS. 1A and 1B, a 
predetermined buffer voltage may be applied to the dummy 
word line to reduce a distribution of a Vth of the SSL. The 
vertical memory device of FIG. 16 may additionally include 
the second dummy word line 170? between the SSL 170g and 
the word line 170f. Therefore, the increase of a resistance 
between the SSL and the word line which may occur due to an 
over-tail phenomenon of a second impurity region 138 may 
be effectively suppressed. 
0126. In example embodiments, the first dummy word line 
170i, the SSLs 170g and 170h, the second dummy word line 
170?, and the word lines 170c through 170fmay be arranged 
in the first direction by a substantially the same distance or 
pitch. 
0127 FIG. 17 is a cross-sectional view illustrating a 
method of manufacturing the vertical memory device of FIG. 
16. Detailed descriptions on processes Substantially the same 
as or similar to those illustrated with reference to FIGS. 2 to 
15 are omitted. 

0128 Referring to FIG. 17, a process substantially the 
same as or similar to that illustrated with reference to FIG. 2 
may be performed. Accordingly, insulating interlayers 102 
and sacrificial layers 104 may be alternately and repeatedly 
formed on a substrate 100. 

0129. The sacrificial layers 104 may be removed by a 
Subsequent process to provide spaces for forming gate elec 
trodes 170. Thus, the number of the insulating interlayers 102 
and the sacrificial layers 104 may be determined in consider 
ation of the number of levels for forming the gate electrodes 
170. 

0130. In example embodiments, the insulating interlayers 
102 may be formed at 11 levels, and the sacrificial layers may 
be formed at 10 levels. Specifically, the insulating interlayer 
102g and the sacrificial layer 104f may be added to the 
structure illustrated in FIG. 2. 
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I0131 Subsequently, processes substantially the same as or 
similar to those illustrated with reference to FIGS. 3 to 15 
may be performed to obtain the vertical memory device of 
FIG. 16. 

I0132 FIG. 18 is a cross-sectional view illustrating a ver 
tical memory device in accordance with example embodi 
ments. The vertical memory device may have a structure 
and/or a construction Substantially the same as or similar to 
those illustrated with reference to FIGS. 1A and 1B except for 
a dielectric layer structure. Thus, detailed descriptions on 
elements substantially the same as or similar to those illus 
trated with reference to FIGS. 1A and 1B are omitted. Like 
reference numerals are used to indicate like elements. 

I0133) Referring to FIG. 18, a dielectric layer structure 
129a may be formed on a sidewall of a first opening 120 to 
surround an outer sidewall of a channel 135a. The dielectric 
layer structure 129a may include a tunnel insulation layer 
pattern 127a, a charge storage layer pattern 125a and a first 
blocking layer pattern 123a sequentially stacked from the 
outer sidewall of the channel 135a. 

I0134. In example embodiments, the dielectric layer struc 
ture 129a may extend from a top surface of the substrate 100 
to substantially cover GSLs 170a and 170b, and word lines 
170c through 170f and not to cover SSLs 170g and 170h. For 
example, the dielectric layer structure 129a may have a top 
Surface higher than a top Surface of the uppermost word line 
170f and lower than a bottom surface of the lower SSL 170g. 
I0135) In this case, the channel 135a may be divided into an 
upper portion and a lower portion. The upper portion of the 
channel 135a may be adjacent to a first dummy word line 170i 
and the SSLs 170h and 170g. The lower portion of the channel 
135a may be adjacent to the word lines 170c through 170fand 
the GSLS 170a and 170b. 

0.136 The upper portion may be formed on the sidewall of 
the first opening 120 to contact a second blocking layer 163. 
The lower portion may contact the dielectric layer structure 
129a. The upper portion may have a width or a diameter 
greater than that of the lower portion. 
0.137 A second impurity region 138a may beformed at the 
upper portion of the channel 135a adjacent to the SSLs 170g 
and 170h. 

0.138. In example embodiments, the upper portion of the 
channel 135a may not be in contact with the dielectric layer 
structure 129a having a multi-layered structure. The multi 
layered structure may not be required to form transistors 
including the first dummy word line 170i or the SSLs 170g 
and 170h, and a single gate insulation layer may be sufficient 
for the transistors. Thus, the second blocking layer 163 may 
serve solely as a gate insulation layer with respect to the first 
dummy word line 170i and the SSLs 170g and 170h. The 
structure of the transistors may be simplified to have the 
single gate insulation layer so that an operation speed of the 
vertical memory device may be increased even with a lower 
Voltage. 
0.139. In one example embodiment, a second dummy word 
line (not illustrated) may be further disposed between the SSL 
170g and the uppermost word line 170f. In this case, the upper 
portion of the channel 135a may extend to cover the first 
dummy word line 170i, the SSLs 170h and 170g, and the 
second dummy word line. 
0140 FIGS. 19 to 23 are cross-sectional views illustrating 
a method of manufacturing the vertical memory device of 
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FIG. 18. Detailed descriptions on processes substantially the 
same as or similar to those illustrated with reference to FIGS. 
2 to 15 are omitted. 
0141 Referring to FIG. 19, processes substantially the 
same as or similar to those illustrated with reference to FIGS. 
2 to 5 may be performed. 
0142. Accordingly, insulating interlayers 102 and sacrifi 
cial layers 104 may be alternately and repeatedly formed on a 
substrate 100. The insulating interlayers 102 and the sacrifi 
cial layers 104 may be partially etched using a hard mask 110 
that is formed on an uppermost insulating interlayer 102i to 
form a first opening 120. A first blocking layer pattern 123a, 
a charge storage layer pattern 125a and a tunnel insulation 
layer pattern 127a may be formed sequentially on the hard 
mask 110 and a sidewall of the first opening 120. 
0143 Referring to FIG. 20, upper portions of the first 
blocking layer pattern 123a, the charge storage layer pattern 
125a and the tunnel insulation layer pattern 127a may be 
removed by, e.g., an etch-back process. Thus, a dielectric 
layer structure 129a extending from a top surface of the 
substrate 100 in the first direction and partially covering a 
sidewall of an insulating interlayer 102g may be obtained. 
0144. Referring to FIG. 21, a channel layer 130a may be 
formed conformally on the hard mask 110, the sidewall of the 
first opening 120, a surface of the dielectric layer structure 
129a and the exposed top surface of the substrate 100. A first 
filling layer 14.0a may beformed on the channel layer 130a to 
sufficiently fill the first opening 120. 
(0145 Referring to FIG.22, the first filling layer 140a, the 
channel layer 130a and the hard mask 110 may be planarized 
until the uppermost insulating interlayer 102i is exposed to 
form a first filling layer pattern 145a and a channel 135a. 
0146 In example embodiments, the channel 135a may be 
divided into an upper portion and a lower portion. The upper 
portion of the channel 135a may be formed on the sidewall of 
the first opening 120 to be in contact with upper sacrificial 
layers 104g, 104h and 104i at 3 levels. The lower portion of 
the channel 135a may be in contact with the dielectric layer 
structure 129a. The upper portion of the channel 135a may 
have a width or a diameter greater than that of the lower 
portion of the channel 135a. In example embodiments, a 
boundary between the upper and lower portions may be 
defined at a portion adjacent to a sidewall of an insulating 
interlayer 102g. 
0147 Referring to FIG. 23, a process substantially the 
same as or similar to that illustrated with reference to FIG. 8 
may be performed to form a pad 150 on the channel 135a and 
the first filling layer pattern 145a. 
0148 Subsequently, processes substantially the same as or 
similar to those illustrated with reference to FIGS. 9 to 15 
may be performed to obtain the vertical memory device of 
FIG. 18. 

014.9 FIG. 24 is a cross-sectional view illustrating a ver 
tical memory device in accordance with example embodi 
ments. The vertical memory device may have a structure or a 
construction Substantially the same as or similar to that illus 
trated with reference to FIG. 18 except for an addition of a 
semiconductor pattern. Thus, detailed descriptions on ele 
ments Substantially the same as or similar to those illustrated 
with reference to FIG. 18 are omitted. Like reference numer 
als are used to indicate like elements. 
0150. Referring to FIG. 24, the vertical memory device 
may further include a semiconductor pattern 121 formed on a 
substrate 100 and filling a lower portion of a first opening 120. 
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0151. A top surface of the semiconductor pattern 121 may 
be between a top surface of an upper GSL 170b and a bottom 
surface of a lowermost word line 170c. For example, the 
semiconductor pattern 121 may protrude from atop Surface of 
the substrate 100 and may extend in the first direction to cover 
the GSLs 170a and 170b. The semiconductor pattern 121 may 
not cover the lowermost word line 170c. 
0152 The semiconductor pattern 121 may include a semi 
conductor material, e.g., polysilicon, single crystalline sili 
con, polygermanium or single crystalline germanium. In one 
example embodiment, the semiconductor pattern 121 may 
further include p-type impurities. 
0153. The semiconductor pattern 121 may serve as a chan 
nel of the GSLs 170a and 170b. A transistor involving the 
GSLs 170a and 170b may not include a dielectric layer struc 
ture 129b having a multi-layered structure due to a formation 
of the semiconductor pattern 121. In this case, a second block 
ing layer 163 may serve as a single gate insulation layer of the 
transistor. Thus, an operation speed and electrical character 
istics of the vertical memory device may be improved. 
0154) The dielectric layer structure 129b may be formed 
on a peripheral portion of the top surface of the semiconduc 
torpattern 121 and on a sidewall of the first opening 120. The 
dielectric layer structure 129b may include a first blocking 
layer structure 123b, a charge storage layer pattern 125b and 
a tunnel insulation layer pattern 127b sequentially stacked 
from the sidewall of the first opening 120. 
0.155. In example embodiments, the dielectric layer struc 
ture 129b may extend in the first direction to cover word lines 
170c, 170d, 170e and 170?, and not to cover SSLs 170g and 
170h. For example, a top surface of the dielectric layer struc 
ture 129b may be between a top surface of the uppermost 
word line 170f and a bottom surface of the lower SSL 170g. 
0156. A channel 135b may be formed conformally on the 
top surface of the semiconductor pattern 121, a surface of the 
dielectric layer structure 129b and the sidewall of the first 
opening 120. 
0157. In example embodiments, the channel 135b may be 
divided into an upper portion and a lower portion. The upper 
portion of the channel 135b may be adjacent to a dummy 
word line 170i and the SSLs 170h and 170g. The lower 
portion of the channel 135b may be adjacent to the word lines 
170?, 170e, 170d and 170c. 
0158. The upper portion of the channel 135b may be 
formed on the sidewall of the first opening 120 to be in contact 
with the second blocking layer 163. The lower portion of the 
channel 135b may be in contact with the dielectric layer 
structure 129b and the semiconductor pattern 121. The upper 
portion may have a width or a diameter greater than that of the 
lower portion. 
0159. A second impurity region 138b may be formed at a 
portion of the channel 135b adjacent to the SSLs 170g and 
17Oh. 
0160. In one example embodiment, a second dummy word 
line (not illustrated) may be further disposed between the SSL 
170g and the uppermost word line 170f as illustrated in FIG. 
16. In this case, the upper portion of the channel 135b may 
extend to cover the first dummy word line 170i, the SSLs 
170g and 170h, and the second dummy word line. 
0.161 FIGS. 25 to 30 are cross-sectional views illustrating 
a method of manufacturing the vertical memory device of 
FIG. 24. Detailed descriptions on processes substantially the 
same as or similar to those illustrated with reference to FIGS. 
2 to 15 and FIGS. 19 to 23 are omitted. 
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0162 Referring to FIG. 25, processes substantially the 
same as or similar to those illustrated with reference to FIGS. 
2 and 3 may be performed. Accordingly, a first opening 120 
may be formed through insulating interlayers 102 and sacri 
ficial layers 104 alternately and repeatedly formed on a sub 
Strate 100. 

0163 Referring to FIG. 26, a semiconductor pattern 121 
may be formed on the substrate 100 to partially fill the first 
opening 120. 
0164. In example embodiments, the semiconductor pat 
tern 121 may beformed by a selective epitaxial growth (SEG) 
using atop Surface of the Substrate 100 as a seed. Accordingly, 
the semiconductor pattern 121 may be formed to include 
single crystalline silicon or single crystalline germanium. In 
one example embodiment, an amorphous silicon layer filling 
the first opening 120 may beformed, and then a laser epitaxial 
growth (LEG) process or a solid phase epitaxi (SPE) process 
may be performed to obtain the semiconductor pattern 121. In 
one example embodiment, the semiconductor pattern 121 
may include, e.g., p-type impurities. 
0.165 Referring to FIG. 27, processes substantially the 
same as or similar to those illustrated with reference to FIGS. 
4 and 5 may be performed. Accordingly, a first blocking layer 
pattern 123b, a charge storage layer pattern 125b and a tunnel 
insulation layer pattern 127b may be sequentially formed on 
a hard mask 110, a sidewall of the first opening 120 and a 
portion of the semiconductor pattern 121. 
(0166 Referring to FIG. 28, a process substantially the 
same as or similar to that illustrated with reference to FIG. 20 
may be performed. Accordingly, a dielectric layer structure 
129b including the first blocking layer pattern 123b, the 
charge storage layer pattern 125b and the tunnel insulation 
layer pattern 127b may be formed. The dielectric layer struc 
ture 129b may extend from a top surface of the semiconductor 
pattern 121 to cover a sacrificial layer 104f and a portion of an 
insulating interlayer 102g on the sacrificial layer 104f. In 
example embodiments, the sacrificial layer 104f may be 
replaced with an uppermost word line. 
0167 Referring to FIG. 29, a process substantially the 
same as or similar to that illustrated with reference to FIG. 21 
may be performed. Accordingly, a channel layer 130b may be 
formed conformally on the hard mask 110, the sidewall of the 
first opening 120, the dielectric layer structure 129b and the 
semiconductor pattern 121. A first filling layer 140b may be 
formed on the channel layer 130b to fill a remaining portion of 
the first opening 120. 
0168 Referring to FIG. 30, processes substantially the 
same as or similar to those illustrated with reference to FIGS. 
22 and 23 may be performed to form a channel 135b, a first 
filling layer pattern 145b and a pad 150. 
0169. In example embodiments, the channel 135b may be 
divided into an upper portion and a lower portion. The upper 
portion of the channel 135b may be formed on the sidewall of 
the first opening 120 to be in contact with upper sacrificial 
layers 104g, 104h and 104i at 3 levels. The lower portion of 
the channel 135b may be in contact with the dielectric layer 
structure 129b and the semiconductor pattern 121. The upper 
portion of the channel 135b may have a width or a diameter 
greater than that of the lower portion of the channel 135b. In 
example embodiments, a boundary between the upper and 
lower portions may be defined at a portion adjacent to a 
sidewall of the insulating interlayer 102g. 

Mar. 5, 2015 

0170 Subsequently, processes substantially the same as or 
similar to those illustrated with reference to FIGS. 9 to 15 
may be performed to obtain the vertical memory device illus 
trated in FIG. 24. 
0171 The vertical memory device according to example 
embodiments may be employed to various systems, e.g., an 
information processing system. 
0172 FIG. 31 is a block diagram illustrating a schematic 
construction of an information processing system in accor 
dance with example embodiments. 
0173 Referring to FIG. 31, an information processing 
system 200 may include a CPU 220, a RAM 230, a user 
interface 24Q, a modem 250 such as a baseband chipset and 
a memory system 210 electrically connected to a system bus 
205. The memory system 210 may include a memory device 
212 and a memory controller 211. The memory device 212 
may include the vertical memory device according to 
example embodiments. Thus, large data processed by the 
CPU220 or input from an external device may be stored in the 
memory device 212 with high stability. The memory control 
ler 211 may have a construction capable of controlling the 
memory device 212. The memory system 210 may be pro 
vided as, e.g., a memory card or a solid State disk (SSD) by a 
combination of the memory device 212 and the memory 
controller 211. In a case that the information processing sys 
tem 200 is utilized for a mobile device, a battery may be 
further provided for Supplying an operation Voltage of the 
information processing system 200. The information pro 
cessing system 200 may further include an application 
chipset, a camera image processor (CIS), a mobile DRAM, 
etc. 

0.174. According to example embodiments, a vertical 
memory device may include a dummy word line on a SSL or 
between the SSL and a word line. A predetermined turn-on 
Voltage may be provided to the dummy word line so that an 
increase of an electrical resistance caused by a formation of 
an impurity region at a channel adjacent to the SSL may be 
prevented. Additionally, an increase of a distribution of a Vith 
caused by an over-tail phenomenon of the impurity region 
may be suppressed by the dummy word line. 
0.175. The foregoing is illustrative of example embodi 
ments and is not to be construed as limiting thereof. Although 
a few example embodiments have been described, those 
skilled in the art will readily appreciate that many modifica 
tions are possible in the example embodiments without mate 
rially departing from the novel teachings and advantages of 
the present inventive concept. Accordingly, all Such modifi 
cations are intended to be included within the scope of the 
present inventive concept as defined in the claims. In the 
claims, means-plus-function clauses are intended to cover the 
structures described herein as performing the recited function 
and not only structural equivalents but also equivalent struc 
tures. Therefore, it is to be understood that the foregoing is 
illustrative of various example embodiments and is not to be 
construed as limited to the specific example embodiments 
disclosed, and that modifications to the disclosed example 
embodiments, as well as other example embodiments, are 
intended to be included within the scope of the appended 
claims. 

What is claimed is: 

1. A vertical memory device, comprising: 
a channel extending in a vertical direction with respect to a 

top surface of a Substrate; and 
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gate electrodes disposed on an outer sidewall of the chan 
nel, the gate electrodes including a ground selection line 
(GSL), a word line, a string selection line (SSL) and a 
first dummy word line sequentially stacked from the top 
surface of the substrate in the vertical direction to be 
spaced apart from each other, 

wherein the channel includes an impurity region at a por 
tion adjacent to the SSL. 

2. The vertical memory device of claim 1, wherein the gate 
electrodes further includes a second dummy word line 
between the word line and the SSL. 

3. The vertical memory device of claim 2, wherein the SSL, 
the second dummy word line and the word line are arranged 
in the vertical direction by the same distance. 

4. The vertical memory device of claim 1, further compris 
ing a dielectric layer structure between the channel and the 
gate electrodes, the dielectric layer structure extending from 
the top surface of the substrate in the vertical direction. 

5. The vertical memory device of claim 4, wherein a top 
surface of the dielectric layer structure is located between a 
bottom surface of the SSL and a top surface of the word line. 

6. The vertical memory device of claim 5, wherein the 
dielectric layer structure includes a tunnel insulation layer 
pattern, a charge storage layer pattern and a blocking layer 
pattern sequentially stacked from the outer sidewall of the 
channel. 

7. The vertical memory device of claim 6, wherein a single 
gate insulation layer is disposed on a portion of the outer 
sidewall of the channel which is not covered by the dielectric 
layer structure. 

8. The vertical memory device of claim 4, further compris 
ing a second dummy word line between the word line and the 
SSL, 

wherein a top surface of the dielectric layer structure is 
located between a bottom surface of the second dummy 
word line and a top surface of the word line. 

9. The vertical memory device of claim 4, wherein the 
channel includes a semiconductor pattern disposed on the top 
surface of the substrate, 

wherein a top Surface of the semiconductor pattern is 
located between a top surface of the GSL and a bottom 
surface of the word line. 

10. The vertical memory device of claim 9, wherein the 
dielectric layer structure extends from the top surface of the 
semiconductor Substrate. 

11. The vertical memory device of claim 1, wherein the first 
dummy word line is configured to receive a predetermined 
turn-on Voltage. 
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12. The vertical memory device of claim 11, wherein the 
predetermined turn-on Voltage has a value between a thresh 
old voltage of the SSL and a read voltage of the word line. 

13. A vertical memory device, comprising: 
a plurality of gate electrodes and insulating layers alter 

nately stacked in a vertical direction from a top Surface 
of a substrate; and 

a channel extending from the top surface of the Substrate in 
a vertical direction through the gate electrodes and insu 
lating layers, wherein an upper sidewall region of the 
channel laterally adjacent to an upper one of the gate 
electrodes has a different impurity concentration than a 
lower sidewall region of the channel laterally adjacent to 
a lower one of the gate electrodes below the upper one of 
the gate electrodes. 

14. The vertical memory device of claim 13, wherein an 
upper boundary of the lower sidewall region is laterally adja 
cent to one of the insulating layers between the upper one of 
the gate electrodes and the lower one of the gate electrodes. 

15. The vertical memory device of claim 14, wherein the 
upper one of the gate electrodes is configured to receive a 
predetermined turn-on voltage having a value different than a 
value of a threshold voltage of the lower one of the gate 
electrodes. 

16. The vertical memory device of claim 15, wherein the 
upper one of the gate electrodes comprises a dummy word 
line and the lower one of the gate electrodes comprises a 
string selection line (SSL). 

17. The vertical memory device of claim 16, wherein the 
dummy word line is a first dummy word line, wherein the 
plurality of gate electrodes further comprises a word line 
below the SSL and a ground select line (GSL) below the word 
line, and wherein the plurality of gate electrodes further com 
prises a second dummy word line between the SSL and the 
word line. 

18. The vertical memory device of claim 17, wherein the 
second dummy word line is configured to receive the prede 
termined turn-on Voltage. 

19. The vertical memory device of claim 18, wherein a 
lower boundary of the lower sidewall region is laterally adja 
cent to an insulating layer between the SSL and the second 
dummy word line. 

20. The vertical memory device of claim 13, wherein the 
lower sidewall region of the channel has a greater impurity 
concentration than the upper sidewall region of the channel. 

k k k k k 
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