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(57) ABSTRACT 

Provided are three-dimensional semiconductor devices. The 
devices may include gap-fill insulating patterns configured to 
upwardly extend from a substrate and an electrode structure 
defined by sidewalls of the gap-fill insulating patterns. Verti­
cal structures may be provided between adjacent ones of the 
gap-fill insulating patterns to penetrate the electrode struc­
ture, and the vertical structures may include first and second 
rows of the vertical structures. A separation pattern may be 
provided between the first and second rows of vertical struc­
tures and include a separation semiconductor layer. The sepa­
ration pattern extends along a direction parallel to the first and 
second rows of vertical structures. 
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THREE-DIMENSIONAL SEMICONDUCTOR 
MEMORY DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This U.S. non-provisional patent application claims 
priority under 35 U.S.C. § 119 to Korean Patent Application 
No. 10-2010-0092000, filed on Sep. 17, 2010, in the Korean 
Intellectual Property Office, the entire contents of which are 
herein incorporated by reference. 

BACKGROUND 

[0002] Embodiments of the inventive concept relate gener­
ally to semiconductor devices, and more particularly, to three­
dimensional (3D) semiconductor memory devices including 
three-dimensionally arranged memory cells. 
[0003] A 3D-IC memory fabrication process that has 
memory cells stacked in 3 dimensions may be used to 
increase memory capacity. 
[0004] The 3D-IC memory fabrication process includes a 
punch-and-plug process in which multiple thin layers are 
sequentially stacked on a substrate and then penetrated to 
form plugs. The punch-and-plug process may increase 
memory capacity without a drastic increase in manufacturing 
costs. 

SUMMARY 

[0005] Exemplary embodiments of the inventive concept 
may provide high-capacity storage three-dimensional semi­
conductor devices with an electrode structure fabricated by a 
simple process and methods of fabricating a three-dimen­
sional semiconductor device capable of removing a sacrificial 
layer as well as forming an electrode structure in a stable 
manner. 
[0006] According to an exemplary embodiment of the 
inventive concept, a three-dimensional semiconductor device 
may include a substrate, gap-fill insulating patterns on the 
substrate, an electrode structure defined by sidewalls of the 
gap-fill insulating patterns, vertical structures provided 
between adjacent gap-fill insulating patterns of the gap-fill 
insulating patterns to penetrate the electrode structure, the 
vertical structures including first and second rows of the ver­
tical structures, and a separation pattern provided between the 
first and second rows of vertical structures, the separation 
pattern including a separation semiconductor layer. The sepa­
ration pattern extends along a direction parallel to the first and 
second rows of vertical structures. 
[0007] According to an embodiment, a width of the sepa­
ration pattern may be smaller than a width of the gap-fill 
insulating pattern. 
[0008] According to an embodiment, the vertical structures 
may be provided in channel holes penetrating the electrode 
structure, wherein each of them may include a vertical semi­
conductor layer filling at least a portion of a corresponding 
channel hole. 
[0009] According to an embodiment, the separation pattern 
may be provided in a first trench exposing the substrate along 
the direction parallel to the first and second rows of vertical 
structures, wherein the separation semiconductor layer fills at 
least a portion of the first trench. 
[0010] According to an embodiment, as viewed from above 
the separation pattern, the separation pattern may be shaped 
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as circles partially overlapping each other along the direction 
parallel to the first and second rows of vertical structures. 
[0011] According to an embodiment, the device may fur­
ther include a first doped region provided along the separation 
pattern on a top portion of the separation pattern. The device 
may further include a second doped region provided in the 
substrate under the separation pattern, and the second doped 
region has the same conductivity type as the first doped 
region. The first and second doped regions have the same 
conductivity type as the substrate and a higher doping con­
centration than a doping concentration of the substrate. 
[0012] According to an embodiment, the device may fur­
ther include a third doped region formed in the substrate 
under the gap-fill insulating pattern, and a fourth doped 
region provided on a top portion of the vertical structure. The 
first, second, third and fourth doped regions have the same 
conductivity type. 
[0013] According to an embodiment, the device may fur­
ther include a memory layer disposed between the electrode 
structure and the vertical structure, the electrode structure 
may include electrodes and insulating layers alternately 
stacked. The memory layer may be provided between the 
separation pattern and the electrodes and separates the sepa­
ration pattern from the electrodes electrically. 
[0014] According to an embodiment, the separation pattern 
penetrates at least one of the electrodes and a bottom surface 
of the separation pattern may be spaced apart from a top 
surface of the substrate. 
[0015] According to an embodiment, the electrodes may 
include word lines and a gate electrode of a string selection 
transistor disposed on top of the word lines, wherein a bottom 
surface of the separation pattern may be positioned at a lower 
level than a bottom surface of the gate electrode of the string 
selection transistor. 
[0016] According to an exemplary embodiment of the 
inventive concept, a three-dimensional semiconductor device 
may include electrodes sequentially stacked on a substrate, 
vertical structures extending upwardly from the substrate to 
penetrate the electrodes, the vertical structures being two­
dimensionally arranged on the substrate, separation patterns 
extending along a first direction parallel to a top surface of the 
substrate, wherein each of the separation patterns includes a 
separation semiconductor layer, and gap-fill insulating pat­
terns extending parallel to the separation patterns. The sepa­
ration patterns and the gap-fill insulating patterns may be 
alternately disposed between the vertical structures disposed 
along a second direction crossing the first direction. 
[0017] According to an embodiment, a distance in the sec­
ond direction between a separation pattern and a vertical 
structure that are adjacent to each other may be less than a 
distance in the second direction between a gap-fill insulating 
pattern and a vertical structure that are adjacent to each other. 
[0018] According to an exemplary embodiment of the 
inventive concept, there is provided a semiconductor device 
comprising a substrate, a plurality of horizontal structures 
sequentially stacked on a top surface of the substrate, a row of 
vertical structures penetrating the horizontal structures in a 
first direction perpendicular to the top surface of the substrate, 
wherein the vertical structures are spaced apart from each 
other in a second direction parallel to the top surface of the 
substrate, a separation pattern penetrating at least one of the 
horizontal structures in the first direction, wherein the sepa­
ration pattern extends in the second direction, and a gap-fill 
insulating pattern penetrating the horizontal structures in the 
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first direction, wherein the gap-fill insulating pattern extends 
in the second direction, and wherein the row of vertical struc­
tures, the separation pattern, and the gap-fill insulating pat­
tern are arranged in parallel to each other in a third direction 
parallel to the top surface of the substrate and perpendicular to 
the second direction. 
[0019] According to an embodiment, the separation pattern 
penetrates all of the horizontal structures or only a horizontal 
structure located farthest from the substrate. 
[0020] According to an embodiment, each of the vertical 
structures includes a vertical semiconductor layer and a ver­
tical gap-fill layer sequentially formed on an inner wall, and 
the separation pattern includes a separation semiconductor 
layer and a separation insulating layer sequentially formed on 
an inner wall. 
[0021] According to an embodiment, each of the vertical 
structures includes a vertical pattern, a spacer, a vertical semi­
conductor layer, and a vertical gap-fill layer sequentially 
formed on an inner wall, and the separation pattern includes a 
vertical separation pattern, a spacer separation pattern, a 
separation semiconductor layer, and a separation insulating 
layer sequentially formed on an inner wall. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Exemplary embodiments will be more clearly 
understood from the following brief description taken in con­
junction with the accompanying drawings. FIGS. 1 through 
37 represent non-limiting, exemplary embodiments as 
described herein. 
[0023] FIG. 1 is a circuit diagram of a three-dimensional 
semiconductor memory device according to an embodiment 
of the inventive concept; 
[0024] FIGS. 2 through 11 are perspective views or a sec­
tional view illustrating three-dimensional semiconductor 
devices and methods of fabricating the same according to an 
exemplary embodiment of the inventive concept; 
[0025] FIGS. 12 through 20 are perspective views illustrat­
ing three-dimensional semiconductor devices and methods of 
fabricating the same according to an embodiment of the 
inventive concept; 
[0026] FIGS. 21 through 28 are perspective views illustrat­
ing structures of a memory layer according to an embodiment 
of the inventive concept; 
[0027] FIGS. 29 through 34 are perspective views illustrat­
ing three-dimensional semiconductor devices and methods of 
fabricating the same according to an embodiment of the 
inventive concept; 
[0028] FIG. 35 is a schematic block diagram illustrating an 
example of a memory system including a three-dimensional 
semiconductor memory device according to an embodiment 
of the inventive concept; 
[0029] FIG. 36 is a block diagram illustrating an example of 
a memory card including a three-dimensional semiconductor 
memory device according to an embodiment of the inventive 
concept; and 
[0030] FIG. 37 is a block diagram illustrating an example of 
an information processing system including a three-dimen­
sional semiconductor memory device according to an 
embodiment of the inventive concept. 

DETAILED DESCRIPTION 

[0031] Exemplary embodiments of the inventive concept 
will now be described more fully with reference to the accom-
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parrying drawings, wherein Like reference numerals may 
denote like or similar elements throughout the specification 
and the drawings. 

[0032] It will be understood that when an element is 
referred to as being "connected" or "coupled" to another 
element, it can be directly connected or coupled to the other 
element or intervening elements may be present. In contrast, 
when an element is referred to as being "directly connected" 
or "directly coupled" to another element, there are no inter­
vening elements present. Like numbers indicate like elements 
throughout. As used herein the term "and/or" includes any 
and all combinations of one or more of the associated listed 
items. Other words used to describe the relationship between 
elements or layers should be interpreted in a like fashion ( e.g., 
"between" versus "directly between," "adjacent" versus 
"directly adjacent," "on" versus "directly on"). 

[0033] It will be understood that, although the terms "first", 
"second", etc. may be used herein to describe various ele­
ments, components, regions, layers and/or sections, these 
elements, components, regions, layers and/or sections should 
not be limited by these terms. These terms are only used to 
distinguish one element, component, region, layer or section 
from another element, component, region, layer or section. 
Thus, a first element, component, region, layer or section 
discussed below could be termed a second element, compo­
nent, region, layer or section without departing from the 
teachings of exemplary embodiments. 
[0034] Spatially relative terms, such as "beneath," "below," 
"lower," "above," "upper" and the like, may be used herein for 
ease of description to describe one element or feature's rela­
tionship to another element(s) or feature(s) as illustrated in 
the figures. It will be understood that the spatially relative 
terms are intended to encompass different orientations of the 
device in use or operation in addition to the orientation 
depicted in the figures. For example, if the device in the 
figures is turned over, elements described as "below" or 
"beneath" other elements or features would then be oriented 
"above" the other elements or features. Thus, the exemplary 
term "below" can encompass both an orientation of above and 
below. The device may be otherwise oriented (rotated 90 
degrees or at other orientations) and the spatially relative 
descriptors used herein interpreted accordingly. 

[0035] A three-dimensional semiconductor device accord­
ing to exemplary embodiments of the inventive concept may 
include a cell array region, a peripheral circuit region, a sense 
amp region, a decoding circuit region and a connection 
region. A plurality of memory cells and bit lines and word 
lines for electrical connection to the plurality of memory cells 
may be in the cell array region. Circuits for driving the plu­
rality of memory cells may be in the peripheral circuit region, 
and circuits for reading information stored in the plurality of 
memory cells may be in the sense amp region. The connection 
region may be between the cells array region and the decod­
ing circuit region, and a wiring structure for electrically con­
necting the word lines with the decoding circuit region may 
be between the word lines and the decoding region. 

[0036] FIG. 1 is a circuit diagram of a three-dimensional 
semiconductor memory device according to an embodiment 
of the inventive concept. 

[0037] Referring to FIG. 1, according to an embodiment of 
the inventive concept, a cell array of the three-dimensional 
semiconductor memory device may include common source 
lines CSL0, CSLl, and CSL2, bit lines BL0, BLl, and BL2, 
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and cell strings CSTR interposed between the connnon 
source line CSL0, CSLl, and CSL2 and the bit lines BL0 to 
BL2. 

[0038] The bit lines BL0 to BL2 may be two-dimensionally 
arranged and plural ones of the cell strings CSTR may be 
connected in parallel to each of the bit lines BL. Plural ones of 
the cell strings CSTR may be connected in connnon to a 
corresponding one of the connnon source lines CSL0 to 
CSL2. Plural ones of the cell strings CSTR may be disposed 
between the bit lines BL0 to BL2 and each of the connnon 
source lines CSL0 to CSL2. According to an embodiment, the 
common source lines CSL0 to CSL2 may be connected with 
one another in an equipotential state. According to an 
embodiment, the common source lines CSL0 to CSL2 may be 
separated from one another and may be controlled indepen­
dently from one another. 

[0039] Each of the cell strings CSTR may include a ground 
selection transistors GST coupled to a corresponding one of 
the connnon source lines CSL0 to CSL2, a string selection 
transistors SST coupled to a corresponding one of the bit lines 
BL0 to BL2, and a plurality of memory cell transistors MCT 
disposed between the ground selection transistors GST and 
the string selection transistors SST. The plurality of the 
memory cell transistors MCT may be connected in series 
between the ground selection transistor GST and the string 
selection transistor SST. 

[0040] Sources of plural ground selection transistors GST 
may be connected to respective corresponding connnon 
source lines of the connnon source lines CSL0 to CSL2. 
Ground selection lines GSL0 to GSL2, word lines WL0 to 
WL3, and string selection lines SSL0-SSL2 may be disposed 
between the connnon source lines CSL0 to CSL2 and the bit 
lines BL0 to BL2, and may be connected to gate electrodes of 
the ground selection transistors GST, the memory cell tran­
sistors MCT, and the string selection transistors SST, respec­
tively. According to an embodiment, each of the memory cell 
transistors MCT may include a data storage element. 

[ 0041] According to an embodiment, each of the cell string 
CSTR may include a plurality of the memory cell transistors 
MCT disposed at different distances from the corresponding 
common source lines CSL0 to CSL2. As a consequence, there 
may be a multi-layered word line structure including the word 
lines WL0 to WL3 disposed at different levels from one 
another between the connnon source lines CSL0 to CSL2 and 
the bit lines BL0 to BL2. 

[0042] The gate electrodes of the memory cell transistors 
MCT, which are disposed at the same or substantially the 
same level from the connnon source lines CSL0 to CSL2, 
may be connected in connnon to one of the word lines WL0 to 
WL3 such that the gate electrodes of the memory cell tran­
sistors MCT are subjected to an equipotential state. Alterna­
tively, although the gate electrodes of the memory cell tran­
sistors MCT may be disposed at the same or substantially the 
same level from the connnon source lines CSL0 to CSL2, 
some gate electrodes of the memory cell transistors MCT 
(e.g., gate electrodes disposed in a row or column) may be 
electrically and spatially separated from other gate electrodes 
of the memory cell transistors MCT (e.g., gate electrodes 
disposed in other rows or columns). 
[0043] FIGS. 2 through 7 and FIGS. 9 through 11 are per­
spective views illustrating a three-dimensional semiconduc­
tor device and a method of fabricating the three-dimensional 
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semiconductor device according to an exemplary embodi­
ment of the inventive concept. FIG. 8 is a sectional view taken 
along line I-I' of FIG. 7. 

[0044] Referring to FIG. 2, a mold structure 100 may be 
formed on a substrate 10. The substrate 10 may be formed of, 
for example, a semiconductor, an insulating material, and/or 
a semiconductor or conductor covered with an insulating 
material. For example, according to an embodiment, the sub­
strate 10 may be a silicon wafer. 

[0045] The mold structure 100 may include a sacrificial 
layer group 130 including sacrificial layers 131-136 and an 
insulating layer group 120 including insulating layers 121-
127. The insulating layers 121-127 and the sacrificial layers 
131-136 may be alternately and repeatedly stacked as shown 
in the drawings. Hereinafter, for ease of description, each of 
the insulating layers 121-127 of the insulating layer group 
120 may also be collectively denoted as an "insulating layer 
120" in the drawings, and each of the sacrificial layers 132-
138 of the sacrificial layer group 130 may also be collectively 
denoted as a "sacrificial layer 130". 

[0046] The sacrificial layers 130 and the insulating layers 
120 may be formed of materials having an etch selectivity to 
each other. For instance, the insulating layer 120 may include 
a material that is etched at a slower rate than a material of the 
sacrificial layer 130 with respect to a sacrificial material 
etchant. The etch selectivity may be quantitatively expressed 
as a ratio of an etch rate of the sacrificial layers 130 to an etch 
rate of the insulating layers 120. For instance, the sacrificial 
layers 130 may include a material having an etch selectivity of 
between 1: 10 and 1:200 (more specifically, 1:30 to 1: 100) 
with respect to the insulating layers 120. According to an 
embodiment, the insulating layer 120 may include at least a 
layer formed of silicon oxide or silicon nitride, and the sac­
rificial mold layer 130 may include at least a layer, which may 
be formed of silicon, silicon oxide, silicon carbide, or silicon 
nitride and which may be different from a material constitut­
ing the insulating layers 120. For easy understanding, exem­
plary embodiments of the inventive concept in which insulat­
ing layers 120 and the sacrificial layers 130 are formed of 
silicon oxide and silicon nitride, respectively, will be 
described hereinafter. 

[0047] According to an embodiment, some or all of the 
sacrificial layers 130 may have different thicknesses. For 
instance, according to an embodiment, an uppermost and 
lowermost sacrificial layers of the sacrificial layers 130 (for 
example, the sacrificial layers 136 and 131) may be thicker 
than the other sacrificial layers 130 (for example, the sacrifi­
cial layers 132-135) between the uppermost and lowermost 
sacrificial layers. According to an embodiment, some or all 
the insulating layers 120 may have different thicknesses. For 
instance, according to an embodiment, a second uppermost 
and second lowermost insulating layers of the insulating lay­
ers 120 (for example, the insulating layers 126 and 122) may 
be thicker than the other insulating layers 120 (for example, 
the insulating layers 123-125) between the second uppermost 
and second lowermost insulating layers. The lowermost insu­
lating layer 121 may be thinner than the insulating layers 
123-125. The uppermost insulating layer 127 may be thicker 
than the second uppermost and second lowermost insulating 
layers 126 and 122. 
[0048] According to embodiments, thicknesses of the insu­
lating layers 120 and the sacrificial layers 130 may be modi-
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fled by those skilled in the art, and the number of layers 
included in the mold structure 100 may be modified by those 
skilled in the art. 
[0049] Referring to FIG. 3, channel holes 105 and first 
trenches 107 may be formed in the mold structure 100. The 
channel holes 105 may be formed to penetrate the mold 
structure 100. Each of the channel holes 105 may be formed 
to have a circular cross section. Each of the channel holes 105 
may have a depth that is at least five times greater than a width 
of the channel hole. The channel holes 105 may be two­
dimensionally arranged on a top surface (for example, an 
xy-plane) of the substrate 10. For example, according to an 
embodiment, each of the channel holes 105 may be an iso­
lated region spaced apart from the other channel holes 105 
along x and y directions. 
[0050] The first trenches 107 may have an elongated shape 
along they-direction. The first trenches 107 may be formed at 
a first side of a row of channel holes 105 arranged along the 
y-direction, and may not be formed at a second side of the row 
of channel holes 105, which is opposite to the first side with 
respect to the row of channel holes 105. For instance, accord­
ing to an embodiment, the channel holes 105 may be arranged 
in a plurality of rows, so that the first trenches 107 may be 
formed between first and second rows of the channel holes 
105, but may not be formed between the second and third 
rows of the channel holes 105. As viewed from above the first 
trenches 107, for example, in the direction of -z axis, the first 
trenches 107 may be shaped as circles partially overlapping 
each other along they-direction. An x-directional width al of 
the first trench 107 may be greater than or equal to a diameter 
of the channel hole 105. Hereinafter, a width al of the first 
trench 107 may correspond to a shortest distance between 
inner sidewalls of the first trenches 107. 
[0051] In the x-direction, distances between the channel 
holes 105 may be different from each other. For example, a 
distance a3 between a first pair of channel holes 105 formed 
at two opposite sides of a first trench 107 may be less than a 
distance a4 between a second pair of channel holes 105 with­
out any intervening first trench 107 between the second pair 
of channel holes 105. 
[0052] The channel holes 105 and the first trenches 107 
may be formed using the same process. The formation of the 
channel holes 105 and the first trenches 107 may include 
forming a mask pattern defining positions of the channel 
holes 105 and the first trenches 107 on the mold structure 100 
and anisotropically etching the mold structure 100 using the 
mask pattern as an etch mask. Since the mold structure 100 
includes layers formed of at least two different materials, 
sidewalls of the channel holes 105 and the first trenches 107 
may not be exactly perpendicular to the top surface of the 
substrate 10. For instance, according to an embodiment, each 
of the channel holes 105 and the first trenches 107 may have 
a downwardly tapered shape. 
[0053] As shown in FIG. 3, the channel holes 105 and the 
first trenches 107 may be formed to expose the top surface of 
the substrate 10. During the anisotropic etching of the mold 
structure 100, the substrate 10 may be recessed to a predeter­
mined depth under the channel holes 105 and the first trenches 
107. 
[0054] Referring to FIG. 4, a semiconductor layer 170 may 
be formed to cover inner walls of the channel holes 105 and 
the first trenches 107. Hereinafter, a portion of the semicon­
ductor layer 170 disposed in the first trench 107 will be 
referred to as a separation semiconductor layer 191, and a 
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portion of the semiconductor layer 170 disposed in the chan­
nel hole 105 will be referred to as a vertical semiconductor 
layer 171. According to an embodiment, the semiconductor 
layer 170 may be a polysilicon layer, which may be formed 
using an atomic layer deposition (ALD) or chemical vapor 
deposition (CVD) process. The semiconductor layer 170 may 
be formed to have a thickness ranging from about 1/so to ½ of 
a width of the channel hole 105. According to embodiments 
of the inventive concept, the semiconductor layer 170 may 
include one of an organic semiconductor layer and a carbon 
nano structure. According to an embodiment, the semicon­
ductor layer 170 may be conformally formed to have such a 
thickness as not to completely fill the channel holes 105 and 
the first trenches 107. 
[0055] Referring to FIG. 5, a gap-fill layer 180 may be 
formed on the resultant structure provided with the semicon­
ductor layer 170 to fill the channel holes 105 and the first 
trenches 107. Hereinafter, a portion of the gap-fill layer 180 
filling the first trench 107 will be referred to as a separation 
insulating layer 192, and a portion of the gap-fill layer 180 
filling the channel hole 105 will be referred to as a vertical 
gap-fill layer 181. The vertical semiconductor layer 171 and 
the vertical gap-fill layer 181 may constitute a vertical struc­
ture VS, and in the first trenches 107, the separation insulating 
layer 192 and the separation semiconductor layer 191 may 
constitute separation patterns 190. The gap-fill layer 180 may 
be one of an insulating layer, which is formed by a silicon­
on-insulator (SOG) method, and a silicon oxide layer. The 
separation insulating layer 192 and the vertical gap-fill layer 
181 may be simultaneously formed, and as a consequence, 
may be formed of the same material having the same or 
substantially the same physical properties. Further, the sepa­
ration semiconductor layer 191 and the vertical semiconduc­
tor layer 171 may be simultaneously formed, and as a conse­
quence, may be formed of the same material having the same 
or substantially the same physical properties. According to an 
embodiment, before the formation of the gap-fill layer 180, a 
hydrogen annealing process may be further performed in a 
gas atmosphere containing hydrogen and deuterium to ther­
mally treat the structure shown in FIG. 4, which has the 
semiconductor layer 170. The hydrogen annealing process 
may cure crystal defects that may exist in the semiconductor 
layer 170. 
[0056] According to embodiments of the inventive concept, 
the semiconductor layer 170 may be formed to fill the channel 
holes 105 and the first trenches 107, so that the formation of 
the gap-fill layer 180 may be omitted. 
[0057] Referring to FIG. 6, second trenches 200 that expose 
the substrate 10 may be formed by patterning the mold struc­
ture 100. The second trench 200 may be formed at a side of a 
row of channel holes 105 arranged along they-direction. For 
example, a row of channel holes 105 may be interposed 
between a first trench 107 and a second trench 200. For 
instance, in the case that the channel holes 105 may be 
arranged in a plurality of rows, the second trenches 200 may 
be formed between second and third rows, but may not be 
formed between first and second rows. As a result, in the 
x-direction, the first trenches 107 and the second trenches 200 
may be alternately formed between the rows of the channel 
holes 105. 
[0058] The formation of the second trenches 200 may 
include forming an etch mask on an upper portion of the mold 
structure 100 or the gap-fill layer 180 and anisotropically 
etching the layers under the etch mask to expose a top surface 
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of the substrate 10. The top surface of the substrate 10 
exposed by the second trenches 200 may be recessed to a 
predetermined depth, as shown in the FIG. 6, during the 
anisotropic etching step. 

[0059] The second trenches 200 may be formed to have an 
x-directional width a2. According to an embodiment, the 
width a2 may be greater than the width al of the first trench 
107, so that subsequent processes for removing the sacrificial 
layers 130 and forming gate electrodes may be easily per­
formed. Unlike that shown in the FIG. 6, the second trenches 
200 may sometimes have a downwardly tapered shape as a 
result of the etching process, so that the second trenches 200 
may be formed to be wide enough to facilitate the removal of 
the sacrificial layers 130 and the formation of the gate elec­
trodes. According to embodiments of the inventive concept, 
the rows of the channel holes 105 may be disposed between 
the first and the second trenches 107 and 200 alternately 
formed. Since the first trenches 107 may have a smaller width 
(for example, width al) than the second trench 200 as 
described above, an x-directional width of the mold structure 
100 may be reduced. 

[0060] Referring to FIGS. 7 and 8, recess regions 210 may 
be formed by selectively removing the sacrificial layers 130 
exposed by the second trenches 200. FIG. 8 is a sectional view 
taken along line I-I' of FIG. 7. The recess regions 210 may be 
gap regions laterally extending from the second trenches 200 
and may expose sidewalls of the vertical semiconductor lay­
ers 171 and the separation semiconductor layers 191. An 
outer boundary of the recess region 210 may be defined by the 
insulating layers 120 and the second trenches 200, and an 
inner boundary of the recess region 210 may be defined by the 
vertical semiconductor layer 171 and the separation semicon­
ductor layer 191. 
[ 0061] The formation of the recess regions 210 may include 
horizontally etching the sacrificial layers 130 using an etch 
recipe or etchant having an etch selectivity to the insulating 
layers 120 and the semiconductor layer 170. For instance, 
according to an embodiment, in the case that the sacrificial 
layers 130 are formed of silicon nitride and the insulating 
layers 120 are formed of silicon oxide, the horizontal etching 
of the sacrificial layers 130 may be performed using a wet 
etchant containing a phosphoric acid. 

[0062] Portions of the sacrificial layers 130, which are 
interposed between the vertical structures VS and the separa­
tion patterns 190 that are adjacent to each other, can be etched 
through portions of the recess regions 210 shown in FIG. 8, 
which are positioned between the vertical structures VS 
arranged along the y-direction. For example, a wet etchant 
can be delivered from the second trenches 200 to a sidewall of 
the separation pattern 190 through spaces between the verti­
cal structures VS spaced apart from each other in they direc­
tion. As a result, the portions of the sacrificial layers 130 
interposed between the vertical structures VS and the separa­
tion patterns 190 can be removed during the formation of the 
recess regions 210. 
[0063] Each of the separation patterns 190 may be con­
nected to the top surface of the substrate 10 and may have an 
elongated shape along the y-direction. As a consequence, 
after the removal of the sacrificial layers 130, the separation 
patterns 190 and the vertical structures VS may structurally 
support the mold structure 100. For instance, an external force 
( e.g., a gravitational force) exerted on the mold structure 100 
may be dispersed by the vertical structures VS and the sepa-
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ration patterns 190. As a result, the removal of the sacrificial 
layers 130 and a subsequent process of forming electrodes 
may be stably performed. 
[0064] Referring to FIG. 9A and 9B, horizontal structures 
HS maybe formed to fill the recess regions 210. FIG. 9B is an 
enlarged view ofa region G of FIG. 9 A. Each of the horizontal 
structures HS may include a memory layer 220 covering an 
inner wall of the recess region 210 and a conductive pattern 
230 filling the remaining space of the recess region 210. 
[0065] The formation of the horizontal structures HS may 
include sequentially forming the memory layer 220 and a 
conductive layer to fill the recess regions 210 and removing 
the conductive layer from the second trenches 200 to leave the 
conductive patterns 23 0 in the recess regions 210. Even in the 
spacing regions interposed between the vertical structures VS 
and the separation patterns 190, the memory layers 220 and 
the conductive patterns 230 may be formed through the 
spaces between the vertical structures VS spaced apart from 
each other in the y direction. 
[0066] According to an embodiment, the memory layer 220 
may include a plurality of insulating layers. For instance, 
according to an embodiment, the memory layer 220 may 
include a tunnel insulating layer TIL, a charge storing layer 
CL, and a blocking insulating layer BIL sequentially formed 
on inner walls of the recess region 210. The formation of the 
memory layer 220 may be performed using a deposition 
method, such as CVD or ALD, which has a good step cover­
age property. 
[0067] According to an embodiment, the charge storing 
layer CL may include one or more insulating layers with 
abundant trap sites and/or one or more insulating layers with 
nano particles and may be formed, for example, by CVD 
and/or ALD. For example, according to an embodiment, the 
charge storing layer CL may include one of a trap insulating 
layer and/or an insulating layer having a floating gate elec­
trode and/or conductive nano dots. According to an embodi­
ment, the charge storing layer CL may include a silicon 
nitride layer, a silicon oxynitride layer, a silicon-rich nitride 
layer, a nano crystalline silicon layer, and/or a laminated trap 
layer. 
[0068] The tunnel insulating layer TIL may be formed of a 
material having a higher band gap than a band gap of the 
charge storing layer CL, and may be formed by a deposition 
process, such as CVD and/or ALD. For example, according to 
an embodiment, the tunnel insulating layer TIL may be a 
silicon oxide layer. The tunnel insulating layer TIL may 
undergo a thermal treatment after the deposition process. The 
thermal treatment process may include, for example, a rapid 
thermal nitridation (RTN) process and/or an annealing pro­
cess in an atmosphere including nitrogen and/or oxygen. 
[0069] The blocking insulating layer BIL may be a single 
insulating layer. Alternatively, the blocking insulating layer 
BIL may include first and second blocking insulating layers 
(not shown). The first and second blocking insulating layers 
may be formed of different materials, and one of the first and 
second blocking insulating layers may be formed of a mate­
rial having a smaller band gap than a band gap of the tunnel 
insulating layer TIL and a larger band gap than a band gap of 
the charge storing layer CL. The first and second blocking 
insulating layers may be formed by, for example, CVD and/or 
ALD, and at least one of the first and second blocking insu­
lating layers may be formed by wet oxidation. According to 
an embodiment, the first blocking insulating layer may be 
formed of a high-k dielectric layer ( e.g., an aluminum oxide 
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layer and/or a hafnium oxide layer). The second blocking 
insulating layer may be formed of, for example, a material 
having a smaller dielectric constant than a dielectric constant 
of the first blocking insulating layer. According to an embodi­
ment, the second blocking insulating layer may be a high-k 
dielectric layer and the first blocking insulating layer may be 
formed of a material having a smaller dielectric constant than 
a dielectric constant of the second blocking insulating layer. 
[0070] The conductive layer may be formed to fill the 
recess regions 210 covered with the memory layer 220. The 
second trenches 200 may be fully or partially filled with the 
conductive layer. The conductive layer may include at least a 
layer formed of doped silicon, metal, metal nitride, and/or 
metal silicide. For example, according to an embodiment, the 
conductive layer may include a tantalum nitride layer and/or 
a tungsten layer. According to an embodiment, the conductive 
layer may be formed to conformally cover the inner walls of 
the second trench 200 without fully filling the second 
trenches 200, so that the conductive pattern 230 may be 
formed by removing the conductive layer from the second 
trench 200 using, for example, an isotropic etching method. 
According to an embodiment, the conductive layer may be 
formed to fill the second trench 200, so that the conductive 
pattern 230 may be formed by removing the conductive layer 
from the second trench 200 using, for example, an anisotropic 
etching method. According to an exemplary embodiment of 
the inventive concept, in the case that the semiconductor 
device is a FLASH memory, the conductive patterns 230 may 
have different functions. For instance, the lowermost conduc­
tive pattern of the conductive patterns 230 depicted in FIG. 9 
may serve as a gate electrode of a lower selection transistor, 
and the uppermost conductive pattern of the conductive pat­
terns 230 may serve as a gate electrode of an upper selection 
transistor. The remaining conductive patterns of the conduc­
tive patterns 230 may serve as gate electrodes of memory cell 
transistors. 
[0071] According to an exemplary embodiment of the 
inventive concept, in the case that the semiconductor device is 
a FLASH memory, third doped regions 240 may be formed in 
the substrate 10 after the forming of the conductive patterns 
230. The third doped regions 240 may be formed using an ion 
implantation process in the substrate 10 exposed by the sec­
ond trenches 200. According to an embodiment, the third 
doped regions 240 may have a different conductivity type 
than a conductivity type of the substrate 10. 
[0072] According to an embodiment, the third doped 
regions 240 may be connected to each other and may be in an 
equipotential state. According to an embodiment, the third 
doped regions 240 may be electrically separated from each 
other and have different electric potentials from each other. 
According to an embodiment, the third doped regions 240 
may form a plurality of source groups, each of which includes 
a plurality of spatially separated third doped regions, wherein 
the source groups may be electrically separated from each 
other to have different electric potentials. 
[ 0073] Referring to FIG. 10, gap-fill insulating patterns 250 
may be formed to fill the second trenches 200. The formation 
of the gap-fill insulating pattern 250 may include forming a 
gap-fill insulating layer (not shown) on the resultant structure 
provided with the third doped regions 240, for example, the 
structure shown in FIG. 9, and etching the gap-fill insulating 
layer to expose a top surface of the uppermost insulating layer 
127. The gap-fill insulating layer may be formed of, for 
example, at least one of a silicon oxide layer, a silicon nitride 
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layer, and a silicon oxynitride layer. The etching of the gap-fill 
insulating layer may be performed using a planarization tech­
nique, for example, a chemical-mechanical polishing tech­
nique and/or an etch-back technique. As a result of the etching 
of the gap-fill insulating layer, the vertical structures VS and 
the separation patterns 190 may be separated from each other. 
According to an embodiment, fourth doped regions 261 and 
first doped regions 265 may be formed on the vertical struc­
tures VS and the separation patterns 190, respectively. The 
formation of the fourth and first doped regions 261 and 265 
may include partially etching top surfaces of the vertical 
structures VS and the separation patterns 190 exposed by the 
planarization of the gap-fill insulating layer, and then filling 
spaces formed by the partial etching process with a semicon­
ductor layer. According to an embodiment, the fourth and first 
doped regions 261 and 265 may have the same conductivity 
type. For instance, according to an embodiment, the fourth 
and first doped regions 261 and 265 may have a different 
conductivity type from a conductivity type of the substrate 10. 
According to an embodiment, the fourth and first doped 
regions 261 and 265 may have different conductivity types 
from each other. For instance, according to an embodiment, 
the fourth doped regions 261 may have a different conductiv­
ity type from a conductivity type of the substrate 10, and the 
first doped regions 265 may have the same conductivity type 
as the conductivity type of the substrate 10. According to an 
exemplary embodiment of the inventive concept, the fourth 
and first doped regions 261 and 265 may have the same or 
substantially the same sectional shapes as the vertical struc­
ture VS and the separation pattern 190, respectively. 

[0074] Referring to FIG. 11, upper plugs 275 may be 
formed on the vertical structures VS, respectively, and upper 
lines 270 may be formed on the upper plugs 275 to connect 
the upper plugs 275 with each other. The formation of the 
upper plugs 275 may include forming an interlayer dielectric 
layer 273 on the resultant structure having the fourth and first 
doped regions 261 and 265, for example, the structure shown 
in FIG. 10, and forming a conductive layer. The interlayer 
dielectric layer 273 may have openings exposing the fourth 
and first doped regions 261 and 265, and the conductive layer 
may be formed to fill the openings of the interlayer dielectric 
layer 273. According to an embodiment, the upper plugs 275 
may be formed of a doped silicon layer or a metallic layer. 
Each of the upper lines 270 may be electrically connected to 
the vertical semiconductor layer 171 via the upper plug 275 
and may be formed to cross the horizontal structures HS. 
According to an exemplary embodiment, in the case that the 
semiconductor device is a NAND FLASH memory, the upper 
lines 270 may be electrically coupled to a plurality of cell 
strings and may serve as bit lines. 

[0075] Referring to FIGS. 10 and 11, as described above, 
the three-dimensional semiconductor device may include the 
gap-fill insulating patterns 250 extending from the substrate 
10. The three-dimensional semiconductor devices may fur­
ther include electrode structures that include the conductive 
patterns 230 and the insulating layers 120 alternately stacked 
on the substrate 10. The electrode structures may be defined 
by sidewalls of the gap-fill insulating patterns 250. 
[0076] The vertical structures VS may be provided to pen­
etrate the electrode structures. The vertical structures VS each 
may include the vertical semiconductor layer 171 and the 
vertical gap-fill layer 181 surrounded by the vertical semi­
conductor layer 171. The vertical structures VS may include 
first and second rows of vertical structures, each of which may 
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include a plurality of the vertical structures VS arranged along 
they-direction, between two adjacent gap-fill insulating pat­
terns of the gap-fill insulating patterns 250. The first and 
second rows of vertical structures may be spaced apart from 
each other in the x-direction. The memory layers 220 may be 
provided between the vertical structures VS and the conduc­
tive patterns 230. 
[0077] A separation pattern 190 may be provided between 
the first and second rows of vertical structures. The separation 
pattern 190 may include the separation semiconductor layer 
191 and the separation insulating layer 192 surrounded by the 
separation semiconductor layer 191, and may extend in the 
y-direction along the first and second rows of vertical struc­
tures. The vertical semiconductor layer 171 and the separa­
tion semiconductor layer 191 may be formed using the same 
process as described above. As a result, the vertical semicon­
ductor layer 171 and the separation semiconductor layer 191 
may be formed of the same semiconductor material having 
the same or substantially the same impurity concentration 
and/or the same or substantially the same physical properties. 
As viewed from above, for example, as viewed in a direction 
opposite to the z direction, the separation pattern 190 may be 
shaped as circles partially overlapping each other along the 
y-direction, but the exemplary embodiments are not limited 
thereto. 

[0078] The gap-fill insulating pattern 250 may be formed to 
have a width a2, which may be selected in consideration of the 
formation of the conductive patterns 230. As described with 
reference to FIGS. 7 through 9, the width a2 of the second 
trench 200 or the gap-fill insulating pattern 250 filling the 
second trench 200 may be adapted to be sufficient to facilitate 
the removal of the sacrificial layers 130 and the formation of 
the conductive patterns 230. According to an exemplary 
embodiment of the inventive concept, the gap-fill insulating 
patterns 250 may be formed at a first side of a y-directional 
row of the vertical structures, but not at a second side opposite 
to the first side. At the second side of they-directional row of 
the vertical structures, the separation pattern 190 having the 
width al may be provided, where the width al may be less 
than the width a2 of the gap-fill insulating pattern 250. For 
example, the gap-fill insulating patterns 250 and the separa­
tion patterns 190 may be alternately arranged in the x-direc­
tion, with a row of vertical structures VS between a gap-fill 
insulating pattern 250 and a separation pattern 190. As a 
result, the three-dimensional semiconductor device can have 
a reduced x-directional width, thus resulting in an increase in 
integration density. The conductive patterns 230 may be elec­
trically separated from the separation patterns 190 by the 
memory layer 220. 
[0079] According to an embodiment, some of distances in 
the x direction between the vertical structures VS may be 
different from each other. For instance, according to an 
embodiment, a distance a3 between a pair of the vertical 
structures VS provided at two opposite sides of the separation 
pattern 190 may be smaller than a distance a4 between a pair 
of the vertical structures VS provided at two opposite sides of 
the gap-fill insulating pattern 250. For example, x-directional 
distances between the vertical structures VS may include the 
distances a3 and a4 that alternately occur since the width al of 
the separation pattern 190 is smaller than the width a2 of the 
gap-fill insulating pattern 250. As a result, the three-dimen­
sional semiconductor device can be fabricated to have a 
reduced x-directional width, and consequently, to have an 
increased integration density. Furthermore, since the separa-
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tion patterns 190 may structurally support the mold structure 
100, the removal of the sacrificial layers 130 and the forma­
tion of the conductive patterns 230 may be stably performed, 
compared with the absence of the separation pattern 190. 
[0080] FIGS. 12 through 20 are perspective views illustrat­
ing a method of fabricating a three-dimensional semiconduc­
tor device according to an embodiment of the inventive con­
cept. For simplicity, overlapping description of the same 
components as in the embodiments described with reference 
to FIGS. 2 through 11 may be omitted. 
[0081] Referring to FIG. 12, channel holes 105 and first 
trenches 107 may be formed in the mold structure 100 
described with reference to FIG. 2. The channel holes 105 
may penetrate the mold structure 100. The first trenches 107 
may extend along they-direction. The first trenches 107 may 
be formed at a first side of a row of the channel holes 105 
arranged along they-direction, and may not be formed at a 
second side of the row of channel holes 105, which is opposite 
to the first side with respect to the row of channel holes 105. 
For example, according to an embodiment, in the case that the 
channel holes 105 may be arranged in a plurality of rows 
including first, second, and third rows, the first trench 107 
may be formed between the first and second rows, but not 
between the second and third rows. As viewed from above the 
first trenches 107, each of the first trenches 107 may have an 
elongated stripe shape along they-direction. An x-directional 
width al of the first trench 107 may be greater than or equal to 
a diameter of the channel hole 105. 
[0082] X-directional distances between the channel holes 
105 may be different from each other. For example, according 
to an embodiment, a distance a3 between a first pair of the 
channel holes 105 formed at two opposite sides of the first 
trench 107 may be less than a distance a4 between a second 
pair of the channel holes 105 without any intervening first 
trench 107 between the second pair of the channel holes 105. 
According to an embodiment, the channel holes 105 and the 
first trenches 107 may be formed using the same process. For 
example, according to an embodiment, the channel holes 105 
and the first trenches 107 may be formed simultaneously. 
[0083] Second doped regions 245 may be formed in por­
tions of the substrate 10 exposed by the first trenches 107. The 
formation of the second doped regions 245 may include form­
ing a mask layer that fills the channel holes 105 and exposes 
the first trenches 107 and then performing an ion implantation 
process. Alternatively, in the case that the second doped 
regions 245 may have substantially the same conductivity 
type as the substrate 10, the second doped regions 245 may be 
also formed in portions of the substrate 10 exposed by the 
channel holes 105. Features of the second doped region 245, 
such as conductivity type and function, will be described in 
further detail below, in conjunction with a first doped region. 
[0084] Referring to FIG. 13, a vertical layer 150 may be 
formed on the resultant structure provided with the first 
trenches 107, for example, the structure shown in FIG. 9. The 
vertical layer 150 may be formed on sidewalls and bottom 
surfaces of the channel holes 105 and the first trenches 107. 
According to an embodiment, the vertical layer 150 may 
include one or more layers. For example, according to an 
embodiment, the vertical layer 150 may include at least one 
layer used as a memory element of a charge-trap-type non­
volatile memory transistor. Exemplary embodiments of the 
inventive concept may be diversely classified according to the 
type of the vertical layer 150. These classified embodiments 
will be described in further detail with reference to FIGS. 21 
through 28. 
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[0085] Referring to FIG. 14, a vertical pattern 151 and a 
spacer 165 may be formed on each of inner walls of the 
channel holes 105, and a vertical separation pattern 196 and a 
spacer separation pattern 197 may be formed on each of inner 
walls of the first trenches 107. The process of forming the 
vertical pattern 151, the spacer 165, the vertical separation 
pattern 196, and the spacer separation pattern 197 may 
include forming a first semiconductor layer (not shown) to 
conformally cover the structure shown in FIG. 13 and aniso­
tropically etching the first semiconductor layer and the verti­
cal layer 150 to expose the top surface of the substrate 10 at 
the bottoms of the channel holes 105 and the first trenches 
107. As a result, the vertical pattern 151 and the spacer 165 
may be formed in each of the channel holes 105, and the 
vertical separation pattern 196 and the spacer separation pat­
tern 197 may be formed in each of the first trenches 107. The 
top surface of the substrate 10 exposed in the channel holes 
105 and the first trenches 107 may be recessed by over­
etching during the anisotropic etching of the first semicon­
ductor layer and the vertical layer 150. 
[0086] A top surface of the mold structure 100 may be 
exposed by the anisotropic etching of the first semiconductor 
layer and the vertical layer 150. Thus, each of the vertical 
patterns 151 and each of the spacers 165 may be localized in 
the channel hole 105, and each of the vertical separation 
patterns 196 and each of the spacer separation patterns 197 
may be localized in the first trench 107. 
[0087] Referring to FIG.15, a semiconductor layer 170 and 
a gap-fill layer 180 may be sequentially formed on the result­
ant structure described with reference to FIG. 14. The semi­
conductor layer 170 may include a separation semiconductor 
layer 191 formed in the first trench 107 and a vertical semi­
conductor layer 171 formed in the channel hole 105. The 
semiconductor layer 170 may be a polysilicon layer, which 
may be formed using ALD or CVD. According to an embodi­
ment, the semiconductor layer 170 may be conformally 
formed to have such a thickness as not to completely fill the 
channel holes 105 and the first trenches 107. The gap-fill layer 
180 may be formed to completely fill the remaining spaces of 
the channel holes 105 and the first trenches 107. The gap-fill 
layer 180 may include a separation insulating layer 192 filling 
the first trench 107 and a vertical gap-fill layer 181 filling the 
channel hole 105. The vertical pattern 151, the spacer 165, the 
vertical semiconductor layer 171, and the vertical gap-fill 
layer 181 may constitute a vertical structure VS. The vertical 
separation pattern 196, the spacer separation pattern 197, the 
separation semiconductor layer 191, and the separation insu­
lating layer 192 may constitute a separation pattern 190 in the 
first trench 107. 
[0088] Referring to FIG. 16, second trenches 200 that 
expose the substrate 10 may be formed by patterning the mold 
structure 100. The second trench 200 may be formed at a side 
of a row of channel holes 105 arranged along they-direction. 
For example, a row of channel holes 105 may be interposed 
between a first trench 107 and a second trench 200. For 
instance, in the case that the channel holes 105 may be 
arranged in a plurality of rows including first, second, and 
third rows, the second trench 200 may be formed between the 
second and third rows, but may not be formed between the 
first and second rows. As a result, in the x-direction, the first 
trenches 107 and the second trenches 200 may be alternately 
formed with a rows of the channel holes 105 between neigh­
boring first trench 107 and second trench 200. 
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[0089] An x-directional width a2 of the second trench 200 
may be greater than the x-directional width al of the first 
trench 107. According to an embodiment of the inventive 
concept, each of the rows of the channel holes 105 may be 
disposed between the first and the second trenches 107 and 
200 that are adjacent to each other. Here, since the first 
trenches 107 may have a smaller width (for example, al) than 
a width of the second trench 200 (for example, a2) as 
described above, the mold structure 100 may be formed to 
have a reduced x-directional width. 
[0090] Referring to FIG. 17, recess regions 210 may be 
formed by selectively removing the sacrificial layers 130 
exposed by the second trenches 200. The recess regions 210 
may be a gap region laterally extending from the second 
trenches 200, and expose sidewalls of the vertical pattern 151 
and the vertical separation pattern 196. Portions of the sacri­
ficial layers 130, which are interposed between the vertical 
structure VS and the separation pattern 190 that are adjacent 
to each other can be etched out through portions of the recess 
region 210, which are positioned between the vertical struc­
tures VS arranged along they-direction. For example, a wet 
etchant can be delivered from the second trench 200 to a 
sidewall of the separation pattern 190 through spaces between 
the y-directionally separated vertical structures VS. As a 
result, the portions of the sacrificial layer 130 interposed 
between the vertical structure VS and the separation pattern 
190 can be fully removed during the formation of the recess 
regions 210. 
[0091] The separation patterns 190 may be connected to the 
top surface of the substrate 10 and may extend along the 
y-direction, and thus, after the removal of the sacrificial layers 
130, the separation patterns 190 and the vertical structures VS 
may structurally support the mold structure 100. For instance, 
an external force ( e.g., a gravitational force) exerted on the 
mold structure 100 may be dispersed by the vertical structures 
VS and the separation patterns 190.As a result, the removal of 
the sacrificial layers 130 and a subsequent process of forming 
electrodes may be stably performed. 
[0092] Referring to FIG. 18, horizontal structures HS may 
be formed to fill the recess regions 210. The horizontal struc­
ture HS may include a horizontal pattern 225 covering an 
inner wall of the recess region 210 and a conductive pattern 
230 filling the remaining space of the recess region 210. The 
formation of the horizontal structures HS may include 
sequentially forming a horizontal layer and a conductive layer 
to fill the recess regions 210 and removing the conductive 
layer from the second trenches 200 to leave the conductive 
patterns 230 in the recess regions 210. The horizontal pattern 
225 and the vertical pattern 151 may constitute memory lay­
ers. According to an embodiment, the horizontal layer or the 
horizontal pattern 225 may include one or more layers, simi­
larto the vertical layer 150. According to an embodiment, the 
horizontal pattern 225 may include a blocking insulating 
layer of a charge trap type nonvolatile memory transistor. As 
mentioned above, the exemplary embodiments of the inven­
tive concept may be diversely classified according to the 
layers included in the vertical pattern 151 and the horizontal 
pattern 225, some of which will be described in further detail 
with reference to FIGS. 21 through 28. 
[0093] According to an exemplary embodiment of the 
inventive concept, in the case that the semiconductor device is 
a FLASH memory, third doped regions 240 may be formed in 
the substrate 10 after the forming of the conductive patterns 
230. The third doped regions 240 may be formed by an ion 
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implantation process in the substrate 10 exposed by the sec­
ond trenches 200. According to an embodiment, the third 
doped regions 240 may have a different conductivity type 
than the substrate 10. 
[0094] Referring to FIG.19, gap-fill insulating patterns 250 
may be formed to fill the second trenches 200. The formation 
of the gap-fill insulating pattern 250 may include forming a 
gap-fill insulating layer (not shown) on the resultant structure 
provided with the third doped regions 240, for example, the 
structure shown in FIG. 18, and etching the gap-fill insulating 
layer to expose a top surface of the uppermost insulating layer 
127. The etching of the gap-fill insulating layer may be per­
formed using a planarization technique. Fourth doped regions 
261 and first doped regions 265 may be formed on the vertical 
structures VS and the separation patterns 190, respectively. 
The formation of the fourth and first doped regions 261 and 
265 may include partially etching top surfaces of the vertical 
structures VS and the separation patterns 190 exposed by the 
planarization of the gap-fill insulating layer and filling spaces 
formed by the partial etching process with a semiconductor 
layer. 
[0095] Referring to FIG. 20, upper plugs 275 penetrating an 
interlayer dielectric 273 may be formed on the vertical struc­
tures VS, respectively, and upper lines 270 may be formed on 
the upper plugs 275 to connect the upper plugs 275 with each 
other. 
[0096] Referring to FIGS. 19 and 20, as described above, 
the three-dimensional semiconductor device may include the 
gap-fill insulating patterns 250 extending from the substrate 
10. The three-dimensional semiconductor device may further 
include electrode structures including the conductive patterns 
230 and the insulating layers 120 alternately stacked on the 
substrate 10, and the electrode structures may be defined by 
sidewalls of the gap-fill insulating patterns 250. 
[0097] The vertical structures VS may be provided to pen­
etrate the electrode structures. The vertical structure VS may 
include the vertical pattern 151, the spacer 165, the vertical 
semiconductor layer 171, and the vertical gap-fill layer 181, 
which are sequentially stacked in the channel hole 105. The 
vertical structures VS may include first and second rows of 
vertical structures, each of which may include a plurality of 
the vertical structures VS arranged along the y-direction, 
between adjacent two gap-fill insulating patterns 250. The 
first and second rows of vertical structures may be spaced 
apart from each other in the x-direction. 
[0098] A separation pattern 190 may be provided between 
the first and second rows of vertical structures VS. The sepa­
ration pattern 190 may include a vertical separation pattern 
196, a spacer separation pattern 197, a separation semicon­
ductor layer 191, and a separation insulating layer 192, which 
are sequentially stacked in the first trench 107, and may 
extend along they-direction as the first and second rows of 
vertical structures. As viewed from above the separation pat­
tern 190, the separation pattern 190 may have a stripe shape 
elongated along they-direction. 
[0099] The gap-fill insulating pattern 250 may be formed to 
have a width a2, which may be selected in consideration of the 
formation of the conductive patterns 230. According to an 
exemplary embodiment of the inventive concept, the gap-fill 
insulating patterns 250 may be formed at a first side of a 
y-directional row of the vertical structures, but not at a second 
side of they-directional row of the vertical structure, wherein 
the second side is opposite to the first side. At the second side 
of they-directional row of the vertical structures, the separa-
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tion pattern 190 having the width al may be provided, 
wherein the width al may be less than the width a2 of the 
gap-fill insulating pattern 250. For example, in the x-direc­
tion, the gap-fill insulating patterns 250 and the separation 
patterns 190 may be alternately arranged between the vertical 
structures VS so that a row of vertical structures VS is 
arranged between a gap-fill insulating pattern 250 and a sepa­
ration pattern 190 that are adjacent to each other. As a result, 
the three-dimensional semiconductor device can be fabri­
cated to have a reduced x-directional width, and conse­
quently, to have an increased integration density. The conduc­
tive patterns 230 may be electrically separated from the 
separation patterns 190 by the memory layers 225. 
[0100] According to an embodiment, some of distances in 
the x direction between the vertical structures VS may be 
different from each other. For instance, according to an 
embodiment, a distance a3 between a pair of the vertical 
structures VS provided at two opposite sides of the separation 
pattern 190 may be smaller than a distance a4 between a pair 
of the vertical structures VS provided at two opposite sides of 
the gap-fill insulating pattern 250. For example, as shown in 
FIG. 20, x-directional distances between the vertical struc­
tures VS may include the distances a3 and a4 that alternately 
occur since the width al of the separation pattern 190 is 
smaller than the width a2 of the gap-fill insulating pattern 
250. As a result, the three-dimensional semiconductor device 
can be fabricated to have a reduced x-directional width, and 
consequently, to have an increased integration density. 

[0101] According to an embodiment, the fourth doped 
regions 261 provided on the vertical structures VS may have 
the same conductivity type as the third doped regions 240 
formed in the substrate 10 under the gap-fill insulating pat­
terns 250. For instance, according to an embodiment, the third 
and fourth doped regions 240 and 261 may have a different 
conductivity type from the substrate 10. According to an 
embodiment, the first doped regions 265 provided on the 
separation patterns 190 may have the same conductivity type 
as the second doped regions 245 provided under the separa­
tion patterns 190. For instance, according to an embodiment, 
the first and second doped regions 265 and 245 may have the 
same conductivity type as the substrate 10 and may have 
greater impurity concentrations than the substrate 10. In the 
case that the first and second doped regions 265 and 245 may 
have the same conductivity type as the substrate 10 as 
described above, the first and second doped regions 265 and 
245 and the separation patterns 190 can be ohmically con­
nected to the substrate 10, and therefore, can be used as 
portions of conductive lines that deliver a bulk voltage to the 
substrate. For example, according to an exemplary embodi­
ment, in the case that the semiconductor device is a NAND 
FLASH memory, an erase voltage can be delivered to the 
substrate 10 during an erase step via the first and second 
doped regions 265 and 245 and the separation patterns 190. 
[0102] According to an embodiment, the first and second 
doped regions 265 and 245 may be of a different conductivity 
type from the substrate 10. For instance, according to an 
embodiment, the first and second doped regions 265 and 245 
may exhibit the same conductivity type as the third and fourth 
doped regions 240 and 261. According to an embodiment, the 
separation semiconductor layer 191 may be formed of an 
intrinsic semiconductor so that the first and second doped 
regions 265 and 245 may be electrically used as a portion of 
a common source line. The conductivity types and functions 
of the doped regions described herein may also be applied to 
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the three-dimensional semiconductor device described with 
reference to FIGS. 2 through 11. 
[0103] According to the embodiments described with ref­
erence to FIGS. 12 through 20, the separation patterns 190 
may be a part of the conductive line configured to deliver a 
predetermined voltage to the substrate 10 or a part of the 
common source line. 
[0104] The vertical pattern 151 and the horizontal pattern 
225 according to an exemplary embodiment of the inventive 
concept will be described in further detail with reference to 
FIGS. 21 through 28. FIG. 26B is and enlarged view of a 
region F of FIG. 26A. The horizontal pattern 225 and the 
vertical pattern 151 may be part of a memory element of a 
memory cell transistor. The memory element may include a 
plurality of layers, and the number and types of layers con­
stituting each of the horizontal and vertical patterns 225 and 
151 may vary, so that various exemplary embodiments of the 
inventive concept may be provided based on the number and 
types oflayers. For example, exemplary embodiments of the 
inventive concept may include various types of memory layer 
(which is also referred to as an "information storage layers") 
as in the following Table 1. 

TABLE 1 

Information storage la1er 

vs 

SP TIL CL CPL 
SP TIL CL 
SP TIL 
SP TIL CL 
SP TIL 
SP TIL CL CPL 
SP TIL CL CPL 
SP TIL CL CPL 

TIL: Tunnel Insulating layer 
CL: Charge storing Layer 
SP: Semiconductor Pattern 

BIL: Blocking Insulating Layer 
CPL: Capping Layer 
[llCPL with uniform thickness 
[21CPL with recessed sidewall 

[3lCPL separated vertically 

HS 

BIL! 
BIL! 

CL BIL! 
BIL! BIL2 

CL BIL! BIL2 
BIL! 
BIL! 
BIL! BIL2 

Corresponding 

FIG. 

230 21[1] 

230 22 
230 23 
230 24 
230 25 
230 26[2 ] 

230 27[3] 

230 28 

[0105] According to an exemplary embodiment, in the case 
that the semiconductor device is a FLASH memory, the 
memory layer may include a tunnel insulating layer TIL, a 
charge storing layer CL, and a first blocking insulating layer 
BILl (e.g., as shown in Table 1 and illustrated in FIGS. 
21-28). According to a modified embodiment, the memory 
layer may include a second blocking insulating layer BIL2 
between the first blocking insulating layer BILl and the con­
ductive pattern 230. According to an embodiment, the 
memory layer may include a capping layer CPL interposed 
between the charge storing layer CL and the first blocking 
insulating layer BILl. According to an embodiment, the 
memory layer may be formed using a deposition technique 
that provides, for example, excellent and/or improved 
stepped application (e.g., a CVD and/or ALD technique). 
[0106] As shown in Table 1 and illustrated in FIGS. 21 to 
28, the vertical structure VS may include at least the tunnel 
insulating layer TIL, and the horizontal structure HS may 
include at least one of the first and second blocking insulating 
layers BILl and BIL2. According to an exemplary embodi­
ment (e.g., as illustrated in FIGS. 21, 22, 24 and 26-28), the 
vertical structure VS may include the charge storing layer CL. 
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According to an exemplary embodiment ( e.g., as illustrated in 
FI GS. 23 and 25), the horizontal structure HS may include the 
charge storing layer CL. 
[0107] According to an embodiment, if the vertical struc­
ture VS includes the charge storing layer CL, the vertical 
structure VS may further include the capping layer CPL, as 
illustrated in FIGS. 21 and 26-28. According to an embodi­
ment, the vertical structure VS and the horizontal structure 
HS may directly contact each other without the capping layer 
CPL as illustrated in FIGS. 22-25. 
[0108] According to an embodiment, a sidewall thickness 
of the capping layer CPL may be non-uniform. For example, 
according to an embodiment, during the forming of the recess 
regions 210, portions of the sidewall of the capping layer CPL 
adjacent to the horizontal structures HS may be horizontally 
recessed. According to an embodiment, the capping layer 
CPL may be thicker at a region "b" ( or a vertical adjacent 
region) between the horizontal structures HS than at a region 
"a" ( or a channel region) adjacent to the horizontal structure 
HS as illustrated in FIG. 26. The vertical adjacent region b 
may be a region located between two adjacent channel 
regions a. Alternatively, the capping layer CPL may locally 
remain at the vertical adjacent region "b", and the horizontal 
structure HS may directly contact the sidewall of the charge 
storing layer CL at the channel region "a" as illustrated in 
FIG. 27. According to an embodiment, the sidewall thickness 
of the capping layer CPL may be substantially uniform as 
illustrated in FIG. 21. 
[0109] According to an exemplary embodiment, the hori­
zontal structure HS may include both of the first and second 
blocking insulating layers BILl and BIL2 as illustrated in 
FIGS. 24, 25 and 28. 
[0110] According to an embodiment, the charge storing 
layer CL may include one or more insulating layers with 
abundant trap sites and/or may include one or more insulating 
layers with nano particles. According to an embodiment, the 
charge storing layer CL may be formed, for example, by CVD 
and/or ALD. For example, according to an embodiment, the 
charge storing layer CL may include one of a trap insulating 
layer and/or an insulating layer with a floating gate electrode 
and/or conductive nano dots. According to an embodiment, 
the charge storing layer CL may include a silicon nitride 
layer, a silicon oxynitride layer, a silicon-rich nitride layer, a 
nano crystalline silicon layer, and/or a laminated trap layer. 
[0111] The tunnel insulating layer TIL may be formed of a 
material with a higher band gap than a band gap of the charge 
storing layer CL by, for example, CVD and/or ALD. For 
example, according to an embodiment, the tunnel insulating 
layer TIL may include a silicon oxide layer. According to an 
embodiment, the tunnel insulating layer TIL may undergo a 
thermal treatment after a deposition process. According to an 
embodiment, the thermal treatment process may include, for 
example, a rapid thermal nitridation (RTN) process and/or an 
annealing process in an atmosphere including nitrogen and/or 
oxygen. 
[0112] According to an embodiment, the first and second 
blocking insulating layers BILl and BIL2 may include dif­
ferent materials, and one of the first and second blocking 
insulating layers BILl and BIL2 may be formed of a material 
having a smaller band gap than a band gap of the tunnel 
insulating layer TIL and a larger band gap than a band gap of 
the charge storing layer CL. According to an embodiment, the 
first and second blocking insulating layers BILl and BIL2 
may be formed by, for example, CVD and/or ALD. According 
to an embodiment, at least one of BILl and BIL2 may be 
formed by wet oxidation. According to an exemplary embodi­
ment, the first blocking insulating layer BILl may include a 
high-k dielectric layer ( e.g., an aluminum oxide layer and/or 
a hafnium oxide layer). The second blocking insulating layer 
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BIL2 may be formed of, for example, a material with a 
smaller dielectric constant than the first blocking insulating 
layer BILL According to an exemplary embodiment, the 
second blocking insulating layer BIL2 may include a high-k 
dielectric layer, and the first blocking insulating layer BILl 
may be formed of a material with a smaller dielectric constant 
than the second blocking insulating layer BIL2. According to 
an exemplary embodiment, a third blocking insulating layer 
(not shown) may be included between the charge storing layer 
CL and the conductive pattern 230. 
[0113] According to an embodiment, the capping layer 
CPL may include a material having an etch selectivity with 
respect to the charge storing layer CL and/or the sacrificial 
layer 130. For example, if the sacrificial layer 130 is a silicon 
nitride layer, the capping layer CPL may be a silicon oxide 
layer. During a process for removing the sacrificial layers 130 
to form the recess regions 210, the capping layer CPL may 
function as an etch stop layer to prevent and/or reduce etch 
damage to the charge storing layer CL. According to an 
embodiment, in the case that the capping layer CPL may 
remain between the conductive pattern 230 and the charge 
storing layer CL as shown in FIGS. 21, 26, and 28, the 
capping layer CPL may be formed of a material that contrib­
utes to preventing leakage (e.g., back-tunneling) of charge 
stored in the charge storing layer CL. For example, according 
to an embodiment, the capping layer CPL may include one of 
a silicon oxide layer and a high-k dielectric layer. 
[0114] FIGS. 29 through 34 are perspective views illustrat­
ing methods of fabricating three-dimensional semiconductor 
devices according to an embodiment of the inventive concept. 
For concise description, overlapping description of embodi­
ments previously described with reference to FIGS. 2 through 
11 may be omitted. 
[0115] Referring to FIG. 29, channel holes 105 and first 
trenches 108 may be formed in the mold structure 100 
described with reference to FIG. 2. The channel holes 105 and 
the first trenches 108 may be formed using different pattern­
ing processes from each other. The first trenches 108 may be 
formed by patterning at least one of the sacrificial layers 130. 
In comparison with the embodiments described with refer­
ence to FIGS. 2 through 20, the first trenches 108 may be 
formed to penetrate only some of the layers constituting the 
mold structure 100. For instance, according to an embodi­
ment, during the formation of the first trenches 108, the 
uppermost sacrificial layer 136 of the sacrificial layers 130 
may be patterned to define sidewalls of the first trenches 108, 
but the underlying sacrificial layers 131-135 may not be pat­
terned. According to an embodiment, the uppermost two sac­
rificial layers 135 and 136 of the sacrificial layers 130 may be 
patterned, but the underlying sacrificial layers 131-134 may 
not be patterned. Methods of patterning the sacrificial layers 
130 may be varied depending on functions of conductive 
layers, which will be substituted for the sacrificial layers 130. 
For instance, according to an embodiment, in the case that the 
uppermost sacrificial layer 136 is replaced by a gate electrode 
of a string selection transistor, the uppermost sacrificial layer 
136 of the sacrificial layers 131-136 may be patterned. 
According to an embodiment, in the case that the uppermost 
two sacrificial layers 135 and 136 are replaced by gate elec­
trodes of the string selection transistors, the uppermost two 
sacrificial layers 135 and 136 may be patterned. 
[0116] Referring to FIG. 30, the processes described with 
reference to FIGS. 4 through 6 may be performed to the mold 
structure 100 provided with the first trenches 108. As a result, 
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a vertical semiconductor layer 171 and a vertical gap-fill layer 
181 constituting a vertical pattern VS may be sequentially 
formed in the channel hole 105, and a separation semicon­
ductor layer 291 and a separation insulating layer 292 con­
stituting a separation pattern 290 may be sequentially formed 
in the first trench 108. A bottom surface of the separation 
pattern 290 may be spaced apart from the substrate 10 by 
some layers of the mold structure 100. As shown in FIG. 30, 
the mold structure 100 may be patterned to define second 
trenches 200 that expose the substrate 10. 
[0117] Referring to FIG. 31, the sacrificial layers 130 
exposed by the second trenches 200 may be selectively 
removed to form recess regions 210. Portions of the sacrificial 
layers 130, which are interposed between the vertical struc­
tures VS and the separation pattern 290, can be etched out 
through portions of the recess region 210, which are posi­
tioned between the vertical structures VS arranged along the 
y-direction. For example, a wet etchant can be delivered from 
the second trench 200 to a sidewall of the separation pattern 
290 through spaces between the y-directionally separated 
vertical structures VS. As a result, the portions of the sacrifi­
cial layer 130 interposed between the vertical structure VS 
and the separation pattern 290 can be fully removed during 
the formation of the recess regions 210. Further, the sacrificial 
layers 131-135 disposed below the separation patterns 290 
can be removed by the wet etchant supplied through spaces 
between they-directionally separated vertical structures VS. 
As a result, the recess regions 210 formed below the separa­
tion patterns 290 may be formed to connect two adjacent 
second trenches 200 to each other. 
[0118] Referring to FIG. 32, horizontal structures HS may 
be formed to fill the recess regions 210. The horizontal struc­
tures HS may include first horizontal structures HSl divided 
by the separation patterns 290 and second horizontal struc­
tures HS2 undivided by the separation patterns 290. Accord­
ing to an exemplary embodiment of the inventive concept, in 
the case that the semiconductor device is a FLASH memory, 
the first horizontal structures HSl may include string selec­
tion lines, which may be completely divided from one another 
along they-direction. For instance, according to an embodi­
ment, bottom surfaces of the separation patterns 290 may be 
formed at a lower level than a bottom surface of the string 
selection line as shown in FIG. 32. This structure may also be 
applied to the three-dimensional semiconductor devices 
described with reference to FIGS. 2 through 20. The first 
horizontal structure HSl may include a first memory layer 
221 covering an inner wall of the recess region 210 and a first 
conductive pattern 231 filling the remaining space of the 
recess region 210. The second horizontal structure HS2 may 
include a second memory layer 222 covering an inner wall of 
the recess region 210 and a second conductive pattern 232 
filling the remaining space of the recess region 210. The 
second horizontal structures HS2 may be formed below the 
separation patterns 290, and thus the two adjacent vertical 
structures VS may be directly connected with each other by 
the second horizontal structure HS2. According to an exem­
plary embodiment of the inventive concept, in the case that 
the semiconductor is a FLASH memory, third doped regions 
240 may be further formed after the formation of the first and 
second horizontal structures HSl and HS2. 
[0119] Referring to FIG. 33, gap-fill insulating patterns 250 
may be formed to fill the second trenches 200. Fourth doped 
regions 261 and first doped regions 265 may be formed on the 
vertical structures VS and the separation patterns 290, respec-
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tively. According to an embodiment, the fourth and first 
doped regions 261 and 265 may have a different conductivity 
type from the substrate 10. 
[0120] Referring to FIG. 34, upper plugs 275 may be 
formed through an interlayer dielectric 273 on the vertical 
structures VS, respectively, and upper lines 270 may be 
formed on the upper plugs 275 to connect the upper plugs 275 
with each other. 
[0121] FIG. 35 is a schematic block diagram illustrating an 
example of a memory system including a semiconductor 
memory device according to an embodiment of the inventive 
concept. 
[0122] According to an embodiment, a memory system 
1100 can be applied to a personal digital assistant (PDA), a 
portable computer, a web tablet, a wireless phone, a mobile 
phone, a digital music player, a memory card and/or all the 
devices capable of transmitting and/or receiving data in a 
wireless communication environment. 
[0123] Referring to FIG. 35, the memory system 1100 
includes a controller 1110, an input/output (I/O) device 1120, 
such as a keypad and a display device, a memory 1130, an 
interface 1140, and a bus 1150. The memory 1130 and the 
interface 1140 communicate with each other through the bus 
1150. 
[0124] The controller 1110 includes at least a microproces­
sor, at least a digital signal processor, at least a microcontrol­
lerorother similar process devices. The memory 1130 may be 
used to store an instruction executed by the controller 1110. 
The I/O device 1120 can receive data or a signal from the 
outside of the system 1100 or transmit data or a signal to the 
outside of the system 1100. For example, the I/O device 1120 
may include a keyboard, a keypad, and/or a display device. 
[0125] The memory 1130 includes a nonvolatile memory 
device according to an embodiment of the inventive concept. 
The memory 1130 may further include various types of 
memories, such as a volatile memory device capable of ran­
dom access. 
[0126] The interface 1140 transmits data to a communica­
tion network (not shown) or receives data from a communi­
cation network (not shown). 
[0127] FIG. 36 is a block diagram illustrating an example of 
a memory card including a semiconductor memory device 
according to an embodiment of the inventive concept. 

[0128] Referring to FIG. 36, the memory card 1200 for 
supporting high-capacity data storage includes a FLASH 
memory device 1210 according to an embodiment of the 
inventive concept. The memory card 1200 according to an 
embodiment of the inventive concept includes a memory 
controller 1220 that controls every data exchange between a 
host and the FLASH memory device 1210. 
[0129] A static random access memory (SRAM) 1221 is 
used as an operation memory of a processing unit (also 
referred to as "CPU") 1222. A host interface 1223 includes 
data exchange protocols of a host to be connected to the 
memory card 1200. An error correction block ( also referred to 
as "ECC") 1224 detects and corrects errors included in data 
readout from the multi-bit FLASH memory device 1210. A 
memory interface 1225 interfaces with the FLASH memory 
device 1210. The processing unit 1222 performs every con­
trol operation for exchanging data of the memory controller 
1220. According to an embodiment, the memory card 1200 
may further include a ROM (not shown) storing code data for 
interfacing with the host. 

12 
Mar. 22, 2012 

[0130] FIG. 37 is a block diagram illustrating an example of 
an information processing system including a semiconductor 
memory device according to an embodiment of the inventive 
concept. 
[0131] Referring to FIG. 37, a FLASH memory system 
1310 according to an embodiment of the inventive concept is 
built in a data processing system 1300, such as a mobile 
product or a desk top computer. The data processing system 
1300 includes the FLASH memory system 1310 and a 
modem 1320, a central processing unit ("CPU") 1330, a 
RAM 1340, and a user interface 1350 that are electrically 
connected to a system bus 1360. The FLASH memory system 
1310 may be to the same or substantially the same as the 
memory system or the FLASH memory system described 
above. The FLASH memory system 1310 stores data pro­
cessed by the central processing unit 1330 or data inputted 
from an external device (not shown). The FLASH memory 
system 1310 may include a solid-state disc (SSD) so that the 
data processing system 1310 can stably store huge amounts of 
data in the FLASH memory system 1310. As reliability is 
improved, the FLASH memory system 1310 can reduce 
resources used to correct errors so that the data processing 
system 1300 can provide a high-speed data exchange func­
tion. According to an embodiment, the data processing unit 
1300 may further include an application chipset, a camera 
image processor (CIS), and/or an input/output device. 
[0132] The FLASH memory device or memory system 
according to the embodiments of the inventive concept can be 
mounted in various types of packages. For example, a 
FLASH memory device or a memory system according to an 
embodiment of the inventive concept can be packaged with 
methods such as PoP (package on package), ball grid array 
(BGA), chip scale package (CSP), plastic leaded chip carrier 
(PLCC), plastic dual in-line package (PDIP), die in waffle 
pack, die in wafer form, chip on board (COB), ceramic dual 
in-line package (CERDIP), plastic metric quad flat pack 
(MQFP), thin quad flat pack (TQFP), small outline (SOIC), 
shrink small outline package (SSOP), thin small outline 
(TSOP), thin quad flatpack (TQFP), system in package (SIP), 
multichip package (MCP), wafer-level fabricated package 
(WFP), wafer-level processed stack package (WSP) and 
mounted. 
[0133] According to the exemplary embodiments of the 
inventive concept, three-dimensionally arranged electrodes 
may be horizontally separated by gap-fill insulating patterns 
and separation patterns that are alternately arranged. The 
separation patterns may have a smaller width than a width of 
the gap-fill insulating pattern, and thus it is possible to fabri­
cate the three-dimensional semiconductor device having an 
increased integration density. 
[0134] Furthermore, since the separation pattern may struc­
turally support the mold structure 100, the removal of the 
sacrificial layers and the formation of the conductive patterns 
may be stably performed, compared with the absence of the 
separation pattern. 
[0135] While exemplary embodiments have been particu­
larly shown and described, it will be understood by one of 
ordinary skill in the art that variations in form and detail may 
be made therein without departing from the spirit and scope of 
the claims. 

What is claimed is: 
1. A three-dimensional semiconductor device, comprising: 
a substrate; 
gap-fill insulating patterns on the substrate; 
an electrode structure defined by sidewalls of the gap-fill 

insulating patterns; 
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vertical structures provided between adjacent gap-fill insu­
lating patterns of the gap-fill insulating patterns to pen­
etrate the electrode structure, the vertical structures 
including first and second rows of the vertical structures; 
and 

a separation pattern provided between the first and second 
rows of vertical structures, the separation pattern com­
prising a separation semiconductor layer, 

wherein the separation pattern extends along a direction 
parallel to the first and second rows of vertical structures. 

2. The device of claim 1, wherein a width of the separation 
pattern is smaller than a width of the gap-fill insulating pat­
terns. 

3. The device of claim 1, wherein the vertical structures are 
provided in channel holes penetrating the electrode structure, 
wherein each of the vertical structures comprises a vertical 
semiconductor layer filling at least a portion of a correspond­
ing channel hole. 

4. The device of claim 3, wherein the separation pattern is 
provided in a first trench exposing the substrate along the 
direction parallel to the first and second rows of vertical 
structures, wherein the separation semiconductor layer fills at 
least a portion of the first trench. 

5. The device of claim 1, wherein, as viewed from above 
the separation pattern, the separation pattern is shaped as 
circles partially overlapping each other along the direction 
parallel to the first and second rows of vertical structures. 

6. The device of claim 1, further comprising a first doped 
region provided along the separation pattern on a top portion 
of the separation pattern. 

7. The device of claim 6, further comprising a second 
doped region provided in the substrate under the separation 
pattern, wherein the second doped region has the same con­
ductivity type as the first doped region. 

8. The device of claim 7, wherein the first and second doped 
regions have the same conductivity type as the substrate and 
a higher doping concentration than a doping concentration of 
the substrate. 

9. The device of claim 7, further comprising: 
a third doped region formed in the substrate under the 

gap-fill insulating pattern; and 
a fourth doped region provided on a top portion of the 

vertical structure, wherein the first, second, third, and 
fourth doped regions have the same conductivity type. 

10. The device of claim 3, further comprising a memory 
layer disposed between the electrode structure and the verti­
cal structure, wherein the electrode structure comprises elec­
trodes and insulating layers alternately stacked. 

11. The device of claim 10, wherein the memory layer is 
provided between the separation pattern and the electrodes 
and electrically separates the separation pattern from the elec­
trodes. 

12. The device of claim 10, wherein the separation pattern 
penetrates at least one of the electrodes and a bottom surface 
of the separation pattern is spaced apart from a top surface of 
the substrate. 

13. The device of claim 10, wherein the electrodes com­
prise word lines and a gate electrode of a string selection 
transistor disposed on top of the word lines, wherein a bottom 

13 
Mar. 22, 2012 

surface of the separation pattern is positioned at a lower level 
than a bottom surface of the gate electrode of the string 
selection transistor. 

14. A three-dimensional semiconductor device, compris­
ing: 

electrodes sequentially stacked on a substrate; 
vertical structures penetrating the electrodes, the vertical 

structures two-dimensionally arranged on the substrate; 
separation patterns extending along a first direction paral­

lel to a top surface of the substrate, wherein each of the 
separation patterns comprises a separation semiconduc­
tor layer; and 

gap-fill insulating patterns extending parallel to the sepa­
ration patterns, wherein the separation patterns and the 
gap-fill insulating patterns are alternately disposed 
between the vertical structures disposed along a second 
direction crossing the first direction. 

15. The device of claim 14, wherein, a distance in the 
second direction between a separation pattern and a vertical 
structure that are adjacent to each other is less than a distance 
in the second direction between a gap-fill insulating pattern 
and a vertical structure that are adjacent to each other. 

16. A semiconductor device comprising: 
a substrate; 
a plurality of horizontal structures sequentially stacked on 

a top surface of the substrate; 
a row of vertical structures penetrating the horizontal struc­

tures in a first direction perpendicular to the top surface 
of the substrate, wherein the vertical structures are 
spaced apart from each other in a second direction par­
allel to the top surface of the substrate; 

a separation pattern penetrating at least one of the horizon­
tal structures in the first direction, wherein the separation 
pattern extends in the second direction; and 

a gap-fill insulating pattern penetrating the horizontal 
structures in the first direction, wherein the gap-fill insu­
lating pattern extends in the second direction, and 
wherein the row of vertical structures, the separation 
pattern, and the gap-fill insulating pattern are arranged in 
parallel to each other in a third direction parallel to the 
top surface of the substrate and perpendicular to the 
second direction. 

17. The semiconductor device of claim 16, wherein the 
separation pattern penetrates all of the horizontal structures. 

18. The semiconductor device of claim 16, wherein the 
separation pattern penetrates only a horizontal structure 
located farthest from the substrate. 

19. The semiconductor device of claim 16, wherein each of 
the vertical structures includes a vertical semiconductor layer 
and a vertical gap-fill layer sequentially formed on an inner 
wall, and the separation pattern includes a separation semi­
conductor layer and a separation insulating layer sequentially 
formed on an inner wall. 

20. The semiconductor device of claim 16, wherein each of 
the vertical structures includes a vertical pattern, a spacer, a 
vertical semiconductor layer, and a vertical gap-fill layer 
sequentially formed on an inner wall, and the separation 
pattern includes a vertical separation pattern, a spacer sepa­
ration pattern, a separation semiconductor layer, and a sepa­
ration insulating layer sequentially formed on an inner wall. 

* * * * * 
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