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(57) ABSTRACT 
Provided is a semiconductor device including a first stacked 
structure in which first conductive patterns and first interlayer 
insulating layers are alternately stacked, a second stacked 
structure formed on the first stacked structure and including 
second conductive patterns and second interlayer insulating 
layers, which are alternately stacked, an interfacial pattern 
formed between the first stacked structure and the second 
stacked structure, first through-areas passing through the first 
stacked structure and the interfacial pattern, and including 
first protrusions protruding toward a sidewall of the interfa 
cial pattern, second through-areas passing through the second 
stacked structure and connected to the first through-areas, and 
through-structures formed along sidewalls of the first 
through-areas and the second through-areas. 
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SEMCONDUCTOR DEVICE AND METHOD 
OF MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. The present application claims priority of Korean 
patent application number 10-2013-014.9335, filed on Dec. 3, 
2013, in the Korean Intellectual Property Office, the entire 
disclosure of which is incorporated herein by reference in its 
entirety. 

BACKGROUND 

0002 1. Field of the Invention 
0003. The present invention relates to a semiconductor 
device and a method of manufacturing the same. More spe 
cifically, the present invention relates to a semiconductor 
device including a cell string with a three-dimensional struc 
ture, and a method of manufacturing the same. 
0004 2. Description of Related Art 
0005 Generally, a cell string of a semiconductor device is 
formed in a two-dimensional structure in which memory cells 
are formed in a single layer on a Substrate. The degree of 
integration of the two-dimensional cell string may be 
improved by reducing the planar area occupied by the 
memory cells using a micro-pattern forming technique. 
0006. As the technology for improving the degree of inte 
gration of the two-dimensional cell string reaches its limit, a 
three-dimensional cell String in which memory cells are 
formed in a multi-layer has been Suggested. The degree of 
integration of the three-dimensional cell String may be 
improved without reducing the planar area occupied by the 
memory cells. 
0007. The three-dimensional cell string includes inter 
layer insulating layers and conductive patterns, which are 
alternately stacked, and a through-structure passing through 
the interlayer insulating layers and the conductive patterns. 
The through-structure may include a memory layer and a 
channel layer. As the number of stacks of the interlayer insu 
lating layers and the conductive patterns increases, the diffi 
culty of forming the through-structures increases. To solve 
this concern, a process of forming through-structures with 
reduced difficulty has been proposed as follows. 
0008. The proposed process for forming through-struc 
tures includes forming a first stacked structure with portions 
of interlayer insulating layers and conductive patterns, form 
ing a first part of a through-structure passing through the first 
stacked structure, forming a second stacked structure also 
having interlayer insulating layers and conductive patterns on 
the first stacked structure including the first part of the 
through-structure, and forming a second part connected to the 
first part of the through-structure through the second stacked 
structure. Likewise, when the through-structure is formed in 
parts divided by height, an overlay margin between the first 
part and the second part is insufficient, which may result in a 
process failure in which the second part is not connected to 
the first part. Additionally, when the second part of the 
through-structure is formed, the first stacked structure may be 
damaged. 
0009. As described above, there are many difficulties in 
performing the process of forming through-structures passing 
through multi-layered material layers. 
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SUMMARY 

0010. The present invention is directed to a semiconductor 
device in which a through-structure passing through multi 
layered material layers may easily formed, and a method of 
manufacturing the same. 
0011. According to an embodiment of the present inven 
tion, a semiconductor device is provided including a first 
stacked structure in which first conductive patterns and first 
interlayer insulating layers are alternately stacked, a second 
stacked structure formed on the first stacked structure and 
having second conductive patterns and second interlayer 
insulating layers which are alternately stacked, an interfacial 
pattern formed between the first stacked structure and the 
second stacked structure, first through-areas passing through 
the first stacked structure and the interfacial pattern and hav 
ing first protrusions protruding toward a sidewall of the inter 
facial pattern, second through-areas passing through the sec 
ond Stacked structure and connected to the first through-areas, 
and through-structures formed along sidewalls of the first 
through-areas and the second through-areas. 
0012. According to another embodiment of the present 
invention, a method of forming a semiconductor device is 
provided including alternately stacking first material layers 
and second material layers, forming a third material layer on 
the first material layers and the second material layers, form 
ing a first through-area passing through the first to third mate 
rial layers and including a first protrusion which protrudes 
toward a sidewall of the third material layer, filling the first 
through-area with a first sacrificial layer, forming fourth 
material layers and fifth material layers which are alternately 
stacked on the third material layer, forming a second through 
area passing through the fourth material layers and the fifth 
material layers and exposing the first sacrificial layer, remov 
ing the first sacrificial layer through the second through-area, 
and forming a through-structure along the second through 
area and the first through-area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 The above and other objects, features, and advan 
tages of the present invention will become more apparent to 
those of ordinary skill in the art by describing in detail exem 
plary embodiments thereof with reference to the accompany 
ing drawings, in which: 
0014 FIGS. 1A to 1F are cross-sectional views illustrating 
a semiconductor device according to a first embodiment of 
the present invention, and a method of manufacturing the 
Same: 

0015 FIGS. 2A and 2B are cross-sectional views illustrat 
ing a semiconductor device according to a second embodi 
ment of the present invention, and a method of manufacturing 
the same; 
0016 FIGS. 3A and 3B are cross-sectional views illustrat 
ing a semiconductor device according to a third embodiment 
of the present invention, and a method of manufacturing the 
Same: 

0017 FIGS. 4A to 4D are cross-sectional views illustrat 
inga semiconductor device according to a fourth embodiment 
of the present invention, and a method of manufacturing the 
Same: 

0018 FIG. 5 is a cross-sectional view illustrating a semi 
conductor device according to a fifth embodiment of the 
present invention, and a method of manufacturing the same; 
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0019 FIG. 6 is a cross-sectional view illustrating a semi 
conductor device according to a sixth embodiment of the 
present invention, and a method of manufacturing the same; 
0020 FIG. 7 is a cross-sectional view illustrating a semi 
conductor device according to a seventh embodiment of the 
present invention, and a method of manufacturing the same; 
0021 FIG. 8 is a cross-sectional view illustrating a semi 
conductor device according to an eighth embodiment of the 
present invention, and a method of manufacturing the same; 
0022 FIG. 9 is a configuration diagram showing a 
memory system in accordance with an embodiment of the 
present invention; and 
0023 FIG. 10 is a configuration diagram showing a com 
puting system in accordance with an embodiment of the 
present invention. 

DESCRIPTION OF EMBODIMENTS 

0024 Exemplary embodiments of the present invention 
will be described in detail below with reference to the accom 
panying drawings. While the present invention is shown and 
described in connection with exemplary embodiments 
thereof, it will be apparent to those skilled in the art that 
various modifications can be made without departing from 
the spirit and scope of the invention. 
0025 All terms (including technical and scientific terms) 
used herein have the same meaning as commonly understood 
by one of ordinary skill in the art to which this invention 
belongs. It will be further understood that terms, such as those 
defined in commonly used dictionaries, should be interpreted 
as having a meaning that is consistent with their meaning in 
the context of the relevant art and will not be interpreted in an 
idealized or overly formal sense unless expressly so defined 
herein. Throughout the disclosure, reference numerals corre 
spond directly to the like numbered parts in the various fig 
ures and embodiments of the present invention. 
0026. The drawings are not necessarily to scale and in 
Some instances, proportions may have been exaggerated in 
order to clearly illustrate features of the embodiments. It 
should be understood that the meaning of “on” and “over in 
the present disclosure should be interpreted in the broadest 
manner such that “on” means not only “directly on' but also 
“on” something with an intermediate feature(s) or a layer(s) 
therebetween, and that "over” means not only directly on top 
but also on top of Something with an intermediate feature(s) 
or a layer(s) therebetween. It is also noted that in this speci 
fication, "connected/coupled refers to one component not 
only directly coupling another component but also indirectly 
coupling another component through an intermediate com 
ponent. In addition, a singular form may include a plural form 
as long as it is not specifically mentioned in a sentence. 
0027 FIGS. 1A to 1F are cross-sectional views illustrating 
a semiconductor device according to a first embodiment of 
the present invention, and a method of manufacturing the 
SaC. 

0028 Referring to FIG. 1A, a pipe gate PG in which a first 
sacrificial layer 105 is buried is formed on a substrate (not 
shown). A process of forming the pipe gate PG includes 
forming a first pipe gate layer 101 on the substrate covered 
with an insulating layer (not shown), forming a trench 103 by 
etching the first pipe gate layer 101, filling the trench 103 with 
the first sacrificial layer 105, and forming a second pipe gate 
layer 107 on the first pipe gate layer 101 filled with the first 
sacrificial layer 105. The first and second pipe gate layers 101 
and 107 may beformed of a conductive material, for example, 
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silicon. The first sacrificial layer 105 may be formed of a 
material having an etch selectivity different from the etch 
selectivities of the first and second pipe gate layers 101 and 
107. For example, the first sacrificial layer 105 may beformed 
of a titanium nitride (TIN) layer. 
0029. Next, first material layers 111 and second material 
layers 113 are alternately stacked on the pipe gate PG filled 
with the first sacrificial layer 105. The first material layers 111 
and the second material layers 113 may be formed of various 
materials. For example, the first material layers 111 may be 
formed of an insulating material for forming an interlayer 
insulating layer, and the second material layers 113 may be 
formed of a sacrificial material having an etch selectivity 
different from that of the first material layers 111. In this case, 
the first material layers 111 may be formed of silicon oxide 
layers, and the second material layers 113 may be formed of 
nitride layers. For another example, the first material layers 
111 may be formed of an insulating material for forming an 
interlayer insulating layer, and the second material layers 113 
may be formed of a conductive material. 
0030. Next, a third material layer 121 may be formed on 
the first material layers 111 and the second material layers 
113. The third material layer 121 may be formed of various 
materials having an etch selectivity different from etch selec 
tivities of the first material layers 111 and the second material 
layers 113. For example, when the first material layers 111 are 
formed of silicon oxide layers and the second material layers 
113 are formed of nitride layers, the third material layer 121 
may be formed of a conductive material. Silicon may be used 
as the conductive material for forming the third material layer 
121. For another example, when the first material layers 111 
are formed of an insulating material and the second material 
layers 113 are formed of a conductive material, the third 
material layer 121 may beformed of an insulating material for 
forming a sacrificial material layer, or a conductive material 
for forming a sacrificial material layer. For example, the first 
material layers 111 are formed of silicon oxide layers, the 
second material layers 113 are formed of silicon layers, and 
the third material layer 121 may be formed of a nitride layer. 
0031. Next, a protection layer 131 may be formed on the 
third material layer 121. The protection layer 131 may be 
formed to prevent loss of thickness of the third material layer 
121 during a Subsequent etching process in which sidewalls 
of the third material layer 121 are selectively etched. The 
protection layer 131 may beformed of the same material layer 
as the first material layers 111, and used as an interlayer 
insulating layer. In some cases, the process of forming the 
protection layer 131 may be omitted. 
0032. Next, first through-areas 141A and 141B passing 
through the protection layer 131, the third material layer 121, 
the first material layers 111, and the second material layers 
113, are formed. At this time, preliminary interconnections 
142A and 142B, connected to the first through-areas 141A 
and 141B and exposing the first sacrificial layer 105, are 
formed by further etching the second pipe gate layer 107. 
Horizontal cross-sections of the first through-areas 141A and 
141B and the preliminary interconnections 142A and 142B 
may be formed in various shapes, such as a circle, an ellipse, 
and a polygon. The first through-areas 141A and 141B are 
also referred to as a drain-side first through-area 141A con 
nected to the trench 103, and a source-side first through-area 
141B connected to the trench 103, respectively. 
0033 Referring to FIG. 1B, first protrusions 143 are 
formed on sidewalls of the first through-areas 141A and 141B 
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by selectively etching sidewalls of the third material layer 121 
exposed through the first through-areas 141A and 141B. The 
first protrusions 143 are formed in such a manner that parts of 
the sidewalls of the first through-areas 141A and 141B in 
contact with the entire sidewalls of the third material layer 
121 protrude toward the third material layer 121. The first 
through-areas 141A and 141B are formed to have a greater 
width in parts in which the first protrusions 143 are formed 
than in the other parts in which the first protrusions 143 are 
not formed. The process of etching the sidewalls of the third 
material layer 121 may be performed in various ways such as 
a wet etching method or a dry etching method. While etching 
the sidewalls of the third material layer 121, sidewalls of the 
second pipe gate layer 107 exposed through the preliminary 
interconnections 142A and 142B may be etched to form 
second protrusions 145 on sidewalls of the preliminary inter 
connections 142A and 142B. The second protrusions 145 are 
formed in such a manner that the entire sidewalls of the 
preliminary interconnections 142A and 142B in contact with 
the second pipe gate layer 107 protrude toward the second 
pipe gate layer 107. Since the second protrusions 145 are 
formed on the sidewalls of the preliminary interconnections 
142A and 142B, interconnections 147A and 147B have a 
greater width than that of the lower parts of the first through 
areas 141A and 141B. Since the interconnections 147A and 
147B are formed to have a greater width, the distance between 
the interconnections 147A and 147B may beformed smaller. 
The interconnections 147A and 147B are also referred to as a 
drain-side interconnection 147A, connected to the drain-side 
first through-area 141A and a source-side interconnection 
1478 connected to the source-side first through-area 141B, 
respectively. On the other hand, unlike described above, when 
the third material layer 121 has an etch selectivity different 
from that of the second pipe gate layer 107, the second pro 
trusions 145 are not formed, and the widths of the preliminary 
interconnections 142A and 142B may remain. 
0034 Referring to FIG.1C, the insides of the first through 
areas 141A and 141B including the first protrusions 143 and 
the insides of the interconnections 147A and 147B are filled 
with second sacrificial layers 149. The second sacrificial lay 
ers 149 may beformed of a material having an etch selectivity 
different from etch selectivities of the first to third material 
layers 111, 113, and 121, and may be formed of the same 
material layer as the first sacrificial layer 105. For example, 
the second sacrificial layers 149 may be formed of titanium 
nitride (TIN), tungsten (W), or the like. 
0035) Referring to FIG. 1D, fourth material layers 151 and 
fifth material layers 153 are alternately stacked on the result 
ing structure shown in FIG. 1C, including the first material 
layers 111, the second material layers 113, and the third 
material layer 121, through which the second sacrificial lay 
ers 149 passes. The fourth material layers 151 may beformed 
of the same material as the second material layers 113, and the 
fifth material layers 153 may be formed of the same material 
as the first material layers 111. 
0036) Next, second through-areas 161A and 161B con 
nected to the first through-areas 141A and 141B, which pass 
through the fourth material layers 151 and the fifth material 
layers 153, are formed by etching the fourth material layers 
151 and the fifth material layers 153. Horizontal cross-sec 
tions of the second through-areas 161A and 161 B may be 
formed in various shapes, such as a circle, an ellipse, and a 
polygon. The second through-areas 161A and 161B expose 
the second sacrificial layers 149. The second through-areas 
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161A and 161B are also referred to as a drain-side second 
through-area 161A connected to the drain-side first through 
area 141A, and a source-side second through-area 161B con 
nected to the source-side first through-area 141B, respec 
tively. 
0037. The above-described second through-areas 161A 
and 161B are formed in a state in which parts of the first 
through-areas 141A and 141B are widened by the first pro 
trusions 143. According to the first embodiment of the present 
invention, overlay margins between the second through-areas 
161A and 161B and the first through-areas 141A and 141B 
are enlarged, and thereby the second through-areas 161A and 
161B may be easily connected to the first through-areas 141A 
and 141B. In addition, according to the first embodiment of 
the present invention, since the overlay margins between the 
second through-areas 161A and 161B and the first through 
areas 141A and 141B may be enlarged, damage of the first 
and second material layers 111 and 113 around the first 
through-areas 141A and 141B due to the etching process for 
forming the second through-areas 161A and 161B may be 
prevented. 
0038 Referring to FIG. 1E, the first through-areas 141A 
and 141B including the first protrusions 143, the interconnec 
tions 147A and 147B, and the trench 103 are opened by 
selectively etching the exposed second sacrificial layers 149 
and first sacrificial layer 105. Therefore, a through-hole 165 
including the second through-areas 161A and 161B, the first 
through-areas 141A and 141B including the first protrusions 
143, the interconnections 147A and 147B, and the trench 103 
may be formed. 
0039. According to the first embodiment of the present 
invention, parts of the through-hole 165 passing through the 
first to fifth material layers 111, 113, 121, 151, and 153 are 
divided into the first through-areas 141A and 141B and the 
second through-areas 161A and 161B, according to height. 
Accordingly, in the first embodiment of the present invention, 
each of lower parts of the first and second through-areas 
141A, 141B, 161A, and 161B may be formed to have a large 
width. In particular, in the first embodiment of the present 
invention, each of lower parts of the first through-areas 141A 
and 141B adjacent to the trench 103 may be formed to have a 
large width. 
0040. Referring to FIG. 1F, a through-structure 170 is 
formed along the surface of the through-hole 165. While 
forming the third material layer 121, the thickness of the third 
material layer 121 may beformed greater than the thicknesses 
of parts of first, second, fourth, and fifth material layers dis 
posed adjacent thereto. In this case, the formation of an air 
gap within the first protrusions 143 may be prevented while 
forming the through-structures 170. 
0041. The through-structure 170 includes a blocking insu 
lating layer 171 formed along the surface of the through-hole 
165, a data storage layer 173 formed along the blocking 
insulating layer 171, a tunnel insulating layer 175 formed 
along the data storage layer 173, and a channel layer 177 
formed along the tunnel insulating layer 175. The blocking 
insulating layer 171 is a material layer that functions to pre 
vent charge transfer, for example, an oxide layer. The data 
storage layer 173 is a material layer that may trap charges, for 
example, a silicon nitride layer. The tunnel insulating layer 
175 is an energy barrier layer for F-N (Fowler-Norheim) 
tunneling, and may be formed of a silicon oxide layer, for 
example. The channel layer 177 may be formed of a semi 
conductor layer, for example, a silicon layer. The channel 
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layer 177 may be formed to have a hollow tube shape, or 
formed to fill the inside of the through-hole 165. When the 
channel layer 177 is formed to have the hollow tube shape, the 
center of the channel layer 177 may be filled with an insulat 
ing material 179. 
0042. As described above, since the through-structure 170 

is formed without being divided into parts according to height 
in the first embodiment of the present invention, the through 
structure 170 may be easily formed. In addition, according to 
the first embodiment of the present invention, the width of 
each of the lower parts of the first and second through-areas 
141A, 141B, 161A, and 161B, and a width of each of the 
interconnections 147A and 147B between the trench 103 and 
the first through-areas 141A and 141B are formed to be large. 
Thereby, in the first embodiment of the present invention, 
narrowness of the through-structure 170 in each of the lower 
parts of the first and second through-areas 141A, 141B, 161A, 
and 161B, and in the interconnections 147A and 147B may be 
prevented. Accordingly, clogging of the first and second 
through-areas 141A, 141B, 161A, and 161B, and the inter 
connections 147A and 147B by the through-structure 170, 
before the through-structure 170 is formed in the trench 103. 
may be prevented. Therefore, the through-structure 170 in 
accordance with the first embodiment of the present invention 
may be easily formed to the inside of the trench 103. 
0043. Next, a slit 181, passing through the fourth and fifth 
material layers 151 and 153, between the second through 
areas 161A and 161B, through the first to third material layers 
(111,113, and 121), between the first through-areas 141A and 
141B, and through the protection layer 131, is formed. 
0044) The subsequent processes may be variously modi 
fied depending on material properties of the first to fifth 
material layers 111, 113, 121, 151, and 153. 
0045. When the first material layers 111 and the fifth mate 
rial layers 153 are formed of an insulating material for an 
interlayer insulating layer, the second material layers 113 and 
the fourth material layers 151 are formed of a conductive 
material, and the third material layer 121 is formed of a 
conductive material or an insulating material, the Subsequent 
process, such as a process of filling the inside of the slit 181 
with an insulating material (not shown), a process of forming 
a source contact plug SCT, a process of forming a source line 
CSL, a process of forming a drain contact plug DCT, and a 
process of forming a bit line BL, may be performed. 
0046. The above-described semiconductor device in 
accordance with the first embodiment of the present invention 
includes a first stacked structure P1A in which interlayer 
insulating layers formed of the first material layers 111 and 
conductive patterns formed of the second material layers 113 
are alternately stacked, a second stacked structure P3A in 
which interlayer insulating layers formed of the protection 
layer 131 and the fifth material layers 153 and conductive 
patterns formed of the fourth material layers 151 are alter 
nately stacked, an interfacial pattern P2A formed of the third 
material layer 121 between the first stacked structure P1A and 
the second stacked structure P3A, a first pipe gate layer 101 
formed under the first stacked structure P1A, and a second 
pipe gate layer 107 formed between the first pipe gate layer 
101 and the first stacked structure P1A. The first stacked 
structure P1A, the interfacial pattern P2A, and the second 
stacked structure P3A may be separated into a drain-side 
stacked structure S1A and a source-side stacked structure 
S2A by the slit 181. In addition, the semiconductor device in 
accordance with the first embodiment of the present invention 
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may further include a through-hole 165 passing through the 
Source-side stacked structure S2A, the drain-side stacked 
structure S1A, and the pipe gate PG, and a through-structure 
170 formed along the through-hole 165. The through-hole 
165 includes first through-areas 141A and 141B passing 
through the first stacked structure P1A and the interfacial 
pattern P2A and including the first protrusions 143 protruding 
toward the interfacial pattern P2A, second through-areas 
161A and 161B connected to the first through-areas 141A and 
141B through the second stacked structure P3A, interconnec 
tions 147A and 147B having a greater width than or the same 
width as the first through-areas 141A and 141B and con 
nected to the first through-areas 141A and 141B through the 
second pipe gate layer 107, and a trench 103 connected to the 
interconnections 147A and 147B in common and formed in 
the first pipe gate layer 101. 
0047. As described above, a cell string of the semiconduc 
tor device in accordance with the first embodiment of the 
present invention may be formed in a U-shape along the 
through-structure 170. The cell string may include a source 
select transistor, source-side memory cell transistors, a pipe 
transistor, drain-side memory cell transistors, and a drain 
select transistor, which are connected in series along the 
through-structure 170. At least one layer from the uppermost 
layer among the fourth material layers 151 of the drain-side 
stacked structure S1A may be used as a drain select line, and 
at least one layer from the uppermost layer among the fourth 
material layers 151 of the source-side stacked structure S2A 
may be used as a source select line. The drain select transistor 
may be formed at an intersection of a part of the through 
structure 170 formed in the drain-side second through-area 
161A and the drain select line. The drain-side memory cell 
transistors may be formed at intersections of parts of the 
through-structure 170 formed in the drain-side second 
through-area 161A and the fourth material layers 151 dis 
posed under the drain select transistor, and at intersections of 
parts of the through-structure 170 formed in the drain-side 
first through-area 141A and the second material layers 113. 
The pipe transistor may be formed at an intersection of the 
pipe gate PG and the through-structure 170. The source select 
transistor may be formed at an intersection of a part of the 
through-structure 170 formed in the source-side second 
through-area 161B and the source select line. The source-side 
memory cell transistors may be formed at intersections of 
parts of the through-structure 170 formed in the source-side 
second through-area 161B and the fourth material layers 151 
disposed under the source select transistor, and at intersec 
tions of parts of the through-structure 170 formed in the 
source-side first through-area 141B and the second material 
layers 113. An end of the channel layer 177 passing through 
the source-side stacked structure S2A may be connected to 
the source line CSL via the source contact plug SCT, and the 
other end of the channel layer 177 passing through the drain 
side stacked structure S1A may be connected to the bit line 
BL via the drain contact plug DCT. 
0048. The drain-side memory cell transistors and the 
Source-side memory cell transistors in accordance with the 
first embodiment of the present invention are connected by 
the pipe transistor. Parts of the channel layer 177 formed in 
the trench 103 between the Interconnections 147A and 147B 
and in the Interconnections 147A and 147B are used as a 
channel of the pipe transistor. According to the first embodi 
ment of the present Invention, since the distance between the 
interconnections 147A and 147B is reduced as described in 
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FIG. 1B, a channel length of the pipe transistor formed 
between the interconnections 147A and 147B may be 
reduced. Accordingly, in the first embodiment of the present 
invention, channel resistance of the pipe transistor that con 
nects the Source-side memory cell transistors and the drain 
side memory cell transistors may be reduced. In addition, in 
the first embodiment of the present invention, the width of 
each of lower parts of the first and second through-areas 
141A, 141B, 161A, and 161B and the width of each of the 
interconnections 147A and 147B may be formed to be large. 
Accordingly, in the first embodiment of the present invention, 
narrowness of the through-structure 170 in each of lower 
parts of the first and second through-areas 141A, 141B, 161A, 
and 161B, and in the interconnections 147A and 147B may be 
prevented. Accordingly, the through-structure 170 may be 
easily formed to the inside of the trench 103. 
0049. The Interfacial pattern P2A in accordance with the 

first embodiment of the present invention is formed to sur 
round the through-structure 170 that includes the blocking 
insulating layer 171, the data storage layer 173, the tunnel 
Insulating layer 175, and the channel layer 177, as the second 
material layers 113 of the first stacked structure P1A and the 
fourth material layers 151 of the second stacked structure 
P3A surround the through-structure 170. In addition, the 
interfacial pattern P2A may be formed of an insulating mate 
rial or a conductive material. When the interfacial pattern 
P2A is formed of a conductive material, transistors formed at 
intersections of the interfacial pattern P2A and the through 
structure 170 may be used as memory cell transistors in 
accordance with the first embodiment of the present inven 
tion. 

0050 FIGS. 2A and 2B are cross-sectional views illustrat 
ing a semiconductor device and a method of manufacturing 
the same in accordance with a second embodiment of the 
present invention. In particular, FIGS. 2A and 2B are cross 
sectional views illustrating other Subsequent processes after 
the process of forming the slit 181 described in FIG.1F. More 
specifically, FIGS. 2A and 2B shows an exemplary embodi 
ment in which the first material layers 111 and the fifth mate 
rial layers 153 are formed of an insulating material for an 
interlayer insulating layer, and the second material layers 113 
and the fourth material layers 151 are formed of a sacrificial 
material. Among the reference numerals in FIGS. 2A and 2B, 
reference numerals indicating the same configurations as 
described in FIGS. 1A to 1F are the same as the reference 
numerals of FIGS. 1A to 1F. Hereinafter, detailed descrip 
tions thereof will be omitted for convenience. 
0051 Referring to FIG. 2A, the process in accordance 
with the second embodiment of the present invention includes 
forming the slit 181, and forming recess areas 183 by selec 
tively removing the second and fourth material layers 113 and 
151, which are formed of the sacrificial material, exposed 
through the slit 181. 
0052 Referring to FIG. 2B, conductive patterns 191 are 
formed by filling the recess areas 183 with a conductive 
material. The conductive material for forming the conductive 
patterns 191 may be the same material as or a different mate 
rial from the conductive material for forming the third mate 
rial layer 121. For example, the conductive material for form 
ing the conductive patterns 191 may be undoped silicon, 
doped silicon, a metal Such as W. or a metal silicide layer. 
0053. The above-described semiconductor device in 
accordance with the second embodiment of the present inven 
tion includes a first stacked structure P1B in which interlayer 
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insulating layers formed of the first material layers 111 and 
the conductive patterns 191 are alternately stacked, a second 
stacked structure P3B in which interlayer insulating layers 
formed of the protection layer 131 and the fifth material layers 
153 and the conductive patterns 191 are alternately stacked, 
an interfacial pattern P2B formed of the third material layer 
121 between the first stacked structure P1B and the second 
stacked structure P3B, a first pipe gate layer 101 formed 
under the first stacked structure P1B, and a second pipe gate 
layer 107 formed between the first pipe gate layer 101 and the 
first stacked structure P1B. The first stacked structure P1B, 
the interfacial pattern P2B, and the second stacked structure 
P3B may be separated into a drain-side stacked structure S1B 
and a source-side stacked structure S2B by the slit 181. In 
addition, the semiconductor device in accordance with the 
second embodiment of the present invention may further 
Include a through-hole 165. The through-hole 165 includes 
first through-areas 141A and 141B passing through the first 
stacked structure P1B and the interfacial pattern P2B having 
first protrusions 143 protruding toward the interfacial pattern 
P2B, second through-areas 161A and 161B connected to the 
first through-areas 141A and 141B through the second 
stacked structure P3B, interconnections 147A and 147B con 
nected to the first through-areas 141A and 141B through the 
second pipe gate layer 107 with a greater width than or the 
same width as the first through-areas 141A and 141B, and a 
trench 103 connected to the interconnections 147A and 147B 
in common and formed in the first pipe gate layer 101. In 
addition, the semiconductor device in accordance with the 
second embodiment of the present invention may further 
include a through-structure 170 formed along the through 
hole 165 including the first protrusions 143. 
0054 As described above, a cell string of the semiconduc 
tor device in accordance with the second embodiment of the 
present invention may beformed to have the same structure as 
that of the cell String of the semiconductor device in accor 
dance with the first embodiment of the present invention. 
0055 FIGS. 3A and 3B are cross-sectional views illustrat 
ing a semiconductor device and a method of manufacturing 
the same in accordance with a third embodiment of the 
present invention. In particular, FIGS. 3A and 3B are cross 
sectional views illustrating other Subsequent processes after 
the process of forming the slit 181 described in FIG.1F. More 
specifically, FIGS. 3A and 3B shows an exemplary embodi 
ment in which the first material layers 111 and the fifth mate 
rial layers 153 are formed of an insulating material for an 
interlayer insulating layer, the second material layers 113 and 
the fourth material layers 151 are formed of a conductive 
material, and the third material layer 121 is formed of a 
sacrificial insulating material. Among the reference numerals 
in FIGS. 3A and 3B, reference numerals indicating the same 
configurations as described in FIGS. 1A to 1F are the same as 
the reference numerals of FIGS. 1A to 1F. Hereinafter, 
detailed descriptions thereof will be omitted for convenience. 
0056 Referring to FIG. 3A, the process in accordance 
with the third embodiment of the present invention includes 
forming the slit 181 and forming recess areas 185 by selec 
tively removing the third material layer 121 that is formed of 
the sacrificial insulating material exposed by the slit 181. 
0057 Referring to FIG. 3B, interfacial patterns P2C are 
formed by filling the recess areas 185 with a conductive 
material. The conductive material for forming the interfacial 
patterns P2C may be the same material or a different material 
from the conductive material of the second and fourth mate 
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rial layers 113 and 151. For example, the interfacial patterns 
P2C and the second and fourth material layers 113 and 151 
may be formed of a doped silicon layer oran undoped silicon 
layer. Otherwise, the second and fourth material layers 113 
and 151 may beformed of a doped silicon layer oran undoped 
silicon layer and the interfacial patterns P2C may be formed 
of a metal such as tungsten (W), or a metal silicide layer. 
0.058. The above-described semiconductor device in 
accordance with the third embodiment of the present inven 
tion includes a first stacked structure P1C, a second stacked 
structure P3C, a first pipe gate layer 101, a second pipe gate 
layer 107, a through-hole 165, and a through-structure 170, 
which are the same structures as those described in the first 
embodiment. In addition, the above-described semiconductor 
device in accordance with the third embodiment of the 
present invention may further include an interfacial pattern 
P2C formed of a conductive material between the first stacked 
structure P1C and the second stacked structure P3C. The first 
stacked structure P1C, the interfacial pattern P2C, and the 
second stacked structure P3C may be separated into a drain 
side stacked structure S1C and a source-side stacked structure 
S2C by the slit 181. 
0059. As described above, a cell string of the semiconduc 
tor device in accordance with the third embodiment of the 
present invention may beformed to have the same structure as 
that of the cell String of the semiconductor device in accor 
dance with the first embodiment of the present invention. 
0060 FIGS. 4A and 4B are cross-sectional views illustrat 
ing a semiconductor device and a method of manufacturing 
the same in accordance with a fourth embodiment of the 
present invention. In particular, FIGS. 4A and 4B are cross 
sectional views illustrating another example of the process of 
forming the through-hole. Among the reference numerals in 
FIGS. 4A to 4D, reference numerals indicating the same 
configurations as described in FIGS. 1A to 1F are the same as 
the reference numerals of FIGS. 1A to 1F. Hereinafter, 
detailed descriptions thereof will be omitted for convenience. 
0061 Referring to FIG. 4A, a process of forming a pipe 
gate PG filled with a first sacrificial layer 105 on a substrate 
(not shown), a process of alternately stacking first material 
layers 111 and second material layers 113 on the pipe gate 
PG, and a process of forming a third material layer 121 are 
sequentially performed using the processes and materials 
described as in FIG. 1A. Next, first through-areas 141A and 
141B passing through the third material layer 121, the first 
material layers 111, and the second material layers 113 are 
formed. At this time, preliminary interconnections 142A and 
142B, connected to the first through-areas 141A and 141B 
and exposing the first sacrificial layer 105 are formed by 
further etching a second pipe gate layer 107 of the pipe gate 
PG. Horizontal cross-sections of the first through-areas 141A 
and 141B and the preliminary interconnections 142A and 
142B may be formed in various shapes, such as a circle, an 
ellipse, and a polygon. The first through-areas 141A and 
141B are also referred to as a drain-side first through-area 
141A connected to an end of the trench 103, and a source-side 
first through-area 141B connected to the other end of the 
trench 103, respectively. The preliminary interconnections 
142A and 142B are also referred to as a drain-side intercon 
nection 142A connecting the drain-side first through-area 
141A and the trench 103, and a source-side interconnection 
142B connecting the source-side first through-area 141B and 
the trench 103. 
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0062 Next, parts of the first through-areas 141A and 
141B, and the inside of the preliminary interconnections 
142A and 142B are filled with a gap-fill layer 123. The gap 
fill layer 123 is formed in an area in which the first material 
layers 111 and the second material layers 113 are etched to 
expose an etched area of the third material layer 121. Here, at 
least one sidewall from the uppermost layer among the first 
material layers 111 and the second material layers 113 may be 
exposed. The gap-fill layer 123 may be formed of a material 
having an etch selectivity different from etch selectivities of 
the first to third material layers 111, 113, and 121, and a 
material layer of which gap-fill and removal are easy. For 
example, the gap-fill layer 123 may be formed of a spin-on 
carbon (SOC) layer. 
0063) Next, a spacer layer 125 may be formed along the 
surface of the resulting structure in which the gap-fill layer 
123 is formed. The thickness of the spacer layer 125 is set to 
open a center of the etched area of the third material layer 121. 
0064. Referring to FIG. 4B, the spacer layer 125 is etched 
using an anisotropic etching method to etch an upper sidewall 
of the third material layer 121. In the etching process, the 
spacer layer 125 remains on sidewalls of the first through 
areas 141A and 141B and an upper surface of the third mate 
rial layer 121 is exposed. In addition, protrusions 143' are 
formed on upper sidewalls of the first through-areas 141A and 
141B. The protrusions 143' in accordance with the fourth 
embodiment of the present invention are grooves formed at an 
upper edge of the third material layer 121. The width of the 
first through-areas 141A and 141B is formed greater in an 
area where the protrusions 143' are formed than in the remain 
der. 
0065 Referring to FIG. 4C, the remaining spacer layer 
125 and gap-fill layer 123 are removed. Thereby, the first 
sacrificial layer (reference numeral 105 in FIG. 4B) is 
opened. Next, using the processes and materials described as 
in FIG. 1C, a process of filling the insides of the first through 
areas 141A and 141B including the protrusions 143' and the 
preliminary interconnections 142A and 142B with a second 
sacrificial layers (not shown), a process of alternately stack 
ing fourth material layers 151 and fifth material layers 153, 
and a process of forming second through-areas 161A and 
161B connected to the first through-areas 141A and 141B, 
passing through the fourth material layers 151 and the fifth 
material layers 153, are sequentially performed. Here, the 
second through-areas 161A and 161B are formed in a state in 
which parts of the first through-areas 141A and 141B are 
widened by the protrusions 143". Accordingly, in the fourth 
embodiment of the present invention, the second through 
areas 161A and 161B may be easily connected to the first 
through-areas 141A and 141B by enlarging an overlay mar 
gin between the second through-areas 161A and 1615 and the 
first through-areas 141A and 141B. In addition, in the fourth 
embodiment of the present invention, since the overlay mar 
gin between the second through-areas 161A and 161B and the 
first through-areas 141A and 141B is enlarged, the concern in 
which the first and second material layers 111 and 113 around 
the first through-areas 141A and 141B are damaged by the 
etching process for forming the second through-areas 161A 
and 1615 may be reduced. 
0.066 Next, the first through-areas 141A and 141B includ 
ing the protrusions 143', the preliminary interconnections 
142A and 142B, and the trench 103 are opened by selectively 
removing the second sacrificial layers and the first sacrificial 
layer (reference numeral 105 in FIG. 4B). Thereby, a through 
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hole 165 including the second through-areas 161A and 161B, 
the first through-areas 141A and 141B with the protrusions 
143', the preliminary interconnections 142A and 142B, and 
the trench 103 is formed. 
0067. Referring to FIG. 4D, a through-structure 170 
formed along the entire sidewall of the through-hole 165', and 
a slit 181 passing through the first to fifth material layers 111, 
113, 121, 151, and 153 are formed using the processes and 
materials described as in FIG. 1F. The subsequent process 
may be performed using one of the processes of the first to 
third embodiments described as in FIGS. 1F to 3B. 

0068. The above-described semiconductor device in 
accordance with the fourth embodiment of the present inven 
tion includes a first stacked structure P1D in which interlayer 
insulating layers and conductive patterns are alternately 
stacked, a second stacked structure P3D in which interlayer 
insulating layers and conductive patterns are alternately 
stacked, an interfacial pattern P2D formed between the first 
stacked structure P1D and the second stacked structure P3D, 
a first pipe gate layer 101 formed under the first stacked 
structure P1D, and a second pipe gate layer 107 formed 
between the first pipe gate layer 101 and the first stacked 
structure P1D. The first stacked structure P1D, the interfacial 
pattern P2D, and the second stacked structure P3D may be 
separated into a drain-side stacked structure S1D and a 
source-side stacked structure S2D by the slit 181. In addition, 
the semiconductor device in accordance with the fourth 
embodiment of the present invention further includes a 
through-hole 165'. The through-hole 165 includes first 
through-areas 141A and 141B passing through the first 
stacked structure P1D and the interfacial pattern P2D and 
including protrusions 143' formed at an upper edge of the 
interfacial pattern P2D, second through-areas 161A and 
161B connected to the first through-areas 141A and 141B 
through the second stacked structure P3D, preliminary inter 
connections 142A and 142B connected to the first through 
areas 141A and 141B through the second pipe gate layer 107. 
and a trench 103 connected to the preliminary interconnec 
tions 142A and 142B in common and formed in the first pipe 
gate layer 101. In addition, the semiconductor device in 
accordance with the fourth embodiment of the present inven 
tion further includes a through-structure 170 formed along 
the through-hole 165" including the protrusions 143'. 
0069. As described above, a cell string of the semiconduc 
tor device in accordance with the fourth embodiment of the 
present invention may beformed to have the same structure as 
that of the cell String of the semiconductor device in accor 
dance with the first embodiment of the present invention, 
except the shape of protrusions 143' of the through-hole 165 
and the shape of the through-structure 170. 
0070 FIG. 5 is a cross-sectional view illustrating a semi 
conductor device and a method of manufacturing the same in 
accordance with a fifth embodiment of the present invention. 
In particular, the semiconductor device in accordance with 
the fifth embodiment of the present invention illustrated in 
FIG. 5 may be formed using the processes and materials 
described in FIGS. 1A to 1F. Hereinafter, detailed descrip 
tions of the same duplicated effect as the first to fourth 
embodiments will be omitted. 
(0071 Referring to FIG. 5, first material layers 211 and 
second material layers 213 are alternately stacked on a Sub 
strate 201. The substrate 201 may be a material having semi 
conductor characteristics. The substrate 201 includes a source 
area doped with impurities. 
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0072 Next, a third material layer 221 is formed on the first 
material layers 211 and the second material layers 213. The 
first to third material layers 211,213, and 221 may be formed 
using the same materials as the first to third material layers 
described as in FIG. 1A. 
(0073. Next, a protection layer 231 may be further formed 
on the third material layer 221. The protection layer 231 may 
have the same function and material as those of the protection 
layer described in FIG. 1A. Next, a first through-area 241 
passing through the protection layer 231, the third material 
layer 221, the first material layers 211, and the second mate 
rial layers 213 is formed using the process described as in 
FIG 1A 
0074 Next, a protrusion 243 is formed on a sidewall of the 

first through-area 241 by selectively etching the third material 
layer 221 exposed through the first through-area 241 using the 
process described in FIG. 1B. The protrusion 243 is formed in 
such a manner that a part of the sidewall of the first through 
area 241 in contact with the entire sidewall of the third mate 
rial layer 221 protrudes toward the third material layer 221. 
The width of the first through-area 241 is greater in area 
where the protrusion 243 is formed than in the remainder. 
(0075) Next, fourth material layers 251 and fifth material 
layers 253 through which a second through-area 261 passes 
are formed using the processes and materials as was described 
in reference to FIGS. 1C to 1E. Thereby, a through-hole 265 
in accordance with the fifth embodiment of the present inven 
tion may beformed of the first through-area 241 including the 
protrusion 243, and the second through-area 261, and may be 
formed in a straight-type. 
0076 Next, a through-structure 270 may be formed along 
the entire sidewall of the through-hole 265 using the same 
processes and materials as described in reference to FIG.1F. 
The through-structure 270 includes a blocking insulating 
layer 271, a data storage layer 273, a tunnel insulating layer 
275, and a channel layer 277. 
(0077. Next, a slit 281 passing through the first to fifth 
material layers 211,213,221, 251, and 253 and the protection 
layer 231 is formed. The subsequent process may be variously 
modified depending on material properties of the first to fifth 
material layers 211,213, 221, 251, and 253. 
(0078 First, when the first material layers 211 and the fifth 
material layers 253 are formed of an insulating material for an 
interlayer insulating layer, the second material layers 213 and 
the fourth material layers 251 are formed of a conductive 
material, and the third material layer 221 is formed of a 
conductive material or an insulating material, a Subsequent 
process, such as a process of filling the inside of the slit 281 
with an insulating material (not shown), a process of forming 
drain contact plugs DCT, and a process of forming a bit line 
BL, may be performed. 
0079. The above-described semiconductor device in 
accordance with the fifth embodiment of the present inven 
tion includes a first stacked structure PIE in which interlayer 
insulating layers formed of first material layers 211 and con 
ductive patterns formed of second material layers 213 are 
alternately stacked, a second stacked structure P3E in which 
interlayer insulating layers formed of a protection layer 231 
and fifth material layers 253 and conductive patterns formed 
of fourth material layers 251 are alternately stacked, and an 
interfacial pattern P2E formed of third material layer 221 
between the first stacked structure P1E and the second 
stacked structure P3E. In addition, the semiconductor device 
in accordance with the fifth embodiment of the present inven 
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tion further includes a through-hole 265 passing through the 
first stacked structure PIE, the interfacial pattern P2E, and the 
second stacked structure P3E, and a through-structure 270 
formed along the through-hole 265. The through-hole 265 
may beformed of a first through-area 241 passing through the 
first stacked structure P1E and the interfacial pattern P2E 
including a protrusion 243 protruding toward the sidewall of 
the interfacial pattern P2E, and a second through-area 261 
passing through the second stacked structure P3E. A lower 
part of the channel layer 277 of the through-structure 270 may 
be connected to a source area of the substrate 201. An upper 
part of the channel layer 277 of the through-structure 270 may 
be connected to a bit line BL via a drain contact plug DCT. 
0080. As described above, a cell string of the semiconduc 
tor device in accordance with the fifth embodiment of the 
present invention may be formed in a straight type along the 
through-structure 270. The cell string may include a source 
select transistor, memory cell transistors, and a drain select 
transistor, which are connected in series along the through 
structure 270. At least one conductive pattern from the low 
ermost layer among the second material layers 213, which are 
the conductive patterns of the first stacked structure P1E, may 
be used as a source select line, and at least one conductive 
pattern from the uppermost layer among the fourth material 
layers 251, which are the conductive patterns of the second 
stacked structure P3E, may be used as a drain select line. The 
Source select transistor may be formed at an intersection of 
the through-structure 270 and the conductive pattern used as 
the source select line. The drain select transistor may be 
formed at an intersection of the through-structure 270 and the 
conductive pattern used as the drain select line. The memory 
cell transistors may be formed at intersections of the through 
structure 270 and the second and fourth material layers 213 
and 251 between the drain select transistor and the source 
select transistor. 

0081 FIG. 6 is a cross-sectional view illustrating a semi 
conductor device and a method of manufacturing the same in 
accordance with a sixth embodiment of the present invention. 
In particular, FIG. 6 is a cross-sectional view illustrating other 
Subsequent processes following the process of forming the 
slit 281 described in FIG. 5. More specifically, FIG. 6 shows 
an exemplary embodiment in which first material layers 211 
and fifth material layers 253 are formed of an insulating 
material for an interlayer insulating layer, and second mate 
rial layers 213 and fourth material layers 251 are formed of a 
sacrificial material. Among the reference numerals in FIG. 6. 
reference numerals indicating the same configurations as 
described in FIG. 5 are the same as the reference numerals of 
FIG. 5. Hereinafter, detailed descriptions thereof will be 
omitted for convenience. 

I0082 Referring to FIG. 6, in the sixth embodiment of the 
present invention, recess areas are formed by selectively 
removing the second material layers 213 and the fourth mate 
rial layers 251, which are formed of the sacrificial material, 
exposed through the slit 281. Next, conductive patterns 291 
are formed in the recess areas using the same material and 
process as described in FIG. 2B. 
0083. The above-described semiconductor device in 
accordance with the sixth embodiment of the present inven 
tion includes a first stacked structure P1F in which interlayer 
insulating layers formed of the first material layers 211 and 
the conductive patterns 291 are alternately stacked, a second 
stacked structure P3F in which interlayer insulating layers 
formed of the protection layer 231 and the fifth material layers 
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253 and the conductive patterns 291 are alternately stacked, 
and an interfacial pattern P2F formed of a third material layer 
221 between the first stacked structure P1F and the second 
stacked structure P3F. In addition, the semiconductor device 
in accordance with the sixth embodiment of the present 
invention further includes a through-hole 265 and a through 
structure 270 having the same structures as those described in 
the fifth embodiment of the present invention. 
I0084 As described above, a cell string of the semiconduc 
tor device in accordance with the sixth embodiment of the 
present invention may beformed to have the same structure as 
that of the cell String of the semiconductor device in accor 
dance with the fifth embodiment of the present invention. 
I0085 FIG. 7 is a cross-sectional view illustrating a semi 
conductor device and a method of manufacturing the same in 
accordance with a seventh embodiment of the present inven 
tion. In particular, FIG. 7 is a cross-sectional view illustrating 
other Subsequent processes following the process of forming 
the slit 281 described in FIG. 5. More specifically, FIG. 7 
shows an exemplary embodiment in which first material lay 
ers 211 and fifth material layers 253 are formed of an insu 
lating material for an interlayer insulating layer, second mate 
rial layers 213 and fourth material layers 251 are formed of a 
conductive material, and the third material layer (reference 
numeral 221 in FIG. 5) is formed of a sacrificial insulating 
material. Among the reference numerals in FIG. 7, reference 
numerals indicating the same configurations as described in 
FIG. 5 are the same as the reference numerals of FIG. 5. 
Hereinafter, detailed descriptions thereof will be omitted for 
convenience. 
I0086) Referring to FIG. 7, in the seventh embodiment of 
the present invention, a recess area is formed by selectively 
removing the third material layer (reference numeral 221 in 
FIG. 5) that is formed of the sacrificial insulating material 
exposed through the slit 281. Next, an interfacial pattern P2G 
is formed in the recess area using the process and material as 
was described in reference to FIG. 3B. 
0087. The above-described semiconductor device in 
accordance with the seventh embodiment of the present 
invention includes a first stacked structure P1G, a second 
stacked structure P3G, a through-hole 265, and a through 
structure 270, which have the same structures as those 
described in the fifth embodiment of the present invention. In 
addition, the semiconductor device in accordance with the 
seventh embodiment of the present invention further includes 
the interfacial pattern P2G formed of a conductive material 
between the first stacked structure P1G and the second 
stacked structure P3G. 

I0088 As described above, a cell string of a semiconductor 
device in accordance with the seventh embodiment of the 
present invention may beformed to have the same structure as 
that of the cell String of the semiconductor device in accor 
dance with the fifth embodiment of the present invention. 
I0089 FIG. 8 is a cross-sectional view illustrating a semi 
conductor device and a method of manufacturing the same in 
accordance with an eighth embodiment of the present inven 
tion. In particular, FIG. 8 is a cross-sectional view illustrating 
another example of a process of forming a through-hole. 
Among the reference numerals in FIG. 8, reference numerals 
indicating the same configurations as described in FIG. 5 are 
the same as the reference numerals of FIG. 5. Hereinafter, 
detailed descriptions thereof will be omitted for convenience. 
0090 Referring to FIG. 8, first material layers, second 
material layers, and a third material layer, through which a 
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first through-area 241 passes, are formed on a substrate 201 
including a source area (not shown) using the processes and 
materials described in FIG. 5. 
0091 Next, a protrusion 243' is formed on an upper edge 
of the first through-area 241 using the processes described in 
reference to FIGS. 4A and 4.B. Next, fourth material layers 
and fifth material layers, through which a second through 
area 261 passes, are formed using the processes described as 
in FIG. 4C. Thereby, a through-hole 265 including a second 
through-area 261 and a first through-area 241 having the 
protrusion 243' is formed. 
0092 Next, a through-structure 270 along the entire side 
wall of the through-hole 265 and a slit 281 passing through 
the first to fifth material layers are formed using the processes 
and materials described as in FIG.1F. The subsequent process 
may be performed using the processes of the first to third 
embodiments as described in reference to FIGS. 1F to 3B. 
0093. The above described semiconductor device in 
accordance with the eighth embodiment of the present inven 
tion includes a first stacked structure P1H in which interlayer 
insulating layers and conductive patterns are alternately 
stacked, a second stacked structure P3H in which interlayer 
insulating layers and conductive patterns are alternately 
stacked, and an interfacial pattern P2H formed between the 
first stacked structure P1H and the second stacked structure 
P3H. In addition, the semiconductor device in accordance 
with the eighth embodiment of the present invention further 
includes the through-hole 265 passing through the first 
stacked structure P1H, the interfacial pattern P2H, the second 
stacked structure P3H, and the through-structure 270 formed 
along the through-hole 265'. The through-hole 265 includes 
the first through-area 241 passing through the first stacked 
structure P1H, the interfacial pattern P2H and including the 
protrusions 243' formed on an upper edge of the interfacial 
pattern P2H, and the second through-area 261 connected to 
the first through-area 241 through the second stacked struc 
ture P3H. 
0094. As described above, a cell string of the semiconduc 
tor device in accordance with the eighth embodiment of the 
present invention may beformed to have the same structure as 
that of the cell String of the semiconductor device in accor 
dance with the fifth embodiment of the present invention, 
except the shape of the protrusions 243' of the through-hole 
265 and the shape of the through-structure 270. 
0095 FIG. 9 is a configuration diagram showing a 
memory system in accordance with an embodiment of the 
present invention. 
0096. Referring to FIG. 9, a memory system 1100 in 
accordance with the embodiment of the present invention 
includes a memory device 1120 and a memory controller 
1110. 

0097. The memory device 1120 includes the cell string 
described with reference to FIGS. 1A to 8. In addition, the 
memory device 1120 may be a multi-chip package formed of 
a plurality of flash memory chips. 
0098. The memory controller 1110 is suitable for control 
ling the memory device 1120, and may include an SRAM 
1111, a CPU 1112, a host interface 1113, an ECC 1114, and 
a memory interface 1115. The SRAM 1111 is used as opera 
tion memory of the CPU 1112. The CPU 1112 performs the 
overall control operations for data exchange of the memory 
controller 1110 and the host interface 1113 includes the data 
exchange protocol of a host connected to the memory system 
1100. In addition, the ECC 1114 detects and corrects errors 
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included in data read from the memory device 1120 and the 
memory interface 1115 performs interfacing with the 
memory device 1120. Additionally, the memory controller 
1110 may further include a ROM that stores code data for 
interfacing with the host. 
(0099. The memory system 1100 having the above-de 
scribed configuration may be a memory card in which the 
memory device 1120 and the controller 1110 are combined or 
a solid state disk (SSD). For example, when the memory 
system 1100 is an SSD, the memory controller 1110 may 
communicate with an external apparatus (for example, a host) 
through various interface protocols, such as a USB, an MMC, 
a PCI-E, a SATA, a PATA, an SCSI, an ESDI, and an IDE. 
0100 FIG. 10 is a configuration diagram showing a com 
puting system in accordance with an embodiment of the 
present invention. 
0101 Referring to FIG. 10, a computing system 1200 in 
accordance with the embodiment of the present invention 
may include a CPU 1220, a RAM 1230, a user Interface 1240, 
a modem 1250, and a memory system 1210, which are elec 
trically connected to a system bus 1260. In addition, when the 
computing system 1200 is a mobile apparatus, the computing 
system 1200 may further include a battery for supplying an 
operation Voltage to the computing system 1200, an applica 
tion chipset, a camera image processor (CIS), a mobile 
DRAM, etc. 
0102 The memory system 1210 may be formed of a 
memory device 1212 and a memory controller 1211, as 
described above with reference to FIG. 9. 
0103) According to the embodiments of the present inven 
tion, through-structures may be easily formed without being 
divided into parts. 
0104. According to the embodiments of the present inven 
tion, since a part of the first through-area passing through the 
interfacial pattern between the stacked structures is formed 
wide, an overlay margin between the first through-area and 
the second through-area that is to be formed in the Subsequent 
process is enlarged, and thereby the second through-area may 
be easily connected to the first through-area. 
0105. According to the embodiments of the present inven 
tion, since the overlay margin between the first through-area 
and the second through-area is enlarged, damage of the 
stacked structure disposed under the second through-area due 
to the process for forming the second through-area may be 
reduced. 
0106. According to the embodiments of the present inven 
tion, since a through-hole passing through stacked structures 
is formed by dividing it into parts, the through-hole may be 
formed wide toward its bottom. According to the embodi 
ments of the present invention, narrowness of a through 
structure formed along the through-hole may be prevented. 
0107. It will be apparent to those skilled in the art that 
various modifications can be made to the above-described 
exemplary embodiments of the present invention without 
departing from the spirit or scope of the invention. Thus, it is 
intended that the present invention covers all such modifica 
tions provided they come within the scope of the appended 
claims and their equivalents. 
What is claimed is: 

1. A semiconductor device, comprising: 
a first stacked structure in which first conductive patterns 

and first interlayer insulating layers are alternately 
stacked; 
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a second stacked structure formed on the first stacked struc 
ture and including second conductive patterns and sec 
ond interlayer insulating layers, which are alternately 
stacked; 

an interfacial pattern formed between the first stacked 
structure and the second stacked structure; 

first through-areas passing through the first stacked struc 
ture and the interfacial pattern and including first pro 
trusions protruding toward a sidewall of the interfacial 
pattern; 

second through-areas passing through the second stacked 
structure and connected to the first through-areas; and 

through-structures formed along sidewalls of the first 
through-areas and the second through-areas. 

2. The semiconductor device of claim 1, wherein the inter 
facial pattern is formed of a conductive material, or is formed 
of an insulating material having an etch selectivity different 
from etch selectivities of the first and second patterns. 

3. The semiconductor device of claim 1, wherein the first 
protrusions include grooves formed on an upper edge of the 
interfacial pattern that contain the through-structures. 

4. The semiconductor device of claim 1, wherein at least 
one conductive pattern from an uppermost layer among the 
second conductive patterns is a drain select line, and at least 
one conductive pattern from a lowermost layer among the first 
conductive patterns is a source select line. 

5. The semiconductor device of claim 1, wherein each of 
the through-structures includes a channel layer. 

6. The semiconductor device of claim 5, wherein each of 
the through-structures further includes a tunnel insulating 
layer Surrounding the channel layer, a data storage layer Sur 
rounding the tunnel insulating layer, and a blocking insulat 
ing layer Surrounding the data storage layer. 

7. The semiconductor device of claim 5, further compris 
ing: 

a bit line connected to an upper part of the channel layer; 
and 

a source area connected to a lower part of the channel layer. 
8. The semiconductor device of claim 1, further comprising 

a slit passing through the first stacked structure, the second 
stacked structure and the interfacial pattern, wherein the slit is 
interposed between adjacent first through-areas and between 
adjacent second through-areas corresponding to the adjacent 
first through-areas. 

9. The semiconductor device of claim 8, wherein the first 
stacked structure, the interfacial pattern, and the second 
stacked structure are separated into a source-side stacked 
structure and a drain-side stacked structure by the slit, and 

the first through-areas and the second through-areas 
include a source-side through-area passing through the 
Source-side stacked structure, and a drain-side through 
area passing through the drain-side Stacked structure. 

10. The semiconductor device of claim 9, wherein at least 
one conductive pattern from an uppermost layer among the 
second conductive patterns of the drain-side stacked structure 
is a drain select line, and at least one conductive pattern from 
an uppermost layer among the second conductive patterns of 
the source-side stacked structure is a source select line. 

11. The semiconductor device of claim 9, further compris 
ing: 

a first pipe gate layer formed under the first stacked struc 
ture; and 
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a trench formed in the first pipe gate layer and connecting 
the Source-side through-area and the drain-side through 
aca. 

12. The semiconductor device of claim 11, further com 
prising: 

a second pipe gate layer formed between the first pipe gate 
layer and the first stacked structure; and 

interconnections formed through the second pipe gate 
layer, wherein the interconnections are connected to 
lower parts of the Source-side through-area and the 
drain-side through-area, and to the trench. 

13. The semiconductor device of claim 12, wherein the 
interconnections are formed to have a width greater than the 
widths of the lower parts of the source-side through-area and 
the drain-side through-area 

14. The semiconductor device of claim 12, wherein each of 
the through-structures is formed to extend along the intercon 
nections and the trench. 

15. The semiconductor device of claim 1, wherein the 
interfacial pattern is formed thicker than a conductive pattern 
adjacent to the interfacial pattern among the first conductive 
patterns. 

16. The semiconductor device of claim 1, further compris 
ing a protection layer formed between the interfacial pattern 
and the second stacked structure. 

17. The semiconductor device of claim 16, wherein the first 
through-area further passes through the protection layer. 

18. The semiconductor device of claim 16, wherein the 
protection layer is formed of the same material layer as the 
first interlayer insulating layers. 

19. A method of forming a semiconductor device, compris 
1ng: 

alternately stacking first material layers and second mate 
rial layers; 

forming a third material layer on the first material layers 
and the second material layers; 

forming a first through-area passing through the first to 
third material layers and including a first protrusion that 
protrudes toward a sidewall of the third material layer; 

filling the first through-area with a first sacrificial layer; 
forming fourth material layers and fifth material layers, 
which are alternately stacked, on the third material layer; 

forming a second through-area passing through the fourth 
material layers and the fifth material layers and exposing 
the first sacrificial layer; 

removing the first sacrificial layer through the second 
through-area; and 

forming a through-structure along the second through-area 
and the first through-area. 

20. The method of claim 19, wherein the forming of the 
first through-area comprises: 

etching the third material layer, the first material layers, 
and the second material layers; 

filling etched areas of the first material layers and the 
second material layers with a gap-fill layer to open an 
etched area of the third material layer; 

forming a spacer layer along a resulting structure in which 
the gap-fill layer is formed; 

etching the spacer layer using an anisotropic etching 
method Such that an upper edge of the third material 
layer is etched while the spacer layer is etched; and 

removing the gap-fill layer and the spacer layer. 
k k k k k 
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