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1. 

METHOD OF MANUFACTURING 
SEMCONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

The present application claims priority to Korean Patent 
Application Number 10-2014-01 13236, filed on Aug. 28, 
2014, the entire disclosure of which is herein incorporated by 
reference in its entirety. 

BACKGROUND 

1. Field of Invention 
Embodiments relate to a method of manufacturing an elec 

tronic device. More specifically, embodiments relate to a 
method of manufacturing a three-dimensional semiconductor 
device. 

2. Description of Related Art 
Nonvolatile memory devices are memory devices in which 

data stored therein is maintained even when a power Supply is 
interrupted. Recently, due to an increase in the degree of 
integration, two-dimensional memory devices in which 
memory cells are formed in a single layer on a silicon Sub 
strate, are reaching physical limits, and three-dimensional 
nonvolatile memory devices in which memory cells are ver 
tically stacked on a silicon Substrate have been proposed. 

In the three-dimensional memory devices, a stacked struc 
ture is formed by alternately stacking conductive layers and 
insulating layers, and a channel layer passing through the 
stacked structure is formed. Accordingly, a plurality of 
memory cells may be formed at the same time. In particular, 
memory strings are arranged in a U shape to improve the 
degree of integration of a memory device. 

However, as the height of the stacked structure increases, 
difficulties in performing an etch process may increase. In 
addition, when the memory strings are arranged in the U 
shape, cell currents may decrease since a channel length 
increases. Furthermore, during a program or erase operation, 
operation characteristics may be degraded since currents 
which flow through the channel are not sufficient. 

SUMMARY 

Embodiments of the present invention are directed to a 
method of manufacturing a semiconductor device, which 
simplifies a manufacture process and improves device char 
acteristics. 

According to an aspect of the embodiments, there is pro 
vided a method of manufacturing a semiconductor device 
including forming a sacrificial pattern, forming a first stacked 
structure including first material layers and second material 
layers alternately stacked on the sacrificial pattern, forming 
first semiconductor patterns passing through the first stacked 
structure and dielectric multi-layers surrounding the first 
semiconductor patterns, forming a slit passing through the 
first stacked structure and exposing the sacrificial pattern, 
forming a spacer on an inner wall of the slit, forming a first 
opening by removing the sacrificial pattern through the slit, 
forming a second opening by partially removing the dielectric 
multi-layers through the first opening to expose lower por 
tions of the first semiconductor patterns, and forming a con 
nection pattern in contact with the first semiconductor pat 
terns in the first and second openings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments will become more apparent with reference 
to the accompanying drawings, in which: 
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2 
FIG. 1A is a layout of a semiconductor device according to 

an embodiment, and FIG. 1B is a cross-sectional view taken 
along line A-A of FIG. 1A: 

FIG. 2A is a layout of a semiconductor device according to 
an embodiment, and FIG. 2B is a cross-sectional view taken 
along line A-A of FIG. 2A; 

FIG. 3 is a cross-sectional view of a semiconductor device 
according to an embodiment; 

FIG. 4A is a layout of a semiconductor device according to 
an embodiment, and FIG. 4B is a cross-sectional view taken 
along line A-A of FIG. 4A; 

FIGS. 5A to 5G are cross-sectional views for describing a 
method of manufacturing a semiconductor device according 
to an embodiment; 

FIGS. 6A to 6D are enlarged views in which the area A 
shown in FIGS. 5D and 5E, is enlarged; 

FIGS. 7A and 7B are cross-sectional views for describing 
a method of forming a connection pattern according to an 
embodiment; 

FIGS. 8 and 9 are block diagrams illustrating a configura 
tion of a memory system according to an embodiment; and 

FIGS. 10 and 11 are block diagrams illustrating a configu 
ration of a computing system according to an embodiment. 

DETAILED DESCRIPTION 

Exemplary embodiments will be described in detail below 
with reference to the accompanying drawings. The embodi 
ments may, however, be modified in different forms and 
should not be construed as limiting. 

FIGS. 1A and 1B illustrate a structure of a semiconductor 
device according to an embodiment. FIG. 1A is a layout, and 
FIG. 1B is a cross-sectional view taken along line A-A of 
FIG 1A 
As illustrated in FIGS. 1A and 1B, a semiconductor device 

according to an embodiment may include a Substrate 10, a 
first conductive layer 19 disposed on the substrate 10, a 
stacked structure ST formed on the first conductive layer 19, 
semiconductor patterns 13 passing through the stacked struc 
ture ST, and a connection pattern 16 connecting the semicon 
ductor patterns 13 to each other. 
The first conductive layer 19 may be a first source layer S1 

connected to vertical memory strings. Here, the first conduc 
tive layer 19 may include polysilicon, a metal, and the like. In 
an embodiment, the first conductive layer 19 is a polysilicon 
layer, and formed to Surround an upper Surface and a sidewall 
of the connection pattern 16. In another embodiment, the first 
conductive layer 19 may be formed to fully surround the 
connection pattern 16 up to a lower Surface of the connection 
pattern 16. 
The stacked structure ST may include second conductive 

layers 11 and insulating layers 12 which are alternately 
stacked. The second conductive layers 11 are gate electrodes 
of transistors. For example, at least one lowermost second 
conductive layer 11 among the second conductive layers 11 is 
a gate electrode of a lower select transistor. At least one 
uppermost second conductive layer 11 among the second 
conductive layers 11 is a gate electrode of an upper select 
transistor. The remaining second conductive layers 11 are 
gate electrodes of memory cells. In addition, the second con 
ductive layers 11 may include a polysilicon layer, tungsten, 
and the like. The insulating layers 12 electrically separate the 
stacked gate electrodes from each other, and may include an 
oxide layer. According to the structure, at least one lower 
select transistor, a plurality of memory cells, and at least one 
upper select transistor are sequentially stacked and may con 
figure a vertical memory string. 
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The semiconductor patterns 13 may be channel layers of a 
select transistor, memory cells, and the like. Referring to FIG. 
1A, the semiconductor patterns 13 may be arranged in a first 
direction I-I" and a second direction II-II' intersecting the first 
direction I-I". For example, the semiconductor patterns 13 
may be arranged in a matrix form, or arranged in a staggered 
manner. In addition, each of the semiconductor patterns 13 
may include an opening in its center portion. When each of 
the semiconductor patterns 13 includes the opening in its 
centerportion, insulating layers 15 may fill the opening in the 
center portions of the semiconductor patterns 13. 
The semiconductor patterns 13 may be formed in holes H. 

Here, the holes H may be formed to pass through the stacked 
structure ST, the first conductive layer 19, and the connection 
pattern 16. In an embodiment, holes H may be sufficiently 
deep to fully pass through the connection pattern 16 and 
extend down to the substrate 10. In another embodiment, the 
holes H may not fully pass through the connection pattern 16. 

In addition, outer walls of the semiconductor patterns 13 
may be surrounded by dielectric multi-layers 14. However, 
since the semiconductor patterns 13 are connected to the 
connection pattern 16, the dielectric multi-layers 14 may be 
formed to surround sidewalls of the semiconductor patterns 
13 passing through the stacked structure ST. However, the 
dielectric multi-layers 14 may not be interposed between the 
semiconductor patterns 13 and the connection pattern 16 so 
that the semiconductor patterns 13 are in direct contact with 
and electrically connected to the connection pattern 16. 
The dielectric multi-layers 14 may be a gate insulating 

layer of the select transistor or memory layers of the memory 
cells. For example, each of the dielectric multi-layers 14 may 
include at least one of a charge-blocking layer, a data storage 
layer, and a tunnel insulating layer. The data storage layer 
may include nitride, silicon, nano-dot material, phase change 
material, and the like. In addition, a C-shaped charge-block 
ing layer 18 Surrounding each of the second conductive layers 
11 may further be formed. 
The connection pattern 16 may be located in the first con 

ductive layer 19, and directly contact the lower portions of the 
semiconductor patterns 13, the first conductive layer 19, and 
the substrate 10. The connection pattern 16 may include a first 
portion 16A surrounding lower sidewalls and bottom surface 
of the semiconductor patterns 13, and a second portion 16B 
connecting two neighboring semiconductor patterns 13 
arranged in the first direction I-I" or the second direction II-II'. 
A slit SL is disposed between the semiconductor patterns 

13 neighboring in the first direction I-I", and passes through 
the stacked structure ST, the first conductive layer 19, and the 
connection pattern 16 to vertically extend to substrate 10. In 
an embodiment, when the slit SL fully passes through the 
second portion 16B of the connection pattern 16, two neigh 
boring connection patterns 16 arranged in the first direction 
I-I" may be separated from each other by a slit insulating layer 
17. The connection pattern 16 may have a line shape extend 
ing in the second direction II-II". Accordingly, the second 
Source layer S2, which may include the connection pattern 
16, is shared by two or more neighboring vertical memory 
strings arranged in the second direction II-II". The second 
Source layers S2 coupled to the two neighboring vertical 
memory strings arranged in the first direction I-I" are sepa 
rated from each other. 

Although not shown in FIGS. 1A and 18B, a protection 
layer may be formed on the connection pattern 16. The pro 
tection layer may be in contact with an upper Surface of the 
connection pattern 16, have the same shape as the connection 
pattern 16, and include a different type of material from the 
connection pattern 16. 
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4 
FIGS. 2A and 2B illustrate a semiconductor device accord 

ing to an embodiment. FIG. 2A is a layout, and FIG. 2B is a 
cross-sectional view taken along line A-A of FIG. 2A. Here 
inafter, a duplicated description of the above content will be 
omitted. 

Referring to FIGS. 2A and 2B, the slit insulating layer 17 
may not fully pass through the connection pattern 16. In this 
case, the second source layer S2 may be shared by two neigh 
boring vertical memory strings arranged in the first direction 
I-I". The slit SL may be in contact with the second source layer 
S2. 

FIG. 3 is a cross-sectional view of a semiconductor device 
according to an embodiment. Referring to FIG. 3, the first 
conductive layer 19 is a stacked layer, and a dielectric layer 20 
may be interposed between the first conductive layer 19 and 
the substrate 10. For example, the first conductive layer 19 
includes a metal layer 19A and a polysilicon layer 19B. 

Here, since the slit insulating layer 17 fully passes through 
the connection pattern 16, the connection pattern 16 may have 
the same layout as shown in FIG. 1A. However, since the two 
neighboring connection patterns 16 arranged in the first direc 
tion I-I" are connected to each other by a polysilicon layer 19B 
and a metal layer 19A, the first and second source layers S1 
and S2 may be shared by two vertical memory strings 
arranged in the first direction I-I". 

In another embodiment, the slit insulating layer 17 may not 
fully pass through the connection pattern 16. In this case, the 
connection pattern 16 may have the same layout as shown in 
FIG. 1B. Additionally, the first and second source layers S1 
and S2 may be shared with two neighboring vertical memory 
strings arranged in the first direction I-I". In another embodi 
ment, the slit insulating layer 17 may fully pass through the 
polysilicon layer 19B and extend down to the metal layer 
19A. 

FIGS. 4A and 4B illustrate a structure of a semiconductor 
device according to an embodiment. FIG. 4A is a layout, and 
FIG. 4B is a cross-sectional view taken along line A-A of 
FIG. 4A. 
As illustrated in FIGS. 4A and 4B, the semiconductor 

device may include a second stacked structure ST2, a first 
stacked structure ST1 disposed on the second stacked struc 
ture ST2, and a connection pattern 16 disposed between the 
first stacked structure ST1 and the second stacked structure 
ST2. 
The first stacked structure ST1 include second conductive 

layers 11 and first insulating layers 12 which are alternately 
stacked, first semiconductor patterns 13 passing through the 
first stacked structure ST1, and first multilayer dielectric lay 
ers 14 Surrounding the first semiconductor patterns 13. A 
detailed structure of the first stacked structure ST1 may be 
similar to the structure shown in FIG. 1B. 
The second stacked structure ST2 may have a similar struc 

ture to the first stacked structure ST1. For example, the sec 
ond stacked structure ST2 may include third conductive lay 
ers 21 and second insulating layers 22 which are alternately 
stacked, second semiconductor patterns 23 passing through 
the second stacked structure ST2, and second dielectric multi 
layers 24 Surrounding the second semiconductor patterns 23. 
Here, the second semiconductor patterns 23 may be filled 
with insulating layers 25. A charge-blocking layer 28 Sur 
rounding each of the third conductive layers 21 may be 
formed. 
The connection pattern 16 may be interposed between the 

first stacked structure ST1 and the second stacked structure 
ST2, and connect each of the upper first semiconductor pat 
terns 13 to each of the lower second semiconductor patterns 
23. Here, since the connection pattern 16 is formed as a part 
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of a channel layer, the connection pattern 16 may have an 
island shape so as to connect one of the first semiconductor 
patterns 13 to one of the second semiconductor patterns 23. 
The slit SL may pass through the first stacked structure 

ST1, an insulating layer 27, the connection pattern 16, and the 
second stacked structure ST2. The connection pattern 16 and 
the insulating layer 27 Surrounding the connection pattern 16 
may be disposed between the first stacked structure ST1 and 
the second stacked structure ST2. 

For reference, although not shown in FIGS. 4A and 4B, a 
connection pattern Such as a source layer, may be formed 
under the second stacked structure ST2. Here, the connection 
pattern Such as a source layer, may be connected to lower 
portions of the second semiconductor patterns 23, and may 
have a similar structure to those shown in FIGS. 1B, 2B, and 
3. 

FIGS. 5A to 5G are cross-sectional views for describing a 
method of manufacturing a semiconductor device according 
to an embodiment. In addition, FIGS. 6A to 6D are enlarged 
views of the area A shown in FIGS. SD and SE. As illustrated 
in FIG.5A, after forming a sacrificial pattern 51 on a substrate 
50, a first conductive layer 52 is formed on the substrate 50 on 
which the sacrificial pattern 51 is formed. The sacrificial 
pattern 51 defines a region in which a connection pattern is to 
beformed in a Subsequent process. The shape of the sacrificial 
pattern 51 may vary depending on a layout of the connection 
pattern. For example, when the connection pattern is formed 
according to the layouts shown in FIGS. 1A and 2A, two 
plate-type sacrificial patterns 51 may be formed in one 
memory block MB. Alternatively, when the connection pat 
tern is formed according to the layout shown in FIG. 4A, a 
plurality of island-type sacrificial patterns 51 may beformed. 
The thickness T of the sacrificial pattern 51 may be deter 

mined in consideration of thicknesses of dielectric multi 
layers and semiconductor patterns to be formed in a Subse 
quent process. For example, when the dielectric multi-layers 
includes a charge-blocking layer, a data storage layer, and a 
tunnel insulating layer, the sacrificial pattern 51 may be more 
than twice as thick as the thickness of the charge-blocking 
layer, and less than twice as thin as the Sum of the thickness of 
the dielectric multi-layers and the thickness of the semicon 
ductor patterns. Alternatively, the sacrificial pattern 51 may 
be twice as thick as the thickness of the tunnel insulating 
layer, and twice as thin as the sum of the thickness of the 
dielectric multi-layers and the thickness of the semiconductor 
patterns. 
The sacrificial pattern 51 may include titanium nitride 

(TiN), nitride, oxide, metal, and the like, and the first conduc 
tive layer 52 may include polysilicon. For reference, a dielec 
tric layer and a metal layer may beformed on the substrate 50. 
and the sacrificial pattern 51 may be formed on the metal 
layer. In addition, a dielectric layer may be formed instead of 
the first conductive layer 52. 
As illustrated in FIG. 5B, a stacked structure ST in which 

first material layers 53 and second material layers 54 are 
alternately stacked on the first conductive layer 52 may be 
formed. The first material layers 53 may serve as gate elec 
trodes of a select transistor, memory cells, and the like. The 
second material layers 54 may serve as an insulating layer and 
electrically insulate the stacked first conductive layer 52 serv 
ing as the gate electrodes. 
The first material layers 53 may include a material having 

high etch selectivity with respect to the second material layers 
54. For example, the first material layers 53 may serve as a 
sacrificial layer and include nitride. The second material lay 
ers 54 may serve as an insulating layer and include oxide. In 
another embodiment, the first material layers 53 may include 
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6 
a conductive layer Such as doped polysilicon, doped amor 
phous silicon, and the like. The second material layers 54 may 
serve as a sacrificial layer and include undoped polysilicon, 
undoped amorphous silicon, and the like. In still another 
embodiment, the first material layers 53 may be a conductive 
layer and include doped polysilicon, doped amorphous sili 
con, and the like. The second material layers 54 may be an 
insulating layer Such as an oxide. In another embodiment, the 
first material layers 53 serves as a sacrificial layer, and the 
second material layers 54 serves as an insulating layer. 

Holes H passing through the stacked structure ST, the first 
conductive layer 52, and the sacrificial pattern 51 may be 
formed. Here, the holes H may partially penetrate the sacri 
ficial pattern51, or fully pass through the sacrificial pattern 51 
to extend down to the substrate 50. 

Next, semiconductor patterns 55 and dielectric multi-lay 
ers 56 surrounding the semiconductor patterns 55 may be 
formed in the holes H. Here, the semiconductor patterns 55 
may fully fill the holes H. In another embodiment, the semi 
conductor patterns 55 may partially fill the holes H. leaving 
the center portions of the holes H empty or open. The empty 
or open center portions may be filled by an insulating layer 
57. 
As illustrated in FIG. 5C, a slit SL may be formed to pass 

through the stacked structure ST and the first conductive layer 
52 and expose the sacrificial pattern 51. Here, the slit SL may 
penetrate the sacrificial pattern 51. 

Next, a spacer 58 may beformed on an inner sidewall of the 
slit SL. For example, a material layer for a spacer is formed 
along an inner Surface of the slit SL, and then the material 
layer for the spacer formed on a bottom surface of the slit SL 
is etched using a blanket etch process. Thus, a spacer 58 may 
beformed on the inner sidewall of the slit SL. The spacer 58 
may include material having etch selectivity with respect to 
the sacrificial pattern 51. For example, the spacer 58 may 
include polysilicon, titanium nitride, nitride, oxide, metal, 
and the like. During the blanket etch process, the sacrificial 
pattern 51 disposed on a lower portion of the slit SL may be 
etched, and thus the slit SL may downwardly extend. That is, 
the slit SL may fully pass through the sacrificial pattern 51 
and extend to the substrate 50. 
As illustrated in FIG. 5D, the sacrificial pattern 51 is 

removed through the slit SL to form a first opening OP1. 
Referring to FIG. 6A, which is an enlarged view of the area A 
of FIG.5D, the dielectric multi-layers 56 formed in the holes 
H may be exposed through the first opening OP1. Further 
more, the dielectric multi-layers 56 may include a charge 
blocking layer 56A, a data storage layer 56B, and a tunnel 
insulating layer 56C, and the charge-blocking layer 56A may 
be exposed by the opening OP1. 
As illustrated in FIG. 5E, the dielectric multi-layers 56 

exposed by the first opening OP1 may be partially removed to 
form a second opening OP2. Thus, the semiconductor pat 
terns 55 may be exposed by the second opening OP2. FIG.6B 
to 6D are enlarged views of the area A of FIG. 5E, where a 
process of removing the dielectric multi-layers 56 are illus 
trated step by step. First, referring to FIG. 6B, the charge 
blocking layer 56A may be selectively etched through the first 
opening OP1 to expose the data storage layer 56B. Then, the 
charge-blocking layer 56A may be removed in the direction 
perpendicular to the direction in which the first opening OP1 
extends. The charge-blocking layer 56A formed in the sub 
strate 50 may be completely or partially removed. Next, as 
illustrated in FIG. 6C, the exposed data storage layer 56B may 
be partially removed. Since the data storage layer 56B is 
selectively removed through the first opening OP1, the 
removal amount of the data storage layer 56B may be easily 
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controlled, and the second opening OP2 is formed. Next, the 
charge-blocking layer 56A and the tunnel insulating layer 
56C exposed to the second opening OP2 upon removing the 
data storage layer 56B may be selectively removed. Thus, the 
dielectric multi-layers 56 formed on lower portions of the 
holes H are removed to form the second opening OP2, and 
lower portions of the semiconductor patterns 55 may be 
exposed through the first and second openings OP1 and OP2. 
As illustrated in FIG. 5F, a connection pattern 59 may be 

formed in the first and second openings OP1 and OP2. The 
connection pattern 59 includes a first portion 59A formed in 
the second opening OP2 to surround the lower portions of the 
semiconductor patterns 55, and a second portion 59B formed 
in the first opening OP1. In addition, the connection pattern 
59 may be in direct contact with the lower portions of the 
semiconductor patterns 55, the first conductive layer 52, and 
the Substrate 50. 

For example, after the spacer 58 is removed, the connection 
pattern 59 may be grown using a selective growth method. In 
this case, a polysilicon layer is grown from the semiconductor 
patterns 55, first conductive layer 52, and substrate 50 
exposed through the first and second openings OP1 and OP2 
to form the connection pattern 59. Furthermore, the connec 
tion pattern 59 may be an N+ polysilicon layer. 

The connection pattern 59 may be formed to fill the lower 
portion of the slit SL, and the connection pattern 59 filling the 
lower portion of the slit SL may remain or be removed. When 
the connection pattern 59 filling the lower portion of the slit 
SL remains, the neighboring semiconductor patterns 55 
arranged in the first direction I-I" may be connected by the 
connection pattern 59, resulting in a semiconductor device 
having the layout of FIG.2B. When the connection pattern 59 
filling the lower portion of the slit SL is removed, the neigh 
boring connection pattern 59 of the semiconductor patterns 
55 arranged in the first direction I-I" may be separated from 
each other, resulting in a semiconductor device having the 
layout of FIG. 1A. 

In FIG.5G, the first material layers 53 exposed through the 
slit SL may be removed to form third openings OP3. Next, 
conductive layers 61 may be formed in the third openings 
OP3 through the slit SL shown in FIG.5F. Before the con 
ductive layers 61 are formed, charge-blocking layers 60 may 
be additionally formed. Next, an insulating layer 62 may be 
formed in the slit SL. 

For reference, the above-described processes may be 
modified depending on materials forming the first and second 
material layers 53 and 54. For example, when the first mate 
rial layer 53 is a conductive layer, and the second material 
layer 54 is a sacrificial layer, the third openings OP3 may be 
formed by removing the second material layers 54, and then 
the insulating layers may be formed in the third openings 
OP3. Alternatively, when the first material layer 53 is a con 
ductive layer, and the second material layer 54 is an insulating 
layer, the process of forming the third openings OP3 may be 
omitted and a silicidation process of the first material layer 53 
may be performed. 
The semiconductor device described with reference to 

FIGS. 4A and 4B may be manufactured by applying the 
above-described manufacturing method. For example, a sec 
ond stacked structure ST2 in which first material layers and 
second material layers are alternately stacked may beformed, 
and then holes may be formed. Next, second dielectric multi 
layers 24 and second semiconductor patterns 23 may be 
formed in the holes. When the second semiconductor patterns 
23 have an open centerportion, an insulating layer 25 may be 
formed in the second semiconductor patterns 23. Sacrificial 
patterns may be formed on the second semiconductor pattern 
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23. The Subsequent processes are similar to the processes that 
have been described above with reference to FIGS. 5A to 5G. 
However, since the connection pattern 16 is used as a part of 
a channel layer connecting the first semiconductor patterns 13 
to the second semiconductor patterns 23 in FIGS. 4A and 4B, 
the slit SL may beformed to fully pass through the connection 
pattern 16. For example, the slit SL may be formed to pass 
through the first stacked structure ST1, the connection pattern 
16, and the second stacked structure ST2. 

FIGS. 7A and 7B are cross-sectional views for describing 
a method of forming a connection pattern according to an 
embodiment. In particular, FIGS. 7A and 7B relate to an 
embodiment in which a connection pattern 71 is formed using 
a deposition method. 

Referring to FIG. 7A, after performing the processes 
described with reference to FIGS.5A to 5E, the material layer 
71 for forming a connection pattern may be deposited. By 
using the deposition process, the material layer 71 for form 
ing the connection pattern may be formed in the first and 
second openings OP1 and OP2 and the slit SL. Accordingly, 
the material layer 71 for forming the connection pattern may 
be deposited on the spacer 58 disposed in the slit SL, too. 

Referring to FIG. 7B, the material layer 71 for forming the 
connection pattern formed in the slit SL may be removed. The 
spacer 58 is removed along with the material layer 71 for 
forming the connection pattern, and the first material layers 
53 is exposed through the slit SL. Thus, a connection pattern 
71A may be formed. 

FIG. 8 is a block diagram illustrating a configuration of a 
memory system according to an embodiment. 
As illustrated in FIG. 8, a memory system 1000 according 

to an embodiment includes a memory device 1200 and a 
controller 1100. 
The memory device 1200 may be used to store various 

types of data information, such as text, graphic, and Software 
codes. The memory device 1200 may be a nonvolatile 
memory device, and have a structure that has been described 
above with reference to FIGS 1A to 7B. Since the structure of 
the memory device 1200 and the method of manufacturing 
thereof are the same as those in the above-described embodi 
ments, detailed descriptions thereof will be omitted. 
The controller 1100 may be connected to a host and the 

memory device 1200, and configured to access the memory 
device 1200 in response to a request from the host. For 
example, the controller 1100 may be configured to control 
read, write, erase, and perform background operations of the 
memory device 1200. 
The controller 1100 may include a random access memory 

(RAM) 1110, a central processing unit (CPU) 1120, a host 
Interface 1130, an error correction code (ECC) circuit 1140, 
and a memory interface 1150. 
The RAM1110 may be used as an operational memory of 

the CPU 1120, a cache memory between the memory device 
1200 and the host, or a buffer memory between the memory 
device 1200 and the host. In another embodiment, the RAM 
1110 may be replaced by a static random access memory 
(SRAM), a read only memory (ROM), and the like. 
The CPU 1120 may be configured to control the overall 

operation of the controller 1100. For example, the CPU 1120 
may be configured to operate firmware such as a flash trans 
lation layer (FTL) stored in the RAM1110. 
The host interface 1130 may be configured to perform 

interfacing with the host. For example, the controller 1100 
may communicate with the host through at least one of vari 
ous interface protocols, such as a Universal Serial Bus (USB) 
protocol, a multimedia card (MMC) protocol, a peripheral 
component interconnection (PCI) protocol, a PCI-Express 
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(PCI-E) protocol, an advanced technology attachment (ATA) 
protocol, a serial-ATA protocol, a parallel-ATA protocol, a 
small computer small interface (SCSI) protocol, an enhanced 
small disk interface (ESDI) protocol, an integrated drive elec 
tronics (IDE) protocol, and a private protocol. 

The ECC circuit 1140 may be configured to detect errors 
included in data, which is read from the memory device 1200, 
using an ECC and then correct the errors. 

The memory interface 1150 may be configured to perform 
interfacing with the memory device 1200. For example, the 
memory interface 1150 may include a NAND interface or a 
NOR interface. 

For reference, the controller 1100 may further include a 
buffer memory (not shown) for temporally storing data. The 
buffer memory may temporally store data transmitted to the 
outside through the host interface 1130 or data transmitted 
from the memory device 1200 through the memory interface 
1150. In addition, the controller 1100 may further include a 
ROM storing code data for interfacing with the host. 

Accordingly, since the memory system 1000 according to 
an embodiment includes the memory device 1200 having a 
high degree of integration and improved performance, the 
degree of integration and performance of the memory system 
1000 may also be improved. 

FIG. 9 is a block diagram illustrating a configuration of a 
memory system according to an embodiment. Hereinafter, a 
duplicated description of the above-described content will be 
omitted. 
As illustrated in FIG.9, a memory system 1000' according 

to an embodiment may include a memory device 1200' and a 
controller 1100. In addition, the controller 1100 may include 
a RAM 1110, a CPU 1120, a host interface 1130, an ECC 
circuit 1140, and a memory interface 1150. 
The memory device 1200' may be a nonvolatile memory 

device, and include the memory string that has been described 
above with reference to FIGS 1A to 7B. Since the structure of 
the memory device 1200' and the method of manufacturing 
thereofare the same as those in the above-described embodi 
ments, detailed descriptions thereof will be omitted. 

In addition, the memory device 1200' may be a multichip 
package having a plurality of memory chips. The plurality of 
memory chips may be divided into a plurality of groups, the 
plurality of groups may be configured to communicate with 
the controller 1100 through first to k" channels CH1 to CHk, 
where K is an integer. In addition, the memory chips belong 
ing to one group may be configured to communicate with the 
controller 1100 through a common channel. The memory 
system 1000' may be modified in such a manner that one 
memory chip is connected to one channel. 

Since the memory system 1000' according to the embodi 
ment includes the memory device 1200' which has an 
improved degree of integration, has improved performance, 
and is easy to manufacture, the degree of integration and 
performance of the memory system 1000 may also be 
improved. In particular, by configuring the memory device 
1200' as a multichip package, the memory system 1000' may 
have an increased data storage capacity and an improved 
driving speed. 

FIG. 10 is a block diagram illustrating a configuration of a 
computing system according to an embodiment. Hereinafter, 
a duplicated description of the above-described content will 
be omitted. 
As illustrated in FIG. 10, a computing system 2000 accord 

ing to an embodiment may include a memory device 2100, a 
CPU 2200, a RAM 2300, a user interface 2400, power supply 
2500, and a system bus 2600. 
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The memory device 2100 may store data provided through 

the user interface 2400, data processed by the CPU 2200, and 
the like. In addition, the memory device 2100 may be elec 
trically connected to the CPU 2200, the RAM 2300, the user 
interface 2400, and the power supply 2500 through the sys 
tem bus 2600. For example, the memory device 2100 may be 
connected to the system bus 2600 through a controller (not 
shown), or directly connected to the system bus 2600. When 
the memory device 2100 is directly connected to the system 
bus 2600, the CPU 2200 and the RAM 2300 may function as 
the controller. 
The memory device 2100 may be a nonvolatile memory, 

and may include the memory string that has been described 
above with reference to FIGS 1A to 7B. Since the structure of 
the memory device 2100 and the method of manufacturing 
the same are the same as those in the above-described 
embodiments, detailed descriptions thereof will be omitted. 

In addition, the memory device 2100 may be a multichip 
package including a plurality of memory chips as described 
with reference to FIG. 9. 
The computing system 2000 having such a configuration 

may be a computer, an ultra mobile PC (UMPC), a worksta 
tion, a net-book, a personal digital assistants (PDA), a por 
table computer, a web tablet, a wireless phone, a mobile 
phone, a Smart phone, an e-book, a portable multimedia 
player (PMP), a portable game machine, a navigation appa 
ratus, a blackbox, a digital camera, a three-dimensional tele 
vision, a digital audio recorder, a digital picture recorder, a 
digital video recorder, a digital audio recorder, a digital audio 
player, a digital picture recorder, a digital picture player, a 
digital video recorder, a digital video player, a wireless infor 
mation transmitter-receiver, one of various electronic devices 
configuring a home network, one of various electronic 
devices configuring a computer network, one of various elec 
tronic devices configuring a telematics network, a radio-fre 
quency identification (RFID) device, and the like. 

Since the computing system 2000 according to an embodi 
ment includes the memory device 2100, which has an 
improved degree of integration and improved performance 
and is easy to manufacture, the degree of integration and 
performance of the computing system 2000 may also be 
improved. 

FIG. 11 is a block diagram illustrating a computing system 
according to an embodiment. 
As illustrated in FIG. 11, a computing system 3000 accord 

ing to an embodiment may include a software architecture 
including an operating system 3200, an application 3100, a 
file system 3300, and a translation layer 3400. In addition, the 
computing system 3000 may include a hardware architecture 
including a memory device 3500, and the like. 
The operating system3200 may be configured to manage a 

Software resource and a hardware resource of the computing 
system 3000, and control a program operation of a CPU. The 
application 3100 may be a variety of application programs 
executed in the computing system 3000, that is, a utility 
operated by the operating system 3200. 
The file system 3300 may refer to a logical structure for 

managing data and files existing in the computing system 
3000, and for organizing data or files to be stored in the 
memory device 3500, etc. according to rules. The file system 
3300 may be determined according to an operating system 
3200 used in the computing system 3000. For example, when 
the operating system 3200 is a Windows series made by 
Microsoft Corporation, the file system 3300 may be a file 
allocation table (FAT), an NT file system (NTFS), etc. In 
addition, when the operating system 3200 is a UNIX/Linux 
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series, the file system 3300 may be an extended (EXT) file 
system, a UNIX file system (UFS), or a journaling file system 
(JFS), etc. 

Although the operating system3200, the application 3100, 
and the file system 3300 are illustrated as separated blocks in 
FIG. 11, the application 3100 and the file system3300 may be 
included in the operating system 3200. 
The translation layer 3400 may translate an address to a 

form suitable for the memory device 3500 in response to a 
request from the file system 3300. For example, the transla 
tion layer 3400 translates a logic address generated by the file 
system 3300 to a physical address of the memory device 
3500. Mapping information of the logic address and physical 
address may be stored in an address translation table. For 
example, the translation layer 3400 may be a flash translation 
layer (FTL), a universal flash storage link layer (ULL), etc. 
The memory device 3500 may be a nonvolatile memory 

device, and may include the memory string that has been 
described above with reference to FIGS. 1A to 7B. Since a 
structure and a manufacturing method of the memory device 
3500 is the same as those in the above-described embodi 
ment, detailed descriptions will be omitted. 
A computing system 3000 having such a structure may be 

divided into an operating system layer performed at a high 
level region, and a controller layer performed at a low level 
region. The application 3100, the operating system 3200, and 
the file system 3300 may belong to the operating system layer 
and may be driven by an operational memory of the comput 
ing system 3000. In addition, translation layer 3400 may 
belong to the operating system layer or the controller layer. 

Since the computing system 3000 according to the embodi 
ment includes the memory device 3500, which has an 
improved degree of integration and improved performance 
and is easy to manufacture, a data storage capacity and per 
formance of the computing system 3000 may be improved. 

According to the embodiment, manufacturing process may 
be simplified and characteristics of a semiconductor device 
may improve. 
What is claimed is: 
1. A method of manufacturing a semiconductor device; 

comprising: 
forming a sacrificial pattern; 
forming a first stacked structure over the sacrificial pattern, 

wherein first stacked structure includes first material 
layers and second material layers which are alternately 
stacked; 

forming first semiconductor patterns passing through the 
first stacked structure and dielectric multi-layers Sur 
rounding the first semiconductor patterns; 

forming a slit passing through the first stacked structure 
and exposing the sacrificial pattern; 

forming a spacer over an inner sidewall of the slit, 
forming a first opening by removing the sacrificial pattern 

through the slit; 
forming a second opening by partially removing the dielec 

tric multi-layers through the first opening to expose 
lower portions of the first semiconductor patterns; and 

forming a connection pattern in the first and second open 
ings, wherein the connection pattern is in contact with 
the first semiconductor patterns. 

2. The method of claim 1, further comprising forming a 
first conductive layer for a source between the sacrificial 
pattern and the first stacked structure. 

3. The method of claim 1, wherein the first semiconductor 
patterns have a depth to pass through the sacrificial pattern. 

4. The method of claim 1, wherein the slit has a depth to 
pass through the sacrificial pattern. 
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5. The method of claim 1, wherein the spacer includes a 

material having higher etch selectivity than the sacrificial 
pattern. 

6. The method of claim 1, wherein each of the dielectric 
multi-layers includes a tunnel insulating layer, a data storage 
layer, and a charge-blocking layer which sequentially Sur 
round each of the first semiconductor patterns. 

7. The method of claim 6, wherein the forming of the 
second opening includes: 

partially removing the charge-blocking layer exposed 
through the first opening Such that the data storage layer 
is exposed; 

partially removing the exposed data storage layer to expose 
the tunnel insulating layer; and 

partially removing the tunnel insulating layer exposed by 
removing the data storage layer. 

8. The method of claim 7, wherein the sacrificial pattern is 
Substantially more than twice as thick as the tunnel insulating 
layer, and less than twice as thin as the Sum of a thickness of 
each of the dielectric multi-layers and a thickness of each of 
the first semiconductor patterns. 

9. The method of claim 1, wherein the forming of the 
connection pattern comprises selectively growing a polysili 
con layer from the first semiconductor patterns. 

10. The method of claim 9, further comprising removing 
the spacer before forming the connection pattern. 

11. The method of claim 1, wherein the forming of the 
connection pattern comprises: 

depositing a polysilicon layer in the slit and the first and 
Second openings; and 

removing the polysilicon layer deposited in the slit. 
12. The method of claim 1, wherein the connection pattern 

comprises: 
a first portion formed in the second opening to Surround a 

lower sidewall of each of the first semiconductor pat 
terns; and 

a second portion formed in the first opening. 
13. The method of claim 1, wherein the first semiconductor 

patterns include channel layers, and 
wherein the connection pattern includes a source layer. 
14. The method of claim 1, further comprising: 
forming third openings by removing the first material lay 

ers through the slit, and 
forming second conductive layers in the third openings. 
15. The method of claim 14, further comprising: 
forming a charge-blocking layer in a liner pattern along the 

contour of the third openings before forming the second 
conductive layers. 

16. The method of claim 14, wherein at least one lower 
most second conductive layer among the second conductive 
layers is a gate electrode of a lower select transistor, 

wherein at least one uppermost second conductive layer 
among the second conductive layers is a gate electrode 
of an upper select transistor, and 

wherein the remaining second conductive layers are gate 
electrodes of memory cells. 

17. The method of claim 1, further comprising: 
forming a second stacked structure including third material 

layers and fourth material layers which are alternately 
stacked before forming the sacrificial pattern; and 

forming second semiconductor patterns passing through 
the second Stacked structure. 

18. The method of claim 17, wherein the second semicon 
ductor patterns are respectively connected to the first semi 
conductor patterns via the connection pattern. 
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19. The method of claim 18, wherein the first semiconduc 
torpatterns, the second semiconductor patterns, and the con 
nection pattern include channel layers, respectively. 

20. A method of manufacturing a semiconductor device: 
comprising: 

forming a sacrificial pattern; 
forming a first stacked structure over the sacrificial pattern, 

wherein first stacked structure includes first material 
layers and second material layers which are alternately 
stacked; 

forming first and second semiconductor patterns each pass 
ing through the first stacked structure and each extend 
ing to the sacrificial pattern: 

forming a slit passing through the first stacked structure 
between the first and the second semiconductor patterns 
and extending to the sacrificial pattern; 

forming an opening by removing the sacrificial pattern to 
expose lower portions of the first and the second semi 
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conductor patterns, wherein the opening extends from 
the first semiconductor pattern through the slit to the 
second semiconductor pattern; and 

forming a connection pattern in the opening. 
21. The method of claim 20, further comprising: 
forming a slit insulating layer in the slit, 
wherein the connection pattern extends from the first semi 

conductor pattern through under the slit insulating layer 
to the second semiconductor pattern. 

22. The method of claim 20, further comprising: 
forming a slit insulating layer in the slit, 
wherein the slit insulating layer passes through the connec 

tion pattern between the first and the second semicon 
ductor patterns so that the connection pattern coupled to 
the first semiconductor pattern and the connection pat 
tern coupled to the second semiconductor pattern are 
separated from each other by the slit insulating layer. 

ck ck ck ck ck 
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