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BRIEF DESCRIPTION OF THE DRAWINGS SEMICONDUCTOR DEVICE AND METHOD 
OF MANUFACTURING THE SAME 

CROSS - REFERENCE TO RELATED 
APPLICATION 

[ 0001 ] The present application claims priority under 35 
U.S.C. $ 119 ( a ) to Korean patent application number 
10-2018-0144622 , filed on Nov. 21 , 2018 , in the Korean 
Intellectual Property Office , the entire disclosure of which is 
incorporated herein by reference . 

BACKGROUND 

1. Technical Field 

[ 0006 ] FIGS . 1A and 1B are diagrams schematically illus 
trating semiconductor devices , in accordance with embodi 
ments . 
[ 0007 ] FIG . 2 is a sectional view schematically illustrating 
a peripheral circuit structure , in accordance with an embodi 
ment . 
[ 0008 ] FIGS . 3A to 3E are perspective diagrams schemati 
cally illustrating semiconductor devices , in accordance with 
embodiments . 
[ 0009 ] FIG . 4 is a diagram illustrating an enlargement of 
area X of FIG . 3C . 
[ 0010 ] FIGS . 5A and 5B are various sectional views 
illustrating a semiconductor device , in accordance with an 
embodiment . 
[ 0011 ] FIG . 6 is a plan view illustrating a layout of vertical 
parts of an upper insulating layer and a layout of etch stop 
patterns , in accordance with an embodiment . 
[ 0012 ] FIG . 7 is a sectional view illustrating an enlarge 
ment of area Y of each of FIGS . 5A and 5B . 
[ 0013 ] FIGS . 8 , 9A , 9B , 10A , 10B , 11A to 11C , 12A , and 
12B are diagrams illustrating a method of manufacturing a 
semiconductor device , in accordance with an embodiment . 
[ 0014 ] FIG . 13 is a block diagram illustrating the configu 
ration of a memory system , in accordance with an embodi 
ment . 
[ 0015 ] FIG . 14 is a block diagram illustrating the configu 
ration of a computing system , in accordance with an 
embodiment . 

[ 0002 ] Various embodiments of the present disclosure 
relate to a semiconductor device and a method of manufac 
turing the same , and more particularly , to a three - dimen 
sional semiconductor device and a method of manufacturing 
the same . 

2. Related Art 

[ 0003 ] Generally , a semiconductor device may include a 
memory cell array including a plurality of memory cells . 
Memory cell arrays may include memory cells which are 
arranged in various structures . To increase the degree of 
integration of semiconductor devices , a three - dimensional 
semiconductor devices have been proposed . However , dur 
ing a process of manufacturing a three - dimensional semi 
conductor device , a process failure may occur due to a 
variety of reasons . The process failure may reduce the 
operational reliability of the resultant semiconductor device 
or cause an operational failure of the semiconductor device . 

DETAILED DESCRIPTION 

SUMMARY 

[ 0004 ] An embodiment of the present disclosure may 
provide for a semiconductor device that includes an etch 
stop pattern having a top surface and a sidewall disposed 
over a gate stack having interlayer insulating layers alter 
nately stacked with conductive patterns . The semiconductor 
device also includes a plurality of channel structures passing 
through the etch stop pattern and the gate stack . The 
semiconductor device further includes an insulating layer 
extending to cover the top surface and the sidewall of the 
etch stop pattern , wherein a depression is included in a 
sidewall of the insulating layer . The semiconductor device 
additionally includes a contact plug passing through the 
insulating layer so that the contact plug is coupled to a 
channel structure of the plurality of channel structures . 
[ 0005 ] An embodiment of the present disclosure may 
provide for a method of manufacturing a semiconductor 
device that includes forming a stack including first material 
layers and second material layers which are alternately 
stacked , forming an etch stop layer on the stack , and forming 
an insulating layer including vertical parts passing through 
the etch stop layer . The method also includes forming a slit 
extending to pass both through the etch stop layer between 
the vertical parts that are adjacent to each other and extend 
ing through the stack . The method further includes replacing 
the second material layers with line patterns through the slit . 

[ 0016 ) Example embodiments are described more fully 
hereinafter with reference to the accompanying drawings ; 
however , they may be embodied in different forms and 
should not be construed as limited to the embodiments set 
forth herein . Rather , these embodiments are provided so that 
this disclosure will be enabling and convey the scope of the 
example embodiments to those skilled in the art . 
[ 0017 ] It will be understood that , although the terms 
“ first , ” “ second , ” etc. may be used herein to describe various 
elements , these elements should not be limited by these 
terms . These terms are only used to distinguish one element , 
from another element . For instance , a first element discussed 
below could be termed a second element without departing 
from the teachings of the present disclosure . Similarly , the 
second element could also be termed the first element . 
[ 0018 ] It will be understood that when an element is 
referred to as being " coupled ” or “ connected ” to another 
element , it can be directly coupled or connected to the other 
element or intervening elements may be present therebe 
tween . In contrast , it should be understood that when an 
element is referred to as being “ directly coupled ” or 
“ directly connected to another element , there are no inter 
vening elements present . Other expressions that explain the 
relationship between elements , such as “ between , ” “ directly 
between , ” “ adjacent to , ” or “ directly adjacent to ” should be 
construed in the same way . 
[ 0019 ] The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended 
to be limiting . In the present disclosure , the singular forms 
are intended to include the plural forms as well , unless the 
context clearly indicates otherwise . It will be further under 
stood that the terms “ comprise , ” “ include , ” “ have , ” etc. 



US 2020/0161327 A1 May 21 , 2020 
2 

when used in this specification , specify the presence of 
stated features , integers , steps , operations , elements , com 
ponents , and / or combinations of them but do not preclude 
the presence or addition of one or more other features , 
integers , steps , operations , elements , components , and / or 
combinations thereof . 
[ 0020 ) Embodiments of the present disclosure provide a 
semiconductor device which has improved operational reli 
ability , and a method of manufacturing the semiconductor 
device . 
[ 0021 ] FIGS . 1A and 1B are diagrams schematically illus 
trating semiconductor devices , in accordance with embodi 
ments . 
[ 0022 ] Referring to FIGS . 1A and 1B , each of the semi 
conductor devices may include a peripheral circuit structure 
PC and a cell array CAR which are disposed over a substrate 
SUB . 
[ 0023 ] The substrate SUB may be a single - crystal semi 
conductor layer . For example , the substrate SUB may be a 
bulk silicon substrate , a silicon - on - insulator substrate , a 
germanium substrate , a germanium - on - insulator substrate , a 
silicon - germanium substrate , or a thin epitaxial layer formed 
by a selective epitaxial growth method . 
[ 0024 ] The cell array CAR may include a plurality of 
memory blocks . Each of the memory blocks may include a 
plurality of cell strings . Each of the cell strings may be 
electrically coupled to a bit line , a source line , word lines , 
and select lines . Each of the cell strings may include 
memory cells and select transistors which are coupled in 
series to each other . Each of the select lines may be used as 
a gate electrode a select transistor corresponding thereto . 
Each of the word lines may be used as a gate electrode of a 
memory cell corresponding thereto . 
[ 0025 ] The peripheral circuit structure PC may include 
N - type metal - oxide - semiconductor ( NMOS ) transistors and 
P - type metal - oxide - semiconductor ( PMOS ) transistors , a 
resistor , and a capacitor which are electrically coupled with 
the cell array CAR . The NMOS and PMOS transistors , the 
resistor , and the capacitor may be used as elements which 
form a row decoder , a column decoder , a page buffer , and a 
control circuit . 
[ 0026 ] As illustrated in FIG . 1A , the peripheral circuit 
structure PC may be disposed on an area of the substrate 
SUB that does not overlap with the cell array CAR . 
[ 0027 ] Alternatively , as illustrated in FIG . 1B , the periph 
eral circuit structure PC may be disposed between the cell 
array CAR and the substrate SUB . In this case , because the 
peripheral circuit structure PC overlaps with the cell array 
CAR , a surface area of the substrate SUB that is used to 
install the cell array CAR and the peripheral structure PC 
may be reduced . 
[ 0028 ] FIG . 2 is a sectional view schematically illustrating 
a peripheral circuit structure PC in accordance with an 
embodiment . The peripheral circuit structure PC illustrated 
in FIG . 2 may be included in the peripheral circuit structure 
PC illustrated in FIG . 1A or included in the peripheral circuit 
structure PC illustrated in FIG . 1B . 
[ 0029 ] Referring to FIG . 2 , the peripheral circuit structure 
PC may include peripheral gate electrodes PG , a peripheral 
gate insulating layer PGI , junctions in , peripheral circuit 
lines PCL , and peripheral contact plugs PCP . 
[ 0030 ] The peripheral gate electrodes PG may be used as 
gate electrodes of an NMOS transistor and a PMOS tran 
sistor of the peripheral circuit structure PC . The peripheral 

gate insulating layer PGI may be disposed between each of 
the peripheral gate electrodes PG and the substrate SUB . 
[ 0031 ] The junctions in may be areas defined by injecting 
n - type or p - type impurities into respective active areas of the 
substrate SUB , and may be disposed on opposite sides of 
each of the peripheral gate electrodes PG and used as a 
source junction and a drain junction . The active area of the 
substrate SUB may be partitioned by an isolation layer ISO 
that is formed in the substrate SUB . The isolation layer ISP 
may be formed of insulating material . 
[ 0032 ] The peripheral circuit lines PCL may be electri 
cally coupled to a circuit of the peripheral circuit structure 
PC through the peripheral contact plugs PCP . 
[ 0033 ] A peripheral circuit insulating layer PIL may cover 
the circuit of the peripheral circuit structure PC , the periph 
eral circuit lines PCL , and the peripheral contact plugs PCP . 
The peripheral circuit insulating layer PIL may include 
insulating layers that are stacked in a multilayer structure . 
[ 0034 ] FIGS . 3A to 3E are perspective diagrams schemati 
cally illustrating semiconductor devices , in accordance with 
embodiments . In FIGS . 3A to 3E , illustration of insulating 
layers is omitted . 
[ 0035 ] Referring to FIGS . 3A to 3E , a semiconductor 
device may include a plurality of memory strings CST . The 
memory strings CST may include memory cells and select 
transistors which are arranged along channel structures CH . 
For example , each of the memory strings CST may include 
memory cells and select transistors which are coupled in 
series by a corresponding channel structure CH . The 
memory cells of each memory string CST may be arranged 
in a three - dimensional structure so as to enhance the degree 
of integration of the semiconductor device . 
[ 0036 ] Each of the channel structures CH may extend in a 
first direction I and be electrically coupled to a correspond 
ing bit line BL . The bit line BL may extend in a second 
direction II on a horizontal plane intersecting with the first 
direction I. The bit line BL may be coupled to the corre 
sponding channel structure CH via a contact plug DCT . The 
contact plug DCT may come into direct contact with the bit 
line BL and extend toward the corresponding channel struc 
ture CH . 
[ 0037 ] Gates of memory cells and gates of select transis 
tors may be coupled to conductive patterns CP1 to CPn 
which are stacked and spaced apart from each other in the 
first direction I. The conductive patterns CP1 to CPn may be 
used as word lines WL , source select lines SSL , and drain 
select lines DSL . The conductive patterns CP1 to CPn may 
be respectively disposed in first to n - th layers which are 
successively stacked in the first direction I and spaced apart 
from each other . The first layer may be defined as a layer that 
is farthest from the bit line BL . The n - th layer may be 
defined as a layer that is closest to the bit line BL . 
[ 0038 ] The channel structures CH may protrude toward 
the bit line BL farther than n - th patterns CPn that are 
disposed in the n - th layer . 
[ 0039 ] Referring to FIGS . 3A to 3D , at least the n - th 
patterns CPn of the conductive patterns CP1 to CPn may be 
used as the drain select lines DSL . The present disclosure is 
not limited to this . For example , conductive patterns that are 
disposed in two or more layers may be used as the drain 
select lines DSL . In the embodiment shown , the n - th pat 
terns CPn and n - 1 - th patterns CPn - 1 disposed in the n - 1 - th 
layer may be used as the drain select lines DSL . 
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be open 

[ 0040 ] At least first patterns CP1 disposed in the first layer 
among the conductive patterns CP1 to CPn may be used as 
the source select lines SSL . The present disclosure is not 
limited to this . For example , conductive patterns that are 
disposed in two or more layers may be used as the source 
select lines SSL . In the embodiment shown , the first patterns 
CP1 and second patterns CP2 disposed in the second layer 
may be used as the source select lines SSL . 
[ 0041 ] Conductive patterns ( e.g. , CP3 to CPn - 2 ) disposed 
between the drain select lines DSL and the source select 
lines SSL may be used as word lines WL . 
[ 0042 ] Each of the conductive patterns CP1 to CPn may be 
divided into parts in the corresponding layer by a first slit 
SI1 . Each of the drain select lines DSL may be divided into 
parts in the corresponding layer not only by the first slit SI1 
but also by a second slit S12 . However , the present disclo 
sure is not limited thereto . Although not illustrated , in an 
embodiment , each of the source select lines SSL may be 
divided into parts in the corresponding layer not only by the 
first slit SI1 but also by a third slit . Although not illustrated , 
in an embodiment , the second slit S12 may be omitted . 
[ 0043 ] The second slit S12 or the third slit may overlap 
with the respective layers of the word lines WL . In an 
embodiment , the second slit SI2 or the third slit might not 
penetrate the word lines WL . 
[ 0044 ] The first slit SI1 and the second slit S12 may extend 
in a third direction III on the horizontal plane . The third 
direction III may be defined as a direction intersecting with 
the first direction I and the second direction II . 
[ 0045 ] The channel structures CH that are shared by each 
of the word lines WL may be divided into two or more 
groups which are controlled by respective different drain 
select lines DSL . In an embodiment , the drain select lines 
DSL may include a first drain select line and a second drain 
select line which are separated from each other by the 
second slit SI2 . In this case , the channel structures CH that 
are shared by each of the word lines WL may be divided into 
a first group which is controlled by the first drain select line , 
and a second group which is controlled by the second drain 
select line . 
[ 0046 ] The word lines WL , the drain select lines DSL , and 
the source select lines SSL each may enclose one or more 
rows of channel structures CH in common . 
[ 0047 ] The arrangement of the channel structures CH may 
form a zigzag shape . Embodiments of the present disclosure 
are not limited thereto . In an embodiment , the channel 
structures CH may be arranged parallel to each other in the 
second direction II and the third direction III . 
[ 0048 ] The drain select lines DSL that are disposed in the 
same layer may be separated from each other by the first slit 
SI1 and the second slit SI2 . Each of the word lines WL may 
extend to overlap the second slit SI2 without being pen 
etrated by the second slit S12 . Although not illustrated , in an 
embodiment , the source select lines SSL that are disposed in 
the same layer may be separated from each other not only by 
the first slit SI1 but also by the third slit . In this case , each 
of the word lines WL may extend to overlap the third slit 
without being penetrated by the third slit . 
[ 0049 ] Referring to FIGS . 3A , 3B , and 3D , each of the 
channel structures CH may pass through the drain select 
lines DSL , the word lines WL , and the source select lines 
SSL . Referring to FIG . 3C , each of the channel structures 
CH may pass through the drain select lines DSL and the 
word lines WL . 

[ 0050 ] Referring to FIGS . 3A and 3B , the channel struc 
tures CH may be directly coupled to a source layer SL 
disposed under the conductive patterns CP1 to CPn . The 
source layer SL may have various structures . 
[ 0051 ] Referring to FIG . 3A , the source layer SL may 
come into contact with respective bottom surfaces of the 
channel structures CH . The source layer SL may be formed 
of a doped semiconductor layer including a source dopant . 
The source dopant may include n - type impurities . In an 
embodiment , the source layer SL may be formed by inject 
ing the source dopant from the surface of the substrate SUB 
described with reference to FIG . 1A into the substrate SUB . 
In an embodiment , the source layer SL may be formed by 
depositing a doped semiconductor layer on the substrate 
SUB described with reference to FIG . 1B . In this case , an 
insulating layer may be disposed between the substrate SUB 
and the doped semiconductor layer . In an embodiment , the 
doped semiconductor layer may include doped silicon . 
[ 0052 ] Each of the channel structures CH may come into 
contact with a top surface of the source surface SL , pass 
through the conductive patterns CP1 to CPn , and extend 
toward the bit line BL in the first direction I. A sidewall of 
each of the channel structures CH may be enclosed by a 
multilayer layer ML . The multilayer layer ML may extend 
along a sidewall of the corresponding channel structure CH . 
A top surface and the bottom surface of the channel structure 
CH may rather than being closed by the multilayer 
layer ML . 
[ 0053 ] Referring to FIG . 3B , the channel structures CH 
may pass through the conductive patterns CP1 to CPn and 
extend into the source layer SL . A portion of the sidewall of 
each channel structure CH may come into contact with the 
source layer SL . 
[ 0054 ] The source layer SL may include a first source 
layer SL1 and a contact source layer CTS . The source layer 
SL may further include a second source layer SL2 . The 
channel structures CH may pass through the second source 
layer SL2 and the contact source layer CTS and extend into 
the first source layer SL1 . 
[ 0055 ] The first source layer SL1 may enclose each of 
lower ends of the channel layers CH . The first source layer 
SL1 may be formed of a doped semiconductor layer includ 
ing a source dopant . The source dopant may include n - type 
impurities . In an embodiment , the first source layer SL1 may 
be formed by injecting the source dopant from the surface of 
the substrate SUB described with reference to FIG . 1A into 
the substrate SUB . In an embodiment , the first source layer 

be formed by depositing a doped semiconductor 
layer on the substrate SUB described with reference to FIG . 
1B . In this case , an insulating layer may be disposed 
between the substrate SUB and the doped semiconductor 
layer . In an embodiment , the doped semiconductor layer 
may include doped silicon . 
[ 0056 ] The contact source layer CTS may be disposed on 
the first source layer SL1 and come into contact with a top 
surface of the first source layer SL1 . The contact source 
layer CTS may come into contact with portions of the 
sidewalls of the channel structures CH and enclose the 
channel structures CH . 
[ 0057 ] The multilayer layer that extends along the side 
wall of each of the channel structures CH may be divided 
into a first multilayer pattern ML1 and a second multilayer 
pattern ML2 by the contact source layer CTS . The first 
multilayer pattern ML1 may be defined as a pattern which 

SL1 may 
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encloses an upper end of the corresponding channel struc 
ture CH . The second multilayer pattern ML2 may be defined 
as a pattern disposed between the first source layer SL1 and 
the corresponding channel structure CH . 
[ 0058 ] The second source layer SL2 may be disposed 
between the contact source layer CTS and the source select 
line SSL . The second source layer SL2 may be formed to 
enclose the first multilayer pattern ML1 . The second source 
layer SL2 may be omitted in some cases . The second source 
layer SL2 may be penetrated by the first slit SI1 . 
[ 0059 ] The contact source layer STS and the second 
source layer SL2 each may be formed of a doped semicon 
ductor layer including a source dopant . The source dopant 
may include n - type impurities . In an embodiment , the doped 
semiconductor layer may include a doped silicon layer . 
[ 0060 ] FIG . 4 is a diagram illustrating an enlargement of 
area X of FIG . 3C . 
[ 0061 ] Referring to FIGS . 3C and 4 , each of the channel 
structures CH may be coupled to a lower channel structure 
LPC corresponding thereto . 
[ 0062 ] The lower channel structure LPC may be coupled 
to a lower end of the corresponding channel structure CH . 
Each of the channel structures CH may be enclosed by a 
multilayer layer ML . The multilayer layer ML may extend 
along a sidewall of the corresponding channel structure CH . 
A top surface and a bottom surface of the channel structure 
CH may be open rather than being closed by the multilayer 
layer ML . 
[ 0063 ] The lower channel structure LPC may pass through 
at least one source select line SSL that is disposed below the 
word lines WL . A sidewall of the lower channel structure 
LPC may be enclosed by a gate insulating layer GI . The gate 
insulating layer GI may extend along a sidewall of the lower 
channel structure LPC . A top surface and a bottom surface 
of the lower channel structure LPC may be open rather than 
being closed by the gate insulating layer GI . 
[ 0064 ] A source layer SL may come into contact with a 
bottom surface of the lower channel structure LPC . The 
source layer SL may be formed of the same material as that 
of the source layer SL described with reference to FIG . 3A . 
[ 0065 ] Referring to FIG . 3D , each of the channel struc 
tures CH may include pillar parts PL which passes through 
the conductive patterns CP1 to CPn , and a horizontal part 
HP which horizontally extends from the pillar parts PL . The 
horizontal parts HP of the channel structures CH may extend 
parallel to bottom surfaces of the first patterns CP1 . The 
horizontal parts HP may be separated from each other by a 
slit extension SIE which extends from the first slit SI1 . A 
doped area DA may be disposed below the horizontal parts 
HP . In other words , the horizontal parts HP may be disposed 
between the doped area DA and the first patterns CP1 . 
[ 0066 ] In an embodiment , the doped area DA may be 
formed of a doped semiconductor layer including a well 
dopant . The well dopant may include p - type impurities . In 
an embodiment , the doped area DA may be formed by 
injecting the well dopant from the surface of the substrate 
SUB described with reference to FIG . 1A into the substrate 
SUB by a predetermined thickness . In an embodiment , the 
doped area DA may be formed by depositing a doped 
semiconductor layer on the substrate SUB described with 
reference to FIG . 1B . In this case , an insulating layer may be 
disposed between the substrate SUB and the doped semi 
conductor layer . In an embodiment , the doped semiconduc 
tor layer may include doped silicon . 

[ 0067 ] A sidewall of each of the pillar parts PL may be 
enclosed by a multilayer layer ML . The multilayer layer ML 
may extend between the corresponding horizontal part HP 
and the first pattern CP1 . The multilayer layer ML may 
extend between the corresponding horizontal part HP and 
the doped area DA . 
[ 0068 ] Referring to FIG . 3E , the conductive patterns CP1 
to CPn may be divided into source - side conductive patterns 
CP_S and drain - side conductive patterns CP_D by the first 
slit SI1 . 
[ 0069 ] At least n - th source - side pattern CPn disposed in an 
n - th layer among the source - side conductive patterns CP_S 
may be used as a source select line SSL . The present 
disclosure is not limited to this . For example , conductive 
patterns that are disposed in two or more layers each may be 
used as a source select line SSL . In the embodiment shown , 
the n - th source - side pattern CPn and an n - 1 - th source - side 
pattern CPn - 1 that are respectively disposed in the n - th layer 
and an n - 1 - th layer among the source - side conductive pat 
terns CP_S each may be used as a source select line SSL . 
Conductive patterns ( e.g. , CP1 to CPn - 2 ) that are disposed 
below the source select line SSL among the source - side 
conductive patterns CP_S may be used as source - side word 
lines WL_S . 
[ 0070 ] At least n - th drain - side pattern CPn disposed in the 
n - th layer among the drain - side conductive patterns CP_D 
may be used as a drain select line DSL . The present 
disclosure is not limited to this . For example , conductive 
patterns that are disposed in two or more layers each may be 
used as a drain select line DSL . In the embodiment shown , 
an n - th drain - side pattern CPn and an n - 1 - th drain - side 
pattern CPn - 1 that are respectively disposed in the n - th layer 
and the n - 1 - th layer among the drain - side conductive pat 
terns CP_D each may be used as a drain select line DSL . 
Conductive patterns ( e.g. , CP1 to CPn - 2 ) that are disposed 
below the drain select line DSL among the drain - side 
conductive patterns CP_D may be used as drain - side word 
lines WL_D . 
[ 0071 ] A common source line CSL may be disposed over 
the source - side conductive patterns CP_S . The common 
source line CSL may disposed in a layer different from that 
of the bit lines BL . The common source line CSL and the bit 
lines BL may be formed of conductive material and spaced 
apart from each other . For example , the common source line 
CSL may be disposed between the bit lines BL and the 
source - side conductive patterns CP_S . 
[ 0072 ] Each of the channel structures CH may include a 
source - side pillar S_PL , a drain - side pillar D_PL , and a 
horizontal part HP . The drain - side pillar D_PL may be 
electrically coupled to the corresponding bit line BL . The 
drain - side pillar D_PL may extend to pass through the 
drain - side conductive patterns CP_D and be coupled to the 
horizontal part HP . The source - side pillar S_PL may be 
electrically coupled to the common source line CSL . The 
source - side pillar S_PL may extend to pass through the 
source - side conductive patterns CP_S and be coupled to the 
horizontal part HP . The horizontal part HP may be embedded 
in a pipe gate PG . The source - side pillar S_PL and the 
drain - side pillar D_PL may extend from the horizontal part 
HP in the first direction I. The pipe gate PG may be disposed 
below the source - side conductive patterns CP_S and the 
drain - side conductive patterns CP_D , and formed to enclose 
the horizontal part HP . The pipe gate PG may be used as a 
gate of a pipe transistor . The pipe transistor may electrically 
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couple the source - side pillar S_PL and the drain - side pillar 
D_PL through the horizontal part HP in response to a signal 
transmitted to the pipe gate PG . 
[ 0073 ] An outer surface of each of the channel structures 
CH may be enclosed by a multilayer layer ML . The multi 
layer layer ML may extend along the outer surfaces of the 
drain - side pillar D_PL , the horizontal part HP , and the 
source - side pillar S_PL of the corresponding channel struc 
ture CH . 
[ 0074 ] The first slit SI1 may be formed between the 
source - side conductive patterns CP_S and the drain - side 
conductive patterns CP_D that are adjacent to each other in 
the second direction II , and may extend in the third direction 
III . Each of the source - side conductive patterns CP_S , the 
drain - side conductive patterns CP_D , and the common 
source line CSL may be formed in a linear shape extending 
in the third direction III . 
[ 0075 ] The word lines WL , WL_D , and WL_S described 
with reference to FIGS . 3A to 3E may be used as gates of 
memory cells . Each of the drain select lines DSL may be 
used as a gate of a drain select transistor . Each of the source 
select lines SSL may be used as a gate of a source select 
transistor . The multilayer layer ML , ML1 , and ML2 may 
include a data storage layer for storing data . 
[ 0076 ] Each of the channel structures CH illustrated in 
FIGS . 3A to 3E may include an upper end which protrudes 
toward the corresponding bit line BL over the n - th patterns 
CPn . The distance between each contact plug DCT and the 
corresponding n - th pattern CPn may be proportional to the 
length of the upper end of the corresponding channel struc 
ture CH . The length of the upper end of each channel 
structure CH may be designed with various values according 
to a design rule of the semiconductor device , taking into 
account a process margin . 
[ 0077 ] A process failure due to misalignment of each 
contact plug DCT may be prevented by an etch stop pattern 
formed to enclose the upper end of the channel structure CH . 
The etch stop pattern which encloses the upper end of each 
channel structure CH is described with reference to FIGS . 
5A and 5B . 
[ 0078 ] FIGS . 5A and 5B are various sectional views 
illustrating the semiconductor device in accordance with an 
embodiment . 
[ 0079 ] Referring to FIGS . 5A and 5B , the semiconductor 
device may include gate stacks GST . The gate stacks GST 
may be disposed under etch stop patterns ES . In other words , 
the etch stop patterns ES may be disposed on the gate stacks 
GST . Each of the gate stacks GST may include interlayer 
insulating layers ILD and conductive patterns CPk to CPn 
which are alternately stacked in the first direction I. Each of 
FIGS . 5A and 5B illustrates interlayer insulating layers ILD 
and conductive patterns CPk to CPn that form an upper 
portion of each of the gate stacks GST . The conductive 
patterns CPk to CPn illustrated in each of FIGS . 5A and 5B 
may correspond to a k - th pattern CPk to the n - th pattern CPn 
of the conductive patterns CP1 to CPn illustrated in each of 
FIGS . 3A to 3E . The k - th pattern CPk may be a pattern 
disposed in a k - th layer among the conductive patterns CP1 
to CPn illustrated in each of FIGS . 3A to 3E . Each of the gate 
stacks GST in accordance with an embodiment of the 
present disclosure may further include the first pattern CP1 
to a k - 1 - th pattern CPk - 1 disposed in a k - 1 - th layer among 
the conductive patterns CP1 to CPn illustrated in each of 
FIGS . 3A to 3E . 

[ 0080 ] Each of the conductive patterns CPk to CPn may 
include a gate conductive layer . For example , the gate 
conductive layer may include at least one of a doped silicon 
layer , a metal silicide layer , and a metal layer . For instance , 
the metal layer may include a low - resistance metal such as 
tungsten , nickel , or cobalt to provide a low - resistance gate 
conductive layer . The gate conductive layer may further 
include a barrier layer . The barrier layer may be a layer for 
preventing metal from diffusing from the metal layer , and 
may include , e.g. , a metal nitride layer . For example , the 
metal nitride layer may include titanium nitride , a tantalum 
nitride layer , etc. 
[ 0081 ] The interlayer insulating layer ILD may include 
oxide , e.g. , silicon oxide . 
[ 0082 ] Gate stacks GST that are adjacent to each other in 
the second direction II may be separated from each other by 
a slit SI . The second direction II may be a direction which 
is parallel to the horizontal plane intersecting with the first 
direction I. The interlayer insulating layers ILD and the 
conductive patterns CPk to CPn each may extend in the 
second direction II and the third direction III . The third 
direction III may be a direction which is parallel to the 
horizontal plane intersecting with the first direction I and 
intersects with the second direction II . 
[ 0083 ] The etch stop patterns ES and the gate stacks GST 
may be penetrated by the channel structures CH . Each of the 
channel structures CH may be enclosed by the correspond 
ing etch stop pattern ES and the corresponding gate stack 
GST . Each of the channel structures CH may protrude over 
the n - th pattern CPn and have an upper end enclosed by the 
corresponding etch stop pattern ES . 
[ 0084 ] The gate stacks GST may protrude in a lateral 
direction farther than etch stop patterns ES . The gate stacks 
GST may protrude toward the slit SI farther than etch stop 
patterns ES . For example , the interlayer insulating layer ILD 
and the conductive patterns CPk to CPn each may protrude 
toward the slit SI farther than the etch stop patterns ES . 
[ 0085 ] The etch stop patterns ES may be enclosed by an 
upper insulating layer UD . The upper insulating layer UD 
may include oxide . For example , the oxide may include 
silicon oxide . The etch stop patterns ES may include mate 
rial having an etching rate different from that of the inter 
layer insulating layers ILD and the upper insulating layer 
UD . For example , the etch stop patterns ES may include 
nitride . For example , the nitride may include silicon nitride . 
[ 0086 ] The upper insulating layer UD may extend to cover 
each of top surfaces and each of sidewalls of the etch stop 
patterns ES . The upper insulating layer UD may include 
sidewalls extending toward the slit SI . Depressions DP may 
be formed in the sidewalls of the upper insulating layer UD . 
The depressions DP may overlap the upper ends of the 
channel structures CH that pass through the etch stop 
patterns ES . As shown , for example , the overlap occurs in 
the second direction II . 
[ 0087 ] The upper insulating layer UD may include vertical 
parts P1 and horizontal parts P2 . The vertical parts P1 of the 
upper insulating layer UD may be respectively disposed on 
the sidewalls of the etch stop patterns ES that face the slit SI . 
The horizontal parts P2 may extend from the vertical parts 
P1 to cover the top surfaces of the etch stop patterns ES . 
[ 0088 ] The horizontal parts P2 and the gate stacks GST 
may protrude toward the slit SI farther than the vertical parts 
P1 . In other words , the horizontal parts P2 may protrude 
farther than the vertical parts P1 and the gate stacks GST in 
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a lateral direction intersecting with the first direction I. In the 
above - described structure , the depressions DP of the upper 
insulating layer UD may be respectively defined in the 
sidewalls of the vertical parts P1 . 
[ 0089 ] The semiconductor device may further include a 
first blocking insulating layer BI1 . The first blocking insu 
lating layer B11 may extend along interfaces between the 
interlayer insulating layers ILD and the conductive patterns 
CPk to CPn . The first blocking insulating layer B11 may 
extend to cover the sidewalls of the conductive patterns CPk 
to CPn that face the channel structures CH . Each of the 
surfaces of the horizontal parts P2 that protrude farther than 
the vertical parts P1 , and may be covered by the correspond 
ing first blocking insulating layer B11 . Each of sidewalls of 
the vertical parts P1 may be covered by the corresponding 
first blocking insulating layer BI1 . 
[ 0090 ] The first blocking insulating layer BI1 may include 
insulating material having a high dielectric constant . For 
example , the first blocking insulating layer B11 may include 
a metal oxide . For instance , the metal oxide may include 
aluminum oxide . The first blocking insulating layer B11 may 
be omitted for some embodiments . 
[ 0091 ] The slit SI may be filled with a vertical structure 
VS. The vertical structure VS may extend to cover the 
sidewalls of the gate stacks GST and the sidewalls of the 
upper insulating layer UD , and include protrusions which 
protrude toward the depressions DP . 
[ 0092 ] In an embodiment , the vertical structure VS may 
include insulating material filling the slit SI . In an embodi 
ment , the vertical structure VS may include a sidewall 
insulating layer and a vertical conductive pattern . The side 
wall insulating layer may extend to cover the sidewall of the 
slit SI , and the vertical conductive pattern may fill a central 
area of the slit SI defined by the sidewall insulating layer . 
[ 0093 ] In the case where the first blocking insulating layer 
BI1 is formed , the vertical structure VS may be formed on 
the first blocking insulating layer BI1 . 
[ 0094 ] The horizontal parts P2 of the upper insulating 
layer UD may be penetrated by the contact plugs CT . Each 
of the contact plugs CT may correspond to the contact plug 
DCT illustrated in each of FIGS . 3A to 3E . Each of the 
contact plugs CT may be coupled to the corresponding 
channel structure CH . The contact plugs CT may include 
conductive material . 
[ 0095 ] Each of the channel structures CH may include a 
core insulating layer CO , a semiconductor layer SE , 
capping pattern CAP . The core insulating layer CO may 
include insulating material , e.g. , oxide . The semiconductor 
layer SE may extend along a sidewall of the core insulating 
layer CO to cover the core insulating layer CO . The semi 
conductor layer SE may be used as a channel through which 
charges move . For example , the semiconductor layer SE 
may include silicon . The core insulating layer CO may be 
formed to a height lower than that of the semiconductor 
layer SE . The semiconductor layer SE may protrude in the 
first direction I farther than the core insulating layer CO . The 
capping pattern CAP may be disposed on the core insulating 
layer CO , and enclosed by an upper end of the semicon 
ductor layer SE that protrudes farther than the core insulat 
ing layer CO . The capping pattern CAP may come into 
contact with the semiconductor layer SE . The capping 
pattern CAP may include a doped semiconductor layer 
doped with a dopant . For example , the doped semiconductor 
layer may include doped silicon . The capping pattern CAP 

may include an n - type dopant . The contact plugs CT may be 
coupled to the corresponding capping patterns CAP . The 
capping pattern CAP may be used as a junction . 
[ 0096 ] The multilayer layer ML that encloses each of the 
channel structures CH may extend along the sidewall of the 
corresponding channel structure CH . 
[ 0097 ] During alignment of the contact plugs CT , as 
illustrated in FIG . 5A , central axes of the contact plugs CT 
may be aligned with central axes of the corresponding 
channel structures CH without an alignment error . Unlike 
this , during the alignment of the contact plugs CT , as 
illustrated in FIG . 5B , the contact plugs CT may be biased 
to one side of the channel structures CH due to misalign 
ment . 
[ 0098 ] During a process of manufacturing the semicon 
ductor device , the slit SI may open , and the etch stop layer 
for the etch stop patterns ES may be exposed through the slit 
SI . A portion of the etch stop layer that has been exposed 
through the slit SI may be removed to form the depressions 
DP during the process of manufacturing the semiconductor 
device . Even when the etch stop layer is partially removed 
after the slit SI has opened , the other portion of the etch stop 
layer that is protected by the vertical parts P1 of the upper 
insulating layer UD may remain as the etch stop patterns ES . 
[ 0099 ] During a process of etching the upper insulating 
layer UD to form the contact plugs CT , the n - th pattern CPn 
may be prevented , by a difference in etching rate between 
the etch stop patterns ES and the upper insulating layer UD , 
from being exposed . For example , as illustrated in FIG . 5B , 
in the case where misalignment of the contact plugs CT 
occurs , a portion of each of the etch stop patterns ES may be 
etched while the upper insulating layer UD is etched . 
However , because the etch stop patterns ES have high 
resistance to etch material for etching the upper insulating 
layer UD , it is difficult for the etch stop patterns ES to be 
completely penetrated by the contact plugs CT . Therefore , in 
an embodiment of the present disclosure , a punch phenom 
enon due to misalignment of the contact plugs CT may be 
mitigated . 
[ 0100 ] FIG . 6 is plan view illustrating a layout of the 
vertical parts P1 of the upper insulating layer UD and a 
layout of the etch stop patterns ES in accordance with an 
embodiment . FIG . 6 is a cross - sectional view of the semi 
conductor device , taken along line A - A ' of FIG . 5A . 
[ 0101 ] Referring to FIG . 6 , each of the etch stop patterns 
ES may extend along the second direction II and the third 
direction III which intersect with each other on the horizon 
tal plane intersecting with the first direction I. The vertical 
parts P1 and the vertical structure VS each may extend in a 
linear shape along the third direction III . The vertical parts 
P1 may face each other with the vertical structure VS 
interposed therebetween . The first blocking insulating layer 
BI1 may extend along an interface between the correspond 
ing vertical part P1 and the vertical structure VS. 
[ 0102 ] The channel structures CH that pass through each 
of the etch stop patterns ES may be arranged in a zigzag 
manner along the second direction II and the third direction 
III . Embodiments of the present disclosure are not limited 
thereto . The channel structures CH that pass through each of 
the etch stop patterns ES may be arranged parallel to each 
other along the second direction II and the third direction III . 
[ 0103 ] Each of the channel structures CH may have a 
circular cross - sectional surface , as shown . Embodiments of 
the present disclosure are not limited thereto . For example , 

and a 
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the cross - sectional shape of each of the channel structures 
CH may change in various ways to have , e.g. , a triangular , 
rectangular , polygonal , or elliptical shape . Each of the 
channel structures CH may include a capping pattern CAP 
enclosed by the semiconductor layer SE and may be 
enclosed by the multilayer layer ML . 
[ 0104 ] FIG . 7 is a sectional view illustrating an enlarge 
ment of area Y of each of FIGS . 5A and 5B . 
[ 0105 ] Referring to FIG . 7 , the multilayer layer ML may 
extend along an interface between the corresponding chan 
nel structure CH and the corresponding gate stack GST . The 
multilayer layer ML may include a tunnel insulating layer TI 
surrounding the corresponding channel structure CH , a data 
storage layer DL surrounding the tunnel insulating layer TI , 
and a second blocking insulating layer B12 surrounding the 
data storage layer DL . 
[ 0106 ] The data storage layer DL may be formed of a 
charge trap layer , a material layer including conductive 
nanodots , or a phase - change material layer . 
[ 0107 ] The data storage layer DL may store data to be 
changed using Fowler - Nordheim tunneling caused by a 
difference in voltage between the corresponding channel 
structure CH and the word lines of the conductive patterns 
CPk to CPn illustrated in FIG . 5A or 5B . To this end , the data 
storage layer DL may be formed of silicon nitride capable of 
trapping charges . 
[ 0108 ] The data storage layer DL may store data based on 
an operation principle other than the Fowler - Nordheim 
tunneling . For example , the data storage layer DL may be 
formed of a phase - change material layer and may store data 
in response to a phase change . 
[ 0109 ] The second blocking insulating layer B12 may 
include an oxide capable of blocking charges . The tunnel 
insulating layer TI may include silicon oxide making charge 
tunneling possible . 
[ 0110 ] Any one of the first blocking insulating layer B11 
and the second blocking insulating layer B12 may be omit 
ted , for some embodiments . 
[ 0111 ] Although not illustrated , for some embodiments , at 
least one of the tunnel insulating layer TI and the data 
storage layer DL may extend along an interface between the 
first blocking insulating layer B11 and the interlayer insu 
lating layer ILD and an interface between the channel 
structure CH and the first blocking insulating layer BI1 . 
[ 0112 ] FIGS . 8 , 9A , 9B , 10A , 10B , 11A to 11C , 12A , and 
12B are diagrams illustrating a method of manufacturing a 
semiconductor device in accordance with an embodiment . 
[ 0113 ] FIG . 8 illustrates channel structures 129 which pass 
through a preliminary stack ST and an etch stop layer 111 . 
[ 0114 ] Referring to FIG . 8 , the preliminary stack ST may 
be formed by alternately stacking first material layers 101 
and second material layers 103. The first material layers 101 
may be insulating material for the interlayer insulating 
layers ILD illustrated in FIG . 5A or 5B . The second material 
layers 103 may have an etching rate different from that of the 
first material layers 101. For example , each of the first 
material layers 101 may include oxide such as a silicon 
oxide layer , and each of the second material layers 103 may 
include nitride such as a silicon nitride layer . An uppermost 
material layer of the first material layers 101 may be 
disposed in an uppermost layer of the preliminary stack ST . 
[ 0115 ] The etch stop layer 111 may be formed on the 
preliminary stack ST . The etch stop layer 111 may have an 
etching rate different from that of the first material layers 

101. For example , the etch stop layer 111 may include the 
same material as the second material layers 103. For 
example , the etch stop layer 111 and the second material 
layers 103 each may include nitride . 
[ 0116 ] The step of forming the channel structures 129 may 
include the step of forming holes H which pass through the 
preliminary stack ST , and the step of filling the holes H with 
the respective channel structures 129. The step of forming 
the channel structures 129 may further include the step of 
forming a multilayer layer ML on a sidewall of the corre 
sponding hole H before the channel structures 129 are 
formed . In this case , each of the channel structures 129 may 
be formed on the corresponding multilayer layer 121 . 
[ 0117 ] The step of forming the multilayer layer 121 may 
include the step of successively stacking a blocking insu 
lating layer , a data storage layer , and a tunnel insulating 
layer from the sidewall of each hole H toward the central 
area of each hole H. The blocking insulating layer may 
include insulating layer capable of blocking charges . For 
example , the blocking insulating layer may include oxide . 
The data storage layer may be formed of a charge trap layer , 
a material layer including conductive nanodots , or a phase 
change material layer . For example , the data storage layer 
may include silicon nitride . The tunnel insulating layer may 
include insulating material making charge tunneling pos 
sible . For example , the tunnel insulating layer may include 
silicon oxide . 
[ 0118 ] Each of the channel structures 129 may include a 
semiconductor layer 123 , a core insulating layer 125 , and a 
capping pattern 127. The semiconductor layer 123 may be 
conformally formed along the sidewall of each hole H. For 
example , the semiconductor layer 123 may be formed by 
depositing a silicon layer . The central area of each hole H 
defined by the semiconductor layer 123 may be filled with 
the core insulating layer 125 and the capping pattern 127 . 
[ 0119 ] The core insulating layer 125 may include oxide . 
The height of the core insulating layer 125 may be controlled 
to be lower than the height of each hole H. To control the 
height of the core insulating layer 125 , portion of the core 
insulating layer 125 in the hole H may be removed . 
[ 0120 ] The capping pattern 127 may be disposed on the 
core insulating layer 125 and enclosed by an upper end of 
the semiconductor layer 123. The capping pattern 127 may 
include a doped semiconductor layer . For example , the 
capping pattern 127 may include doped silicon . The capping 
pattern 127 may include an n - type dopant . In an embodi 
ment , the upper end of the semiconductor layer 123 that 
comes into contact with the capping pattern 127 may be 
recrystallized along with the capping pattern 127 through a 
process such as a laser annealing process . 
[ 0121 ] FIGS . 91 and 9B illustrate trenches 131 that pass 
through the etch stop layer . FIG . 9A is a plan view illus 
trating a layout of the channel structures 129 and the 
trenches 131. FIG . 9B is a sectional view taken along line 
C - C ' of FIG . 9A . 
[ 0122 ] Referring to FIGS . 9A and 9B , the trenches 131 
may be formed to pass through the etch stop layer 111 
illustrated in FIG . 8. Thereby , the etch stop layer may be 
divided into etch stop patterns 111P1 and a first dummy 
pattern 111P2A . Each of the etch stop patterns 111P1 may 
enclose channel structures 129 by group . For example , the 
channel structures 129 may be divided into a plurality of 
groups GR . Each group GR may be enclosed by the corre 
sponding etch stop pattern 111P1 . 
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[ 0123 ] The trenches 131 may extend parallel to each other 
in a boundary between the groups GR . The first dummy 
pattern 111P2A may be a partial area of the etch stop layer 
that remains between the trenches 131 adjacent to each other 
in the boundary between the groups GR formed of the 
channel structures 129 . 
[ 0124 ] The trenches 131 may be formed through a pho 
tolithography process . In an embodiment , the process of 
forming the trenches 131 may be the same process as that of 
forming the second slit SI2 illustrated in each of FIGS . 3A 
to 3D . Although not illustrated , the second slit S12 may have 
a width greater than that of each trench 131 , and pass 
through the etch stop patterns 111P1 and portion of the 
preliminary stack ST between the channel structures 129 of 
each group GR . In an embodiment , the process of forming 
the trenches 131 may be performed as an individual process 
separated from the process of forming the second slit S12 . 
[ 0125 ] FIGS . 10A and 10B illustrate a slit 141 and an 
upper insulating layer 133. FIG . 10A is a plan view illus 
trating a layout of vertical parts 133P1 of the upper insu 
lating layer and a layout the etch stop patterns 111P1 . FIG . 
10B is a sectional view taken along line C - C ' of FIG . 10A . 
[ 0126 ] Referring to FIGS . 10A and 10B , the upper insu 
lating layer 133 may be formed such that the trenches 131 
illustrated in FIGS . 9A and 9B are filled with the upper 
insulating layer 133. The upper insulating layer 133 may be 
divided into vertical parts 133P1 and a horizontal part 
133P2 . The vertical parts 133P1 are parts of the upper 
insulating layer 133 that fills the trenches 131. The horizon 
tal part 133P2 is the other part of the upper insulating layer 
133 that extends from the vertical parts 133P1 to cover top 
surfaces of the etch stop patterns 111P1 and top surfaces of 
the channel structures 129. The horizontal part 133P2 may 
extend to cover a top surface of the first dummy pattern 
111P2A illustrated in FIGS . 9A and 9B . 
[ 0127 ] The upper insulating layer 133 may have an etch 
ing rate different from that of the etch stop layer 111 and the 
second material layers 103 that have been described with 
reference to FIG . 8. For example , the upper insulating layer 
133 may include oxide such as a silicon oxide layer . 
[ 0128 ] The upper insulating layer 133 may be penetrated 
by the slit 141. The slit 141 may pass through the horizontal 
part 133P2 of the upper insulating layer 133 between the 
vertical parts 133P1 that are adjacent to each other . The slit 
141 may extend to pass through the first dummy pattern 
111P2A illustrated in FIGS . 9A and 9B . Hence , the first 
dummy pattern 111P2A may be divided into second dummy 
patterns 111P2B by the slit 141. The second dummy patterns 
111P2B may remain between the vertical parts 122P1 and 
the slit 141. The slit 141 may extend to pass through the 
preliminary stack ST that overlaps with the first dummy 
pattern 111P2A illustrated in FIGS . 9A and 9B . The slit 141 
may be formed in a linear shape extending parallel to the 
vertical parts 133P1 . The slit 141 may be formed through a 
photolithography process . 
[ 0129 ] FIGS . 11A to 11C are sectional views illustrating 
the step of replacing the second material layers 103 illus 
trated in FIG . 10B with line patterns through the slit 141 . 
[ 0130 ] Referring to FIG . 11A , the second material layers 
103 illustrated in FIG . 10B are removed through the slit 141 . 
Thereby , as illustrated in FIG . 11A , open areas 143 are 
defined between the first material layers 101 that are adja 
cent to each other in a direction in which the first materials 
101 and the second materials 103 that are illustrated in FIG . 

10B are stacked . Because the second material layers 103 
have an etching rate different from that of the first material 
layers 101 , loss of the first material layers 101 may be 
minimized while the second material layers 103 are selec 
tively removed . 
[ 0131 ] While the second material layers 103 are selec 
tively etched , the second dummy patterns 111P2B that are 
illustrated in FIG . 10B and exposed through the slit 141 may 
be removed along with the second material layers 103 . 
Thereby , as shown in FIG . 11A , the vertical parts 133P1 of 
the upper insulating layer 133 may be exposed , and an 
undercut area UC may be defined in the sidewall of the 
upper insulating layer 133 that faces the slit 141. The 
undercut area UC may be defined by the uppermost first 
material layer 101 ( T ) and the horizontal part 133P2 that 
remains protruding toward the slit 141 farther than each 
vertical part 133P1 . 
[ 0132 ] The upper insulating layer 133 may have an etch 
ing rate different from that of the second material layers 103 . 
Therefore , even if the vertical parts 133P1 of the upper 
insulating layer 133 are exposed while the second material 
layers 103 are selectively removed , loss of the vertical parts 
133P1 may be minimized . Furthermore , while the second 
material layers 103 are selectively removed , the etch stop 
patterns 111P1 may be protected by the vertical parts 133P1 , 
as illustrated in FIG . 11A . 
[ 0133 ] Referring to FIG . 11B , the open areas 143 illus 
trated in FIG . 11A may be filled with a conductive layer 151 . 
Before the conductive layer 151 is formed , a blocking 
insulating layer 145 may be further formed along surfaces 
that define the open areas 143. The blocking insulating layer 
145 may extend to cover both the respective sidewalls of the 
first material layers 101 that face the slit 141 and a surface 
of the undercut area UC illustrated in FIG . 11A . The 
blocking insulating layer 145 may include insulating mate 
rial for blocking charges . For example , the blocking insu 
lating layer 145 may include metal oxide . For instance , the 
metal oxide may include an aluminum oxide layer . 
[ 0134 ] In the case where the blocking insulating layer 145 
is formed , the conductive layer 151 may be formed on the 
blocking insulating layer 145 such that the open areas 143 
illustrated in FIG . 11A are filled with the conductive layer 
151. The conductive layer 151 may include at least one of a 
doped silicon layer , a metal silicide layer , and a metal layer . 
For instance , the metal layer may include low - resistance 
metal such as tungsten , nickel , or cobalt . The conductive 
layer 151 may further include a barrier layer which is 
conformally formed on the block insulating layer 145. The 
barrier layer may include a metal nitride layer . For example , 
the metal nitride layer may include a titanium nitride , a 
tantalum nitride layer , etc. 
[ 0135 ] Referring to FIG . 11C , the conductive layer 151 
illustrated in FIG . 11A is divided into line patterns 151P by 
etching the conductive layer 151. Thereby , the gate stacks 
GST illustrated in each of FIGS . 5A and 5B may be formed . 
[ 0136 ] The line patterns 151P may correspond to the 
conductive patterns CPk to CPn illustrated in FIG . 5A or 5B . 
Portions of the block insulating layer 145 that are not 
covered with the line patterns 151P may be exposed through 
the process of etching the conductive layer 151. And a 
portion of the blocking insulating layer 145 that are disposed 
on the undercut area UC may be exposed . 
[ 0137 ] FIGS . 12A and 12B are sectional views illustrating 
a vertical structure 155 and contact holes 161A and 161B . 



US 2020/0161327 A1 May 21 , 2020 
9 

FIG . 12A is a sectional view illustrating the case where the 
contact holes 161A are aligned with the channel structures 
129 without an error , in accordance with an embodiment of 
the present disclosure . FIG . 12A , for example , corresponds 
with FIG . 5A . FIG . 12B is a sectional view illustrating the 
case where the contact holes 161A are biased to one side of 
the channel structures 129 within a margin of error , in 
accordance with an embodiment of the present disclosure . 
FIG . 12B , for example , corresponds with FIG . 5B . 
[ 0138 ] Referring to FIGS . 12A and 12B , the slits 141 
illustrated in FIG . 11C may be filled with the vertical 
structure 155. In an embodiment , the vertical structure 155 
may be formed by filling the slit 141 with insulating mate 
rial . In an embodiment , the step of forming the vertical 
structure 155 may include the step of forming a sidewall 
insulating layer on a sidewall of the slit 141 to cover the 
blocking insulating layer 145 , and the step of filling con 
ductive material into a central area of the slit 141 that is 
defined in the sidewall insulating layer . 
[ 0139 ] The contact holes 161A and 161B may be formed 
by etching the horizontal part 133P2 of the upper insulating 
layer through a photolithography process . 
[ 0140 ] As illustrated in FIG . 12A , in the case where 
central axes of the contact holes 161A are respectively 
aligned with central axes of the channel structures 129 , each 
capping pattern 127 may be exposed through the corre 
sponding contact hole 161A . Here , the capping pattern 127 
may function as an etch stop layer . 
[ 0141 ] As illustrated in FIG . 12B , in the case where the 
contact holes 161B are biased to one side of the channel 
structures 129 , not only the capping patterns 127 but also the 
sidewalls of the semiconductor layers 123 may be exposed 
through the corresponding contact holes 161B . Here , the 
capping patterns 127 and the etch stop patterns 111P1 may 
function as etch stop layers . 
[ 0142 ] For example , if the etch stop patterns 111P1 are not 
formed , the gate stack GST may be exposed during a process 
of forming the contact holes 161B passing through the first 
upper insulating layer 133. In this case , a punch failure may 
be caused . For example , a topmost line pattern 151P of the 
gate stack GST may be exposed through the contact holes 
161B by the punch failure . To prevent the punch failure , the 
lengths of the upper ends of the channel structures 129 that 
protrude farther than the gate stack GST may be increased . 
In this case , at the step of removing portion of the core 
insulating layer 125 in each hole described with reference to 
FIG . 8 , it may be difficult to control the etching rates of the 
core insulating layers 125 for the respective holes to be 
uniform . In this case , because it is difficult to uniformly form 
the capping pattern 127 in each hole , operational character 
istics of the semiconductor device may be degraded . 
[ 0143 ] In an embodiment of the present disclosure , even if 
the height of the upper end of each channel structure 129 that 
protrudes farther than the gate stack GST is excessively 
increased , the etch stop patterns 111P1 may be used as etch 
stop layers while the contact holes 161B are formed . There 
fore , in an embodiment of the present disclosure , the gate 
stack GST may be prevented from being exposed through 
the contact holes 161B , whereby a punch failure may be 
prevented . Consequently , the stability of the process of 
manufacturing the semiconductor device may be enhanced , 
and the operational characteristics of the semiconductor 
device may be improved . 

[ 0144 ] Thereafter , the contact holes 161A and 161B illus 
trated in FIGS . 12A and 12B are filled with conductive 
material , whereby the contact plugs CT illustrated in FIGS . 
5A and 5B may be formed . 
[ 0145 ] In the process of manufacturing the semiconductor 
device in accordance with various embodiments of the 
present disclosure , an insulating layer disposed on an etch 
stop layer may include vertical parts that pass through the 
etch stop layer . The vertical parts of the insulating layer may 
protect the etch stop layer during the process of manufac 
turing the semiconductor device , and a depression may be 
formed in a sidewall of the insulating layer by the vertical 
parts of the insulating layer . 
[ 0146 ] Due to the etch stop layer that is protected by the 
vertical parts and remains , even if misalignment occurs 
during the process of forming a contact plug passing through 
the insulating layer , the stability of the process may be 
secured . Consequently , the probability of a process failure 
may be reduced , and the operational reliability of the semi 
conductor device may be enhanced . 
[ 0147 ] FIG . 13 is a block diagram illustrating the configu 
ration of a memory system 1100 in accordance with an 
embodiment of the present disclosure . 
[ 0148 ] Referring FIG . 13 , the memory system 1100 in 
accordance with an embodiment includes a memory device 
1120 and a memory controller 1110 . 
[ 0149 ] The memory device 1120 may be a multi - chip 
package formed of a plurality of memory chips . The 
memory device 1120 may include a semiconductor memory 
device including at least one of the structures illustrated in 
FIGS . 5A and 5B . 
[ 0150 ] The memory controller 1110 may control the 
memory device 1120 , and include a static random access 
memory ( SRAM ) 1111 , a CPU 1112 , a host interface 1113 , 
an error correction code ( ECC ) 1114 , and a memory inter 
face 1115. The SRAM 1111 may be used as an operating 
memory of the CPU 1112. The CPU 1112 may perform 
overall control operations for data exchange of the memory 
controller 1110. The host interface 1113 may be provided 
with a data interchange protocol of a host coupled with the 
memory system 1100. Furthermore , the ECC 1114 may 
detect and correct an error included in the data that is read 
from the memory device 1120 , and the memory interface 
1115 may interface with the memory device 1120. In addi 
tion , the memory controller 1110 may further include a read 
only memory ( ROM ) or the like that stores code data for 
interfacing with the host . 
[ 0151 ] The above - described memory system 1100 may be 
a memory card or a solid state disk SD ) equipped with the 
memory device 1120 and the memory controller 1110. For 
example , when the memory system 1100 is an SSD , the 
memory controller 1110 may communicate with an external 
device ( e.g. , a host ) via one of various interface protocols , 
such as a universal serial bus ( USB ) , a multimedia card 
( MMC ) , a peripheral component interconnection - express 
( PCI - E ) , a serial advanced technology attachment ( SATA ) , a 
parallel advanced technology attachment ( PATA ) , a small 
computer small interface ( SCSI ) , an enhanced small disk 
interface ( ESDI ) , and an integrated drive electronics ( IDE ) 
protocols . 
[ 0152 ] FIG . 14 is a block diagram illustrating the configu 
ration of a computing system 1200 in accordance with an 
embodiment of the present disclosure . 
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[ 0153 ] Referring to FIG . 14 , the computing system 1200 
in accordance with an embodiment of the present disclosure 
may include a CPU 1220 , a random access memory ( RAM ) 
1230 , a user interface 1240 , a modem 1250 , and a memory 
system 1210 that are electrically coupled to a system bus 
1260. Furthermore , if the computing system 1200 is a 
mobile device , it may further include a battery for supplying 
an operating voltage to the computing system 1200. An 
application chip set , a camera image processor CIS , a mobile 
DRAM and the like may be further included . 
[ 0154 ] The embodiments disclosed in the present specifi 
cation and the drawings just aims to help those with ordinary 
knowledge in this art more clearly understand the present 
disclosure rather than aiming to limit the bounds of the 
present disclosure . It is obvious to those skilled in the art that 
various implementations based on the technological spirit of 
the present disclosure are possible in addition to the dis 
closed embodiments . 
[ 0155 ] Unless otherwise defined , all terms including tech 
nical and scientific terms used herein have the same meaning 
as commonly understood by one of ordinary skill in the art 
to which the present disclosure belongs . It will be further 
understood that terms used herein should be interpreted as 
having a meaning that is consistent with their meaning in the 
context of this specification and the relevant art and will not 
be interpreted in an idealized or overly formal sense unless 
expressly so defined herein . 
What is claimed is : 
1. A semiconductor device comprising : 
an etch stop pattern including a top surface and a sidewall ; 
a gate stack including interlayer insulating layers and 

conductive patterns that are alternately stacked under 
the etch stop pattern ; 

a plurality of channel structures passing through the etch 
stop pattern and the gate stack ; 

an insulating layer extending to cover the top surface and 
the sidewall of the etch stop pattern , wherein a depres 
sion is included in a sidewall of the insulating layer ; 
and 

a contact plug passing through the insulating layer so that 
the contact plug is coupled to a channel structure of the 
plurality of channel structures . 

2. The semiconductor device according to claim 1 , 
wherein the depression in the sidewall of the insulating layer 
overlaps with each upper end of the channel structures that 
pass through the etch stop pattern . 

3. The semiconductor device according to claim 1 , 
wherein the insulating layer comprises : 

a vertical part disposed on the sidewall of the etch stop 
pattern ; and 

a horizontal part extending from the vertical part to cover 
the top surface of the etch stop pattern . 

4. The semiconductor device according to claim 3 , 
wherein the horizontal part protrudes farther than the 

vertical part in a lateral direction intersecting with a 
direction in which the interlayer insulating layers and 
the conductive patterns are stacked , and 

wherein the gate stack protrudes farther than the vertical 
part in the lateral direction . 

5. The semiconductor device according to claim 4 , 
wherein the depression in the sidewall of the insulating layer 
is formed in a side surface of the vertical part . 

6. The semiconductor device according to claim 4 , further 
comprising a blocking insulating layer extending to cover a 

side surface of the vertical part and a surface of the hori 
zontal part protruding farther than the vertical part . 

7. The semiconductor device according to claim 6 , 
wherein the blocking insulating layer extends along each 

interface between the conductive patterns and the inter 
layer insulating layers , and 

wherein the blocking insulating layer extends to cover 
each sidewall of the conductive patterns that face the 
channel structures . 

8. The semiconductor device according to claim 1 , 
wherein the etch stop pattern includes material having an 
etching rate different from an etching rate of the insulating 
layer . 

9. The semiconductor device according to claim 1 , 
wherein the etch stop pattern includes a nitride , and the 
insulating layer includes an oxide . 

10. The semiconductor device according to claim 1 , 
further comprising a vertical structure extending to cover a 
sidewall of the gate stack and the sidewall of the insulating 
layer , wherein the vertical structure includes a protrusion 
protruding toward the depression included in the sidewall of 
the insulating layer . 

11. A method of manufacturing a semiconductor device , 
comprising : 

forming a stack including first material layers and second 
material layers which are alternately stacked ; 

forming an etch stop layer on the stack ; 
forming an insulating layer including vertical parts pass 

ing through the etch stop layer ; 
forming a slit extending to pass through the etch stop layer 

between the vertical parts that are adjacent to each 
other and extending to pass through the stack ; and 

replacing the second material layers with line patterns 
through the slit . 

12. The method according to claim 11 , wherein the etch 
stop pattern includes a material having an etching rate 
different from an etching rate of the insulating layer . 

13. The method according to claim 11 , wherein the etch 
stop layer includes a nitride , and the insulating layer 
includes an oxide . 

14. The method according to claim 11 , wherein the etch 
stop layer and the second material layers include a same 
material . 

15. The method according to claim 11 , wherein forming 
the insulating layer comprises : 

forming trenches passing through the etch stop layer ; and 
forming the insulating layer on the etch stop layer such 

that the trenches are filled with the vertical parts of the 
insulating layer . 

16. The method according to claim 11 , wherein replacing 
the second material layers with the line patterns comprises : 

removing the second material layers through the slit such 
that open areas are defined between the first material 
layers that are adjacent to each other in a direction in 
which the first material layers and the second materials 
are stacked ; 

forming a blocking insulating layer on surfaces defining 
the open areas ; 

forming a conductive layer filling the open areas and 
disposed on the blocking insulating layer , and 

forming the line patterns separated from each other by 
etching the conductive layer . 

17. The method according to claim 16 , wherein removing 
the second material layers comprises : 
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removing a portion of the etch stop layer disposed 
between the slit and the vertical parts to expose an 
undercut area . 

18. The method according to claim 17 , wherein forming 
the blocking insulating layer comprises : 

forming the blocking insulating layer to cover a surface of 
the undercut area and a sidewall of each of the first 
material layers facing the slit . 

19. The method according to claim 11 , further comprising 
forming a plurality of channel structures passing through the 
etch stop layer and the stack , 
wherein the insulating layer further includes a horizontal 

part disposed on the etch stop layer to cover the 
plurality of channel structures . 

20. The method according to claim 19 , further comprising 
forming a contact plug passing through the insulating layer 
so that the contact plug is coupled to a corresponding 
channel structure of the plurality of channel structures . 


