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INTEGRATED CIRCUIT DEVICES 
INCLUDING A VERTICAL MEMORY 

DEVICE 

CROSS - REFERENCE TO RELATED 
APPLICATION 

[ 0001 ] This application claims the benefit of Korean Pat 
ent Application No . 10 - 2017 - 0092733 , filed on Jul . 21 , 
2017 , in the Korean Intellectual Property Office , the entire 
contents of which are incorporated herein by reference . 

BACKGROUND 
[ 0002 ] The inventive concepts relate to integrated circuit 
devices , and more particularly , to integrated circuit devices 
including a nonvolatile vertical memory device . 
[ 0003 ] As information communication devices become 
increasingly multifunctional , a large capacity and high inte 
gration of integrated circuit devices including a memory 
device may be desired . With a reduction of the memory cell 
size for high integration , operation circuits and wiring 
structures included in the memory device for operation and 
electrical connection of the memory device are becoming 
complicated . Accordingly , there is a demand for integrated 
circuit devices including a memory device having excellent 
electrical characteristics while having an improved degree of 
integration . 

the first horizontal direction , a plurality of channel structures 
extending in the vertical direction through the plurality of 
word lines in the memory cell region , and a plurality of bit 
lines arranged on the plurality of channel structures in the 
memory cell region , wherein the plurality of channel struc 
tures include a plurality of nonlinear channel structures 
extending nonlinearly in the memory cell region in the 
vertical direction , and the plurality of bit lines include a 
plurality of nonlinear bit lines arranged at a variable pitch in 
the memory cell region in the first horizontal direction and 
extending on the plurality of nonlinear channel structures in 
the second horizontal direction . 
[ 0007 ] According to another aspect of the inventive con 
cepts , there is provided an integrated circuit device includ 
ing a plurality of word lines extending parallel to a main 
surface of a substrate and overlapping each other in a 
vertical direction perpendicular to the main surface on the 
substrate , a common source line extending in the first 
horizontal direction on the substrate along one side of the 
plurality of word lines , a plurality of channel structures 
extending through the plurality of word lines in the vertical 
direction , a plurality of bit line contact pads on the plurality 
of channel structures , and a plurality of bit lines connected 
to the plurality of channel structures through the plurality of 
bit line contact pads , wherein the plurality of channel 
structures include a plurality of first channel structures 
extending linearly in the vertical direction and a plurality of 
second channel structures extending nonlinearly in the ver 
tical direction , and the plurality of bit lines include a 
plurality of first bit lines extending linearly in a second 
horizontal direction perpendicular to the first horizontal 
direction and a plurality of second bit lines extending 
nonlinearly in the second horizontal direction . 

SUMMARY 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0004 ] The inventive concepts provide integrated circuit 
devices including a vertical memory device having a struc 
ture capable of suppressing an undesirable increase in a chip 
size and improving the integration degree by minimizing the 
number of dummy channels in a memory cell region and 
maximizing the number of bit lines passing through the 
memory cell region even when the number of word lines 
stacked in the memory cell region of the vertical memory 
device increases . 
10005 ) . According to an aspect of the inventive concepts , 
there is provided an integrated circuit device including a 
plurality of word lines extending in a first horizontal direc 
tion parallel to a main surface of a substrate and overlapping 
each other in a vertical direction , on the substrate , a plurality 
of channel structures extending in the vertical direction 
through the plurality of word lines on an area of the 
substrate , a plurality of bit line contact pads on the plurality 
of channel structures , and a plurality of bit lines connected 
to the plurality of channel structures through the plurality of 
bit line contact pads on the area , wherein the plurality of hit 
lines include a plurality of first hit lines extending parallel to 
each other at a first pitch in a center region of the area , and 
a plurality of second bit lines extending at a second pitch in 
an edge region of the area , the second pitch being different 
from the first pitch . 
[ 0006 ] According to another aspect of the inventive con 
cepts , there is provided an integrated circuit device includ 
ing a plurality of word lines extending parallel to a main 
surface of a substrate and overlapping each other in a 
vertical direction perpendicular to the main surface , the 
substrate having a memory cell region and a connection 
region sequentially arranged in a first horizontal direction , a 
plurality of word line cut regions extending in the first 
horizontal direction and defining a width of the plurality of 
word lines in a second horizontal direction perpendicular to 

[ 0008 ] Embodiments of the inventive concepts will be 
more clearly understood from the following detailed 
description taken in conjunction with the accompanying 
drawings in which : 

[ 0009 ] FIG . 1 illustrates a plan view showing configura 
tions of an integrated circuit device according to an embodi 
ments of the inventive concepts ; 
[ 0010 ] FIG . 2A illustrates an enlarged plan view showing , 
a region denoted as “ C1 ” in FIG . 1 , and FIG . 2B illustrates 
a cross - sectional view taken along a line B1 - B1 ' of FIG . 2A ; 
[ 0011 ] FIG . 3A illustrates an enlarged plan view showing 
a region denoted as “ C2 ” in FIG . 1 , and FIG . 3B illustrates 
a cross - sectional view taken along a line B2 - B2 ' of FIG . 3A ; 
[ 0012 ] FIG . 4 illustrates an enlarged cross - sectional view 
taken along a line X - X ' of FIG . 1 ; 
[ 0013 ] FIG . 5 illustrates a plan view showing a plurality of 
bit lines included in a portion of the integrated circuit device 
of FIG . 1 ; 
[ 0014 ] FIG . 6 illustrates an equivalent circuit diagram of 
the memory cell array included in the memory cell region of 
the integrated circuit device of FIGS . 1 to 5 , according to 
embodiments of the inventive concepts ; 
[ 0015 ] FIGS . 7A , 7B , 7C and 7D respectively illustrate 
cross - sectional views showing various configurations of 
gate dielectric films included in an integrated circuit device , 
according to embodiments of the inventive concepts ; 
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[ 0016 ] FIGS . 8 to 12 illustrate plan views showing various 
configurations of a plurality of bit lines included in an 
integrated circuit device , according to embodiments of the 
inventive concepts ; 
[ 0017 ] FIGS . 13A , 13B , 13C , 13D , and 13E illustrate 
cross - sectional views showing a method of manufacturing 
an integrated circuit device , according to embodiments of 
the inventive concepts ; and 
[ 0018 ] FIG . 14 illustrates a cross - sectional view showing 
a method of manufacturing an integrated circuit device , 
according to embodiments of the inventive concepts . 

DETAILED DESCRIPTION 
10019 ] . The same reference numerals are used for the same 
elements in the drawings , and the repeated descriptions 
thereof will be omitted . 
[ 0020 ] FIGS . 1 to 5 illustrate views for explaining an 
integrated circuit device according to embodiments of the 
inventive concepts . Particularly , FIG . 1 illustrates a plan 
view showing configurations of an integrated circuit device 
100 according to embodiments of the inventive concepts . 
FIG . 2A illustrates an enlarged plan view showing a region 
denoted as “ C1 ” in FIG . 1 , and FIG . 2B illustrates a 
cross - sectional view taken along a line B1 - B1 ' of FIG . 2A . 
FIG . 3A illustrates an enlarged plan view showing a region 
denoted as “ C2 ” in FIG . 1 , and FIG . 3B illustrates a 
cross - sectional view taken along a line B2 - B2 ' of FIG . 3A . 
FIG . 4 illustrates an enlarged cross - sectional view taken 
along a line X - X ' of FIG . 1 . FIG . 5 illustrates a plan view 
showing a plurality of bit lines BL included in a portion of 
the integrated circuit device 100 of FIG . 1 . 
[ 0021 ] Referring to FIGS . 1 to 5 , the integrated circuit 
device 100 may include a memory cell region MEC and a 
connection region CON . In the memory cell region MEC , a 
memory cell array MCA may be formed on the active region 
AC of the substrate 102 . The memory cell array MCA may 
have a circuit configuration as described below with refer 
ence to FIG . 1 . 
[ 0022 ] The memory cell region MEC includes a center 
region MEC1 and an , edge region MEC2 . The center region 
MEC1 may be spaced apart from the connection region 
CON with the edge region MEC2 therebetween . The con 
nection region CON may be disposed on an edge side of the 
memory cell region MEC . The connection region CON may 
be a region in which wires connected from word lines WL 
or selection lines of each vertical memory cell of the 
memory cell region MEC are arranged . Although the con 
nection region CON is only disposed on one side of the 
memory cell region MEC in FIG . 1 , the connection region 
CON may be disposed on both sides of the memory cell 
region MEC . 
[ 0023 ] The substrate 102 of the integrated circuit device 
100 may include a main surface 102M extending in an X 
direction and a Y direction . In some embodiments , the 
substrate 102 may include Si , Ge , or SiGe . In some embodi 
ments , the substrate 102 may include a silicon - on - insulator 
( SOI ) substrate , or a germanium - on - insulator ( GEOI ) sub 
strate . 
100241 FIG . 6 illustrates an equivalent circuit diagram of 
the memory cell array MCA included in the memory cell 
region MEC of the integrated circuit device 100 described 
with reference to FIGS . 1 to 5 . FIG . 6 illustrates an example 
of an equivalent circuit diagram of a vertical NAND flash 
memory device having a vertical channel structure . 

[ 0025 ] Referring to FIG . 6 , the memory cell array MCA 
may include a plurality of memory cell strings MS . The 
memory cell array MCA may include a plurality of bit lines 
BL : BL1 BL2 , . . . , BLm , a plurality of word lines WL : 
WL1 , WL2 , . . . , WLn - 1 , WLn , at least one string selection 
line SSL , at least one ground selection line GSL , and a 
common source line CSL . The plurality of memory cell 
strings MS may be formed between the plurality of bit lines 
BL : BL1 , B2 , . . . , BLm and the common source line CSL . 
[ 0026 ] The plurality of memory cell strings MS may 
include a string selection transistor SST , a ground selection 
transistor GST , and a plurality of memory cell transistors 
MC1 , MC2 , . . . , MCn - 1 , and MCn . A drain region of the 
string selection transistor SST may be connected to the 
plurality of bit lines BL : BL1 , BL2 , . . . , BLm , and a source 
region of the ground selection transistor GST may be 
connected to the common source line CSL . The common 
source line CSL may be a region in which source regions of 
a plurality of ground selection transistors GST are connected 
in common . 
[ 0027 ] The string selection transistor SST may be con 
nected to the string selection line SSL , and the ground 
selection transistor CST may be connected to the ground 
selection line GSL . The plurality of memory cell transistors 
MC1 , MC2 , . . . , MCn - 1 , and MCn may be respectively 
connected to the plurality of word lines WL : WL1 , WL2 , . 
. . , WLn - 1 , WLn . 
[ 0028 ] Referring to FIGS . 1 to 5 , in the memory cell array 
MCA including a configuration described with reference to 
FIG . 6 , the plurality of memory cell transistors MC1 , MC2 , 
. . , MCn - 1 , and MCn that constitute a memory cell string 
MS may have a structure connected in series in a vertical 
direction ( e . g . , a Z direction ) with respect to a main surface 
102M of the substrate 102 . Thus , a plurality of channel 
structures 180 constituting the string selection transistor 
SST , the ground selection transistor OST , and the plurality 
of memory cell transistors MC1 , MC2 , . . . , MCn - 1 , and 
MCn may be formed to extend in a vertical direction with 
respect to the main surface 102M of the substrate 102 . 
[ 0029 ] In the memory cell region MEC , the plurality of 
word lines WL : WL1 , WL2 , . . . , WLn - 1 , WLn may extend 
on the substrate 102 in a horizontal direction parallel to the 
main surface 102M ( e . g . , along an X - Y plane ) , and may be 
spaced apart from each other to overlap each other in a 
vertical direction ( e . g . , a Z direction ) perpendicular to the 
main surface 102M of the substrate 102 . 
[ 0030 ] A plurality of word line cut regions WLC may 
extend in a first horizontal direction ( e . g . , an X direction ) 
parallel to the main surface 102M of the substrate 102 . The 
plurality of word line cut regions WLC may define a width 
of file plurality of word lines WL : WL1 , WL2 , . . . , WLn - 1 , 
WLn disposed in a second horizontal direction ( e . g . , a Y 
direction ) perpendicular to the first horizontal direction . The 
plurality of word lines WL : WL1 , WL2 , . . . , WLn - 1 , WLn 
may be repeatedly disposed at regular intervals to be spaced 
apart from each other by the plurality of word line cut 
regions WLC . 
[ 0031 ] On the substrate 102 , a plurality of common source 
regions 172 may extend in the first horizontal direction ( e . g . 
the X direction ) . In some embodiments , the plurality of 
common source regions 1 . 72 may be impurity regions 
highly doped with n - type impurities . The plurality of com 
mon source regions 172 may serve as source regions for 
supplying current to vertical memory cells . A plurality of 
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common source lines CSL may extend on the plurality of 
common source regions 172 in the first horizontal direction 
( e . g . , the X direction ) . The plurality of common source lines 
CSL may be formed to fill a portion of a word line cut region 
WLC on one side of a pair of ground selection lines GSL , 
the plurality of word lines WL : WL1 , WL2 , . . . , WLn - 1 , 
WLn , and a pair of string selection lines SSL . 
[ 0032 ] At least one ground selection line GSL , the plural 
ity of word lines WL : WL1 , WL2 , . . . , WLn - 1 , WLn , and 
at least one string selection line SSL may be sequentially 
stacked between two neighboring word line cut regions 
WLC . Although , it is illustrated in FIGS . 1 to 4 that one 
ground selection line GSL , five word lines WL , and two 
string selection lines SSL are sequentially stacked on the 
substrate 102 in the vertical direction , this is for convenience 
of description and illustration and the inventive concepts are 
not limited thereto . Two neighboring string selection lines 
SSL in the second horizontal direction ( e . g . , the Y direction ) 
are spaced apart from each other with a string selection line 
cut region SSLC therebetween . The string selection line cut 
region SSLC may be filled with an insulating film 174 . The 
insulating film 174 may include , for example , an oxide film , 
a nitride film , or a combination thereof . At least a portion of 
the string selection line cut region SSLC may be filled with 
an air gap . 
0033 ] Each of at least one ground selection line GSL , the 

plurality of word lines WL : WL1 , WL2 , . . . , WLn - 1 , WLn , 
and at least one string selection line SSL may include a 
metal , metal silicide , a semiconductor doped with impuri 
ties , or a combination thereof . For example , each of at least 
one ground selection line GSL , the plurality of word lines 
WL : WL1 , WL2 , . . . , WLn - 1 , WLn , and at least one string 
selection line SSL may include , for example , a metal such as 
tungsten , nickel , cobalt and tantalum , metal silicide such as 
tungsten suicide , nickel silicide , cobalt silicide . and tantalum 
silicide , polysilicon doped with impurities , or a combination 
thereof 
[ 0034 ] An insulating film 176 may be interposed between 
the substrate 102 and at least one ground selection line GSL , 
between at least one ground selection line GSL and a word 
fine WL , between word lines WL , and between a word line 
WL and at least one string selection line SSL . The insulating 
film 176 may include , for example , silicon oxide , silicon 
nitride , and / or silicon oxynitride . 
[ 0035 ] The plurality of channel structures 180 may extend 
in the memory cell region MEC in the vertical direction 
( e . g . , the Z direction ) through at least on ground selection 
line ( GSL , the plurality of word lines WL : WL1 , WL2 , . . . 
, WLn - 1 , WLn , at least one string selection line SSL , and a 
plurality of insulating films 176 . The plurality of channel 
structures 180 may be arranged to be spaced apart from each 
other at a predetermined interval in the X direction and the 
Y direction . 
100361 . The plurality of channel structures 180 may include 
a plurality of first channel structures 180A linearly extending 
in the vertical direction ( e . g . , the Z direction ) in the center 
region MEC1 of the memory cell region MEC , and a 
plurality of second channel structures 180B nonlinearly 
extending in the vertical direction ( e . g . , the Z direction ) in 
the edge region MEC2 of the memory cell region MEC . 
0037 ] The plurality of first channel structures 180A and 
the plurality of second channel structures 180B may have 
substantially the same configuration . In other words , each of 
the plurality of first channel structures 180A and the plural 

ity of second channel structures 180B may include a gate 
dielectric film 182 , a channel region 184 , a buried insulating 
film 186 , and a drain region 188 . In some embodiments , a 
barrier metal film ( not shown ) may be formed between the 
gate dielectric film 182 and a ground selection line GSL , 
between the gate dielectric film 182 and the plurality of word 
lines WL1 , WL2 , . . . , WLn - 1 , WLn , and between the gate 
dielectric film 182 and the string selection line SSL . 
10038 ] . The channel region 184 may include doped poly 
silicon and / or undoped polysilicon . The channel region 184 
may have a cylindrical shape . An inner space of the channel 
region 184 may be filled with the buried insulating film 186 . 
[ 0039 ] The buried insulating film 186 may include an 
insulating material . For example , the buried insulating film 
186 may include , for example , silicon oxide , silicon nitride , 
silicon oxynitride or a combination thereof . In some 
embodiments , the buried insulating film 186 may be omit 
ted , and in this case , the channel region 184 may have a 
pillar structure without an inner space . 
0040 ] The drain region 188 included in each of the 

plurality of first channel structures 180A and the plurality of 
second channel structures 180B may include a polysilicon 
film doped with impurities . A plurality of drain regions 188 
may be insulated from each other by an insulating film 187 . 
The insulating film 187 may include , for example , an oxide 
film , a nitride film , or a combination thereof . 
[ 0041 ] As illustrated in FIGS . 2A , 2B and 4 , the plurality 
of first channel structures 180A may have a shape linearly 
extending in the vertical direction ( e . g . , the Z direction ) from 
an extension direction ( e . g . , X direction of a word line cut 
region WLC and an extension direction ( e . g . , Y direction ) of 
a bit line BL and may be disposed at regular intervals in the 
X direction and the Y direction . As used herein with respect 
to the first channel structures 180A and the second channel 
structures 180B , the phrase " linearly extending ” means that , 
for example , the first channel structures 180A extend in a 
substantially straight line . It will be understood by those of 
skill in the art that an exactly straight line is not required by 
the inventive concepts , as minor deviations are expected as 
a result of manufacturing variations . In some embodiments , 
an extending line of a first channel structure 180A may not 
deviate by more than ten degrees from a substantially 
straight line . In some embodiments , an extending line of a 
first channel structure 180A in a vertical direction ( e . g . , the 
Z direction ) may not deviate in a particular direction by 
more than ten degrees from a line normal to the main surface 
102M of the substrate 102 . In some embodiments , sidewalls 
of the first channel structure 180A may extend along a 
substantially planar surface in the vertical direction . 
[ 0042 ] The plurality of second channel structures 180B 
may be nonlinear in shape in at least one horizontal direc 
tion . For example , as illustrated in FIG . 4 , the plurality of 
second channel structures 180B may extend nonlinearly in 
the vertical direction ( e . g . , the Z direction ) from an exten 
sion direction ( e . g . , the X direction ) of a word line cut region 
WLC . In some embodiments , to “ extend nonlinearly ” means 
that an extending line of a second channel structure 180B 
deviates in a particular direction from a substantially straight 
line . In some embodiments , an extending line or a second 
channel structure 180B may deviate in a particular direction 
by more than ten degrees from a substantially straight line . 
In some embodiments , at least a portion of the second 
channel structure 180B may tilt and / or lean in a particular 
direction as compared to a substantially straight line . In 
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some embodiments , an extending line of a second channel 
structure 180B in a vertical direction ( e . g . , the Z direction ) 
may deviate in a particular direction by more than ten 
degrees from a line normal to the main surface 102M of the 
substrate 102 . In some embodiments , sidewalls of the sec 
ond channel structure 180B may extend along a non - planar 
surface in the vertical direction . 
[ 0043 ] As illustrated in FIG . 3B , the plurality of second 
channel structures 180B may extend linearly in the vertical 
direction ( e . g . , the Z direction ) from an extension direction 
of a bit line BL ( e . g . , the Y direction ) . In other words , the 
plurality of second channel structures 180B may be tilted in 
one direction ( e . g . , the X direction ) but may not be tilted in 
a second direction ( e . g . , the Y direction . ) In some embodi 
ments , unlike the example shown in FIG . 3B , the plurality 
of second channel structures 180B may also extend nonlin 
early in the vertical direction ( e . g . , the Z direction ) from an 
extension direction ( e . g . , the Y direction ) of a bit line BL . In 
other words , in some embodiments , the plurality of second 
channel structures 180B may extend nonlinearly and / or tilt 
in more than one direction . 
[ 0044 ] A nonlinear extension of the plurality of second 
channel structures 180B in the vertical direction ( e . g . , the Z 
direction ) may be caused by the difference between the 
physical effect of the center region MEC1 on the plurality of 
channel structures 180 and the physical effect of the edge 
region MEC2 on the plurality of channel structures 180 in 
the memory cell region MEC of the integrated circuit device 
100 . Due to the type and size of stress and the thermal 
budget generated during the manufacturing process of the 
integrated circuit device 100 , the plurality of first channel 
structures 180 A disposed in the center region MEC1 of the 
memory cell region MEC may extend linearly in the vertical 
direction ( e . g . , the Z direction ) , but the plurality of second 
channel structures 180B disposed in the edge region MEC2 
of the memory cell region MEC may extend nonlinearly in 
the vertical direction ( e . g . , the Z direction ) . 
[ 0045 ] The edge region MEC2 of the memory cell region 
MEC may include a dummy channel region DM disposed at 
a portion adjacent to the connection region CON . A plurality 
of dummy channel structures D180 may be disposed in the 
dummy channel region DM of the edge region MEC2 . The 
plurality of dummy channel structures D180 may have 
substantially the same configuration as the plurality of first 
channel structures 180A and the plurality of second channel 
structures 180B . In other words , each of the plurality of 
dummy channel structures D180 may include the gate 
dielectric film 182 , the channel region 184 , the buried 
insulating film 186 , and the drain region 188 . As illustrated 
in FIG . 4 , the plurality of dummy channel structures D180 
may extend nonlinearly in the vertical direction ( e . g . , the Z 
direction ) , which is similar to the plurality of second channel 
structures 180B . 
[ 0046 ] The plurality of second channel structures 180B 
and the plurality of dummy channel structures D180 that are 
nonlinear channel structures disposed in the edge region 
MEC2 of the memory cell region MEC may have substan 
tially the same configuration . However , the plurality of 
second channel structures 180B may each be a normal 
channel structure capable of being connected to any one bit 
line BL from among a plurality of bit lines BL to constitute 
a memory cell string MS . On the other hand , the plurality of 
dummy channel structures D180 may not be connected to 
any of a plurality of bit lines and thus , may be a dummy 

channel structure D180 that does not contribute to a con 
figuration of a memory cell string MS and does not con 
tribute to an operation of an actual device . 
[ 0047 ] In the extension direction ( e . g . , the X direction ) of 
a word line cut region a first separation distance LC1 
between upper surfaces of two neighboring first channel 
structures 180A from among the plurality of first channel 
structures 180A disposed in the center region MEC1 may be 
less than a second separation distance LC2 between upper 
surfaces of two neighboring second channel structures 180B 
from among the plurality of second channel structures 180B 
disposed in the edge region MEC2 . A third separation 
distance LC3 in the extension direction ( e . g . , the X direc 
tion ) of a word line cut region WLC between upper surfaces 
of two neighboring dummy channel structures D180 from 
among the plurality of dummy channel structures D180 may 
be equal to or greater than the second separation distance 
LC2 . In some embodiments , in the center region MEC1 , the 
first separation distance LC1 in the extension direction ( e . g . , 
the X direction ) of a word line cut region WLC may be 
substantially the same regardless of the position . In some 
embodiments , in the edge region MEC2 , the second sepa 
ration distance LC2 and the third separation distance LC3 
may increase as they get farther from the center region 
MEC1 . 
[ 0048 ] Although it is illustrated in FIGS . 2A to 4 that the 
plurality of channel structures 180 and the plurality of 
dummy channel structures D180 include the gate dielectric 
film 182 and the gate dielectric film 182 extends along the 
channel region 184 in the vertical direction ( e . g . , the Z 
direction ) , the inventive concepts are not limited thereto . 
( 0049 ) FIG . 7A illustrates a cross - sectional view of the 
gate dielectric film 182 in FIGS . 2A to 4 , showing an 
enlarged view of a region denoted by “ CX ” in FIG . 4 . 
[ 0050 ] Referring to FIG . 7A , the gate dielectric film 182 
may have a structure including a tunneling dielectric film 
TD , a charge storage film CS , and a blocking dielectric film 
BD sequentially formed adjacent the channel region 184 . A 
relative thickness of the tunneling dielectric film TD , the 
charge storage film CS , and the blocking dielectric film BD 
constituting the gate dielectric film 182 is not limited to an 
example shown in FIG . 7A and may be variously modified . 
[ 0051 ] The tunneling dielectric film TD may include , for 
example , silicon oxide , hafnium oxide , aluminum oxide , 
zirconium oxide , tantalum oxide , and / or the like . The charge 
storage film CS is a region where electrons passing through 
tunneling dielectric film TD from the channel region 184 
may be stored , and may include , for example , silicon nitride , 
boron nitride , silicon boron nitride , and / or polysilicon doped 
with impurities . The blocking dielectric film BD may 
include , for example , metal oxide having a higher dielectric 
constant than silicon oxide , silicon nitride , and / or silicon 
oxide . The metal oxide may include , for example , hafnium 
oxide , aluminum oxide , zirconium oxide , tantalum oxide , or 
a combination thereof . 
[ 0052 ] FIGS . 7B to 7D respectively illustrate cross - sec 
tional views showing structures of gate dielectric films 
182A , 182B , and 182C that may be included instead of the 
gate dielectric film 182 of FIG . 7A . 
[ 0053 ] In some embodiments , the integrated circuit device 
100 may include the gate dielectric film 182A of FIG . 7B 
instead of the gate dielectric film 182 . The gate dielectric 
film 182A may have substantially the same configuration as 
the gate dielectric film 182 of FIG . 7A . However , the gate 
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dielectric film 182A includes a first blocking dielectric film 
BD1 and a second blocking dielectric film BD2 instead of 
the blocking dielectric film BD . The first blocking dielectric 
film BD1 may extend alongside the channel region 184 with 
the tunneling dielectric film TD and the charge storage film 
CS , and the second blocking dielectric film BD2 may be 
disposed to surround a word line WL . Each of the first 
blocking dielectric film BD1 and the second blocking dielec 
tric film BD2 may include , for example , silicon oxide , 
silicon nitride , and / or metal oxide . For example , the first 
blocking dielectric film BD1 may include a silicon oxide 
film , and the second blocking dielectric film BD2 may 
include a metal oxide film having a higher dielectric con 
stant than a silicon oxide film . 
[ 0054 ] In some embodiments , the integrated circuit device 
100 may include the gate dielectric film 182B of FIG . 7C 
instead of the gate dielectric film 182 . The gate dielectric 
film 182B may be formed to have a surface facing the 
channel region 184 and a surface facing the insulating film 
176 and to cover a lower surface , an upper surface , and a 
sidewall of a word line WL . The gate dielectric film 182B 
may include a tunneling dielectric film TD , a charge storage 
film CS , and a blocking dielectric film BD sequentially 
disposed adjacent the channel region 184 . 
[ 0055 ] In some embodiments , the integrated circuit device 
100 may include the gate dielectric film 182C of FIG . 7D 
instead of the gate dielectric film 182 . The gate dielectric 
film 182C is interposed between a word line WL and the 
channel region 184 so that the gate dielectric film 182C does 
not cover a lower surface and an upper surface of the word 
line WL and only covers a sidewall of the word line WL . The 
gate dielectric film 182C may include a tunneling dielectric 
film TD , a charge storage film CS , and a blocking dielectric 
film BD sequentially disposed adjacent the channel region 
184 . 
[ 0056 ] A configuration and a shape of a gate dielectric film 
included in an integrated circuit device according to embodi 
ments of the inventive concepts are not limited to those of 
the gate dielectric films 182 , 182A , 182B , and 182C 
described with reference to FIGS . 7A to 7D and may be 
modified and changed therefrom within the scope of the 
inventive concepts . In some embodiments , the gate dielec 
tric films 182 , 182A , 182B , and 182C may include a material 
that may change the electrical resistance by heat generated 
from the current passing through electrodes adjacent to the 
gate dielectric films 182 , 182A , 182B , and 182C , for 
example , a phase change material . The phase change mate 
rial may include , for example , at least one of antimony ( Sb ) , 
tellurium ( Te ) , and selenium ( Se ) . The phase change mate 
rial may further include , for example , at least one impurity 
selected from N , O , C , Bi , In , B , Sn , Si , Ti , Al , Ni , Fe , Dy 
and La . For example , the gate dielectric films 182 , 182A , 
1828 , and / or 182C may include GeBiTe , InSb , GeSb , and / or 
GaSb . In some embodiments , the gate dielectric films 182 , 
182A , 182B , and 182C may have a thin film structure in 
which the electrical resistance may be changed using a 
spin - transfer process according to the current . For example , 
the gate dielectric films 182 , 182A , 182B , and / or 182C may 
include a ferromagnetic material or an antiferromagnetic 
material . In some embodiments , the gate dielectric films 
182 , 182A , 182B , and / or 182C may include perovskite 
compounds or transition metal oxide . For example , the gate 
dielectric films 182 , 182A , 182B , and / or 182C may include 
niobium oxide , titanium oxide , nickel oxide , zirconium 

oxide , vanadium oxide , ( Pr , Ca ) MnOz ( PCMO ) , strontium 
titanium oxide , barium - strontium - titanium oxide , strontium 
zirconium oxide , barium - zirconium oxide , and / or barium 
strontium - zirconium oxide . 
[ 0057 ] Referring to FIGS . 1 to 4 again , in the connection 
region CON , at least one ground selection line GSL , the 
plurality of word lines WL : WL1 , WL2 , . . . , WLn - 1 , WLn , 
and at least one string selection line SSL sequentially 
stacked on the substrate 102 may have a gradually decreas 
ing width as they move away from the substrate 102 . 
[ 0058 ] In the connection region CON , a plurality of 
dummy channel structures S180 may extend in the vertical 
direction ( e . g . , the Z direction ) through at least one line of 
at least one ground selection line GSL , the plurality of word 
lines WL : WL1 , WL2 , . . . , WLn - 1 , WLn , and at least one 
string selection line SSL . In the horizontal direction ( e . g . , 
the X direction and / or the Y direction ) , each width of the 
plurality of channel structures 180 and the plurality of 
dummy channel structures D180 in the memory cell region 
MEC may be less than each width of the plurality of dummy 
channel structures D180 in the connection region CON . For 
example , as illustrated in FIG . 1 , in the Y direction , each 
width CW1 of the plurality of channel structures 180 and the 
plurality of dummy channel structures D180 in the memory 
cell region MEC may be less than each width CW2 of the 
plurality of dummy channel structures S180 in the connec 
tion region CON , which may be also applied to the X 
direction . 
[ 0059 ] However , the inventive concepts are not limited 
thereto . For example , in the horizontal direction ( e . g . , the X 
direction and / or the Y direction ) , each width of the plurality 
of dummy channel structures S180 in the connection region 
CON may be equal to or less than each width of the plurality 
of channel structures 180 and the plurality of dummy 
channel structures D180 in the memory cell region MEC . 
[ 0060 ] In the connection region CON , the plurality of 
dummy channel structures S180 may be disposed to be 
adjacent to at least one end of at least one ground selection 
line GSL , the plurality of word lines WL : WL1 , WL2 , . . . 
, WLn - 1 , WLn , and at least one string selection line SSL . As 
the number of the plurality of word lines WL : WL1 , WL2 , 
. . . , WLn - 1 , WLn increases , a portion in the connection 
region CON , which is spaced away from the memory cell 
region MEC , of the plurality of word lines WL : WL1 , WL2 , 
. . . , WLn - 1 , WLn may not be supported by a channel 
structure 180 or a dummy channel structure D180 and thus , 
may have a undesired structural deformation such as warp 
ing or breakage . However , in the integrated circuit , device 
100 the plurality of dummy channel structures S180 may be 
disposed in the connection region CON where edge portions 
of at least one ground selection line GSL , the plurality of 
word lines WL : WL1 , WL2 , . . . , WLn - 1 , WLn , and at least 
one string selection line SSL may be disposed to support the 
edge portions thereof . Thus , an undesired structural defor 
mation occurring in edge portions of at least one ground 
selection line GSL , the plurality of word lines WL : WL1 , 
WL2 , . . . , WLn - 1 , WLn , and at least one string selection 
line SSL may be reduced and / or prevented by the plurality 
of dummy channel structures S180 . 
[ 0061 ] The plurality of dummy channel structures S180 in 
the connection region CON may have substantially the same 
configuration as the channel structure 180 and the dummy 
channel structure D180 in the memory cell region MEC . In 
other words , each of the plurality of dummy channel struc 
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tures S180 may include the gate dielectric film 182 , the 
channel region 184 , the buried insulating film 186 , and the 
drain region 188 . In some embodiments , the plurality of 
dummy channel structures S180 in the connection region 
CON may linearly extend in the vertical direction ( e . g . , the 
Z direction ) , which is similar to the plurality of first channel 
structures 180A in the center region MEC1 of the memory 
cell region MEC . In some embodiments , the plurality of 
dummy channel structures S180 in the connection region 
CON may nonlinearly extend in vertical direction ( e . g . , the 
Z direction ) , which is similar to the plurality of second 
channel structures 180B and the plurality of dummy channel 
structures D180 in the edge region MEC2 of the memory 
cell region MEC . The plurality of dummy channel structures 
S180 are not connected to any one of the plurality of bit lines 
BL . 
[ 0062 ] In the memory cell region MEC , a plurality of bit 
line contact pads 194 are interposed between , the plurality of 
channel structures 180 and the plurality of bit lines BI The 
drain region 188 of each of the plurality of first channel 
structures 180A and the plurality of second channel struc 
tures 180B may be connected to a corresponding bit line BL 
of the plurality of bit lines BL through a hit line contact pad 
194 . The plurality of bit line contact pads 194 may be 
mutually insulated by an insulating film 193 . The plurality of 
bit lines BL may be mutually insulated by an insulating film 
195 . Each of the insulating film 193 and the insulating film 
195 may include , for example , an oxide film , a nitride film , 
or a combination thereof . 
[ 0063 ] FIG . 5 illustrates a plan view of an exemplary 
structure of some bit lines BL of the plurality of bit lines BL 
included in the integrated circuit device 100 , according to 
embodiments of the inventive concepts . 
[ 0064 ] The plurality of bit lines BL may include a plurality 
of linear lines extending in the second horizontal direction 
( e . g . , the Y direction ) . The plurality of bit lines BL may 
include a plurality of first bit lines BL11 arranged at a first 
pitch P1 to be parallel to each other in the first horizontal 
direction ( e . g . , the X direction ) in the center region MEC1 
of the memory cell region MEC , and a plurality of second 
bit lines BL12 arranged at a variable pitch in the first 
horizontal direction ( e . g . , the X direction ) and extending in 
the second horizontal direction ( e . g . , the Y direction ) , in the 
edge region MEC2 of the memory cell region MEC . The 
plurality of first bit lines BL11 and the plurality of second bit 
lines BL12 may linearly extend in a respective length 
direction ( e . g . , the Y direction ) . As will be understood by 
those of skill in the art , the first pitch P1 between the 
plurality of first bit lines BL11 may be substantially con 
stant , but may vary slightly due to manufacturing variations . 
[ 0065 ] In the edge region MEC2 , separation distances G1 , 
G2 , G3 , G4 , and G5 between the plurality of second bit lines 
BL12 may become larger as distance from the center region 
MEC1 increases . In the first horizontal direction ( e . g . , the X 
direction ) , the separation distance LB1 between two neigh 
boring first bit lines BL11 of the plurality of first bit lines 
BL11 may be less than the separation distances G1 , G2 , G3 , 
G4 , and G5 between two neighboring second bit lines BL12 
of the plurality of second bit lines BL12 . 
[ 0066 ] The plurality of first channel structures 180A in the 
center region MEC1 of the memory cell region MEC may be 
each connected to any one of the plurality of first bit lines 
BL11 described with reference to FIG . 5 , and the plurality of 
second channel structures 180B in the edge region MEC2 of 

the memory cell region MEC may be each connected to any 
one of the plurality of second bit lines BL12 described with 
reference to FIG . 5 . 
[ 0067 ] Referring to FIGS . 2A to 4 , the plurality of bit line 
contact pads 194 may include a plurality of first bit line 
contact pads 194A disposed in the center region MEC1 of 
the memory cell region MEC , and a plurality of second bit 
line contact pads 194B disposed in the edge region MEC2 of 
the memory cell region MEC . The plurality of first bit line 
contact pads 194A may be arranged at a constant pitch and 
may be each connected to any one first bit line BL11 of the 
plurality of first bit lines BL11 described with reference to 
FIG . 5 . The plurality of first bit line contact pads 194A may 
be disposed at a constant pitch in the first horizontal direc 
tion ( e . g . , the X direction ) . As will be understood by those 
of skill in the art , the constant pitch between the plurality of 
first bit line contact pads 194A may be substantially con 
stant , but may vary slightly due to manufacturing variations . 
[ 0068 ] The plurality of second bit line contact pads 194B 
may be arranged at a variable pitch and may be each 
connected to any one second bit line BL12 of the plurality 
of second bit lines BL12 described with reference to FIG . 5 . 
In the edge region MEC2 , the plurality of second bit line 
contact pads 194B may be disposed between the plurality of 
second channel structures 180B and the plurality of second 
bit lines BL12 to connect each of the plurality of second 
channel structures 180B to any one of the plurality of second 
bit lines BL12 . The plurality of second bit line contact pads 
194B may be disposed at a variable pitch in the first 
horizontal direction ( e . g . , the X direction ) . 
100691 . FIG . 8 illustrates a plan view showing an integrated 
circuit device 200 according to embodiments of the inven 
tive concepts . FIG . 8 illustrates an example of a planar 
structure of some bit lines BL20 of a plurality of bit lines 
BL20 included in the integrated circuit device 200 . 
[ 0070 ] The integrated circuit device 200 may have sub 
stantially the same configuration as the integrated circuit 
device 100 described with reference to FIGS . 1 to 5 . The 
plurality of bit lines BL20 included in the integrated circuit 
device 200 may include a plurality of linear lines extending 
in the second horizontal direction ( e . g . , the Y direction ) . The 
plurality of bit lines BL20 may include a plurality of first bit 
lines BL21 disposed to be parallel to each other at a first 
pitch P1 in the first horizontal direction ( e . g . , the X direc 
tion ) in the center region MEC1 of the memory cell region 
MEC , and a plurality of second bit lines BL22 disposed to 
be parallel to each other at a variable pitch in the first 
horizontal direction ( e . g . , the X direction ) in the edge region 
MEC2 of the memory cell region MEC . The plurality of first 
bit lines BL21 and the plurality of second bit lines BL22 
may linearly extend in a respective length direction ( e . g . , the 
Y direction ) . A distance LB1 between two neighboring first 
bit lines BL21 of the plurality of first bit lines BL21 in the 
first horizontal direction ( e . g . , the X direction ) may be less 
than a plurality of separation distances F1 , F2 , F3 , and F4 
between two neighboring second bit lines BL22 of the 
plurality of second bit lines BL22 . 
[ 0071 ] In the plurality of bit lines BL20 included in the 
integrated circuit device 200 , the plurality of separation 
distances F1 , F2 , F3 , and F4 between each two of the 
plurality of second bit lines BL22 in the edge region MEC2 
may include the plurality of first separation distances F1 
fixed as constant , and the plurality of second separation 
distances F2 , F3 , and F4 that become larger as a distance 

Micron Ex. 1110, p. 30 
Micron v. YMTC 
IPR2025-00191



US 2019 / 0027434 A1 Jan . 24 , 2019 

from the center region MEC1 increases . Each of the plurality 
of second separation distances F2 , F3 , and F4 may be larger 
than the plurality of first separation distances F1 . Each of the 
plurality of first separation distances F1 may be disposed 
between two of the plurality of second separation distances 
F2 , F3 , and F4 . In addition , the plurality of second separa 
tion distances F2 , F3 , and F4 that become larger as a distance 
from the center region MEC1 increases may be disposed 
between each two of the plurality of first separation dis 
tances F1 . In some embodiments , describing a separation 
distance ( e . g . , F1 ) as being disposed between two other 
separation distances ( e . g . , F2 , F3 , and / or F4 ) means that two 
adjacent bit lines B20 of the plurality of bit lines B20 having 
a first distance ( e . g . , F I ) between them are between one set 
of two adjacent bit lines B20 of the plurality of bit lines B20 
having a second distance ( e . g . , F2 , F3 , or F4 ) between them 
and another set of two adjacent bit lines B20 of the plurality 
or bit lines B20 having a second distance between them 
( e . g . , F2 , F3 , or F4 ) . 
[ 0072 ] FIG . 8 illustrates an example in which the plurality 
of second bit lines BL22 in the edge region MEC2 has any 
one separation distance of the plurality of first separation 
distance F1 that is constant regardless of a distance from the 
center region MEC1 and the plurality of second separation 
distances F2 , F3 , and F4 that become larger as the distance 
from the center region MEC1 increases . However , unlike the 
example of FIG . 8 , the plurality of second separation dis 
tances F2 , F3 , and F4 of the separation distances between 
two of the plurality of second bit lines BL22 may be the 
same in the edge region MEC2 regardless of a distance from 
the center region MEC1 . As described above , even when the 
plurality or second separation distances F2 , F3 , and F4 are 
the same , each of the plurality of second separation distances 
F2 , F3 , and F4 may be larger than a first separation distance 
F1 . 
[ 0073 ] The detailed configuration of the plurality of bit 
lines BL20 described with reference to FIG . 8 is substan 
tially the same as that of the plurality of bit lines BL 
described with reference to FIGS . 1 to 5 . 
[ 0074 ] FIG . 9 illustrates a plan view showing an integrated 
circuit device 300 according to embodiments of the inven 
tive concepts . FIG . 9 illustrates an example of a planar 
structure of some bit lines BL30 of a plurality of bit lines 
BL30 included in the integrated circuit device 300 . 
[ 0075 ] The integrated circuit device 300 may have sub 
stantially the same configuration as the integrated circuit 
device 100 described with reference to FIGS . 1 to 5 . The 
plurality of bit lines BL30 included in the integrated circuit 
device 300 may be repeatedly arranged at a first pitch P1 in 
the center region MEC1 of the memory cell region MEC in 
the first horizontal direction ( e . g . , the X direction ) , and may 
include a plurality of first bit lines BL31 extending to be 
parallel to each other in the second horizontal direction ( e . g . , 
the Y direction ) and a plurality of second bit lines BL32 
arranged at a variable pitch in the first horizontal direction 
( e . g . , the X direction ) and extending in the second horizontal 
direction ( e . g . , the Y direction ) in the edge region MEC2 of 
the memory cell region MEC . Separation distances G1 , G2 , 
G3 , G4 , and G5 between two of the plurality of second bit 
lines BL32 may become larger as a distance from the center 
region MEC1 increases . In the first horizontal direction ( e . g . , 
the X direction ) , a separation distance LB1 between two 
neighboring first bit lines BL31 of the plurality of first bit 
lines BL31 may be less than the separation distances G1 , G2 , 

G3 , G4 , and G5 between two neighboring second bit lines 
BL32 of the plurality of second bit lines BL32 . 
100761 . The plurality of first bit lines BL31 in the center 
region MEC1 may each linearly extend in a respective 
length direction ( e . g . , the Y direction ) , but the plurality of 
second bit lines BL32 in the edge region MEC2 may each 
nonlinearly extend in a respective length direction . 
[ 0077 ] As used herein with respect to the plurality of first 
bit lines ( e . g . , BL31 ) , the phrase “ linearly extending ” means 
that , for example , respective ones of the plurality of first bit 
lines BL31 extend in a substantially straight line . It will be 
understood by those of skill in the art that an exactly straight 
line is not required by the inventive concepts , as minor 
deviations are expected as a result of manufacturing varia 
tions . In some embodiments , the plurality of second bit lines 
BL32 extending nonlinearly means that an extending line of 
respective ones of the plurality of second bit lines BL32 in 
the second horizontal direction ( e . g . , the Y direction ) devi 
ates from a substantially straight line . In some embodiments , 
respective ones of the plurality of second bit lines BL32 may 
be curved or turned in a particular direction . With respect to 
the plurality of second bit lines BL32 , extending nonlinearly 
is intended to include bit lines that are intentionally config 
ured to be nonlinear , and to exclude bit lines that are 
nonlinear as a result of manufacturing deviations from a 
linear design . 
10078 ] The plurality of second bit lines BL32 may include 
convex curved portions CV31 , CV32 , CV33 , CV34 , CV35 , 
and CV36 in a direction away from the center region MEC1 , 
that is , a direction toward the connection region CON ( see 
FIG . 1 ) . The radius of curvature of the curved portions 
CV31 , CV32 , CV33 , CV34 , CV35 , and CV36 may become 
smaller as a distance from the center region MEC1 
increases . 
[ 0079 ] In some embodiments , the separation distances G1 , 
G2 , G3 , G4 , and G5 between pairs of the plurality of second 
bit lines BL32 may become smaller as a distance to ones of 
a pair of word line cut regions WLC in the second horizontal 
direction ( e . g . , the Y direction ) of the memory cell region 
MEC decreases ( see FIG . 1 ) . In some embodiments , the 
separation distances G1 , G2 , G3 , G4 , and G5 between pairs 
of the plurality of second bit lines BL32 may be constant 
regardless of a distance from a pair of word line cut regions 
WLC in the second horizontal direction ( e . g . , the Y direc 
tion ) . 
[ 0080 ] The detailed description of the plurality of bit lines 
BL30 described with reference to FIG . 9 is substantially the 
same as that of the plurality of bit lines BL described with 
reference to FIGS . 1 to 5 . 
[ 0081 ] FIG . 10 illustrates a plan view showing an inte 
grated circuit device 400 according to embodiments of the 
inventive concepts . FIG . 10 illustrates a planar structure of 
some bit lines BL40 of a plurality of bit lines BL40 included 
in the integrated circuit device 400 . 
[ 0082 ] The integrated circuit device 400 may have sub 
stantially the same configuration as the integrated circuit 
device 200 described with reference to FIG . 8 . The plurality 
of bit lines BL40 included in the integrated circuit device 
400 may be repeatedly arranged at a constant first pitch P1 
in the center region MEC1 of the memory cell region MEC 
in the first horizontal direction ( e . g . , the X direction ) and 
may include a plurality of first bit lines BL41 extending to 
be parallel to each other in the second horizontal direction 
( e . g . , the Y direction ) and a plurality of second bit lines 
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BL42 arranged at a variable pitch in the edge region MEC2 
of the memory cell region MEC in the first horizontal 
direction ( e . g . , the X direction ) and extending in the second 
horizontal direction ( e . g . , the Y direction ) . A plurality of 
separation distances F1 , F2 , F3 , and F4 between two of the 
plurality of second bit lines BL42 in the edge region MEC2 
may include the plurality of first separation distance F1 fixed 
as constant and the plurality of second separation distances 
F2 , F3 , and F4 that become larger as a distance from the 
center region MEC1 increases . 
[ 0083 ] The plurality of first bit lines BL41 in the center 
region MEC1 , of the plurality of bit lines BL40 , may each 
linearly extend in a respective length direction ( e . g . , the Y 
direction ) , but the plurality of second bit lines BL42 in the 
edge region MEC2 may each nonlinearly extend in a respec 
tive length direction . The plurality of second bit lines BL42 
may include convex curved portions CV41 , CV42 , CV43 , 
CV44 , CV45 , and CV46 in a direction away from the center 
region MEC1 , that is , a direction toward the connection 
region CON ( see FIG . 1 ) . The radius of curvature of the 
curved portions CV41 , CV42 , CV43 , CV44 , CV45 , and 
CV46 may become smaller as a distance from the center 
region MEC1 increases . 
[ 0084 ] In some embodiments , the plurality of separation 
distances F1 , F2 , F3 , and F4 between pairs of the plurality 
of second bit lines BL42 may become smaller in the first 
horizontal direction ( e . g . , the X direction ) as a distance in 
the second horizontal direction ( e . g . , the Y direction ) to ones 
of a pair of word line cut regions WLC decreases . In some 
embodiments , the plurality of separation distances F1 , F2 , 
F3 , and F4 between pairs of the plurality of second bit lines 
BL42 may be constant in the second horizontal direction 
( e . g . , the Y direction ) regardless of a distance from a pair of 
word line cut regions WLC . 
[ 0085 ] FIG . 10 illustrates an example in which the plural 
ity of second bit lines BL42 in the edge region MEC2 having 
any one separation distance of the plurality of first separa 
tion distance F1 being constant regardless of a distance from 
the center region MEC1 and the plurality of second sepa 
ration distances F2 , F3 , and F4 that become larger as a 
distance from the center region MEC1 increases while being 
arranged at a variable pitch . However , unlike the description 
of FIG . 10 , the plurality of second separation distances F2 , 
F3 , and F4 between the plurality of second bit lines BL42 in 
the edge region MEC2 may be the same regardless of a 
distance from the center region MEC1 . As described above , 
even when the plurality of second separation distances F2 , 
F3 , and F4 are the same , each of the plurality of second 
separation distances F2 , F3 , and F4 may be larger than the 
first separation distance F1 . 
[ 0086 ] Detailed configuration of the plurality of bit lines 
BL40 described with reference to FIG . 10 is substantially the 
same as that of the plurality of bit lines BL described with 
reference to FIGS . 1 to 5 . 
[ 0087 ] FIG . 11 illustrates a plan view showing an inte 
grated circuit device 500 according to embodiments of the 
inventive concepts . FIG . 11 illustrates an example of a 
planar structure of some bit lines BL50 of a plurality of bit 
lines BL50 included in the integrated circuit device 500 . 
[ 0088 ] The integrated circuit device 500 may have sub 
stantially the same configuration as the integrated circuit 
device 300 described with reference to FIG . 9 . The plurality 
of bit lines BL50 included in the integrated circuit device 
500 may include a plurality of first bit lines BL51 arranged 

to be parallel to each other at a constant first pitch P1 in the 
center region MEC1 of the memory cell region MEC in the 
first horizontal direction ( e . g . , the X direction ) and extend 
ing in the second horizontal direction ( e . g . , the Y direction ) , 
and a plurality of second bit lines BL52 arranged at a 
variable pitch in the edge region MEC2 of the memory cell 
region MEC in the first horizontal direction ( e . g . , the X 
direction ) and extending in the second horizontal direction 
( e . g . , the Y direction ) . Separation distances G1 , G2 , G3 , G4 , 
and G5 between two of the plurality of second bit lines BL52 
may become larger as a distance from the center region 
MEC1 increases . 
10089 ] The plurality of second bit lines BL52 in the edge 
region MEC2 may include convex curved portions CV51 , 
CV52 , CV53 , CV54 , CV55 , and CV56 in a direction toward 
the center region MEC1 , that is , a direction away from the 
connection region CON ( see FIG . 1 ) . The radius of curvature 
of the curved portions CV51 , CV52 , CV53 , CV54 , CV55 , 
and CV56 may be smaller as a distance from the center 
region MEC1 increases . 
0090 ] Detailed configuration of the plurality of bit lines 
BL50 described with reference to FIG . 11 may substantially 
the same as that of the plurality of bit lines BL described 
with reference to FIGS . 1 to 5 . 
[ 0091 ] FIG . 12 illustrates a plan view showing an inte 
grated circuit device 600 according to embodiments of the 
inventive concepts . FIG . 12 illustrates an example of a 
planar structure of some bit lines BL60 of a plurality of bit 
lines BL60 included in the integrated circuit device 600 . 
[ 0092 ] The integrated circuit device 600 may have sub 
stantially the same configuration as the integrated circuit 
device 400 described with reference to FIG . 10 . The plural 
ity of bit lines BL60 included in the integrated circuit device 
600 may include a plurality of first bit lines BL61 arranged 
to be parallel to each other at a constant first pitch P1 in the 
center region MEC1 of the memory cell region MEC in the 
first horizontal direction ( e . g . , the X direction ) and extend 
ing in the second horizontal direction ( e . g . , the Y direction ) , 
and a plurality of second bit lines BL62 arranged at a 
variable pitch in the edge region MEC2 of the memory cell 
region MEC in the first horizontal direction ( e . g . , the X 
direction ) and extending in the second horizontal direction 
( e . g . , the Y direction ) . A plurality of separation distances F1 , 
F2 , F3 , and F4 between two of the plurality of second bit 
lines BL62 in the edge region MEC2 may include the 
plurality of first separation distance F1 fixed as constant , and 
the plurality of second separation distances F2 , F3 , and F4 
that become larger as a distance from the center region MEC 
increases . 
[ 0093 ] The second bit lines BL62 in the edge region 
MEC2 from , among the plurality of bit lines BL60 , may 
include convex curved portions CV61 , CV62 , CV63 , CV64 , 
CV65 , and CV66 in a direction toward the center region 
MEC1 , that is , a direction away from the connection region 
CON ( see FIG . 1 ) . The radius of curvature of the curved 
portions CV61 CV62 , CV63 , CV64 , CV65 , and CV66 may 
become smaller as a distance from the center region MEC1 
increases . 
[ 0094 ] A detailed configuration of the plurality of bit lines 
BL60 described with reference to FIG . 12 is substantially the 
same as that of the plurality of bit lines BL described with 
reference to FIGS . 1 to 5 . 
[ 0095 ] The plurality of bit lines BL , BL20 , BL30 , BL40 , 
BL50 , and BL60 included in the integrated circuit devices 
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100 , 200 , 300 , 400 , 500 and 600 according to the inventive 
concepts that are described with reference to FIGS . 1 to 12 
may include the plurality of first bit lines BL11 , BL21 , 
BL31 , BL42 , BL51 , and BL61 arranged to be parallel to 
each other at a constant pitch in the center region MEC1 of 
the memory cell region MEC , and the plurality of second bit 
lines BL12 , BL22 , BL32 , BL42 , BL52 , and BL62 extending 
at a variable pitch in the edge region MEC2 of the memory 
cell region MEC . Thus , even when warpage of structures on 
the substrate 102 occurs due to the physical stress or the 
distances between the channels extending vertically on the 
substrate 102 not being constant , depending on the position 
of the memory cell region as the number of word lines 
stacked in the memory cell region MEC increases , the 
number of the bit lines BL , BL20 , BL30 , BL40 , BL50 , and 
BL60 passing through the memory cell region MEC is 
maximized while minimizing the number of dummy chan 
nels that do not contribute to the operation of the actual 
device in the memory cell region MEC , thereby suppressing 
an undesirable increase in a chip size due to the dummy 
channel and improving the integration degree of the vertical 
memory device . 
[ 0096 ] FIGS . 13A to 13E illustrate cross - sectional views 
sequentially showing , a method of manufacturing a inte 
grated circuit device according to embodiments of the 
inventive concepts . Herein , a method of manufacturing the 
integrated circuit device 100 described with reference to 
FIGS . 1 to 5 will be described . FIGS . 13A to 13E illustrate 
configurations of the cross - sectional view taken along a line 
X - X ' of FIG . 1 , according to a method of manufacturing the 
integrated circuit device 100 . 
[ 0097 Referring to FIG . 13A , a device isolation film ( not 
shown ) for defining the active region AC may be formed on 
the substrate 102 , and then a plurality of insulating films 176 
and a plurality of sacrificial films PL may be alternately 
stacked on the substrate 102 . 
[ 0098 ] The plurality of insulating films 176 may include , 
for example , silicon oxide , silicon nitride , and / or silicon 
oxynitride . The plurality of sacrificial films PL may include , 
for example , silicon nitride , silicon carbide , and / or polysili 
con . The plurality of sacrificial films PL may secure a 
respective space for forming at least one ground selection 
line GSL , a plurality of word lines WL : WL1 , WL2 , . . . , 
WLn - 1 , WLn , and at least one string selection line SSL in 
the subsequent processes . 
[ 0099 ] Referring to FIG . 13B , a plurality of channel holes 
180H passing through the plurality of insulating films 176 
and the plurality of sacrificial films PL extending in the 
vertical direction ( e . g . , the Z direction ) may be formed , and 
then the plurality of the gate dielectric films 182 , the channel 
regions 184 , and the buried insulating films 186 may be 
formed in each inner portion of channel holes 180H . Next , 
the insulating film 187 may be formed to cover each upper 
surface of the gate dielectric film 182 , the channel region 
184 , and the buried insulating film 186 , and a plurality of 
contact holes 187H exposing upper surfaces of the channel 
region 184 and the buried insulating film 186 may be formed 
on the insulating film 187 , and then a plurality of drain 
regions 188 may be formed within the plurality of contact 
holes 187H . As a result , the plurality of first channel 
structures 180A disposed in the center region MEC1 of the 
memory cell region MEC , the plurality of second channel 
structures 180B disposed in the edge region MEC2 of the 
memory cell region MEC , the plurality of dummy channel 

structures D180 disposed in the dummy channel region DM 
of the edge region MEC2 , and the plurality of dummy 
channel structures S180 ( see . FIG . 1 ) disposed in the con 
nection region CON may be concurrently formed . 
[ 0100 ] While forming the plurality of first channel struc 
tures 180A , the plurality of second channel structures 180B , 
the plurality of dummy channel structures D180 , and the 
plurality of dummy channel structures S180 ( see FIG . 1 ) , the 
relatively large stress and thermal budget are selectively 
applied to the plurality of channel structures 180 formed in 
the memory cell region MEC having a relatively large 
pattern density , and thus , the plurality of second channel 
structures 180B disposed in the edge region MEC2 of the 
memory cell region MEC may have a structure that non 
linearly extends in the vertical direction ( e . g . , the Z direc 
tion ) . As a result , in the first horizontal direction ( e . g . , the X 
direction ) , a first separation distance LC1 between surfaces 
of two neighboring first channel structures 180A of the 
plurality of first channel structures 180A disposed in the 
center region MEC1 may be less than a second separation 
distance LC2 between surfaces of two neighboring second 
channel structures 180B of the plurality of second channel 
structures 180B disposed in the edge region MEC2 . 
[ 0101 ] The gate dielectric film 182 may be formed to 
cover an inner sidewall of each of the plurality of channel 
holes 180H . 
10102 ] . An outer sidewall of the channel region 184 may 
contact the gate dielectric film 182 . The channel region 184 
may include , for example , polysilicon doped with impuri 
ties . The channel region 184 may be formed by , for example , 
a chemical vapor deposition ( CVD ) process , a low pressure 
CVD ( LPCVD ) process , or an atomic layer deposition 
( ALD ) process . In some embodiments , as described with 
reference to FIG . 13B , the channel region 184 may be 
formed to contact the substrate 102 exposed in a bottom 
portion of a channel hole 180H . In some embodiments , a 
semiconductor layer not shown ) formed by a selective 
epitaxial growth process may be formed on the substrate 102 
exposed in the bottom portion of the channel hole 180H , and 
the channel region 184 may be formed on the semiconductor 
layer . 
[ 0103 ] The buried insulating film 186 may be formed , for 
example , by a CVD process , a LPCVD process , or an ALD 
process , using an insulating material such as silicon oxide , 
nitride or silicon oxynitride . 
[ 0104 ] The insulating film 187 may be formed to have a 
planarized upper surface over the memory cell region MEC 
and the connection region CON . A plurality of the drain 
regions 188 may include , for example , polysilicon doped 
with impurities , a metal , conductive metal nitride , or a 
combination thereof . Examples of metals that may constitute 
the plurality of drain regions 188 include tungsten , nickel , 
cobalt , tantalum , or the like . 
10105 ] Referring to FIG . 13C , the plurality of word fine 
cut regions WLC ( see FIG . 1 ) passing through the plurality 
of insulating films 176 and the plurality of sacrificial films 
PL ( see FIG . 13B ) and exposing the substrate 102 may be 
formed , and then impurity ions are implanted into the 
substrate 102 through the plurality of word line cut regions 
WLC to form the plurality of common source regions 172 , 
and then the plurality of sacrificial films PL ( see FIG . 13B ) 
are replaced with at least one ground selection line GSL , the 
plurality of word lines WL : WL1 , WL2 , . . . , WLn - 1 , WLn , 
and at least one string selection line SSL . 
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[ 0106 ] In some embodiments , when the plurality of sac - 
rificial films PL include polysilicon , in order to replace the 
plurality of sacrificial films PL ( see FIG . 13B ) with at least 
one ground selection line GSL , the plurality of word lines 
WL : WL1 , WL2 , . . . , WLn - 1 , WLn , and at least one string 
selection line SSL , a silicidation process may be performed 
on the plurality of sacrificial films PL . In this case , at least 
one ground selection line GSL , the plurality of word lines 
WL : WL1 , WL2 , . . . , WLn - 1 , WLn , and at least one string 
selection line SSL may each include , for example , tungsten 
silicide , tantalum silicide , cobalt silicide , or nickel silicide . 
[ 0107 ] In some embodiments , the plurality of sacrificial 
films PL ( see FIG . 13B ) exposed through the plurality of 
word line cut regions WLC are selectively removed to 
secure empty spaces between adjacent pairs of the plurality 
of insulating films 176 , and a conductive material may fill 
the empty spaces to form at least one ground selection line 
GSL , the plurality of word lines WL : WL1 , WL2 , . . 
WLn - 1 , WLn , and at least one string selection line SSL . In 
this case , at least one ground selection line GSL the plurality 
of word lines WL : WL1 , WL2 , . . . , WLn - 1 , WLn , and at 
least one string selection line SSL may include a metal 
material such as , for example , tungsten , tantalum , cobalt , or 
nickel . 
[ 0108 ] Then , an insulating spacer 192 and the common 
source line CSL may be formed in an inner portion of each 
of the plurality of word line cut regions WLC ( see FIG . 1 ) . 
The insulating spacer 192 may include , for example , silicon 
oxide , silicon nitride , silicon oxynitride , and / or low dielec 
tric material . For example , the insulating spacer 192 may 
include , for example , SiO2 , SizN4 , SION , SIOCN , SICN , or 
a combination thereof . The common source line CSL may 
include , for example : a metal such as tungsten , copper , or 
aluminum ; conductive metal nitride such as titanium nitride 
or tantalum nitride ; a transition metal such as titanium or 
tantalum or a combination thereof . 

[ 0110 ] In the connection region CON ( see FIG . 1 ) , a 
plurality of conductive contact plugs ( not shown ) passing 
through the insulating film 187 and at least one the insulating 
film 176 in the vertical direction and connected to each of at 
least one ground selection line GSL , the plurality of word 
lines WL : WL1 , WL2 , . . . , WLn - 1 , WLn , and at least one 
string selection line SSL may be formed . By using the 
plurality of conductive contact plugs , at least one ground 
selection line GSL , the plurality of word lines WL : WL1 , 
WL2 , . . . , WLn - 1 , WLn , and at least one string selection 
line SSL may be connected to an upper wiring layer ( not 
shown ) to be formed in the subsequent process . 
[ 0111 ] Referring to FIG . 13D , the insulating film 193 
covering the plurality of common source lines CSL , the 
plurality of first channel structures 180A , the plurality of 
second channel structures 180B , the plurality of dummy 
channel structures D180 , and the plurality of dummy chan 
nel structures S180 ( see FIG . 1 ) may be formed , and then a 
portion of the insulating films 193 , 187 , and 176 and a 
portion of the string selection line SSL may be removed to 
form the string selection line cut region SSLC ( see FIGS . 1 , 
2B , and 3B ) and fill the string selection line cut region SSLC 
with the insulating film 174 . 
[ 0112 ] A plurality of bit line contact holes 193H passing 
through some regions of the insulating film 193 may be 
formed and the plurality of bit line contact holes 193H may 
be filled with a conductive material to form the plurality of 
first hit line contact pads 194A and the plurality of second bit 
line contact pads 194B . 
[ 0113 ] Referring to FIG . 13E , the insulating film 195 
covering an upper surface of the insulating film 193 and 
upper surfaces of the plurality of first bit line contact pads 
194A and the plurality of second bit line contact pads 194B 
may be formed , and then the plurality of bit lines BL passing 
through the insulating film 195 and connected to the plu 
rality of first bit line contact pads 194A and the plurality of 
second bit line contact pads 194B may be formed . 
[ 0114 ] The plurality of bit lines BL may be formed by 
using a photolithography process . For example , in order to 
form the plurality of bit lines BL having a fine line width of 
several tens of nanometers or smaller , a fine pattern tech 
nology such as double pattering technology ( DPT ) , triple 
pattering technology ( TPT ) , or quadruple patterning tech 
nology ( QPT ) may be used . In some embodiments , in the 
edge region MEC2 as described with reference to FIG . 5 , the 
insulating film 195 may be etched using an etch mask pattern 
( not shown ) covering portions corresponding to the separa 
tion distances G1 , G2 , G3 , G4 , and G5 of the insulating film 
195 to form a plurality of holes 195H in the insulating film 
195 , and then the plurality of holes 195H may be filled with 
a conductive material to form the plurality of bit lines BL so 
that the separation distances G1 , G2 , G3 , G4 , and G5 , in the 
first horizontal direction ( e . g . , the X direction ) , between 
each two of the plurality of second bit lines BL12 become 
larger as a distance from the center region MEC1 increases . 
In order to form the etch mask pattern , a single etch mask 
layer or a multiple etch mask layer including materials 
having different etch selectivity ratios may be used . In order 
to form the etch mask pattern , a photolithography process 
using , for example , DPT , TPT , QPT , or the like may be used . 
In the photolithography process , Krf excimer laser ( 248 nm ) , 
ArF excimer laser ( 193 nm ) , F2 excimer laser ( 157 nm ) , or 
extreme ultraviolet ( EUV ) ( 13 . 5 nm ) may be used as a light 
source . 

10109 ] . In some embodiments , in order to form the insu 
lating spacer 192 in an inner portion of each of the plurality 
of word line cut regions WLC , an insulating film covering an 
inner wall of the plurality of word line cut regions may be 
formed . Then , at a lower surface of the plurality of word line 
cut regions WLC , the insulating film may be etched back to 
expose the substrate 102 to form the insulating spacer 192 , 
which includes a portion of the insulating film remaining on 
the inner sidewall of the plurality of word line cut regions 
WLC . In order to form the common source line CSL in the 
inner portion of each of the plurality of word line cut regions 
WLC , within the plurality of word line cut regions WLC , a 
space defined by the insulating spacer 192 may be filled with 
a conductive material to form a conductive layer in an inner 
portion of the plurality of word line cut regions WLC and on 
an upper portion of the insulating film 187 . Next , in order to 
expose an upper surface of the insulating film 187 , portions 
of the conductive layer which are in an outer portion of the 
plurality of word line cut regions WLC may be removed by 
chemical mechanical polishing ( CMP ) or etch - back so that 
the conductive layer remains only in the inner portion of the 
plurality of word line cut regions WLC . In some embodi 
ments , a metal silicide film ( not shown ) may be interposed 
between a common source region 172 and the common 
source line CSL to reduce the contact resistance . For 
example , the metal silicide film may include , but is not 
limited to , cobalt silicide . 
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[ 0115 ] The method of manufacturing the integrated circuit 
device 100 described with reference to FIGS . 1 to 5 is 
described above with reference to FIGS . 13A to 13E , but one 
of ordinary skill in the art would understand that the inte - 
grated circuit devices 200 , 300 , 400 , 500 , and 600 including 
the plurality of bit lines BL20 , BL30 , BL40 , BL50 , and 
BL60 described with reference to FIGS . 8 to 12 and inte 
grated circuit devices including various structures modified 
and changed therefrom within the scope of the inventive 
concepts may be manufactured by being modified and 
changed from the aforementioned descriptions within the 
scope of the inventive concepts . 
[ 0116 ] In particular , in an embodiment of forming the 
plurality of bit lines BL20 included in the integrated circuit 
device 200 of FIG . 8 , by using DPT , the plurality of first bit 
lines BL21 repeatedly arranged at the constant first pitch P1 
in the first horizontal direction ( e . g . , the X direction ) in the 
center region MEC1 of the memory cell region MEC may be 
formed , the plurality of second bit lines BL22 repeatedly 
arranged at a variable pitch in the first horizontal direction 
( e . g . , the X direction ) in the edge region MEC2 of the 
memory cell region MEC may be formed , and the plurality 
of second bit lines BL22 in the edge region MEC2 may be 
formed to include the plurality of first separation distance F1 
fixed as constant and the plurality of second separation 
distances F2 , F3 , and F4 that become larger as a distance 
from the center region MEC increases between each two of 
the plurality of second bit lines BL22 . 
[ 0117 ] In detail , the insulating film 195 may be formed on 
a result of the process in FIG . 13D , and as illustrated in FIG . 
14 , a conductive layer 210 may be formed on the insulating 
film 195 by using a photolithography process , and the 
plurality of sacrificial film patterns 220 having a first width 
W1 that has substantially the same size as the first separation 
distance F1 may be formed on the conductive layer 210 . The 
first width W1 may be the same as a distance LB1 between 
two neighboring first bit lines BL21 of the plurality of first 
bit lines BL21 . The plurality of sacrificial film patterns 220 
may be arranged at a second pitch P2 that is twice the first 
pitch P1 ( see FIG . 8 ) in the center region MEC1 of the 
memory cell region MEC in the first horizontal direction 
( e . g . , the X direction ) and may be arranged at a variable 
pitch in the edge region MEC2 in the first horizontal 
direction ( e . g . , the X direction ) . 
[ 0118 ] Then , a plurality of spacer sacrificial patterns 230 
covering both sidewalls of each of the plurality of sacrificial 
film patterns 220 may be formed on the conductive layer 
210 . A second width W2 of the plurality of spacer sacrificial 
patterns 230 may be the same as a width of respective ones 
of the plurality of bit lines BL20 in the first horizontal 
direction ( e . g . , the X direction ) . In the center region MEC1 
of the memory cell region MEC , the plurality of spacer 
sacrificial patterns 230 may be repeatedly arranged at the 
constant first pitch P1 ( see FIG . 8 ) in the first horizontal 
direction ( e . g . , the X direction ) . In the edge region MEC2 of 
the memory cell region MEC , the plurality of spacer sacri 
ficial patterns 230 may be repeatedly arranged at a variable 
pitch in the first horizontal direction ( e . g . , the X direction ) , 
and the plurality of separation distances between each two of 
the plurality of spacer sacrificial patterns 230 may include 
the plurality of first separation distance F1 fixed as constant , 
and the plurality of second separation distances F2 , F3 , and 
F4 that become larger as a distance from the center region 
MEC1 increases . 

[ 0119 ] Then , the plurality of sacrificial film patterns 220 
may be removed , the plurality of spacer sacrificial patterns 
230 may be used as an etch mask to etch the conductive layer 
210 and to form a conductive pattern ( not shown ) having a 
planar shape corresponding to a planar shape of the plurality 
of bit lines BL20 of FIG . 8 , and then the plurality of bit lines 
BL20 may be obtained from the conductive pattern . 
[ 0120 ] An example of forming the plurality of bit lines 
BL20 of FIG . 8 is described with reference to FIG . 14 , but 
the inventive concepts are not limited thereto . The plurality 
of bit lines BL20 of FIG . 8 may be formed by using a 
method modified and changed from the aforementioned 
method . 
[ 0121 ] As described with reference to FIGS . 9 to 12 , in 
order to form the plurality of bit lines BL30 , BL40 , BL50 , 
and BL60 including the plurality of second bit line patterns 
BL32 , BL42 , BL52 , and BL62 having a curved portion , after 
forming a plurality of sacrificial film patterns ( not shown ) 
that include a curved portion corresponding to the curved 
portion included in the plurality of second bit line patterns 
BL32 , BL42 , BL52 , and BL62 instead of the plurality of 
sacrificial film patterns 220 of FIG . 14 , various processes 
similar to , or modified and changed from the process 
described with reference to FIG . 14 may be performed by 
using the plurality of sacrificial film patterns including the 
curved portion . 
10122 ] . As described above , in an integrated circuit device 
according to the inventive concepts , even when warpage of 
structures on the substrate occurs due to the physical stress 
or the distances between the channels extending vertically 
on the substrate not being constant , depending on the 
position of the memory cell region as the number of word 
lines stacked in the memory cell region of a vertical memory 
device increases , the number of the bit lines passing through 
the memory cell region is increased and / or maximized while 
decreasing and / or minimizing the number of dummy chan 
nels that do not contribute to the operation of the actual 
device in the memory cell region , thereby suppressing an 
undesirable increase in a chip size due to the dummy channel 
and improving the integration degree of the vertical memory 
device , 
0123 ] . It will be understood that although the terms “ first , ” 

" second , ” etc . are used herein to describe members , regions , 
layers , portions , sections , components , and / or elements in 
example embodiments of the inventive concepts , the mem 
bers , regions , layers , portions , sections , components , and / or 
elements should not be limited by these terms . These terms 
are only used to distinguish one member , region , portion , 
section , component , or element from another member , 
region , portion , section , component , or element . Thus , a first 
member , region , portion , section , component , or element 
described below may also be referred to as a second mem 
ber , region , portion , section , component , or element without 
departing from the scope of the inventive concepts . For 
example , a first element may also be referred to as a second 
element , and similarly , a second element may also be 
referred to as a first element , without departing from the 
scope of the inventive concepts . 
[ 0124 ] Spatially relative terms , such as “ beneath , ” 
" below , " " lower , " " above , " " upper ” and the like , may be 
used herein for ease of description to describe the relation 
ship of one element or feature to another element ( s ) or 
feature ( s ) as illustrated in the figures . It will be understood 
that the spatially relative terms are intended to encompass 
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different orientations of the device in use or operation in 
addition to the orientation depicted in the figures . For 
example , if the device in the figures is turned over , elements 
described as “ below ” or “ beneath ” other elements or fea 
tures would then be oriented " above ” the other elements or 
features . Thus , the exemplary term “ below ” can encompass 
both an orientation of above and below . The device may be 
otherwise oriented ( rotated 90 degrees or at other orienta 
tions ) and the spatially relative descriptors used herein 
interpreted accordingly . 
[ 0125 ] The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended 
to be limiting of example embodiments . As used herein , the 
singular forms “ a , " " an , " and " the " are intended to include 
the plural forms as well , unless the context clearly indicates 
otherwise . It will be further understood that the terms 
" comprises , " " comprising , " " includes , " and / or " including , " 
if used herein , specify the presence of stated features , 
integers , steps , operations , elements and / or components , but 
do not preclude the presence or addition of one or more other 
features , integers , steps , operations , elements , components 
and / or groups thereof . 
[ 0126 ] Unless otherwise defined , all terms ( including tech 
nical and scientific terms ) used herein have the same mean 
ing as commonly understood by those of ordinary skill in the 
art to which the inventive concepts pertain . It will also be 
understood that terms , such as those defined in commonly 
used dictionaries , should be interpreted as having a meaning 
that is consistent with their meaning in the context of this 
specification and the relevant art and will not be interpreted 
in an idealized or overly formal sense unless expressly so 
defined herein . 
[ 0127 ] When a certain example embodiment may be 
implemented differently , a specific process order may be 
performed differently from the described order . For 
example , two consecutively described processes may be 
performed substantially at the same time or performed in an 
order opposite to the described order . 
[ 0128 ] In the accompanying drawings , variations from the 
illustrated shapes as a result , for example , of manufacturing facturing 
techniques and / or tolerances , are to be expected . Thus , the 
example embodiments of the inventive concepts should not 
be construed as being limited to the particular shapes of 
regions illustrated herein but may be construed to include 
deviations in shapes that result , for example , from a manu 
facturing process . For example , an etched region illustrated 
as a rectangular shape may be a rounded or certain curvature 
shape . Thus , the regions illustrated in the figures are sche 
matic in nature , and the shapes of the regions illustrated in 
the figures are intended to illustrate particular shapes of 
regions of devices and not intended to limit the scope of the 
present inventive concepts . As used herein , the term “ and / 
or ” includes any and ail combinations of one or more of the 
associated listed items , Expressions such as “ at least one of , " 
when preceding a list of elements , modify the entire list of 
elements and do not modify the individual elements of the 

the relationship between elements or layers should be inter 
preted in a like fashion ( e . g . , “ between ” versus “ directly 
between , ” “ adjacent ” versus “ directly adjacent , ” “ on ” versus 
“ directly on ” ) . 
[ 0130 ] Like numbers refer to like elements throughout . 
Thus , the same or similar numbers may be described with 
reference to other drawings even if they are neither men 
tioned nor described in the corresponding drawing . Also , 
elements that are not denoted by reference numbers may be 
described with reference to other drawings . 
[ 0131 ] While the inventive concepts have been particu 
larly shown and described with reference to embodiments 
thereof , it will be understood that various changes in form 
and details may be made therein without departing from the 
spirit and scope of the following claims . 

1 . An integrated circuit device comprising : 
a plurality of word lines extending parallel to a main 

surface of a substrate and overlapping each other in a 
vertical direction , on the substrate , 

a plurality of channel structures extending in the vertical 
direction through the plurality of word lines on an area 
of the substrate , 

a plurality of bit line contact pads on the plurality of 
channel structures , and 

a plurality of bit lines connected to the plurality of channel 
structures through the plurality of bit line contact pads 
on the area , 

wherein the plurality of bit lines comprise 
a plurality of first bit lines extending parallel to each other 

at a first pitch in a center region of the area , and 
a plurality of second bit lines extending at a second pitch 

in an edge region of the area , the second pitch being 
different from the first pitch . 

2 . The integrated circuit device of claim 1 , wherein the 
plurality of first bit lines and the plurality of second bit lines 
extend linearly . 

3 . The integrated circuit device of claim 1 , wherein the 
first pitch is a constant pitch and the second pitch is a 
variable pitch , and 

wherein at least some separation distances of a plurality of 
separation distances between adjacent ones of the plu 
rality of second bit lines increase with increasing 
distance from the center region of the area . 

4 . The integrated circuit device of claim 1 , wherein the 
first pitch is a constant pitch and the second pitch is a 
variable pitch , and 

wherein a plurality of separation distances between adja 
cent ones of the plurality of second bit lines comprise 
a first separation distance regardless of a distance from 
the center region of the area , and a plurality of second 
separation distances that increase with increasing dis 
tance from the center region of the area . 

5 . The integrated circuit device of claim 1 , wherein the 
plurality of channel structures comprise a nonlinear channel 
structure having a sidewall extending along a non - planar 
surface in the vertical direction in the edge region of the 
area . 

6 . The integrated circuit device of claim 1 , wherein the 
plurality of first bit lines extend linearly in the center region , 

list . 
[ 0129 ] It will be understood that when an element is 
referred to as being " connected " or " coupled ” to another 
element , it can be directly connected or coupled to the other 
element or intervening elements may be present . In contrast , 
when an element is referred to as being “ directly connected ” 
or " directly coupled ” to another element , there are no 
intervening elements present . Other words used to describe 

and 
wherein the plurality of second bit lines extend nonlin 

early in the edge region . 
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7 . The integrated circuit device of claim 6 , wherein at 
least some second bit lines of the plurality of second bit lines 
comprise a convex curved portion in a direction away from 
the center region of the area . 

8 . The integrated circuit device of claim 6 , wherein at 
least some second bit lines of the plurality of second bit lines 
comprise a convex curved portion in a direction toward the 
center region of the area . 

9 . The integrated circuit device of claim 1 , wherein the 
plurality of bit line contact pads comprise : 

a plurality of first bit line contact pads arranged at a 
constant pitch in the center region of the area ; and 

a plurality of second bit line contact pads arranged at a 
variable pitch in the edge region of the area . 

10 . The integrated circuit device of claim 1 , further 
comprising 

a plurality of common source lines extending parallel to 
each other in a first horizontal direction and being 
within a plurality of word line cut regions defining a 
width of the plurality of word lines in a second hori 
zontal direction perpendicular to the first horizontal 
direction , 

wherein the plurality of bit lines extend in the second 
horizontal direction . 

11 . An integrated circuit device comprising : 
a plurality of word lines extending parallel to a main 

surface of a substrate and overlapping each other in a 
vertical direction perpendicular to the main surface , the 
substrate having a memory cell region and a connection 
region sequentially arranged in a first horizontal direc 
tion , 

a plurality of word line cut regions extending in the first 
horizontal direction and defining a width of the plural 
ity of word lines in a second horizontal direction 
perpendicular to the first horizontal direction , 

a plurality of channel structures extending in the vertical 
direction through the plurality of word lines in the 
memory cell region , and 

a plurality of bit lines arranged on the plurality of channel 
structures in the memory cell region , 

wherein the plurality of channel structures comprise a 
plurality of nonlinear channel structures extending non 
linearly in the memory cell region in the vertical 
direction , and 

the plurality of bit lines comprise a plurality of nonlinear 
bit lines arranged at a variable pitch in the memory cell 
region in the first horizontal direction and extending on 
the plurality of nonlinear channel structures in the 
second horizontal direction . 

12 . The integrated circuit device of claim 11 , wherein the 
plurality of nonlinear bit lines comprise a curved portion that 
is convex toward the connection region . 

13 . The integrated circuit device of claim 11 , further 
comprising 

a plurality of bit line contact pads arranged between the 
plurality of nonlinear channel structures and the plu 
rality of nonlinear bit lines to connect each of the 
plurality of nonlinear channel structures to a respective 
one of the plurality of nonlinear bit lines , 

wherein the plurality of bit line contact pads are arranged 
at a variable pitch in the first horizontal direction . 

14 . The integrated circuit device of claim 11 , wherein the 
plurality of nonlinear channel structures comprise : 

a nonlinear channel structure connected to one of the 
plurality of bit lines ; and 

a nonlinear dummy channel structure that is not connected 
to any of the plurality of bit lines . 

15 . The integrated circuit device of claim 11 , further 
comprising a plurality of dummy channel structures extend 
ing through at least some word lines of the plurality of word 
lines in the connection region in the vertical direction , 

wherein a width of respective ones of the plurality of 
dummy channel structures is larger than that of respec 
tive ones of the plurality of nonlinear channel struc 
tures . 

16 . The integrated circuit device of claim 11 , further 
comprising : 

a first dummy channel structure in the memory cell region 
that is not connected to any one of the plurality of bit 
lines ; and 

a second dummy channel structure in the connection 
region that is not connected to any one of the plurality 
of bit lines , 

wherein the second dummy channel structure nonlinearly 
extends in the vertical direction . 

17 . An integrated circuit device , comprising 
a plurality of word lines extending parallel to a main 

surface of a substrate and overlapping each other in a 
vertical direction perpendicular to the main surface on 
the substrate , 

a common source line extending in a first horizontal 
direction on the substrate along one side of the plurality 
of word lines , 

a plurality of channel structures extending through the 
plurality of word lines in the vertical direction , 

a plurality of bit line contact pads on the plurality of 
channel structures , and 

a plurality of bit lines connected to the plurality of channel 
structures through the plurality of bit line contact pads , 

wherein the plurality of channel structures comprise a 
plurality of first channel structures extending linearly in 
the vertical direction and a plurality of second channel 
structures extending nonlinearly in the vertical direc 
tion , and 

the plurality of bit lines comprise a plurality of first bit 
lines extending linearly in a second horizontal direction 
perpendicular to the first horizontal direction and a 
plurality of second bit lines extending nonlinearly in 
the second horizontal direction . 

18 . The integrated circuit device of claim 17 , wherein 
each of the plurality of first channel structures is connected 
to a respective one of the plurality of first bit lines , and each 
of the plurality of second channel structures is connected to 
respective ones of the plurality of second bit lines . 

19 . The integrated circuit device of claim 17 , wherein , in 
the first horizontal direction , a first separation distance 
between two neighboring first bit lines of the plurality of first 
bit lines is smaller than a second separation distance 
between two neighboring second bit lines of the plurality of 
second bit lines . 

20 . The integrated circuit device of claim 17 , wherein a 
first pair of neighboring second bit lines of the plurality of 
second bit lines is spaced apart by a first separation distance 
in the first horizontal direction , 

wherein a second pair of neighboring second bit lines of 
the plurality of second bit lines is spaced apart by a 
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second separation distance , greater than the first sepa 
ration distance , in the first horizontal direction , and 

wherein the second pair of neighboring second bit lines is 
farther from the plurality of first bit lines than the first 
pair of neighboring second bit lines . 

* * * * * 
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