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MEMORY DEVICE between the first trenches , wherein the at least one second 

trench and the first trenches have different lengths . 
CROSS - REFERENCE TO RELATED 

APPLICATION BRIEF DESCRIPTION OF THE DRAWINGS 
5 

10 

Korean Patent Application No . 10 - 2016 - 0005963 , filed on Features will become apparent to those of skill in the art 
Jan . 18 , 2016 , and entitled , “ Memory Device , ” is incorpo - by describing in detail exemplary embodiments with refer 
rated by reference herein in its entirety . ence to the attached drawings in which : 

FIG . 1 illustrates an embodiment of a memory device ; 
BACKGROUND FIG . 2 illustrates a circuit embodiment of a memory cell 

array ; 
1 . Field FIG . 3 illustrates an embodiment of a memory device ; 

FIGS . 4A to 4D illustrate section views of the memory One or more embodiments described herein relate to a device in FIG . 3 ; memory device . 
15 FIGS . 5A and 5B illustrate an embodiment of a gate 2 . Description of the Related Art dielectric layer ; Efforts to increase the integration of memory devices FIG . 6 illustrates an embodiment of an interlayer insulat continue to be made . One type of memory device with ing layer and gate stack ; improved integration is a vertical - type memory device . In FIGS . 7 to 9 illustrate other embodiments of a memory this this type of memory device , memory cells having a 20 device : 

vertical transistor structure are arranged in a stacked con FIGS . 10A to 10G illustrate an embodiment of a method figuration . for manufacturing a memory device ; 
FIG . 11 illustrates another embodiment of a memory SUMMARY device ; 

25 FIGS . 12A and 12B illustrate another embodiment of a 
In accordance with one or more embodiments , a memory memory device ; 

device includes a substrate including a cell array region FIG . 13 illustrates another embodiment of a memory 
adjacent to a connection region ; a plurality of channel device ; 
columns crossing an upper surface of the substrate in the cell FIG . 14 illustrates an embodiment of a storage device ; 
array region ; a gate stack including a plurality of gate 30 FIG . 15 illustrates an embodiment of an electronic device ; 
electrode layers on the substrate and surrounding the chan - and 
nel columns in the cell array region , the gate electrode layers FIG . 16 illustrates an embodiment of an electronic sys 
extending by different lengths in the connection region to tem . 
form a stepped structure ; an interlayer insulating layer on the DETAILED DESCRIPTION gate stack ; a plurality of first trenches to divide the gate stack 35 
and the interlayer insulating layer into a plurality of regions ; 
and at least one second trench in the interlayer insulating FIG . 1 illustrates an embodiment of a memory device 10 
layer in the connection region and between the first trenches . which may include a memory cell array 20 , a driving circuit 

30 , a read / write circuit 40 , and a control circuit 50 . The In accordance with one or more other embodiments , a 40 memory cell array 20 may include a plurality of memory memory device includes a cell array region including a cells arranged in a plurality of rows and columns . The 
plurality of channel columns extending in a direction cross memory cells may be connected to the driving circuit 30 
ing an upper surface of a substrate and a plurality of gate through one or more word lines WL , a common source line 
electrode layers stacked on the substrate adjacent to the CSL , a string select line SSL , a ground select line GSL , or 
channel columns ; and a connection region adjacent to the 45 the like , and may connected to a read / write circuit 40 
cell array region and including : a plurality of contact plugs through a bit line BL . In an example embodiment , memory 
connected to the gate electrode layers that extend in different cells in one row may be connected to one word line WL , and 
lengths , and at least one dummy pattern part between the memory cells in one column may be connected to one bit 
contact plugs . line BL . 

In accordance with one or more other embodiments , a 50 The memory cells in the memory cell array 20 may be 
memory device includes a plurality of channel columns divided into a plurality of memory blocks . Each memory 
extending in a direction crossing an upper surface of a block may include a plurality of word lines WL , a plurality 
substrate ; a plurality of gate electrode layers stacked on the of string select lines SSL , a plurality of ground select lines 
substrate to surround the channel columns ; a plurality of GSL , a plurality of bit lines BL , and at least one common 
contact plugs connected to the gate electrode layers ; a 55 source line CSL . 
plurality of first trenches crossing an upper surface of the The driving circuit 30 and the read / write circuit 40 may be 
substrate and dividing the gate electrode layers into a operated by the control circuit 50 . In an example embodi 
plurality of regions ; and a second trench in at least one of the ment , the driving circuit 30 may receive externally supplied 
regions and disposed between the contact plugs . address information , decode the received address informa 

In accordance with one or more other embodiments , a 60 tion , and select at least a portion of the word line WL , the 
memory device includes a plurality of channel columns ; a common source line CSL , the string select line SSL , or the 
gate stack including a plurality of gate electrode layers ground select line GSL connected to the memory cell array . 
arranged in a stepped structure adjacent to the channel The driving circuit 30 may include a driving circuit for each 
columns ; an interlayer insulating layer on the gate stack ; a of the word line WL , the string select line SSL , and the 
plurality of first trenches to divide the gate stack and the 65 common source line CSL . 
interlayer insulating layer into a plurality of regions ; and at The read / write circuit 40 may select at least a portion of 
least one second trench in the interlayer insulating layer and the bit lines BL connected to the memory cell array 20 
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according to a command from the control circuit 50 . The FIG . 3 , respectively . ( An interlayer insulating layer 176 of 
read / write circuit 40 may read data stored in a memory cell the memory device 100 is illustrated , for example , in FIGS . 
connected to the selected at least a portion of the bit lines BL 4A to 4D ) . 
or may write data stored in a memory cell connected to the Referring to FIG . 3 , the memory device 100 may include 
selected at least a portion of the bit lines BL . The read / write 5 a cell array region CA and a connection region CT . The 
circuit 40 may include one or more circuits , e . g . , a page connection region CT may be in at least one end of the cell 
buffer , an input / output buffer , a data latch . array region CA in a first direction , e . g . , X - direction . In FIG . 

The control circuit 50 may respond to a control signal 3 , only a portion of the cell array region CA is illustrated . In 
CTRL from an external source , to thereby control operations one embodiment , the connection region CT may be in both 
of the driving circuit 30 and the read / write circuit 40 . When 10 ends of the cell array region CA in an x - direction . The cell 

array region CA may correspond to the memory cell array 20 data stored in the memory cell array 20 is read , the control of FIG . 1 , and the connection region CT may correspond to circuit 50 may control operations of the driving circuit 30 to a region electrically connecting the memory cell array 20 supply a voltage for reading operations to a word line WL and the driving circuit 30 of FIG . 1 . 
in which data to be read is stored . When a voltage for voltage for 15 The memory device 100 may include gate stacks 130 , reading operations is supplied to a specific word line WL , channel columns 160 , dummy columns 160D , dummy chan 
the control circuit 50 may control the read / write circuit 40 to nel columns 1605 , a common source line 180 , a dummy 
read data stored in a memory cell connected to the word line source line 180D , and contact plugs 191 to 196 ( contact 
WL that receives a voltage for reading operations . plugs 190 ) . The term “ dummy ” may refer to a configuration 
When data is written to the memory cell array 20 , the 20 having a structure and shape identical or similar to other 

control circuit 50 may , for example , control operations of the components , not practically functioning inside the memory 
driving circuit 30 to supply a voltage for writing operations device 100 , and existing as a pattern . Thus , an electrical 
to a word line WL , to which the data is to be written . When signal is not applied to a ' dummy component , or the 
a voltage for writing operations is supplied to a specific word dummy ' component does not perform an electrically spe 
line WL , the control circuit 50 may control the read / write 25 cific function . 
circuit 40 to record data to a memory cell connected to the gate stack including a plurality of gate electrode layers 
word line WL , to which the voltage for writing operations is may be divided into a plurality of gate stacks 130 by 
supplied . common source lines 180 . The gate stacks 130 may extend 

FIG . 2 illustrates an embodiment of an equivalent circuit from the cell array region CA to the connection region CT 
diagram of a memory cell array of the memory device . The 30 in an x - direction , and may be spaced apart from each other 
equivalent circuit diagram has a three - dimensional structure by the common source lines 180 in a second direction , e . g . , 
of a memory cell array y direction . The common source lines 180 may extend 

Referring to FIG . 2 , the memory cell array may include a throughout the entire cell array region CA and the entire 
plurality of memory cell strings , including N number of connection region CT in the x - direction . 
memory cell devices MC1 to MCn connected to each other 35 A third insulating layer 174 may be between the common 
in series and a ground selection transistor GST and a string source lines 180 and the gate stacks 130 . The common 
select transistor SST connected to ends of the memory cell source lines 180 and the gate stacks 130 may therefore be 
devices MC1 to MCn in series . The N number of memory electrically insulated from each other . The gate stacks 130 
cell devices MC1 to MCn connected to each other in series may be divided into two separate regions by a dummy 
may be connected to word lines WL1 to WLn for selecting 40 pattern part inside the connection region CT . 
at least a portion of the memory cell devices MC1 to MCn , The dummy pattern part may include a dummy source 
respectively . line 180D and a third insulating layer 174 disposed on a 

The ground selection transistors GST may have gate lateral surface thereof . The dummy source lines 180D and 
terminals connected to a ground select line GSL and source the gate stacks 130 may be electrically insulated by the third 
terminals connected to a common source line CSL . The 45 insulating layer 174 from each other . The dummy source line 
string select transistors SST may have gate terminals con - 180D may be disposed , for example , along a virtual center 
nected to a string select line SSL and source terminals line of the gate stack 130 extended in an x - direction . The 
connected to drain terminals of the memory cell devices dummy source line 180D may have a linear shape integrally 
MCn , respectively . FIG . 2 illustrates a structure in which one extending from an edge of the connection region CT in a 
ground selection transistor GST and one string select tran - 50 direction toward the cell array region CA , for example , in 
sistor SST are connected to the N number of memory cell the x - direction . In an example embodiment , the dummy 
devices MC1 to MCn , which are connected to each other in source line 180D may have a plurality of regions separated 
series . In another embodiment , a plurality of ground selec - from each other in the x - direction . 
tion transistors GST or a plurality of string select transistors In the example embodiment , one end of the dummy 
SST may be connected to the N number of memory cell 55 pattern part is illustrated as being inside the connection 
devices MC1 to MCn . region CT . In another embodiment , one end of the dummy 

The string select transistors SST may have drain terminals pattern part may further extend to the cell array region CA 
connected to bit lines BL1 to BLm . For example , when a within a range , in which one end thereof is not in contact 
signal is applied to the gate terminals of the string select with channel columns 160 or dummy channel columns 160S 
transistors SST through the string select line SSL , a signal 60 inside the cell array region CA . 
applied through the bit lines BL1 to BLm is transmitted to The common source line 180 and the dummy source line 
the N number of memory cell devices MC1 to MCn con - 180D may extend in an x - direction and may be parallel to 
nected to each other in series . Data reading or writing each other . The common source line 180 may continuously 
operations may therefore be executed . extend in the cell array region CA and the connection region 

FIG . 3 illustrates an embodiment of a memory device 100 , 65 CT . The dummy source line 180D may only be in the 
and FIGS . 4A to 4D are cross - sectional views of the memory connection region CT . For example , the common source line 
device 100 taken along lines I - I ' , II - II ' , III - III ' , and IV - IV ' in 180 and the dummy source line 180D may extend by 
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different lengths in the x - direction . The dummy source lines layer 136 of the string select transistor SST may be divided 
180D may extend to be shorter than the common source into a plurality of regions in memory cell strings adjacent to 
lines 180 . The common source line 180 and the dummy each other in the y direction to form different string select 
source line 180D may have the same width in the y direction lines SSL . 
According to an example embodiment , the width of the 5 Referring to FIG . 3 , the gate electrode layer 136 of the 
dummy source line 180D may be less than that of the string select transistor SST forming one gate stack 130 may 
common source line 180 . be divided into a plurality of regions electrically separated 

The dummy source line 180D may be disposed at the from each other by a line isolation region SC . In this case , same distance from edges of the gate stack 130 or from both a second insulating layer 173 may be inside of the line common source lines 180 in the y direction . 10 isolation region SC , as illustrated , for example , in FIG . 4A . Channel columns 160 in the gate stacks 130 between the According to an example embodiment , the gate electrode common source lines 180 may be disposed in 8 columns in layer 136 of the string select transistor SST may be divided the x - direction in the cell array region CA . In another 
embodiment , the channel columns 160 may be disposed in in various forms in memory cell strings adjacent to each 
a different number of columns , e . g . , 12 columns , 14 col - 15 on of columns . eg . 12 columns . 14 col . 15 other in the y direction . 
umns , 16 columns , or the like , in the x - direction . The contact In an example embodiment , the number of the gate 
plugs 190 in gate stacks 130 between the common source electrode layers 136 for the string select transistor SST and 
lines 180 may be , for example , in 4 columns in the x - direc the number of the gate electrode layers 131 for the ground 
tion in the connection region CT . selection transistor GST may be two or more individually , 

In addition , the dummy columns 160D in the gate stacks 20 and the structure thereof may be different from the structure 
130 between the common source lines 180 may be , for of the gate electrodes 132 to 135 of the memory cells MC1 
example , in 4 columns in the x - direction in the connection to MCn . 
region CT . The dummy columns 160D may be between the The gate electrode layers 131 to 136 may include poly 
contact plugs 190 in alignment with the contact plugs 190 . silicon , a metal silicide material , or a metallic material . The 
The dummy columns 160D may have a different arrange - 25 metal silicide material may be , for example , a metal silicide 
ment in another embodiment . The dummy columns 160D material selected from cobalt ( Co ) , nickel ( Ni ) , hafnium 
may be symmetrical to each other , based on a virtual center ( Hf ) , platinum ( Pt ) , tungsten ( W ) , and titanium ( Ti ) . The 
line ( or another reference line ) of the gate stack 130 extend metallic material may be a material including , for example , 
ing in the x - direction . tungsten ( W ) . The gate electrode layers 131 to 136 may 

With reference to FIGS . 3 and 4A , the memory device 100 30 further include a diffusion barrier . For example , the diffusion 
may further include a substrate 101 , gate electrode layers barrier may include at least one of tungsten nitride ( WN ) , 
131 to 136 stacked to be spaced apart from each other in a tantalum nitride ( TaN ) , and titanium nitride ( TiN ) . 
third direction ( e . g . , z direction ) on the substrate 101 , to The mold insulating layers 121 to 127 ( mold insulating 
form a gate stack 130 thereon . The memory device 100 may layers 120 ) may be arranged between the gate electrode 
further include a plurality of mold insulating layers 121 to 35 layers 131 to 136 . The mold insulating layers 121 to 127 
127 ( mold insulating layers 120 ) alternately stacked with the may be spaced apart from each other in the z direction and 
gate electrode layers 131 to 136 , and a gate dielectric layer may extend in the x - direction , for example , in a manner 
150 . The interlayer insulating layer 176 may be on the gate similar to the gate electrode layers 131 to 136 . The respec 
stack 130 . tive mold insulating layers 121 to 127 may extend in the 

The substrate 101 may have an upper surface extending in 40 X - direction by a predetermined length , e . g . , the same length 
the x direction and the y direction . The substrate 101 may as the respective gate electrode layers 131 to 136 below the 
include a semiconductor material , for example , a Group IV respective mold insulating layers 121 to 127 to be adjacent 
semiconductor , a Group III - V compound semiconductor , or thereto . The mold insulating layers 120 may include an 
a Group II - VI compound semiconductor . For example , the insulating material , e . g . , silicon oxide or silicon nitride . 
Group IV semiconductor may include silicon , germanium , 45 The channel columns 160 may be in the cell array region 
or silicon - germanium . The substrate 101 may be , for CA , pass through the mold insulating layers 121 to 127 and 
example , a bulk wafer or an epitaxial layer . the gate electrode layers 131 to 136 , and extend in the z 

Referring again to FIG . 2 , each of the gate electrode layers direction perpendicular to an upper surface of the substrate 
131 to 136 may form gates of the ground selection transistor 101 . A single memory cell string may be configured based 
GST , the plurality of memory cells MC1 to MCn , and the 50 on each of the channel columns 160 . The channel columns 
string select transistor SST . Portions 132 to 135 of the gate 160 may be regularly spaced apart from each other in the x 
electrode layers may be extended to form word lines WL1 and y directions . 
to WLn , and may be connected in common in a predeter - Each of the channel columns 160 in the cell array region 
mined unit of memory cell strings adjacent to each other in CA may have a structure including a drain pad 165 , a 
the x - direction and y direction . In example embodiments of 55 channel 140 below the drain pad 165 , a gate dielectric layer 
FIGS . 3 to 4D , a total of six gate electrode layers 131 to 136 150 outside of the channel 140 , a first insulating layer 172 
are arranged as an example . In another embodiment , the inside of the channel 140 , and an epitaxial layer 145 below 
number of gate electrode layers forming the memory cells the channel 140 . The channels 140 may respectively have a 
MC1 to MCn may be different depending , for example , on columnar shape and may extend in the z direction perpen 
the memory capacity of the memory device 100 . For 60 dicular to an upper surface of the substrate 101 . 
example , the number of the gate electrode layers forming the The channels 140 may be formed in an annular shape 
memory cells MC1 to MCn may be 60 or more . surrounding the inner first insulating layer 172 or a macaroni 

The gate electrode layer 131 of the ground selection shape . In other embodiments , the channels 140 may have 
transistor GST may extend in the x - direction to form a different shape , e . g . , a prismatic shape or a cylindrical shape , 
ground select line GSL . The gate electrode layer 136 of the 65 without the first insulating layer 172 . The channels 140 are 
string select transistor SST may extend in the x - direction to illustrated as being perpendicular to the substrate 101 . In 
form a string select line SSL . For example , the gate electrode another embodiment , the channels 140 may have an 
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included lateral surface which , for example , becomes nar - length of the second trench H may be less than the length of 
rower in a direction toward the substrate 101 as aspect ratio the first trench WC in the x - direction . 
increases . The common source line 180 and the dummy source line 

The channels 140 may be in contact with upper surfaces 180D may be separated from the gate stack 130 by a third 
of the epitaxial layers 145 and may be electrically connected 5 insulating layer 174 . The common source line 180 and the 
to the substrate 101 through the epitaxial layers 145 . The dummy source line 180D may be on the substrate 101 and 
channels 140 may include a semiconductor material such as may extend higher than an uppermost gate electrode layer 
polysilicon or single crystalline silicon . The semiconductor 136 in the z direction . Thus , in one embodiment , heights of 

the common source line 180 and the dummy source line material may be an undoped material or a material including 10 180D may be greater than the thickness of the gate stack a p - type impurity or an n - type impurity . 130 . The gate dielectric layer 150 may be between the gate The common source line 180 may be arranged , for electrode layers 131 to 136 and the channel 140 . As illus example , one - by - one in the gate stack 130 . The common trated in an enlarged view of FIG . 4A , the gate dielectric source line 180 and the dummy source line 180D may 
layer 150 may include a tunneling layer 152 , a charge 15 include a conductive material , for example , tungsten ( W ) . 
storage layer 154 , and a blocking layer 150 sequentially aluminum ( Al ) , or copper ( Cu ) . In the example embodiment , 
stacked from the channel 140 . the dummy source line 180D may be formed in the same 

The tunneling layer 152 allows an electric charge to process as the common source line 180 , and thus may have 
tunnel to the charge storage layer in an F - N tunneling the same structure as the common source line 180 . In an 
method . The tunneling layer 152 may include , for example , 20 example embodiment , the dummy source line 180D may be 
a silicon oxide . The charge storage layer 154 may be formed in a different process from the common source line 
provided as a charge trapping layer or a floating gate 180 , and thus may have a structure different from the 
conductive layer . For example , the charge storage layer 154 common source line 180 . 
may include a dielectric material , a quantum dot , or a The dummy source line 180D may be between the com 
nanocrystal . The quantum dot or the nanocrystal may be 25 mon source lines 180 and may extend in an x - direction 
formed of a conductive material , for example , fine particles inside the interlayer insulating layer 176 in the connection 
of a metal or a semiconductor . The blocking layer 156 may region CT . The interlayer insulating layer 176 between the 
include a high dielectric constant ( high - k ) dielectric sub - common source lines 180 may be divided , into a plurality of 
stance , e . g . , one with a higher dielectric constant than a regions inside the connection region CT , by a dummy 
silicon oxide film . Examples of the structure of the gate 30 pattern part including the dummy source line 180D between 
dielectric layer 150 will be described with reference to the common source lines 180 and the third insulating layer 
FIGS . 5A and 5B . 174 . The gate electrode layer 131 to 136 and the mold 

In an upper end of the memory cell string , the drain pad insulating layer 120 between the common source lines 180 
165 may cover an upper surface of the first insulating layer inside the connection region CT may be divided into a 
172 and may be electrically connected to the channel 140 . 35 plurality of regions by the dummy pattern part . 
The drain pad 165 may include , for example , doped poly . To increase the memory capacity of the memory device 
silicon . The drain pad 165 may serve as the drain region of 100 , the number of gate electrode layers stacked on the 
the string select transistor SST ( e . g . , refer to FIG . 2 ) . In substrate 101 may be increased ( e . g . , to 60 or more ) and the 
addition , the drain pads may be electrically connected to bit number of the channel columns 160 in the cell array region 
lines BL1 to BLm ( e . g . , refer to FIG . 2 ) on upper parts 40 CA may be increased , thereby increasing the width of the 
thereof . gate electrode layers . Accordingly , the volume of the inter 

The dummy columns 160D and the dummy channel layer insulating layer 176 between the common source lines 
column 160S may support a mold insulating layer 120 180 in the connection region CT may be increased . For 
during a process of fabricating a memory device 100 such as example , the volume of the interlayer insulating layer 176 
described , for example , with reference to FIG . 10E . The 45 may be increased to a greater extent toward an edge region 
dummy columns 160D in the connection region CT may of connection region CT . 
have the same structure as the channel columns 160 in the Contraction of the interlayer insulating layer 176 may 
cell array region CA . The dummy channel columns 160S occur during a manufacturing process . Due to a stress caused 
may be inside of the line isolation region SC and may have by contraction of the interlayer insulating layer 176 , delami 
the same structure as the channel column 160 . 50 nation between the interlayer insulating layer 176 and the 

Referring to FIGS . 3 , 4B , and 4D , a common source line common source lines 180 may occur in the edge region of 
180 and a dummy source line 180D may upwardly extend the connection region CT . Metal source gases may be 
from an upper surface of a doped region 105 and a dummy diffused during a subsequent interconnection process 
doped region 105D inside of the substrate 101 , respectively . through a gap generated by the delamination . These prob 
A first trench WC may be formed on doped region 105 , to 55 lems may cause defects in reliability and erase characteris 
pass through an interlayer insulating layer 176 , a gate stack tics of a memory device . 
130 , and a mold insulating layer 120 in the z direction . The According to the example embodiment , the interlayer 
first trench WC may extend throughout the entirety of the insulating layer 176 is divided into a plurality of regions in 
cell array region CA and the connection region CT in the the edge region of the connection region CT . This may 
X - direction . The common source line 180 may be formed 60 release or reduce stress due to contraction of the interlayer 
inside the first trench WC . insulating layer 176 during a manufacturing process . Thus , 

A second trench H may be formed on the dummy doped the delamination may be prevented in the edge region of the 
region 105D , to pass through the interlayer insulating layer connection region CT . In addition , reliability and erase 
176 , the gate stack 130 , and the mold insulating layer 120 in characteristics of the memory device may be improved . 
the z direction . The second trench H may extend in the 65 Referring to FIGS . 3 and 4C , the gate stack 130 may 
X - direction in the connection region CT . The dummy source extend by different lengths in the connection region CT to 
line 180D may be formed inside the second trench H . The form a stepped structure . The gate electrode layers 131 to 
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136 stacked on the substrate 101 may surround the channel surround the gate electrode layer 136 . The first blocking 
columns 160 in the cell array region CA , and may extend by layer 156b1 may be , for example , a relatively low dielectric 
different lengths in the x - direction in the connection region constant layer compared with the second blocking layer 
CT to form the stepped structure . The stepped structure may 156b2 , e . g . , the second blocking layer 156b2 may be a high 
be formed , as a result of the gate electrode layers in a 5 dielectric constant layer . In this case , the first blocking layer 
relatively low position among the gate electrode layers 131 156b1 may be in a lateral surface of the second blocking to 136 extending by predetermined lengths longer than gate layer 156b2 . Thus , as an energy band such as a barrier height electrode layers in a relatively high position . is adjusted , characteristics of a memory device ( e . g . , erase By forming such a stepped structure , a plurality of contact characteristics ) may be improved . plugs 190 may be connected to the gate electrode layers 131 10 FIG . 6 illustrates and embodiment of an interlayer insu to 136 , respectively . Due to the stepped structure , the contact lating layer and a gate stack . Referring to FIG . 6 , gate stack plugs 190 may pass through the interlayer insulating layer 

130 may include gate electrode layers 131 to 136 , and the 176 and respective mold insulating layers 120 to be con interlayer insulating layer 176 may be on the gate stack 130 . nected to the gate electrode layers 131 to 136 . The contact 
plugs 190 may include a conductive material , for example . 15 An uppermost gate electrode layer 136 may be divided 
tungsten ( W ) . The dummy columns 160D between the into two regions spaced apart from each other in both the cell 
contact plugs 190 may pass through the interlayer insulating array region CA and the connection region CT . Lower gate 
layer 176 , the mold insulating layer 120 , and the gate electrode layers 131 to 135 are respectively formed as a 
electrode layer 130 and extend to the substrate 101 . single layer having a single region in the cell array region 
FIGS . 5A and 5B are cross - sectional views of an embodi - 20 CA , and may be respectively separated into first and second 

ment of a gate dielectric layer and include a region corre - regions 130F and 130S in the connection region CT by a 
sponding to an enlarged view of FIG . 4A . second trench H . The interlayer insulating layer 176 may be 

FIG . 5A illustrates the gate electrode layer 136 , the gate divided into two regions in the connection region CT by the 
dielectric layer 150a , the channel 140 , and the first insulat - second trench H . As described above with reference to FIG . 
ing layer 172 of the memory cell strings . The gate dielectric 25 3 , a dummy pattern part including a dummy source line 
layer 150a may have a stacked structure , in which a tun - 180D may be in the second trench H . 
neling layer 152a , a charge storage layer 154a , and a In an example embodiment , when a length of the second 
blocking layer 156a are sequentially stacked from the chan - trench H is formed to be shorter in the x - direction , some gate 
nel 140 . The relative thicknesses of the layers forming the electrode layers , for example , 134 and 135 , may be respec 
gate dielectric layer 150a may vary in different embodi - 30 tively formed in a single layer having a single region in the 
ments . cell array region CA and the connection region CT . 

For example , the gate dielectric layer 150a may be In an example embodiment , the number of the gate 
disposed to allow the tunneling layer 152a , the charge electrode layers 131 to 135 including the second trench H 
storage layer 154a , and the blocking layer 156a to surround may be optionally selected and the gate electrode layers 131 
the gate electrode layer 136 in a manner different from the 35 to 135 including the second trench H may be sequentially 
example embodiment of FIG . 4A . selected from a lowermost gate electrode layer 131 , which 

The tunneling layer 152 may include at least one of silicon extend to the greatest extent lengthwise in the connection 
oxide ( SiO2 ) , silicon nitride ( SizN4 ) , silicon oxynitride region CT . 
( SION ) , hafnium oxide ( HfO , ) , hafnium silicon oxide ( Hf - FIGS . 7 to 9 illustrate other embodiments of a memory 
SiO ) , aluminum oxide ( A1 , 03 ) , or zirconium oxide ( ZrO2 ) . 40 device . 

The charge storage layer 154 may be a charge trapping Referring to FIG . 7 , memory device 100A may include 
layer or a floating gate conductive film . gate stacks 130 , channel columns 160 , dummy columns 

The blocking layer 156a may include silicon oxide 160D , dummy channel columns 160S , a common source line 
( SiO2 ) , silicon nitride ( SizN4 ) , silicon oxynitride ( SION ) , or 180 , a dummy source line 180Da , and contact plugs 191 to 
a high dielectric constant dielectric material . The high 45 196 ( contact plugs 190 ) . 
dielectric constant dielectric material may be one of alumi - In the example embodiment , the arrangement of the 
num oxide ( A1 , 0z ) , tantalum oxide ( Ta , ) , titanium oxide dummy source lines 180Da disposed in the connection 
( TiO2 ) , yttrium oxide ( Y , 0z ) , zirconium oxide ( ZrO2 ) , region CT may be different compared with the example 
zirconium silicon oxide ( ZrSi 0 . . ) , hafnium oxide ( HfO , ) , embodiment of FIG . 3 . Except for the dummy source lines 
hafnium silicon oxide ( HfSi 0 , ) , lanthanum oxide ( La , 0z ) , 50 180Da , the remaining features may be the same as the 
lanthanum aluminum oxide ( LaA10 , ) , lanthanum hafnium example embodiment of FIG . 3 . 
oxide ( LaHf 0 , ) , hafnium aluminum oxide ( HfAlO . , ) , or In the example embodiment , two dummy source lines 
praseodymium oxide ( Pr , 0z ) . 180Da may be between the common source lines 180 . The 

FIG . 5B illustrates a gate electrode layer 136 , a gate two dummy source lines 180Da may be symmetrically 
dielectric layer 150b , a channel 140 , and a first insulating 55 disposed based on a virtual center line ( or other reference 
layer 172 of memory cell strings . The gate dielectric layer line ) of the gate stack 130 extending the x - direction . The 
150b may have a stacked structure , in which a tunneling dummy source lines 180Da may be respectively disposed to 
layer 152b , a charge storage layer 154b , and blocking layers be closer to the common source lines 180 than each other . 
156b1 and 156b2 are sequentially stacked from the channel The dummy source lines 180Da may extend to a shorter 
140 . 60 extent than the common source lines 180 . 

For example , in the case of the gate dielectric layer 150b Referring to FIG . 8 , a memory device 100B may include 
according to the example embodiment , a blocking layer may gate stacks 130 , channel columns 160 , dummy columns 
include two layers , for example , first and second blocking 160D , dummy channel columns 160S , a common source line 
layers 156b1 and 156b2 , in a manner different from the 180 , a dummy source line 180Db , and contact plugs 191 to 
example embodiments in FIGS . 4A and 5A . The first block - 65 196 ( contact plugs 190 ) . In the example embodiment , com 
ing layer 156b1 may extend vertically in a manner similar to pared with the example embodiment of FIG . 3 , arrange 
the channel 140 , and the second blocking layer 156b2 may m ents of the dummy source lines 180Db in the connection 
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region CT are different . Remaining features may be the same sacrificial layers 110 . In one embodiment , the mold insulat 
as in the example embodiment of FIG . 3 , except for the ing layer 120 may include at least one of a silicon oxide film 
dummy source lines 180Db . or a silicon nitride film . The sacrificial layer 110 may be 

In the example embodiment , three dummy source lines formed of a material different from the mold insulating layer 
180Db may be between the common source lines 180 . The 5 120 and may include , for example , a silicon film , a silicon 
three dummy source lines 180Db may be symmetrically oxide film , a silicon carbide , or a silicon nitride film . 
disposed based on a virtual center line ( or other reference As illustrated above , in an example embodiment , thick 
line ) of the gate stack 130 extending in the x - direction . The nesses of the mold insulating layers 120 may not be all the 
dummy source line 180Db in the middle may be on the same . A lowermost mold insulating layer 121 of the mold 
virtual center line of the gate stack 130 in the x - direction . 10 insulating layers 120 may be formed to be relatively thin , 
The length of the dummy source line 180Db in the middle and an uppermost mold insulating layer 127 may be formed 
may be longer than the length of the dummy source lines to be relatively thick . However , thicknesses of the mold 
180Db on both sides . insulating layers 140 and the sacrificial layers 110 may be 

In one embodiment , the length of the dummy source line different in another embodiments . The number of films 
180Db in the middle may be shorter than the length of the 15 forming the mold insulating layers 140 and the sacrificial 
dummy source lines 180Db on both sides . The lengths of layers 110 may be different in other embodiments . 
three dummy source lines 180Db may be identical to each with reference to FIG . 10B , the sacrificial layers 110 and 
other . the mold insulating layers 120 alternately stacked on the 

Referring to FIG . 9 , memory device 100C may include substrate 101 are etched to prepare a connection region 
gate stacks 130 , channel columns 160 , dummy columns 20 having a stepped structure S . Respective stepped layers of 
160D , dummy channel columns 160S , a common source line the stepped structure S may provide pad regions connected 
180 , a dummy source line 180Dc , and contact plugs 191 to to contact plugs . 
196 ( contact plugs 190 ) . In the example embodiment , In order to form the stepped structure S , a predetermined 
arrangements of the dummy source lines 180Dc in the mask layer is formed on a stack of the sacrificial layers 110 
connection region CT are different in comparison to the 25 and the mold insulating layers 120 provided on the substrate 
example embodiment of FIG . 3 . Remaining features may be 101 . The sacrificial layer 110 and the mold insulating layers 
the same as in the example embodiment of FIG . 3 , except for 120 exposed by the mask layer may be etched . The mask 
the dummy source lines 180Dc . layer may be trimmed to form units having a predetermined 

In the example embodiment , the three dummy source size , and a process of etching portions of the sacrificial 
lines 180Dc may be between the common source lines 180 . 30 layers 110 and the mold insulating layers 120 exposed by the 
The three dummy source lines 180Dc may be symmetrically mask layer may be repeatedly performed to form the stepped 
disposed based on a virtual center line ( or other reference structure S . 
line ) of the gate stack 130 extending in the x - direction . The In the example embodiment , one sacrificial layer 110 and 
dummy source line 180Dc in the middle may be on a virtual one mold insulating layer 120 form a pair , which may extend 
center line ( or other reference line ) of the gate stack 130 35 the same length in the x - direction . However , the lowermost 
extending in the x - direction . mold insulating layer 121 may extend by the same length as 

The dummy source lines 180Dc may have a disconnected the lowermost sacrificial layer 111 
linear shape in a direction toward the cell array region CA Referring to FIG . 10C , after an interlayer insulating layer 
from an edge of the connection region CT . Disconnected 176 covering the sacrificial layers 110 and the mold insu 
lengths of the dummy source lines 180Dc may be the same 40 lating layers 120 is formed , the channel columns 160 and the 
as or different from each other . In one embodiment , the dummy columns 160D passing through the sacrificial layers 
dummy source line 180Dc in the middle may have an 110 and the mold insulating layers 120 may be formed . 
integrally extended linear shape , and the dummy source First , the interlayer insulating layer 176 may be formed to 
lines 180Dc in both sides may have a disconnected linear cover the stepped structure S . Next , openings in the form of 
shape . In one embodiment , the dummy source line 180Dc in 45 a hole passing through the sacrificial layers 110 and the mold 
the middle may have a disconnected linear shape , and the insulating layers 120 may be formed . The openings may 
dummy source lines 180Dc in both sides may have an extend to the substrate 101 in the z direction . The openings 
integrally extended linear shape . may be formed , for example , by anisotropic etching of the 

Referring to FIGS . 3 , 7 , 8 , and 9 , the above described sacrificial layers 110 and the mold insulating layers 120 . 
example embodiments may be combined or modified in 50 As a stacked structure including two different kinds of 
various forms . films is etched , a side wall of the openings may not be 

FIGS . 10A to 10G illustrate various stages in an embodi - perpendicular to an upper surface of the substrate 101 . For 
ment of a method for fabricating a memory device , which , example , the width of the openings may be reduced toward 
for example , may correspond to the example embodiment of an upper surface of the substrate 101 . The openings may be 
FIGS . 3 to 4D . 55 over - etched , and thus a recess region may be formed at a 

With reference to FIG . 10A , sacrificial layers 111 to 116 predetermined depth in the upper surface of the substrate 
( sacrificial layers 110 ) and mold insulating layers 120 may 101 . 
be alternately stacked on the substrate 101 . In FIG . 10A , the The epitaxial layer 145 may be formed to have a prede 
mold insulating layers 120 and the sacrificial layers 110 may termined height on the substrate 101 below the openings 
be alternately stacked on the substrate 101 from a first mold 60 using selective epitaxial growth ( SEG ) . An upper surface 
insulating layer 121 as a start . level of the epitaxial layer 145 may be higher than an upper 

The sacrificial layers 110 may be formed , for example , of surface level of a lowermost gate electrode layer 131 . 
a material which may be etched with etch selectivity with Next , a gate dielectric layer 150 may be formed and a 
respect to the mold insulating layers 120 . For example , the channel 140 may be formed inside the openings . 
sacrificial layers 110 may be formed of a material which may 65 Next , a first insulating layer 172 filling the openings and 
be etched while significantly reducing etching of the mold a drain pad 165 provided on the first insulating layer 172 
insulating layers 120 during an operation of etching the may be formed . 
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In the stepped structure S of the sacrificial layers 110 and Referring to FIG . 10F , the gate electrode layers 131 to 136 

the mold insulating layers 120 , the dummy columns 160D may be formed inside the side openings LT . The common 
may be formed to pass through the stepped structure S . The source line 180 and the dummy source line 180D may be 
dummy columns 160D are formed using the same process as formed inside the first trench WC and the second trench H , 
the channel columns including a channel 140 , a tunneling 5 respectively . 
layer 152 , a charge storage layer 154 , and a drain pad 165 , The gate electrode layers 131 to 136 may include poly 
and thus have the same structure as the channel columns . silicon , a metal silicide material , or a metallic material . The 

In an example embodiment , the second insulating layer metal silicide material may be , for example , a silicide 
173 in FIG . 4A or a structure corresponding thereto may be material of a metal , e . g . , cobalt ( Co ) , nickel ( Ni ) , hafnium 

10 ( Hf ) , platinum ( Pt ) , tungsten ( W ) , or titanium ( Ti ) . The formed in the process of FIG . 10C . metallic material may include , for example , tungsten ( W ) . Referring to FIG . 10D , in the cell array region CA ( e . g . , The gate electrode layers 131 to 136 may further include a refer to FIG . 3 ) in which channel columns 160 are disposed diffusion barrier , which , for example , may include at least and in the connection region CT ( e . g . , refer to FIG . 3 ) in one of tungsten nitride ( WN ) , tantalum nitride ( TaN ) , or which dummy columns 160D are disposed , a first trench WC 15 titanium nitride ( TiN ) . may be formed to divide a mold stack including the sacri To form the gate electrode layers 131 to 136 only inside 
ficial layers 110 and the mold insulating layers 120 and the the side openings LT , a material forming the gate electrode 
interlayer insulating layer 176 into a plurality of regions l ayers 131 to 136 in the first trench WC and the second 
spaced apart from each other by a predetermined interval in trench H may be removed through an additional process . 
the y direction . In addition , in the connection region CT , a 20 However , such a process may be performed in a subsequent 
second trench H may be formed to partially divide the mold process . 
stack and the interlayer insulating layer 176 , divided by the Next , an impurity is injected into the substrate 101 
first trench WC , into a plurality of regions separated from exposed by the first trench WC and the second trench H , and 
each other in the y direction . thus a doped region 105 may be formed . 

Before the first trench WC and the second trench H are 25 Next , a third insulating layer 174 is formed on side walls 
formed , an upper insulating layer 178 is additionally formed of the first trench WC and the second trench H , and the 
on the interlayer insulating layer 176 and the drain pad 165 , common source line 180 and the dummy source line 180D 
to thereby prevent the drain pad 165 , the channel 140 below may be formed , respectively . The common source line 180 
the drain pad 165 , and the like , from being damaged . and the dummy source line 180D may be formed at the same 

The first trench WC may allow the substrate 101 to be 30 time in the process , and thus may include the same material . 
exposed between the channel columns 160 and the dummy The common source line 180 and the dummy source line 
columns 160D . The second trench H may allow the substrate 180D may include a conductive material , for example , may 
101 to be exposed between the dummy columns 160D . The include tungsten ( W ) , aluminum ( Al ) , or copper ( Cu ) . The 
first trench WC may be , for example , a linear trench extend common source line 180 and the dummy source line 180D 
ing in the x - direction . A plurality of mold stacks separated 35 may be disposed on the substrate 101 , and may extend 
from each other may be defined as a result . upwardly beyond an upper level of an uppermost gate 

Sacrificial layers 110 of the mold stacks are replaced with electrode layer 136 . 
gate electrode layers by a subsequent process , to thereby In an example embodiment , doped region 105 may also be 
form a plurality of gate stacks . The second trench H extend - formed after the third insulating layer 174 is formed and may 
ing in the x - direction may be formed together with the first 40 be formed to include a high concentration region and low 
trench WC in the connection region CT ( e . g . , refer to FIG . concentration doped regions in both ends of the high con 
3 ) inside one mold stack defined by the first trench WC . The centration region . 
second trench H may be formed together with the first trench Referring to FIG . 10G , contact plugs 190 connected to the 
WC through a single etching process . The second trench H gate electrode layers 131 to 136 , respectively , may be 
may have , for example , a linear form extending in the same 45 formed in the pad region . 
direction as the first trench WC . The length extending in the After openings connected to the gate electrode layers 131 
x - direction of the second trench H may be shorter than that to 136 are formed in advance , by etching the interlayer 
of the first trench WC . The common source line 180 ( e . g . , insulating layer 176 and the upper insulating layer 178 , a 
refer to FIG . 3 ) and the dummy source line 180D may be conductive material is deposited to form the contact plugs 
respectively formed , in a subsequent process , on the sub - 50 190 . The openings may also be formed by etching at least a 
strate 101 exposed by the first trench WC and the second portion of the gate electrode layers 131 to 136 . 
trench H . FIG . 11 illustrates another embodiment of a memory 

The first trench WC and the second trench H may be device which may include a cell region CELL and a periph 
formed by forming a mask layer using a photolithographic eral circuit region PERI that are vertically disposed . The cell 
process and by anisotropic etching a stack of the sacrificial 55 region CELL may correspond to a region in which the 
layers 110 and the mold insulating layers 120 . memory cell array 20 in FIG . 1 is disposed . The peripheral 

Referring to FIG . 10E , the sacrificial layers 110 exposed circuit region PERI may correspond to a region in which the 
through the first trench WC and the second trench H may be driving circuit 30 , or the like , in FIG . 1 is disposed . The cell 
removed by an etching process , to thereby form a plurality region CELL may be on the peripheral circuit region PERI . 
of side openings LT between the mold insulating layers 120 . 60 In an example embodiment , the cell region CELL may also 
A portion of side walls of the channel columns 160 may be be below the peripheral circuit region PERI . 
exposed through the side openings LT . The cell region CELL may have the same structure as in 

In this process , since the dummy columns 160D are FIG . 10G . Thus , the descriptions with reference to FIG . 10G 
formed at a predetermined interval in the pad region pro - may be applied to the cell region CELL . However , the 
vided by the stepped structure , the mold insulating layer 120 65 substrate 101 may ne the same size or smaller than as a base 
may be stably supported thereby , so as not to be bent after substrate 201 . The substrate 101 may be formed , for 
the sacrificial layers 110 are removed . example , of polycrystalline silicon or may be single - crys 
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16 
tallized after being formed of amorphous silicon . The cell line silicon ) , and the semiconductor material may be a 
region CELL may have a different structure in another undoped material or a material including a p - type or n - type 
embodiment . impurity . 

The peripheral circuit region PERI may include a base plurality of dummy columns 160D ' may be in the 
substrate 201 , circuit devices 230 on the base substrate 201 , 5 connection region CT ( e . g . , refer to FIG . 3 ) and may have 
contact plugs 240 , and wire lines 250 . The base substrate the same structure as the channel columns 160 ' . In other 
201 may have an upper surface extending in the x and y words , an epitaxial layer may not be formed below the 
directions . The base substrate 201 may include a device channels 140 , and the channels 140 may be in direct contact 
isolation layer 210 defining an active region . A doped region with the substrate 101 and electrically connected thereto . 
205 including an impurity may be in a portion of the active 10 FIG . 13 illustrates a cross - sectional view of another 
region . The base substrate 201 may include a semiconductor embodiment of a memory device , which , for example , 
material , for example , a Group IV semiconductor , a Group corresponds to FIG . 4A . 
III - V compound semiconductor , or a Group II - VI compound Referring to FIG . 13 , the memory device may further 
semiconductor . include a substrate 101 , gate electrode layers 131 to 136 

The circuit device 230 may include a planar transistor . 15 stacked to be spaced apart from each other in a z direction 
Each circuit device 230 may include a circuit gate insulating on the substrate 101 to form a gate stack 130 , a plurality of 
layer 232 , a spacer layer 234 , and a circuit gate electrode mold insulating layers 121 to 127 stacked alternately with 
235 . The doped region 205 , inside of the base substrate 201 the gate electrode layers 131 to 136 , and a gate dielectric 
in both sides of the circuit gate electrode 235 , may serve as layer 150 . An interlayer insulating layer 176 may be on the 
a source region or a drain region of the circuit device 230 . 20 gate stack 130 . The gate stacks 130 may be divided into a 
The transistor of the circuit device 230 may be different from plurality of regions in the y direction by the third insulating 
a planar transistor in another embodiment . layer 174 . 

A peripheral region insulating layer 260 may cover the plurality of channel columns 160 " may be in the cell 
circuit devices 230 on the base substrate 201 . array region CA ( e . g . , refer to FIG . 3 ) and may extend in the 

The contact plugs 240 may be connected to the doped 25 z direction perpendicular to an upper surface of the substrate 
regions 205 . An electrical signal may be applied to the 101 and may pass through the mold insulating layers 121 to 
circuit device 230 by the contact plugs 240 . The contact 127 and the gate electrode layers 131 to 136 . The channel 
plugs may be connected to the circuit gate electrode 235 in columns 160 " may be regularly spaced apart from each other 
a predetermined region . The interconnect lines 250 may be in the x and y directions . Each channel column 160 " may 
connected to the contact plugs 240 and may include a 30 have a structure including a drain pad 165 , a channel 140 
plurality of layers . below the drain pad 165 , a gate dielectric layer 150 on an 

The cell region CELL and the peripheral circuit region outer side of the channel 140 , and a first insulating layer 172 
PERI may be connected to each other in a predetermined on an inner side of the channel 140 . 
region . For example , one end of the gate electrode 130 in the In one example embodiment , the memory device may 
x - direction may be electrically connected to the circuit 35 further include a horizontal portion SP below a lowermost 
device 230 . mold insulating layer 121 and a horizontal filling layer 107 

FIG . 12A illustrates a cross - sectional view of another outside of the horizontal portion SP . 
embodiment of a memory device , which , for example , The horizontal portion SP may be connected to the 
corresponds to FIG . 4A , except that the structure in FIG . channel columns 160 " and may be on the substrate 101 in 
12 A has channel columns 160 ' different from that of FIG . 40 parallel with an upper surface of the substrate 101 . The 
4A . horizontal portion SP may have a structure which includes 

Referring to FIGS . 12A and 12B , the memory device may a plate between and connected to at least two or more 
further include a substrate 101 , gate electrode layers 131 to channel columns CH . The number of channel columns 160 " 
136 stacked to be spaced apart from each other in a z connected by the horizontal portion SP may be different in 
direction on the substrate 101 to form the gate stack 130 , a 45 different embodiments . In an example embodiment , the 
plurality of mold insulating layers 121 to 127 ( mold insu - horizontal portion SP may be inside of the substrate 101 . 
lating layers 120 ) stacked alternately with the gate electrode The horizontal portion SP may be formed of a channel 
layers 131 to 136 , and a gate dielectric layer 150 . An 140 and a gate dielectric layer 150 . For example , the 
interlayer insulating layer 176 may be on the gate stack 130 . horizontal portion SP may be formed , as the channel 140 and 

The channel columns 160 ' may be in the cell array region 50 the gate dielectric layer 150 extend in a horizontal direction 
CA ( e . g . , refer to FIG . 3 ) , may pass through the mold from the channel columns 160 " . The gate dielectric layer 
insulating layers 121 to 127 and the gate electrode layers 131 150 may be on a lower surface and a lateral surface of the 
to 136 , and may extend in the z direction perpendicular to an horizontal portion SP . An inside of the horizontal portion SP 
upper surface of the substrate 101 . One memory cell string may be filled with the channel 140 . The arrangement of the 
may be based on each of the channel columns 160 ' . The 55 channel region 140 and the gate dielectric layer 150 inside 
channel columns 160 ' may be regularly spaced apart from the horizontal portion SP may be different in other embodi 
each other in the x and y directions . ments . 

Each of the channel columns 160 ' may have a structure The horizontal filling layer 107 may be disposed horizon 
including a drain pad 165 , a channel 140 below the drain pad tally to the horizontal portion SP outside of the horizontal 
165 , a gate dielectric layer 150 on an outer side of the 60 portion SP . For example , the horizontal filling layer 107 and 
channel 140 , and a first insulating layer 172 on an inner side the horizontal portion SP may form one layer parallel with 
of the channel 140 . In the example embodiment , different an upper surface of the substrate 101 . The horizontal filling 
from the structure in FIG . 4A , the epitaxial layer below the layer 107 may include a conductive material , for example , a 
channel 140 may not be formed . Thus , the channels 140 may semiconductor material . In an example embodiment , the 
be directly in contact with the substrate 101 and electrically 65 horizontal filling layer 107 may be omitted . In this case , the 
connected to the substrate . The channels 140 may include a horizontal portion SP may extend to a region including the 
semiconductor material ( e . g . , polysilicon or single crystal - horizontal filling layer 107 . 
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In the example embodiment , a portion of the channel to voice calls , video calls , data communications , and the 
columns 160 " may be connected to a bit line in an upper part like , or may perform controlling and processing to multi 
thereof . A portion of the channel columns 160 " may be media playback and management . In addition , the processor 
connected to a interconnect line ( for example , a common 2050 may process input transmitted through the input unit 
source line ) which is to receive an electrical signal different 5 2020 by a user , and may output a result thereof through the 
from a signal applied to the bit line . output unit 2030 . In addition , as described above , the 

FIG . 14 illustrates an embodiment of a storage device processor 2050 may store data for controlling operations of 
1000 which may include a controller 1010 for communicat - the electronic device 2000 in the memory 2040 or may fetch 
ing with a host and memories 1020 - 1 , 1020 - 2 , and 1020 - 3 required data required from the memory 2040 . 
for storing data . Each of the memories 1020 - 1 , 1020 - 2 , or 10 FIG . 16 illustrates an embodiment of an electronic system 
1020 - 3 may include a memory device in accordance with 200 which includes a memory device according to any of the 
any of the aforementioned embodiments . aforementioned embodiments . 

The host for communicating with the controller 1010 may Referring to FIG . 16 , the electronic system 3000 may 
be provided as various electronic devices in which the include a controller 3100 , an input / output device 3200 , a 
storage device 1000 is mounted . For example , the host may 15 memory 3300 , and an interface 3400 . The electronic system 
be a smartphone , a digital camera , a desktop computer , a 3000 may be , for example , a mobile system or a system 
laptop computer , a media player , or the like . The controller transmitting or receiving information . The mobile system 
1010 may store data on the memories 1020 - 1 , 1020 - 2 , and may be , for example , a PDA , a portable computer , a web 
1020 - 3 or generate a command CMD for fetching data from tablet , a wireless phone , a mobile phone , a digital music 
the memories 1020 - 1 , 1020 - 2 , and 1020 - 3 by receiving a 20 player or a memory card . 
data writing or reading request transmitted from the host . The controller 3100 may serve to execute a program and 
As illustrated in FIG . 14 , one or more memories 1020 - 1 , control the electronic system 3000 . The controller 3100 may 

1020 - 2 , and 1020 - 3 may be connected to the controller 1010 be , for example , a microprocessor , a digital signal processor , 
in parallel to each other inside the storage device 1000 . a microcontroller , or a device similar thereto . 
Because a plurality of memories 1020 - 1 , 1020 - 2 , and 1020 - 3 25 The input / output device 3200 may be used to input or 
are connected to the controller 1010 in parallel , the storage output data of the electronic system 3000 . The electronic 
device 1000 having a large capacity and thus , for example , system 3000 may be connected to an external device , for 
a solid state drive ( SSD ) may be implemented . example , a personal computer or a network using the input / 

FIG . 15 illustrates an embodiment of an electronic device output device 3200 , to exchange data with the external 
2000 which may include a communications unit 2010 , an 30 device . The input / output device 3200 may be , for example , 
input unit 2020 , an output unit 2030 , a memory 2040 , and a a keypad , a keyboard , or a display device . 
processor 2050 . The communications unit 2010 may The memory 3300 may store a code and / or data for 
include , for example , a wired / wireless communications operations of the controller 3100 therein , or may store data 
module , and may include a wireless Internet module , a local processed in the controller 3100 . The memory 3300 may 
area communications module , a GPS module , a module 35 include a memory device in accordance with any of the 
communications module , and the like . The wired / wireless aforementioned embodiments . 
communications module in the communications unit 2010 The interface 3400 may be a data transmission path 
may be connected to an external communications network to between the electronic system 3000 and other external 
transmit and receive data by various communications stan - device . The controller 3100 , the input / output device 3200 , 
dards . 40 the memory 3300 , and the interface 3400 may communicate 

The input unit 2020 is a module provided to allow a user with each other through a bus 3500 . 
to control operations of the electronic device 2000 , and , for At least one of the controller 3100 and the memory 3300 
example , may include a mechanical switch , a touchscreen , a may include one or more memory devices as described 
voice recognition module , and the like . In addition , the input above . 
unit 2020 may include a mouse operated in a manner of a 45 In accordance with one or more of the aforementioned 
track ball , a laser pointer or the like , or a finger mouse embodiments , a memory device includes a dummy pattern 
device , and may further include various sensor modules to part dividing an interlayer insulating layer into a plurality of 
allow a user to input data therewith . regions in a connection region . This may prevent delami 

The output unit 2030 may output information processed nation at an interface of the interlayer insulating layer and 
by the electronic device 2000 in the form of audio or video , 50 signal lines ( e . g . , common source lines ) during a manufac 
and the memory 2040 may store a program for processing turing process and thus may prevent an erase defect and 
and controlling the processor 2050 , or data , or the like improve reliability 
therein . The memory 2040 may include one or more Example embodiments have been disclosed herein , and 
memory devices according to any of the aforementioned although specific terms are employed , they are used and are 
embodiments . The processor 2050 may transmit a command 55 to be interpreted in a generic and descriptive sense only and 
to the memory 2040 according to required operations in not for purpose of limitation . The embodiments may be 
order to store or retrieve data . combined to form additional embodiments . In some 

The memory 2040 may be embedded in the electronic instances , as would be apparent to one of skill in the art as 
device 2000 or may communicate with the processor 2050 of the filing of the present application , features , character 
through a separate interface . When the memory communi - 60 istics , and / or elements described in connection with a par 
cates with the processor 2050 through the separate interface , ticular embodiment may be used singly or in combination 
the processor 2050 may store or fetch data in or from the with features , characteristics , and / or elements described in 
memory 2040 through various interface standards such as connection with other embodiments unless otherwise indi 
SD , SDHC , SDXC , MICRO SD , USB , and the like . cated . Accordingly , it will be understood by those of skill in 

The processor 2050 may control operations of respective 65 the art that various changes in form and details may be made 
portions included in the electronic device 2000 . The pro - without departing from the spirit and scope of the embodi 
cessor 2050 may perform controlling and processing related ments set forth in the claims . 
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What is claimed is : 12 . A memory device , comprising : 
1 . A memory device , comprising : a plurality of channel columns in a cell array region of a 
a plurality of channel columns in a cell array region of a substrate ; 

substrate ; a plurality of gate electrode layers stacked on the substrate 
a gate stack including a plurality of gate electrode layers 5 to surround the channel columns , the plurality of gate 
extending from the cell array region to a connection electrode layers extending from the cell array region to 
region of the substrate , the gate stack having a stepped a connection region of the substrate ; 
structure in the connection region of the substrate ; a plurality of contact plugs connected to the gate electrode a plurality of first trenches extending in the cell array layers in the connection region of the substrate ; region and the connecting region to divide the gate 10 a plurality of first trenches extending from the connecting stack into a plurality of regions spaced apart from each region to the cell array region to divide the gate other ; and 

at least one second trench between the first trenches and electrode layers into a plurality of regions spaced apart 
extending in the same direction as a direction in which from each other ; and 
the plurality of first trenches extend . a second trench in the connection region and disposed 

2 . The memory device as claimed in claim 1 , wherein the between the contact plugs and extending in the same 
at least one second trench is only in the connection region direction as a direction in which the plurality of first 
but not the cell array region . trenches extend . 

3 . The memory device as claimed in claim 1 , wherein the 13 . The memory device as claimed in claim 12 , wherein 
at least one second trench includes a plurality of sub - 20 the second trench is only in the connection region . 
trenches separated from each other . 14 . The memory device as claimed in claim 12 , wherein 

4 . The memory device as claimed in claim 1 , further the second trench includes a plurality of sub - trenches sepa 
comprising : rated from each other . 

a plurality of second trenches , 15 . The memory device as claimed in claim 12 , further 
wherein some of the second trenches have different 25 comprising : 

lengths . a plurality of second trenches , 
5 . The memory device as claimed in claim 4 , wherein the wherein some of the second trenches have different second trenches are symmetrically disposed inside the plu lengths . 

rality of regions of the gate stack . 16 . The memory device as claimed in claim 15 , wherein 6 . The memory device as claimed in claim 1 , further 30 the second trenches are symmetrically disposed inside the comprising : common source lines in the plurality of first plurality of regions of the gate electrode layers . trenches , a dummy source line in the second trench , and an 
insulating layer electrically separating the common source 17 . The memory device as claimed in claim 12 , further 
lines and the dummy source line from the gate stack . comprising : common source lines in the plurality of first 

7 . The memory device as claimed in claim 1 , wherein a 35 36 trenches , a dummy source line in the second trench , and an e 
portion of the plurality of gate electrode layers in the insulating layer electrically separating the common source 
plurality of regions of the gate stack divided by the plurality lines and the dummy source line from a gate stack including 
of first trenches is provided as a single region in the cell the plurality of gate electrode layers . 
array region and is divided into a plurality of sub - regions by 18 . The memory device as claimed in claim 12 , wherein 
the second trench in the connection region . 10 a portion of the gate electrode layers between the plurality 

8 . The memory device as claimed in claim 1 , further of first trenches is provided as a single region in the cell 
comprising : array region and is divided into a plurality of sub - regions by 

a plurality of contact plugs connected to the gate electrode the second trench in the connection region . 
layers in the connection region , and 19 . The memory device as claimed in claim 12 , further 

a plurality of dummy columns adjacent to the plurality of 45 cm 
contact plugs in the connection region . a plurality of contact plugs connected to the plurality of 

9 . The memory device as claimed in claim 8 , wherein the gate electrode layers in the connection region , and 
a plurality of dummy columns adjacent to the plurality of second trench extends between the contact plugs . 

10 . The memory device as claimed in claim 1 , wherein : contact plugs in the connection region . 

the channel columns include a gate dielectric layer , and 50 20 . The memory device as claimed in claim 12 , wherein : 
the gate dielectric layer includes a charge trapping layer . the plurality of channel columns include a gate dielectric 
11 . The memory device as claimed in claim 1 , wherein the layer , and 

plurality of first trenches continuously extend between the the gate dielectric layer includes a charge trapping layer . 
plurality of channel columns . * * * * * 

df 

Micron Ex. 1016, p. 39 
Micron v. YMTC 
IPR2024-00794




