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SEMCONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001 Korean Patent Application No. 10-2013-0135837, 
filed on Nov. 8, 2013, in the Korean Intellectual Property 
Office, and entitled: "Semiconductor Device is incorporated 
by reference herein in its entirety. 

BACKGROUND 

0002 1. Field 
0003 Embodiments relate to a semiconductor device, and 
more particularly, to a semiconductor device having a NAND 
cell array. 
0004 2. Description of the Related Art 
0005. As info-communication devices have had multiple 
functions recently, the capacity and the degree of integration 
of a memory device are increasing. A reduction in a memory 
cell size for increasing the degree of integration may compli 
cate operation of circuits and/or of interconnect structures 
included in a memory device for operation and electrical 
connection of the memory device. Accordingly, there is a 
necessity for a memory device that has excellent electrical 
characteristics together with an improved degree of integra 
tion. 

SUMMARY 

0006 Embodiments provide a semiconductor device hav 
ing excellent electrical characteristics and a high degree of 
integration. 
0007 According to an aspect of embodiments, there is 
provided a semiconductor device including a peripheral cir 
cuit gate structure on a Substrate, a first semiconductor layer 
on the peripheral circuit gate structure, a memory cell array 
region on the first semiconductor layer, a vertical contact 
through the memory cell array region and the first semicon 
ductor layer, the Vertical contact being electrically connected 
to the peripheral circuit gate structure, and a peripheral circuit 
interconnection structure including an upper interconnection 
layer on the memory cell array region, the peripheral circuit 
interconnection structure being electrically connected to the 
Vertical contact. 
0008. In exemplary embodiments, the peripheral circuit 
gate structure may overlap the memory cell array region in a 
vertical direction. 
0009. In exemplary embodiments, the peripheral circuit 
interconnection structure may further include a dummy bit 
line formed at the same level as a bit line in the memory cell 
array region, and the vertical contact and the upper intercon 
nection layer may be electrically connected to each other 
through the dummy bit line. 
0010. In exemplary embodiments, the peripheral circuit 
interconnection structure may further include a lower inter 
connection layer connected to the peripheral circuit gate 
structure under the memory cell array region, and the upper 
interconnection layer may include a material having a lower 
sheet resistance than a material of the lower interconnection 
layer. 
0011. In exemplary embodiments, the memory cell array 
region may include a channel layer extending in a vertical 
direction on the first semiconductor layer, and a ground selec 
tion line, word lines, and a string selection line spaced apartin 
the vertical direction along a sidewall of the channel layer. 
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0012. In exemplary embodiments, the first semiconductor 
layer may include at least one common source region, and the 
at least one common Source region may be electrically con 
nected to the substrate through a first buried contact. 
0013. In exemplary embodiments, the at least one com 
mon source region may include a first impurity, and a con 
centration of the first impurity in the at least one common 
Source region may increase in a vertical direction toward the 
substrate. 
0014. In exemplary embodiments, the first buried contact 
may extend in a direction in which the at least one common 
Source region extends. 
0015. In exemplary embodiments, the first semiconductor 
layer may include at least one p-- well, and the at least one p-- 
well may be electrically connected to the substrate through a 
second buried contact. 
0016. In exemplary embodiments, the semiconductor 
device may further include a barrier metal layer formed 
between the first semiconductor layer and the peripheral cir 
cuit gate structure. 
0017. In exemplary embodiments, the memory cell array 
region may include a plurality of word lines on the first 
semiconductor layer and spaced apart from the first semicon 
ductor layer, and a ground selection line and a string selection 
line which are formed on both sides of the plurality of word 
lines, respectively. 
0018. According to another aspect of embodiments, there 
is provided a semiconductor device including a peripheral 
circuit region on a substrate, a polysilicon layer on the periph 
eral circuit region, a memory cell array region on the poly 
silicon layer and overlapping the peripheral circuit region, the 
peripheral circuit region being under the memory cell array 
region, an upper interconnection layer on the memory cell 
array region, and a vertical contact through the memory cell 
array region and the polysilicon layer, the vertical contact 
connecting the upper interconnection layer to the peripheral 
circuit region. 
0019. In exemplary embodiments, the peripheral circuit 
region may include at least one peripheral circuit configured 
to process input or output data. 
0020. In exemplary embodiments, the at least one periph 
eral circuit may include a page buffer, a latch circuit, a cache 
circuit, a column decoder, a sense amplifier, or a data in/out 
circuit. 
0021. In exemplary embodiments, the upper interconnec 
tion layer may include copper, aluminum, silver, or gold. 
0022. According to yet another aspect of embodiments, 
there is provided a semiconductor device including a memory 
cell array region on a substrate, a peripheral circuit gate 
structure between the memory cell array region and the Sub 
strate, the memory cell array region and the peripheral circuit 
gate structure overlapping each other, a first semiconductor 
layer between the peripheral circuit gate structure and the 
memory cell array region, a vertical contact through the 
memory cell array region and through the first semiconductor 
layer, the vertical contact being electrically connected to the 
peripheral circuit gate structure, and a peripheral circuit inter 
connection structure on the memory cell array region, the 
peripheral circuit interconnection structure being electrically 
connected to the vertical contact. 
0023 The memory cell array region may be spaced apart 
from the peripheral circuit gate structure along a vertical 
direction, the memory cell array region completely overlap 
ping the peripheral circuit gate structure. 
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0024. The vertical contact may extend along the vertical 
direction through the memory cell array region and through 
the first semiconductor layer, the vertical contact electrically 
connecting the peripheral circuit interconnection structure 
and the peripheral circuit gate structure through the memory 
cell array region. 
0025. The first semiconductor layer may include at least 
one common Source region electrically connected to the Sub 
strate through a first buried contact, the first buried contact 
overlapping the memory cell array region. 
0026. The first semiconductor layer may be spaced apart 
from the substrate along a vertical direction, the first buried 
contact extending along the vertical direction from the first 
semiconductor layer toward the Substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027 Exemplary embodiments will be more clearly 
understood from the following detailed description taken in 
conjunction with the accompanying drawings, in which: 
0028 FIG. 1A illustrates a layout diagram of a semicon 
ductor device according to exemplary embodiments; 
0029 FIGS. 1B and 1C illustrate cross-sectional views 
along lines 1 B-1B' and 1C-1C" of FIG. 1A, respectively; 
0030 FIG. 2A illustrates a layout diagram of a semicon 
ductor device according to exemplary embodiments; 
0031 FIG. 2B illustrates a cross-sectional view taken 
along line 2B-2B' of FIG. 2A; 
0032 FIG. 3A illustrates a layout diagram of a semicon 
ductor device according to exemplary embodiments; 
0033 FIG. 3B illustrates a cross-sectional view taken 
along line 3B-3B' of FIG. 3A; and 
0034 FIG. 4A to FIG. 13 illustrate cross-sectional views 
of stages in a method of fabricating a semiconductor device 
according to exemplary embodiments. 

DETAILED DESCRIPTION 

0035 Example embodiments will now be described more 
fully hereinafter with reference to the accompanying draw 
ings; however, they may be embodied in different forms and 
should not be construed as limited to the embodiments set 
forth herein. Rather, these embodiments are provided so that 
this disclosure will be thorough and complete, and will fully 
convey exemplary implementations to those skilled in the art. 
0036. In the drawing figures, the dimensions of layers and 
regions may be exaggerated for clarity of illustration. It will 
also be understood that when a layer, i.e., element, is referred 
to as being “on” another layer or substrate, it can be directly 
on the other layer or Substrate, or intervening layers may also 
be present. In addition, it will also be understood that when a 
layer is referred to as being “between two layers, it can be the 
only layer between the two layers, or one or more intervening 
layers may also be present. Like reference numerals refer to 
like elements throughout. 
0037. As used herein, the term “and/or includes any and 

all 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 list. 

0038 FIG. 1A illustrates a layout diagram of a semicon 
ductor device 1000 according to exemplary embodiments, 
and FIGS. 1B and 1C illustrate cross-sectional views of the 
semiconductor device 1000. FIG. 1B illustrates a cross-sec 
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tional view taken along line 1B-1B' of FIG. 1A, and FIG. 1C 
illustrates a cross-sectional view taken along line 1C-1C of 
FIG 1A 
0039 Referring to FIGS. 1A to 1C, a substrate 110 of the 
semiconductor device 1000 may include a memory cell array 
region I, a first peripheral circuit region II, a second peripheral 
circuit region III, and a bonding pad region IV. 
0040. In the memory cell array region I, vertical memory 
cells may be disposed. In the first and second peripheral 
circuit regions II and III, peripheral circuits for driving the 
Vertical memory cells may be disposed. 
0041. The first peripheral circuit region II may be disposed 
under the memory cell array region I, and may overlap the 
memory cell array region I in a vertical direction. Peripheral 
circuits disposed in the first peripheral circuit region II may 
process data input to/output from the memory cell array 
region I at high speed. For example, the peripheral circuits 
may be page buffers, latch circuits, cache circuits, column 
decoders, sense amplifiers, data in/out circuits, or so on. 
0042. For example, the second peripheral circuit region III 
may be disposed at a first side of the memory cell array region 
I not to overlap the memory cell array region I and/or the first 
peripheral circuit region II. Peripheral circuits formed in the 
second peripheral circuit region III may be, e.g., row decod 
ers. However, while FIG. 1A illustrates that the peripheral 
circuits are disposed in the second peripheral circuit region III 
not to overlap the memory cell array region I, the second 
peripheral circuit region III is not limited to the layout in FIG. 
1A. In another example, the peripheral circuits disposed in the 
second peripheral circuit region III may be formed under the 
memory cell array region I according to a design. 
0043. The bonding pad region IV may be formed at a 
second side of the memory cell array region I. In the bonding 
pad region IV, interconnections connected to word lines of the 
respective vertical memory cells in the memory cell array 
region I may be formed. 
0044. In the first peripheral circuit region II of the sub 
strate 110, an active region may be defined by a device isola 
tion layer 112. In the active region, a peripheral circuit p-well 
114p and a peripheral circuit n-well 114 in may be formed. An 
n-channel metal oxide semiconductor (NMOS) transistor 
may be formed on the peripheral circuit p-well 114p, and a 
p-channel metal oxide semiconductor (PMOS) transistor 
may be formed on the peripheral circuit n-well 114n. 
0045. A peripheral circuit gate structure 120 may be 
formed on the active region of the substrate 110. The periph 
eral circuit gate structure 120 may include a peripheral circuit 
gate insulating layer 122, a peripheral circuit gate electrode 
124, a peripheral circuit spacer 126, and source/drain regions 
128. 

0046. A dummy gate structure 130 may be formed in a 
field region of the substrate 110, i.e., on the device isolation 
layer 112. The dummy gate structure 130 may be disposed to 
overlap the memory cell array region I or disposed along an 
outline of the memory cell array region I. The dummy gate 
structure 130 may include a dummy gate insulating layer 132, 
a dummy gate electrode 134, and a dummy Spacer 136. 
0047 A first etch stop layer 140 may cover the peripheral 
circuit gate structure 120 and the dummy gate structure 130 
on the substrate 110. The first etch stop layer 140 includes an 
insulating material, e.g., silicon oxide or silicon oxynitride, 
and may be formed with a predetermined thickness to, e.g., 
conformally, cover the peripheral circuit gate structure 120 
and the dummy gate structure 130. 
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0048. On the first etch stop layer 140, first to third inter 
layer insulating layers 142, 144, and 14.6 may be stacked in 
sequence. The first to third interlayer insulating layers 142, 
144, and 14.6 may include, e.g., silicon oxide, silicon oxyni 
tride, and so on. 
0049. A lower interconnection structure 150 is formed in 
the first to third interlayer insulating layers 142,144, and 146, 
and may be connected to the peripheral circuit gate structure 
120. The lower interconnection structure 150 may include a 
first interconnection contact 152, a first lower interconnection 
layer 154, a second interconnection contact 156, and a second 
lower interconnection layer 158. The first lower interconnec 
tion layer 154 may beformed on the first interlayer insulating 
layer 142, and is electrically connected to the peripheral 
circuit gate structure 120 through the first interconnection 
contact 152. The second lower interconnection layer 158 may 
be formed on the second interlayer insulating layer 144, and 
is electrically connected to the first lower interconnection 
layer 154 through the second interconnection contact 156. 
The first and second lowerinterconnection layers 154 and 158 
may include a metal or a metal silicide material having a high 
melting point. In exemplary embodiments, the first and sec 
ond lower interconnection layers 154 and 158 may include a 
metal, e.g., tungsten (W), molybdenum (Mo), titanium (Ti), 
cobalt (Co), tantalum (Ta), and/or nickel (Ni), or a conductive 
material, e.g., tungsten silicide, titanium silicide, cobalt sili 
cide, tantalum silicide, and/or nickel silicide. 
0050 FIGS. 1B and 1C illustrate the lower interconnec 
tion structure 150 having a structure in which the two lower 
interconnection layers 154 and 158 are connected by the two 
interconnection contacts 152 and 156. However, embodi 
ments are not limited thereto. For example, according to the 
layout of the first peripheral circuit region II and the type and 
arrangement of the peripheral circuit gate structure, the lower 
interconnection structure 150 may have a structure with three 
or more lower interconnection layers connected by three or 
more interconnection contacts. 
0051. A dummy interconnection structure 160 may be 
connected to the dummy gate structure 130 in the first to third 
interlayer insulating layers 142, 144, and 146. The dummy 
interconnection structure 160 may include a first dummy 
interconnection contact 162, a first dummy interconnection 
layer 164, a second dummy interconnection contact 166, and 
a second interconnection layer 168. 
0052 A first semiconductor layer 170 may be formed on 
the third interlayer insulating layer 146. The first semicon 
ductor layer 170 may be formed to overlap the memory cell 
array region I and the bonding pad region IV, and may not be 
formed at leastina part of the second peripheral circuit region 
III. The first semiconductor layer 170 may serve as a substrate 
on which the vertical memory cells will be formed. In exem 
plary embodiments, the first semiconductor layer 170 may 
include, e.g., polysilicon doped with an impurity. For 
example, the first semiconductor layer 170 may include poly 
silicon doped with a p-type impurity. Also, the first semicon 
ductor layer 170 may beformed with a height, e.g., thickness 
along the Z-axis, of about 20 nm to about 500 nm, but the 
height of the first semiconductor layer 170 is not limited 
thereto. 

0053. In a portion of the first semiconductor layer 170 of 
the memory cell array region I, a common Source region 172 
extending in a first direction (an X direction in FIG. 1C), 
which is parallel to the main surface of the substrate 110, may 
be formed. The common Source region 172 may be an impu 
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rity region doped with an n-type impurity at a high concen 
tration, and a p-well (not shown) in the common Source region 
172 and the first semiconductor layer 170 may constitute a p-n 
junction diode. The common source region 172 may serve as 
a source region that Supplies current to the Vertical memory 
cells. The common source region 172 may have a concentra 
tion profile in which the doping concentration of the n-type 
impurity increases in a vertically downward direction from 
the upper surface of the first semiconductor layer 170. 
0054. In a portion of the first semiconductor layer 170 
outside the memory cell array region I, e.g., in the pad region 
IV or in a peripheral portion illustrated on the right side of the 
cell array region I in FIG. 1A, a p-- well 174 may be formed. 
In the edge portion of the first semiconductor layer 170, a 
plurality of p-- wells 174 may be arranged at intervals in a 
second direction (a y direction in FIG. 1A), which is parallel 
to the main surface of the substrate 110. The p-- wells 174 may 
be impurity regions doped with a p-type impurity at a high 
concentration. The p-- wells 174 may supply current into the 
p-well formed in the first semiconductor layer 170 so that a 
memory cell array may have high response speed. The p-- 
wells 174 may have a concentration profile in which the 
doping concentration of the p-type impurity increases in a 
vertically downward direction from the upper surface of the 
first semiconductor layer 170. 
0055 Optionally, a barrier metal layer 178 may be inter 
posed between the first semiconductor layer 170 and the third 
interlayer insulating layer 146. In exemplary embodiments, 
the barrier metal layer 178 may include, e.g., Ti, Ta, titanium 
nitride, tantalum nitride, or so on. The barrier metal layer 178 
may forman ohmic contact with the first semiconductor layer 
170, thereby reducing resistance between first and second 
buried contacts 182 and 184 formed under the barrier metal 
layer 178 and the first semiconductor layer 170. However, 
when the barrier metal layer 178 is unnecessary according to 
the kind of a metal material used as the first and second buried 
contacts 182 and 184 and the doping concentration of the first 
semiconductor layer 170, the barrier metal layer 178 may not 
be formed. 

0056. The first buried contact 182 may be formed under 
the common source region 172. That is, the first buried con 
tact 182 may be formed between the common source region 
172 and the dummy interconnection structure 160, e.g., 
between the barrier metal layer 178 and the dummy intercon 
nection structure 160 along the Z-axis (FIG. 1C). For 
example, as illustrated in FIG. 1A, a plurality first buried 
contacts 182 may be spaced apart from each other along the 
X-axis, e.g., along the common Source region 172. Accord 
ingly, the common Source region 172 may be electrically 
connected to the dummy gate structure 130 through the first 
buried contact 182 and the dummy interconnection structure 
160. The first buried contact 182 may include a metal, e.g., W. 
Mo, Ti, Co, Ta, and/or Ni, or a conductive material, e.g., 
tungsten silicide, titanium silicide, cobalt silicide, tantalum 
silicide, and/or nickel silicide. 
0057. Since the first buried contact 182 electrically con 
nects the common Source region 172 to the dummy gate 
structure 130 on the substrate 110, malfunction of vertical 
memory devices may be prevented or Substantially mini 
mized. That is, when an interconnection line connected to the 
common Source region 172 is on an upper portion of a 
memory cell array, i.e., rather than being embedded under the 
common source region 172 as the first buried contact 182, an 
area for otherinterconnection lines on the upper portion of the 
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memory cell array may be reduced due to a limited area of the 
upper portion of the memory cell array. Therefore, when the 
common source region 172 is connected to the dummy gate 
structure 130 on the substrate 110 through the first buried 
contact 182 according to example embodiments, i.e., through 
a contact embedded within a plurality of Stacked insulation 
layers underneath the common source region 172, the first 
buried contacts 182 may beformed under the common source 
region 172 without limiting or minimizing an area employed 
for other interconnection lines in the upper portion of the 
memory cell array. Therefore, malfunction of the semicon 
ductor device 1000 may be effectively prevented or substan 
tially minimized. 
0058. The second buried contact 184 may beformed under 
the p-- well 174. That is, the second buried contact 184 may be 
formed between the p-- well 174 and the dummy interconnec 
tion structure 160, e.g., between the barrier metal layer 178 
and the dummy interconnection structure 160 along the Z-axis 
(FIG. 1B). For example, as illustrated in FIG. 1A, a plurality 
second buried contacts 184 may be spaced apart from each 
other along the y-axis, e.g., to overlap corresponding p-- wells 
174 along the y-axis. Accordingly, the p-- well 174 may be 
electrically connected to the dummy gate structure 130 
through the second buried contact 184 and the dummy inter 
connection structure 160 along the Z-axis. Since the p-- well 
174 is electrically connected to the dummy gate structure 130 
on the substrate 110, malfunction of the vertical memory 
devices may be prevented or Substantially minimized. 
0059. On the first semiconductor layer 170, a first insulat 
ing layer 191, a ground selection line 192, a second insulating 
layer 193, a first word line 194, a third insulating layer 195, a 
second word line 196, a fourth insulating layer 197, a string 
selection line 198, and a fifth insulating layer 199 may be 
formed in sequence. 
0060. In exemplary embodiments, the ground selection 
line 192, the word lines 194 and 196, and the string selection 
line 198 may include, e.g., a metal, e.g., W. Ni, Co, and/or Ta, 
a polysilicon doped with an impurity, a metal silicide, e.g., 
tungsten silicide, titanium silicide, cobalt silicide, tantalum 
silicide, and/or nickel silicide, or a combination thereof. The 
first to fifth insulating layers 191,193, 195,197, and 199 may 
include, e.g., silicon oxide, silicon nitride, silicon oxynitride, 
and so on. 

0061 FIGS. 1A to 1C illustrate that only two word lines 
194 and 196 are formed, but embodiments are not limited 
thereto. For example, a structure may be formed in which a 
plurality, e.g., 4, 8, 16, 32, or 64, of word lines are stacked in 
a vertical direction between the ground selection line 192 and 
the string selection line 198, and an insulating layer is inter 
posed between every two adjacent word lines. The number of 
stacked word lines is not limited to the above numbers. Also, 
in the structure, two or more ground selection lines 192 and 
two or more string selection lines 198 may be stacked in a 
vertical direction. 

0062 Although not shown in the drawings, at least one 
dummy word line (not shown) may be formed between the 
ground selection line 192 and the first word line 194, and/or 
between the second word line 196 and the string selection line 
198. The dummy word line may prevent inter-cell interfer 
ence that may occur between the lowermost word line 194 
and the ground selection line 192, and/or between the upper 
most word line 196 and the string selection line 198, when a 
distance between memory cells (i.e., the distance between the 
lines) is reduced in a vertical direction. 
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0063 Channel layers 200 may penetrate through the 
ground selection line 192, the word lines 194 and 196, the 
string selection line 198, and the first to fifth insulating layers 
191, 193, 195, 197, and 199, and may extend in a third 
direction (a Z direction in FIG. 1B), which is perpendicular to 
the upper surface of the substrate 110. Bottom surfaces of the 
channel layers 200 may, e.g., directly, contact an upper Sur 
face of the first semiconductor layer 170. The channel layers 
200 may be arranged at predetermined intervals in the first 
and second directions, i.e., along the X and y axes. 
0064. In exemplary embodiments, the channel layers 200 
may include, e.g., polysilicon doped with an impurity or 
undoped polysilicon. The channel layers 200 may be formed 
in the shape of vertically extending cups, e.g., cylinders with 
blocked bottoms, and interiors of the channel layers 200 may 
be filled with buried insulating layers 202. For example, 
upper surfaces of the buried insulating layers 202 may be 
placed at a same level as upper Surfaces of the channel layers 
200. In another example, the channel layers 200 may be 
formed in a pillar shape, so the buried insulating layers 202 
may not be formed. 
0065. A gate insulating layer 204 may be interposed 
between each of the channel layers 200 and each of the 
ground selection line 192, the word lines 194 and 196, and the 
string selection line 198. Each gate insulating layer 204 may 
include a tunnel insulating film (see 204a in FIG. 8), a charge 
storage film (see 204b in FIG. 8), and a blocking insulating 
film (see 204c in FIG. 8) that are stacked in sequence. Option 
ally, a barrier metal layer (not shown) may be furtherformed 
between each gate insulating layer 204 and each of the ground 
selection line 192, the word lines 194 and 196, and the string 
selection line 198. The tunnel insulating film 204a may 
include, e.g., silicon oxide, hafnium oxide, aluminum oxide, 
Zirconium oxide, tantalum oxide, and so on. The charge Stor 
age film 204b may be a region in which electrons tunnelling 
from the channel layer 200 are stored, and may include, e.g., 
silicon nitride, boron nitride, silicon-boron nitride, and/or 
polysilicon doped with an impurity. The blocking insulating 
film 204c may include a singular film or stacked films formed 
of e.g., silicon oxide, silicon nitride, hafnium oxide, alumi 
num oxide, Zirconium oxide, tantalum oxide, and so on. How 
ever, the material of the blocking insulating film 204c is not 
limited thereto, e.g., may include dielectric materials having 
high dielectric constants. 
0066. The ground selection line 192 and a portion of each 
channel layer 200 and a portion of each gate insulating layer 
204 adjacent to the ground selection line 192 may constitute 
a ground selection transistor together. Also, the word lines 
194 and 196 and a portion of each channel layer 200 and a 
portion of each gate insulating layer 204 adjacent to the word 
lines 194 and 196 may constitute a memory cell transistor 
together. Each string selection line 198 and a portion of each 
channel layer 200 and a portion of each gate insulating layer 
204 adjacent to the string selection line 198 may constitute a 
string selection transistor together. 
0067 Drain regions 206 may be formed on the channel 
layers 200 and the buried insulating layers 202. In exemplary 
embodiments, the drain regions 206 may include polysilicon 
doped with an impurity. 
0068 A second etch stop layer 210 may be formed on the 
fifth insulating layer 199 and the sidewalls of the drain regions 
206. An upper surface of the second etch stop layer 210 may 
be formed at a same level as upper surfaces of the drain 
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regions 206. The second etch stop layer 210 may include an 
insulating material, e.g., silicon nitride and silicon oxide. 
0069. A fourth interlayer insulating layer 212 may be 
formed on the second etch stop layer 210. The fourth inter 
layer insulating layer 212 may cover exposed side Surfaces of 
the string selection line 198, the word lines 194 and 196, and 
the ground selection line 192. 
0070 Bitline contacts 214 may beformed to penetrate the 
fourth interlayer insulating layer 212 and may be connected 
to the drain regions 206. The fourth interlayer insulating layer 
212 may have an upper Surface formed at a same level as an 
upper surface of the bit line contacts 214. Bitlines 216 may be 
formed on the bit line contacts 214. The bit lines 216 may 
extend in the second direction, and the plurality of channel 
layers 200 arranged in the second direction may be electri 
cally connected to the bit lines 216. A fifth interlayer insulat 
ing layer 218 that covers the bit lines 216 may be formed on 
the fourth interlayer insulating layer 212. 
0071. As illustrated in FIGS. 1A and 1C, a common source 
line 222 extending in the first direction, i.e., along the X-axis, 
may be formed on, e.g., directly on, the common Source 
region 172. For example, as illustrated in FIG. 1C, the com 
mon Source line 222 may penetrate through the ground selec 
tion line 192, the word lines 194 and 196, and the string 
selection line 198 to contact the common source region 172. 
Common Source line spacers 224 including an insulating 
material may be formed on sidewalls of the common Source 
line 222, thereby preventing electrical connection between 
the common source line 222 and each of the ground selection 
line 192, the word lines 194 and 196, and the string selection 
line 198. An upper surface of the common source line 222 
may be formed at a same level as the upper surface of the 
second etch stop layer 210. 
0072 A peripheral circuit interconnection structure 230 
may include a vertical contact 232, a dummy bit line 234, an 
upper interconnection layer 236, a third interconnection con 
tact 238, and a dummy bit line contact 242. The peripheral 
circuit interconnection structure 230 may be disposed in the 
memory cell array region I, and may penetrate the ground 
selection line 192, the word lines 194 and 196, the string 
selection line 198, and the first semiconductor layer 170 to be 
electrically connected to the peripheral circuit gate structure 
120. 

0073. The vertical contact 232 may penetrate the fourth 
interlayer insulating layer 212, the second etch stop layer 210, 
the string selection line 198, the word lines 194 and 196, the 
ground selection line 192, the first semiconductor layer 170, 
and the barrier metal layer 178 to be electrically connected to 
the lower interconnection structure 150. The bottom surface 
of the vertical contact 232 may contact the upper surface of 
the second lower interconnection layer 158. In exemplary 
embodiments, the vertical contact 232 may include a conduc 
tive material, e.g., W. Ni, Ta, Co, aluminum (Al), copper (Cu), 
tungsten silicide, nickel silicide, tantalum silicide, cobalt sili 
cide, and/or polysilicon doped with an impurity. The horizon 
tal cross section of the vertical contact 232 may be in a shape 
of a circle, an ellipse, a rectangle, or a square, but is not 
limited thereto. 
0074. A vertical contact spacer 240 including an insulat 
ing material may be formed on the sidewall of the vertical 
contact 232, thereby preventing electrical connection 
between the vertical contact 232 and each of the string selec 
tion line 198, the word lines 194 and 196, the ground selection 
line 192, and the first semiconductor layer 170. 
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0075. The dummy bit line contact 242 may be formed on 
the vertical contact 232. The dummy bit line contact 242 may 
be formed at a same level as the bit line contacts 214. 
(0076. The dummy bit line 234 may be formed on the 
dummy bit line contact 242 and the fourth interlayer insulat 
ing layer 212. The dummy bit line 234 may be formed to 
extend in they direction at a predetermined distance from a 
bit line 216. An upper surface of the dummy bit line 234 may 
be formed at a same level as upper surfaces of the bit lines 
216. Under the dummy bit line 234, the channel layers 200 
may not be arranged. The dummy bit line 234 may be formed 
in a portion of the memory cell array region I in which the first 
peripheral circuit region II is formed, so the dummy bit line 
234 provides an electrical connection function between the 
peripheral circuit gate structure 120 and the upper intercon 
nection layer 236. 
0077. The upper interconnection layer 236 may beformed 
on the fifth interlayer insulating layer 218, and may be con 
nected to the dummy bit line 234 through the third intercon 
nection contact 238. In exemplary embodiments, the upper 
interconnection layer 236 may include a conductive material 
having a low sheet resistance. Also, the upper interconnection 
layer 236 may have a lower sheet resistance than the first and 
second lower interconnection layers 154 and 158. The upper 
interconnection layer 236 may include a metal, e.g., Al, Cu, 
silver (Ag), and/or gold (Au). The sheet resistance of the 
upper interconnection layer 236 may be, e.g., about 1.0LS2cm 
to about 5.0 LC2cm. 
0078. When the upper interconnection layer 236 includes 
a material having a low sheet resistance, it is possible to 
reduce a resistance between the peripheral circuit gate struc 
ture 120 in the first peripheral circuit region II and the 
memory cells in the memory cell array region I, thereby 
preventing, e.g., a response speed delay, from occurring dur 
ing integration of the memory cells. Also, since the upper 
interconnection layer 236 is electrically connected to the 
peripheral circuit gate structure 120 through the vertical con 
tact 232 penetrating the memory cell array region I, a distance 
between the upper interconnection layer 236 and the periph 
eral circuit gate structure 120 may be minimized. Therefore, 
it is possible to reduce interconnection resistance between the 
peripheral circuit gate structure 120 and the memory cells, 
thereby preventing a reduction in cell current so that electrical 
characteristics of the semiconductor device 1000 may be 
improved. Also, since the memory cell array region I and the 
first peripheral circuit region II are arranged to overlap in a 
vertical direction in the substrate 110, the area of the cell array 
region I formed in the substrate 110 may be efficiently 
increased, and the degree of integration of the semiconductor 
device 1000 may be improved. 
0079. In addition, since interconnection lines connected 
from the common source region 172 and the p+ well 174 
through the first and second buried contacts 182 and 184 are 
disposed under the memory cell array region I, the intercon 
nection lines may not beformed on, e.g., the upper portion of 
the memory cell array region I, and it is possible to ensure the 
area in which the upper interconnection layer 236 may be 
formed. Consequently, electrical characteristics of the semi 
conductor device 1000 may be improved. 
0080. In the second peripheral circuit region III of the 
substrate 110, the peripheral circuit gate structure 120 may be 
formed. The lower interconnection structure 150 penetrating 
the first etch stop layer 140 and the first to third interlayer 
insulating layers 142, 144, and 146 may be formed on the 
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peripheral circuit gate structure 120. A fourth interconnection 
contact 243 may penetrate the fourth interlayer insulating 
layer 212 to be connected to the lower interconnection struc 
ture 150. On the fourth interconnection contact 243 and the 
fourth interlayer insulating layer 212, a peripheral circuit 
interconnection 244 may be formed. The peripheral circuit 
gate structure 120 formed in the second peripheral circuit 
region III may provide an electrical signal to the memory cells 
through the fourth interconnection contact 243 and the 
peripheral circuit interconnection 244 formed outside the 
memory cell array region I. In the peripheral circuit gate 
structure 120 formed in the second peripheral circuit region 
III shown in FIG. 1C, a channel region between the source/ 
drain regions 128 is shown to be formed in the second direc 
tion for convenience. Unlike in FIG.1C, however, the channel 
region may be formed in the first direction. 
0081 Referring to FIG. 1A, in the fourth interlayer insu 
lating layer 212 of the bonding pad region IV, ground selec 
tion line contacts GSLC, first and second word line contacts 
WLC1 and WLC2, and string selection line contacts SSLC 
may be disposed. The ground selection line contacts GSLC, 
the first and second word line contacts WLC1 and WLC2, and 
the string selection line contacts SSLC may penetrate the 
second etch stop layer 210 to be connected to the ground 
selection line 192, the first and second word lines 194 and 
196, and the string selection line 198, respectively. For 
example, as illustrated in FIG. 1B, the second word line 
contact WLC2 may penetrate through the fourth interlayer 
insulating layer 212 to contact the second word line 196. 
Upper surfaces of the ground selection line contacts GSLC, 
the first and second word line contacts WLC1 and WLC2, and 
the string selection line contacts SSLC may be formed at a 
same level, e.g., at a same level as an upper Surface of the 
fourth interlayer insulating layer 212. 
0082 Ground selection line pads GSLP, word line pads 
WLP1 and WLP2, and string selection line pads SSLP that are 
electrically in contact with the ground selection line contacts 
GSLC, the first and second word line contacts WLC 1 and 
WLC2, and the string selection line contacts SSLC, respec 
tively, may beformed on the fourth interlayer insulating layer 
212. Although not shown in the drawings, the ground selec 
tion line pads GSLP, the word line pads WLP1 and WLP2, 
and the string selection line pads SSLP may be electrically 
connected to a peripheral circuit through an upper intercon 
nection (not shown). 
0083 FIG. 2A illustrates a layout diagram of a semicon 
ductor device 1000a according to exemplary embodiments, 
and FIG.2B illustrates a cross-sectional view taken along line 
2B-2B' of FIG. 2A. The Semiconductor device 1000a in 
accordance with FIGS. 2A and 2B is similar to the semicon 
ductor device 1000 described with reference to FIGS 1A to 
1C, except for a shape of a first buried contact 182a. Thus, the 
following description will focus on differences between 
FIGS. 1A-1C and FIGS. 2A-2B. In FIGS. 2A and 2B, same 
reference numerals as in FIGS. 1A to 1C are used to denote 
the same components. 
I0084. Referring to FIGS. 2A and 2B, the first buried con 
tact 182a may extend in a first direction, i.e., in the X direction 
in FIGS. 2A-2B, under the common source region 172 (FIG. 
2B). The first buried contact 182a may be between the com 
mon source region 172 and the dummy interconnection struc 
ture 160 along the Z direction of FIG. 2B. 
0085. The common source region 172 on the first buried 
contact 182a may beformed under a common source line 222 
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in the memory cell array region I. Here, the first buried contact 
182a may be formed in the shape of an extended line in a 
portion of a region under the common source region 172 that 
does not overlap the first peripheral circuit region II. For 
example, as illustrated in FIG. 2B, the buried contact 182a 
may extend continuously in the X-axis in the memory cell 
array region I and outside the first peripheral circuit region II 
to overlap a portion of the common source region 172, e.g., 
the buried contact 182a and the first peripheral circuit region 
II may have a non-overlapping relationship. Also, a second 
lower interconnection layer 168a may be formed to extend in 
the first direction, so that n upper surface of the second lower 
interconnection layer 168a may contact the first buried con 
tact 182a. A plurality of dummy gate structures 120 may be 
electrically connected to a lower portion of the first buried 
contact 182a. 

I0086 FIG. 3A illustrates a layout diagram of a semicon 
ductor device 1000b according to exemplary embodiments, 
and FIG.3B illustrates a cross-sectional view taken along line 
3B-3B' of FIG. 3A. The semiconductor device 1000b is simi 
lar to the semiconductor device 1000 described with refer 
ence to FIGS. 1A to 1C, except that the semiconductor device 
1000b is a non-volatile flat-panel memory device. Thus, the 
following description will focus on differences between 
FIGS. 1A-1C and FIGS. 3A-3B. In FIGS. 3A and 3B, same 
reference numerals as in FIGS. 1A to 1C are used to denote 
the same components. 
I0087. Referring to FIGS. 3A and 3B, the substrate 110 
may include a memory cell array region V, a first peripheral 
circuit region VI, and a second peripheral circuit region VII. 
In the memory cell array region V, non-volatile flat-panel 
memory cells may be disposed. 
I0088 A plurality of device isolation trenches (not shown) 
extending in a second direction may be formed on a first 
semiconductor layer320 with intervals therebetween in a first 
direction, so that an active region may be defined in the first 
semiconductor layer 320. A common source region 332 
extending in the second direction, i.e., along the y-axis, may 
beformed in the first semiconductor layer 320, and p+ wells 
334 may be formed at intervals outside the first semiconduc 
tor layer 320. 
I0089. On the first semiconductor layer 320, a plurality of 
tunnel insulating film patterns 342 may be arranged in the first 
and second directions. On the plurality of tunnel insulating 
film patterns 342, a plurality of charge storage film patterns 
344 may be formed. Accordingly, the plurality of charge 
storage film patterns 344 may also be disposed at intervals in 
the first and second directions. A plurality of blocking insu 
lating films 346 extending in the first direction may beformed 
at intervals in the second direction on the plurality of tunnel 
insulating film patterns 342. 
0090. A plurality of gate electrodes 348 may beformed on 
the plurality of tunnel insulating film patterns 342. The plu 
rality of gate electrodes 348 may extend in the first direction 
and may be spaced apart in the second direction. The plurality 
of gate electrodes 348 sequentially arranged in the second 
direction may include a ground selection line GSL, first to 
fourth word lines WL1, WL2, WL3, and WL4, and a string 
selection line SSL. 
0091. On the first semiconductor layer 320, a first insulat 
ing layer 350 covering the plurality of gate electrodes 348 
may be formed. Meanwhile, although not shown in the draw 
ings, air-gaps may be formed in the first insulating layer 350 
between adjacent gate electrodes 348. 
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0092 A peripheral circuit interconnection structure 230a 
may include a vertical contact 354, a dummy bit line 234, an 
upper interconnection layer 236, a third interconnection con 
tact 238, and a dummy bit line contact 242. The vertical 
contact 354 may penetrate the first insulating layer 350, the 
first semiconductor layer 320, a barrier metal layer 178, and a 
third interlayer insulating layer 146 between the first and 
second word lines WL1 and WL2 to be connected to a lower 
interconnection structure 150. 
0093. A second insulating layer 360 may be formed on the 

first insulating layer 350 and the vertical contact 354, and a 
dummy bit line contact 242 connected to the vertical contact 
354 may be formed in the second insulating layer 360. The 
dummy bit line 234 and the bit lines 216 may beformed on the 
second insulating layer 360, and a third insulating layer 362 
covering the dummy bit line 234 and the bit lines 216 may be 
formed on the second insulating layer 360. The upper inter 
connection layer 236 formed on the third insulating layer 362 
may be connected to the dummy bit line 234 through the third 
interconnection contact 238. 
0094 FIGS. 4A to 13 illustrate cross-sectional views of 
stages in a method of fabricating the semiconductor device 
1000 according to exemplary embodiments. The fabrication 
method may be a method of fabricating the semiconductor 
device 1000 described with reference to FIGS 1A to 1C.. In 
particular, FIGS. 4A, 5A, 6A, 7, 8,9A, 10, 11A, 12A, and 13 
illustrate cross-sectional views taken along line 1B-1B' of 
FIG. 1A, and FIGS. 4B, 5B, 6B, 9B, 11B, and 12B are 
cross-sectional view taken along line 1C-1C of FIG. 1A. In 
the peripheral circuit gate structure 120 shown in FIGS. 4B, 
5B, 6B, 9B, 11B, and 12B, the channel region between the 
source/drain regions 128 is formed in the second direction (a 
y direction in FIG. 4B) for convenience, but the channel 
region may be formed in the first direction. 
0095 Referring to FIGS. 4A and 4B, after a buffer oxide 
layer (not shown) and a silicon nitride layer (not shown) are 
formed on the substrate 110, buffer oxide layer patterns (not 
shown), silicon nitride layer patterns (not shown), and a 
trench (not shown) may be formed by consecutively pattern 
ing the silicon nitride layer, the buffer oxide layer, and the 
substrate 110. By filling the trench with an insulating mate 
rial, e.g., silicon oxide, the device isolation layer 112 may be 
formed. After the device isolation layer 112 is planarized until 
upper Surfaces of the silicon nitride layer patterns are 
exposed, the silicon nitride layer patterns and the buffer oxide 
layer patterns may be removed. 
0096. A sacrificial oxide layer (not shown) is formed on 
the Substrate and then patterned by using photoresist, and a 
first ion implantation process is performed so that the periph 
eral circuit p-well 114p may be formed in the substrate 110. 
Also, patterning is performed by using photoresist, and a 
second ion implantation process is performed so that the 
peripheral circuit n-well 114m may be formed in the substrate 
110. The peripheral circuit p-well 114p may be an NMOS 
transistor-forming region, and the peripheral circuit n-well 
114m may be a PMOS transistor-forming region. 
0097. The peripheral circuitgate insulating layer 122 may 
be formed on the substrate 110. The peripheral circuit gate 
insulating layer 122 may be formed to include a first gate 
insulating layer (not shown) and a second gate insulating 
layer (not shown) that are stacked in sequence. The first and 
second gate insulating layers may be a low-voltage gate insu 
lating layer and a high-voltage gate insulating layer, respec 
tively. 
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0098. A peripheral circuit gate conductive layer (not 
shown) may be formed on the peripheral circuit gate insulat 
ing layer 122, and the peripheral circuit gate electrode 124 
may be formed by patterning the peripheral circuit gate con 
ductive layer. The peripheral circuit gate electrode 124 may 
be formed of doped polysilicon. Also, the peripheral circuit 
gate electrode 124 may be formed to have a multilayer struc 
ture including a polysilicon layer and a metal layer or a 
multilayer structure including a polysilicon layer and a metal 
silicide layer. 
0099. The peripheral circuit spacers 126 may be formed 
on the sidewalls of the peripheral circuit gate electrode 124. 
For example, by forming a silicon nitride layer on the periph 
eral circuit gate electrode 124 and then anisotropically etch 
ing the silicon nitride layer, the peripheral circuit spacer 126 
may be formed. The source/drain regions 128 may be formed 
in portions of the substrate 110 on both sides of the peripheral 
circuit gate electrode 124. In the case of an NMOS transistor, 
the source/drain regions 128 may be doped with an n-type 
impurity, and in the case of a PMOS transistor, the source/ 
drain regions 128 may be doped with a p-type impurity. The 
Source/drain regions 128 may have a lightly doped drain 
(LDD) structure. 
0100. Accordingly, the peripheral circuit gate structure 
120 including the peripheral circuit gate insulating layer 122, 
the peripheral circuit gate electrode 124, the peripheral circuit 
spacer 126, and the source/drain regions 128 may be formed. 
The first etch stop layer 140 may beformed on the peripheral 
circuit gate structure 120. The first etch stop layer 140 may be 
formed of an insulating material, e.g., silicon nitride, silicon 
oxynitride, or silicon oxide. 
0101 Meanwhile, the dummy gate structure 130 may be 
formed on the device isolation layer 112, i.e., the field region. 
As an example, the dummy gate structure 130 may beformed 
on a portion of the device isolation layer 112 corresponding to 
an edge portion of the substrate 110. As another example, the 
dummy gate structure 130 may beformed on a portion of the 
device isolation layer 112 above which a memory cell array 
will be disposed in a follow-up process. 
0102 Referring to FIGS. 5A and 5B, the first interlayer 
insulating layer 142 may beformed on the first etch stop layer 
140. Subsequently, a first interconnection contact hole 250 
penetrating the first interlayer insulating layer 142 and the 
first etch stop layer 140 may be formed. The first intercon 
nection contact hole 250 may be formed to expose the upper 
surface of the peripheral circuit gate electrode 124 or the 
Source/drain regions 128. Subsequently, the first interconnec 
tion contact hole 250 is filled with a conductive material (not 
shown), and then the conductive material is planarized until 
the upper surface of the first interlayer insulating layer 142 is 
exposed so that the first interconnection contact 152 may be 
formed in the first interconnection contact hole 250. 

0103) A conductive layer (not shown) is formed on the first 
interlayer insulating layer 142 and then patterned so that the 
first lower interconnection layer 154 electrically connected to 
the first interconnection contact 152 may be formed. The 
second interlayer insulating layer 144 may be formed on the 
first lower interconnection layer 154 and the first interlayer 
insulating layer 142. A second interconnection contact hole 
252 penetrating the second interlayer insulating layer 144 and 
exposing the upper Surface of the first lower interconnection 
layer 154 may be formed. Subsequently, the second intercon 
nection contact hole 252 is filled with a conductive material 
(not shown), and then the conductive material is planarized 
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until the upper Surface of the second interlayer insulating 
layer 144 is exposed so that the second interconnection con 
tact 156 may beformed in the second interconnection contact 
hole 252. 

0104. A conductive layer (not shown) is formed on the 
second interlayer insulating layer 144 and then patterned so 
that the second lower interconnection layer 158 electrically 
connected to the second interconnection contact 156 may be 
formed. The third interlayer insulating layer 146 may be 
formed on the second lowerinterconnection layer 158 and the 
second interlayer insulating layer 144. 
0105. In exemplary embodiments, the first to third inter 
layer insulating layers 142, 144, and 146 may be formed of 
insulating materials, e.g., silicon nitride, silicon oxynitride, 
and silicon oxide. The lower interconnection layers 154 and 
158 and the interconnection contacts 152 and 156 may be 
formed of metals, e.g., W. Mo, Ti, Co, Ta, and Ni, and con 
ductive materials, e.g., tungsten silicide, titanium silicide, 
cobalt silicide, tantalum silicide, and nickel silicide. By per 
forming the above-described process, the lower interconnec 
tion structure 150 may be formed. 
0106 Meanwhile, by performing processes similar to the 
process of forming the lower interconnection layers 154 and 
158 and the interconnection contacts 152 and 156, the first 
and second dummy interconnection contacts 162 and 166 and 
the first and second dummy interconnection layers 164 and 
168 may beformed on the dummy gate structure 130. Accord 
ingly, the dummy interconnection structure 160 may be 
formed. 

0107 First and second buried contact holes (not shown) 
exposing the upper Surface of the second dummy intercon 
nection layer 168 are formed in the third interlayer insulating 
layer 146 and filled with a conductive material so that the first 
and second buried contacts 182 and 184 contacting the second 
dummy interconnection layer 168 may be formed. 
0108 Referring to FIGS. 6A and 6B, the barrier metal 
layer 178 is formed on the third interlayer insulating layer 146 
and the first and second buried contacts 182 and 184. For 
example, the barrier metal layer 178 may be formed of, e.g., 
Ti, Ta, titanium nitride, and tantalum nitride. 
0109. The first semiconductor layer 170 may beformed on 
the barrier metal layer 178. The first semiconductor layer 170 
may be formed of polysilicon doped with a first impurity by 
using a chemical vapour deposition (CVD) process, an 
atomic layer deposition (ALD) process, a physical vapour 
deposition (PVD) process, or so on. The first semiconductor 
layer 170 may be formed to have a thickness of about 20 nm 
to about 500 nm, but the thickness of the first semiconductor 
layer 170 is not limited thereto. In the process of forming the 
first semiconductor layer 170, in situ-doping with the first 
impurity may be performed, or after the first semiconductor 
layer 170 is formed, doping with the first impurity may be 
performed by an ion implantation process. The first impurity 
may be a p-type impurity. 
0110. The first semiconductor layer 170 is doped with a 
second impurity by using a first ion implantation mask (not 
shown) so that the common source region 172 may beformed 
in the first semiconductor layer 170. The second impurity 
may be an n-type impurity. The common source region 172 
may be formed to extend in the first direction, and the first 
buried contact 182 may be placed under the common source 
region 172. Subsequently, the first ion implantation mask 
may be removed. 
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0111. An edge portion of the first semiconductor layer 170 
is doped with a third impurity by using a second ion implan 
tation mask (not shown) so that the p-- well 174 may be 
formed in the first semiconductor layer 170. The third impu 
rity may be a p-type impurity. A plurality of p-- wells 174 may 
be spaced apart in the second direction, and the second buried 
contact 184 may be placed under at least one of the plurality 
of p-- wells 174. Subsequently, the second ion implantation 
mask may be removed. 
0112 Meanwhile, in the process of implanting the second 
and third impurities, the common Source region 172 and the 
p+ well 174 may beformed to have profiles of the concentra 
tions of the second and third impurities that increase in a 
vertically downward direction from the upper surface of the 
first semiconductor layer 170. Accordingly, portions of the 
common source region 172 and the p+ well 174 that come in 
contact with the barrier metal layer 178 may have the highest 
second and third impurity concentrations, and the common 
source region 172 and the p-- well 174 may form ohmic 
contacts with the barrier metal layer 178 formed thereunder. 
Therefore, it is possible to reduce the electrical resistance 
between the common source region 172 and the first buried 
contact 182 and the electrical resistance between the p-- well 
174 and the second buried contact 184. 
0113 Referring to FIG. 7, a preliminary gate stack struc 
ture 190 may be formed by alternately stacking the first to 
fifth insulating layers 191, 193, 195, 197, and 199 and first to 
fourth preliminary gate layers 192a, 194a, 196a, and 198a on 
the first semiconductor layer 170. The insulating layers 191, 
193, 195, 197, and 199 may be formed of, e.g., silicon oxide, 
silicon nitride, and silicon oxynitride to have a predetermined 
height. Also, the preliminary gate layers 192a, 194a, 196a, 
and 198a may be formed of, e.g., silicon oxide, silicon car 
bide, and polysilicon to have a predetermined height. The 
preliminary gate layers 192a, 194a, 196a, and 198a may be 
preliminary layers and sacrificial layers for forming a ground 
selection line (192 in FIG.11A), a plurality of word lines (194 
and 196 in FIG. 11A), and a string selection line (198 in FIG. 
11A), respectively. The number of the preliminary gate layers 
192a, 194a, 196a, and 198a may be appropriately selected for 
the number of the ground selection line, the word lines, and 
the string selection line. 
0114 Referring to FIG. 8, a channel hole 260 may be 
formed to penetrate the preliminary gate stack structure 190 
and extend in the third direction, which is perpendicular to the 
main surface of the substrate 110. A plurality of channel holes 
260 may be formed at intervals in the first and second direc 
tions, and the upper surface of the semiconductor layer 170 
under the channel holes 260 may be exposed. 
0115 FIG. 8 illustrates that portions of the first semicon 
ductor layer 170 exposed under the channel holes 260 have a 
planar shape. Unlike this, however, the portions of the first 
semiconductor layer 170 under the channel holes 260 may be 
over-etched, and recesses (not shown) may be formed at the 
upper-surface portions of the first semiconductor layer 170. 
0116. On the sidewalls of the channel holes 260, the upper 
surface of the first semiconductor layer 170 exposed under the 
channel holes 260, and the preliminary gate stack structure 
190, a preliminary gate insulating layer (not shown) may be 
formed. Subsequently, by anisotropically etching the prelimi 
nary gate insulating layer, portions of the preliminary gate 
insulating layer formed on the preliminary gate stack struc 
ture 190 and on the upper surface of the first semiconductor 
layer 170 under the channel holes 260 may be removed so that 
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the gate insulating layers 204 may be formed on the sidewalls 
of the channel holes 260. Accordingly, the upper surface of 
the first semiconductor layer 170 may be exposed again under 
the channel holes 260. Each gate insulating layer 204 may be 
formed to have a structure in which the blocking insulating 
film 204c., the charge storage film 204b, and the tunnel insu 
lating film 204a are stacked in sequence. Optionally, a barrier 
metal layer (not shown) may be further formed on the side 
wall of each channel hole 260 before the blocking insulating 
film 204c is formed. 
0117. Each gate insulating layer 204 may be, e.g., confor 
mally, formed on the sidewall of each channel hole 260 to 
have a predetermined thickness so that the channel hole 260 
may not be fully filled with the gate insulating layer 204. 
0118. Subsequently, a conductive layer (not shown) and an 
insulating layer (not shown) are sequentially formed on the 
inner wall of each channel hole 260 and the preliminary gate 
stack structure 190, and then upper portions of the conductive 
layer and the insulating layer are planarized until the upper 
surface of the preliminary gate stack structure 190 is exposed 
so that a channel layer 200 and a buried insulating layer 202 
may be formed on the inner wall of the channel hole 260. The 
bottom surfaces of the channel layers 200 may come in con 
tact with the upper surface of the first semiconductor layer 
170 exposed under the channel holes 260, and the outer sur 
faces of the channel layers 200 may come in contact with the 
gate insulating layers 204. The channel layers 200 may be 
formed of polysilicon doped with an impurity by a CVD 
process, a low-pressure chemical vapour deposition 
(LPCVD) process, or an ALD process, or may be formed of 
undoped polysilicon. Each buried insulating layer 202 may be 
formed of an insulating material, e.g., silicon oxide, silicon 
nitride, or silicon oxynitride, by a CVD process, an LPCVD 
process, or an ALD process. 
0119 Subsequently, the second etch stop layer 210 cover 
ing the upper surfaces of the channel layers 200, the buried 
insulating layers 202, and the gate insulating layers 204 may 
be formed on the preliminary gate stack structure 190. The 
second etch stop layer 210 may be formed of, e.g., silicon 
nitride, silicon oxide, silicon oxynitride, or so on. 
0120. After drain holes 262 exposing the upper surfaces of 
the channel layers 200 and the buried insulating layers 202 are 
formed in the second etch stop layer 210, a conductive layer 
(not shown) filling the drain holes 262 may be formed and 
planarized, so that the drain regions 206 may be formed. The 
upper surfaces of the drain regions 206 may be formed at the 
same level as the upper Surface of the second etch stop layer 
210. 

0121 Referring to FIGS. 9A and 9B, a first opening 264 
and a preliminary vertical contact hole 266 may be formed in 
the second etch stop layer 210 and the preliminary gate stack 
structure 190. The first opening 264 may extend in the y 
direction and expose the upper Surface of the common Source 
region 172, and the vertical contact hole 266 may expose the 
upper surface of the first semiconductor layer 170. The ver 
tical contact hole 266 may be formed at a predetermined 
distance from the channel layer 200 in the first direction. 
0122 Referring to FIG. 10, by sequentially removing a 
portion of the first semiconductor layer 170, a portion of the 
barrier metal layer 178, and a portion of the third interlayer 
insulating layer 146 exposed under the preliminary vertical 
contact hole (266 in FIG. 9A), a vertical contact hole 266a 
that is the preliminary vertical contact hole 266 expanded in 
the downward direction may be formed. Under the vertical 
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contact hole 266a, the upper surface of the second lower 
interconnection layer 158 may be exposed. 
I0123. According to exemplary embodiments, isotropic 
etching and/oranisotropic etching may be used in the process 
of forming the vertical contact hole 266a. When a contact 
hole having a large aspect ratio is formed at once at a single 
etching process, a width of a bottom portion of the contact 
hole may decrease due to a slope of the sidewall of the contact 
hole. When the expanded vertical contact hole 266a is formed 
by a two-step etching process, the vertical contact hole 266a 
may be expanded in the lateral direction by using isotropic 
etching characteristics in the process of removing the first 
semiconductor layer 170, so the width of a bottom portion of 
the vertical contact hole 266a may increase even if the aspect 
ratio of the vertical contact hole 266a is large. In this case, a 
step difference Si may be formed on the sidewall of the 
vertical contact hole 266a from the upper surface of the first 
semiconductor layer 170. 
0.124. Meanwhile, unlike in FIGS. 9A to 10, the vertical 
contact hole 266a may beformed after the first opening 264 is 
formed. In this case, after the first opening 264 is formed, the 
vertical contact hole 266a may be formed by sequentially 
etching the second etch stop layer 210, the preliminary gate 
stack structure 190, the first semiconductor layer 170, the 
barrier metal layer 178, and the third interlayer insulating 
layer 146. 
(0.125 Referring to FIGS. 11A and 11B, by performing a 
silicidation process on the preliminary gate stack structure 
190, the first to fourth preliminary gate layers 192a, 194a, 
196a, and 198a may be converted into the ground selection 
line 192, the first word line 194, the second word line 196, and 
the string selection line 198, respectively. At this time, the 
ground selection line 192, the first and second word lines 194 
and 196, and the string selection line 198 may include metal 
silicide materials, e.g., tungsten silicide, tantalum silicide, 
cobalt silicide, and nickel silicide. 
0.126 Alternatively, by selectively removing only the gate 
layers 192a, 194a, 196a, and 198a exposed through the first 
opening 264 and filling the spaces between the insulating 
layers 191,193, 195,197, and 199 with a conductive material, 
the ground selection line 192, the word lines 194 and 196, and 
the string selection line 198 may be formed. At this time, the 
ground selection line 192, the word lines 194 and 196, and the 
string selection line 198 may be formed of metal materials, 
e.g., W. Ta, Co, and Ni. Optionally, before the process of 
filling the spaces with the conductive material, a barrier metal 
layer (not shown) may be further formed in the spaces 
between the insulating layers 191, 193, 195, 197, and 199. 
I0127. Referring to FIGS. 12A and 12B, an insulating layer 
(not shown) is formed on the inner walls of the first opening 
264 and the vertical contact hole 266a and then anisotropi 
cally etched so that the common source line spacers 224 and 
the vertical contact spacer 240 may be formed on the side 
walls of the first opening 264 and the sidewall of the vertical 
contact hole 26a, respectively. The common source line spac 
ers 224 and the vertical contact spacer 240 may be formed of 
an insulating material, e.g., silicon oxide, silicon nitride, or 
silicon oxynitride. 
I0128 Subsequently, a conductive layer (not shown) filling 
the first opening 264 and the vertical contact hole 266a is 
formed. An upper portion of the conductive layer is pla 
narized until the upper Surface of the second etch stop layer 
210 is exposed, so that the common source line 222 and the 
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vertical contact 232 may be formed on the inner walls of the 
first opening 264 and the vertical contact hole 266a, respec 
tively. 
0129 Referring to FIG. 13, the ground selection line 192, 
the word lines 194 and 196, and the string selection line 198 
may be patterned by a plurality of patterning processes in 
which a mask (not shown) is used. At this time, the sidewalls 
of the fifth and fourth insulating layers 199 and 197 may be 
patterned to be aligned with the sidewall of the string selec 
tion line 198, and the sidewalls of the third and second insu 
lating layers 195 and 193 may be patterned to be aligned with 
the sidewalls of the second and first word lines 196 and 194, 
respectively. Also, the sidewall of the first insulating layer 191 
may be patterned to be aligned with the sidewall of the ground 
Selection line 192. 

0130. Subsequently, the fourth interlayer insulating layer 
212 may be formed to cover the second etch stop layer 210 
and the sidewalls of the patterned ground selection line 192, 
the patterned word lines 194 and 196, and the patterned string 
selection line 198. Adummy bit line contact hole (not shown) 
and bit line contact holes (not shown) exposing the upper 
surfaces of the vertical contact 232 and the drain regions 206 
are formed in the fourth interlayer insulating layer 212 and 
filled with a conductive material, and an upper portion of the 
conductive material is planarized so that the dummy bit line 
contact 242 and the bit line contacts 214 may be formed. 
0131. In the planarized fourth interlayer insulating layer 
212 of the bonding pad region IV, string selection line contact 
holes (not shown) exposing the string selection line 198, word 
line contact holes (not shown) exposing the word lines 194 
and 196, and a ground selection line contact hole (not shown) 
exposing the ground selection line 192 may be formed. Also, 
in the second peripheral circuit region III, a peripheral circuit 
contact hole (not shown) exposing the second lower intercon 
nection layer 158 may be formed. After the string selection 
line contact holes, the word line contact holes, the ground 
selection line contact hole, and the peripheral circuit contact 
hole are filled with a conductive material, an upper portion of 
the conductive material is planarized until the upper portion 
of the fourth interlayer insulating layer 212 is exposed so that 
the string selection line contacts SSLC, the word line contacts 
WLC1 and WLC2, the ground selection line contacts GSLC, 
and the dummy bit line contact 242 and the bit line contacts 
214 may be formed. 
0132 A conductive layer (not shown) is formed on the 
fourth interlayer insulating layer 212 and then patterned so 
that the bit lines 216, the dummy bit line 234, the string 
selection line pads SSLP, the word line pads WLP1 and 
WLP2, the ground selection line pads GSLP, and the periph 
eral circuit interconnection 244 may be formed to be con 
nected to the bit line contacts 214, the dummy bit line contact 
242, the string selection line contacts SSLC, the word line 
contacts WLC1 and WLC2, the ground selection line contacts 
GSLC, and the peripheral circuit contact 243 illustrated in 
FIG. 1C, respectively. 
0133) Referring back to FIGS. 1A to 1C, the fifth inter 
layer insulating layer 218 covering the bit lines 216, the 
dummy bit line 234, the string selection line pads SSLP, the 
word line pads WLP1 and WLP2, the ground selection line 
pads GSLP, and the peripheral circuit interconnection 244 
may beformed on the fourth interlayer insulating layer 212. A 
third interconnection contact hole (not shown) exposing the 
supper surface of the dummy bit line 234 is formed in the fifth 
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interlayer insulating layer 218 and then filled with a conduc 
tive materialso that the third interconnection contact 238 may 
be formed. 
I0134. The upper interconnection layer 236 electrically 
connected to the third interconnection contact 238 may be 
formed on the fifth interlayer insulating layer 218. The upper 
interconnection layer 236 may beformed of a material having 
a low sheet resistance. For example, the upper interconnec 
tion layer 236 may be formed of a material having a lower 
sheet resistance than that of the lower interconnection layers 
154 and 158. The upper interconnection layer 236 may be 
formed of a metal, for example, Al, Cu, or Ni. 
I0135) In other embodiments, after a second opening (not 
shown) is formed by forming and patterning a sixth interlayer 
insulating layer (not shown), a barrier metal layer (not shown) 
may beformed to have a predetermined thickness on the inner 
wall of the second opening. Subsequently, a conductive layer 
(not shown) filling the second opening is formed on the bar 
rier metal layer and planarized until the upper surface of the 
sixth interlayer insulating layer is exposed so that the upper 
interconnection layer 236 may be formed. In this case, the 
side Surfaces and the bottom Surface of the upper intercon 
nection layer 236 come in contact with the barrier metal layer, 
thereby preventing penetration of impurity atoms from the 
upper interconnection layer 236 into the fifth interlayer insu 
lating layer 218 or the sixth interlayer insulating layer. 
0.136 The upper interconnection layer 236 may electri 
cally connect the peripheral circuit gate structure 120 formed 
in the first peripheral circuit region II with the memory cells 
in the memory cell array region I by using a material having 
a low sheet resistance. In general, when the upper intercon 
nection layer 236 includes a material having a low sheet 
resistance, the upper interconnection layer 236 may have a 
low melting point and may be degraded or damaged in pro 
cesses for forming a memory cell array performed at high 
temperature. However, according to embodiments, since the 
upper interconnection layer 236 is formed after a memory cell 
array is formed, it is possible to prevent the upper intercon 
nection layer 236 from being exposed to high temperature and 
efficiently reduce the resistance of the peripheral circuit inter 
connection structure 230 including the upper interconnection 
layer 236. 
0.137 By the above-described processes, the semiconduc 
tor device 1000 may be formed. 
0.138. By way of summary and review, according to 
example embodiments, peripheral circuits are disposed under 
a memory cell array, a metal interconnection having low 
resistance is formed on the memory cell, and the peripheral 
circuits and the metal interconnection are connected to each 
other through a vertical contact. Thus, the degree of integra 
tion of a memory device may increase. 
0.139. Further, a dummy gate structure is formed on a 
portion of a substrate in which the memory cell array is not 
formed, and connected to a common source region and a p-- 
well. By using the dummy gate structure as an interconnec 
tion to the common source region and the p+ well, it is 
possible to reduce malfunctions of the memory device. 
0140. Example embodiments have been disclosed herein, 
and although specific terms are employed, they are used and 
are to be interpreted in a generic and descriptive sense only 
and not for purpose of limitation. In some instances, as would 
be apparent to one of ordinary skill in the art as of the filing of 
the present application, features, characteristics, and/or ele 
ments described in connection with a particular embodiment 
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may be used singly or in combination with features, charac 
teristics, and/or elements described in connection with other 
embodiments unless otherwise specifically indicated. 
Accordingly, it will be understood by those of skill in the art 
that various changes inform and details may be made without 
departing from the spirit and scope of the present invention as 
set forth in the following claims. 
What is claimed is: 
1. A semiconductor device, comprising: 
a peripheral circuit region on a Substrate; 
a polysilicon layer on the peripheral circuit region; 
a memory cell array region on the polysilicon layer and 

overlapping the peripheral circuit region, the peripheral 
circuit region being under the memory cell array region; 

an upper interconnection layer on the memory cell array 
region; and 

a vertical contact through the memory cell array region and 
the polysilicon layer, the vertical contact connecting the 
upper interconnection layer to the peripheral circuit 
region. 

2. The semiconductor device as claimed in claim 1, 
wherein the peripheral circuit region includes at least one 
peripheral circuit configured to process input or output data. 

3. The semiconductor device as claimed in claim 2, 
wherein the at least one peripheral circuit includes a page 
buffer, a latch circuit, a cache circuit, a column decoder, a 
sense amplifier, or a data in/out circuit. 

4. The semiconductor device as claimed in claim 1, 
wherein the upper interconnection layer includes copper, alu 
minum, silver, or gold. 

5. A semiconductor device, comprising: 
a peripheral circuit gate structure on a substrate; 
a first semiconductor layer on the peripheral circuit gate 

Structure: 
a memory cell array region on the first semiconductor 

layer; 
a vertical contact through the memory cell array region and 

the first semiconductor layer, the vertical contact being 
electrically connected to the peripheral circuit gate 
structure; and 

a peripheral circuit interconnection structure including an 
upper interconnection layer on the memory cell array 
region, the peripheral circuit interconnection structure 
being electrically connected to the vertical contact. 

6. The semiconductor device as claimed in claim 5, 
wherein the peripheral circuit gate structure overlaps the 
memory cell array region in a vertical direction. 

7. The semiconductor device as claimed in claim 5, 
wherein the peripheral circuit interconnection structure fur 
ther comprises a dummy bit line at a same level as a bit line in 
the memory cell array region, the vertical contact and the 
upper interconnection layer being electrically connected to 
each other through the dummy bit line. 

8. The semiconductor device as claimed in claim 5, 
wherein the peripheral circuit interconnection structure fur 
ther comprises a lower interconnection layer connected to the 
peripheral circuit gate structure under the memory cell array 
region, the upper interconnection layer including a material 
having a lower sheet resistance than a material of the lower 
interconnection layer. 

9. The semiconductor device as claimed in claim 5, 
wherein the memory cell array region includes: 

a channel layer extending in a vertical direction on the first 
semiconductor layer, and 
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a ground selection line, word lines, and a string selection 
line spaced apart in the vertical direction along a side 
wall of the channel layer. 

10. The semiconductor device as claimed in claim 5, 
wherein the first semiconductor layer includes at least one 
common Source region, the at least one common source 
region being electrically connected to the Substrate through a 
first buried contact. 

11. The semiconductor device as claimed in claim 10, 
wherein the at least one common source region includes a first 
impurity, a concentration of the first impurity in the at least 
one common source region increases in a vertical direction 
toward the substrate. 

12. The semiconductor device as claimed in claim 10, 
wherein the first buried contact and the at least one common 
Source region extend in a same direction. 

13. The semiconductor device as claimed in claim 5, 
wherein the first semiconductor layer includes at least one p-- 
well, the at least one p+ well being electrically connected to 
the Substrate through a second buried contact. 

14. The semiconductor device as claimed in claim 5, fur 
ther comprising a barrier metal layer between the first semi 
conductor layer and the peripheral circuit gate structure. 

15. The semiconductor device as claimed in claim 5, 
wherein the memory cell array region includes: 

a plurality of word lines on the first semiconductor layer 
and spaced apart from the first semiconductor layer; and 

a ground selection line and a string selection line on two 
sides of the plurality of word lines, respectively. 

16. A semiconductor device, comprising: 
a memory cell array region on a Substrate; 
a peripheral circuit gate structure between the memory cell 

array region and the Substrate, the memory cell array 
region and the peripheral circuit gate structure overlap 
ping each other, 

a first semiconductor layer between the peripheral circuit 
gate structure and the memory cell array region; 

a vertical contact through the memory cell array region and 
through the first semiconductor layer, the vertical con 
tact being electrically connected to the peripheral circuit 
gate structure; and 

a peripheral circuit interconnection structure on the 
memory cell array region, the peripheral circuit inter 
connection structure being electrically connected to the 
Vertical contact. 

17. The semiconductor device as claimed in claim 16, 
wherein the memory cell array region is spaced apart from the 
peripheral circuit gate structure along a vertical direction, the 
memory cell array region completely overlapping the periph 
eral circuit gate structure. 

18. The semiconductor device as claimed in claim 17, 
wherein the vertical contact extends along the vertical direc 
tion through the memory cell array region and through the 
first semiconductor layer, the vertical contact electrically 
connecting the peripheral circuit interconnection structure 
and the peripheral circuit gate structure through the memory 
cell array region. 

19. The semiconductor device as claimed in claim 16, 
wherein the first semiconductor layer includes at least one 
common Source region electrically connected to the Substrate 
through a first buried contact, the first buried contact overlap 
ping the memory cell array region. 

20. The semiconductor device as claimed in claim 19, 
wherein the first semiconductor layer is spaced apart from the 
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substrate along a vertical direction, the first buried contact 
extending along the vertical direction from the first semicon 
ductor layer toward the substrate. 

k k k k k 
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