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(57) ABSTRACT 

A vertical structure non-volatile memory device in which a 
gate dielectric layer is prevented from protruding toward a 
Substrate; a resistance of a ground selection line (GSL) elec 
trode is reduced so that the non-volatile memory device is 
highly integrated and has improved reliability, and a method 
of manufacturing the same are provided. The method 
includes: sequentially forming a polysilicon layer and an 
insulating layer on a silicon Substrate; forming a gate dielec 
tric layer and a channel layer through the polysilicon layer 
and the insulating layer, the gate dielectric layer and the 
channel layer extending in a direction perpendicular to the 
silicon Substrate; forming an opening for exposing the silicon 
Substrate, through the insulating layer and the polysilicon 
layer, removing the polysilicon layer exposed through the 
opening, by using a halogen-containing reaction gas at a 
predetermined temperature; and filling a metallic layer in the 
space formed by removing the polysilicon layer. 

1 OOO 

153 x 150 

  

  

  

  

  

  

Sandisk Technologies, Inc. - Ex. 1032, Page 000001 
IPR2025-01283 (Sandisk Technologies, Inc. v. Longitude Flash Memory Solutions Ltd.)



Nov. 1, 2012 Sheet 1 of 14 US 2012/0276696 A1 

FIG. 1 

Publication Patent Application 

SSL2 

GSL 

  

Sandisk Technologies, Inc. - Ex. 1032, Page 000002



Patent Application Publication Nov. 1, 2012 Sheet 2 of 14 US 2012/0276696 A1 

WP AA,W/ 
6A2, 
AAA A 

O 

r A, (7-7 (1-7 A> 

W 4AA 
R 

27 
as a Cy 

(0 

A4 so 

  

  

    

  

  

  

  

  

  

Sandisk Technologies, Inc. - Ex. 1032, Page 000003



Patent Application Publication Nov. 1, 2012 Sheet 3 of 14 US 2012/0276696 A1 

140 & 144 

146-i 
  

Sandisk Technologies, Inc. - Ex. 1032, Page 000004



Patent Application Publication Nov. 1, 2012 Sheet 4 of 14 US 2012/0276696A1 

FIG. 4A 

16.7- 
- 117 

166 ------------ 

165-E. 
160 164 - 114 1 O 

63 113 
162 
161 N-111 

Z 1 OO 

- 

117 

116 
- - - 15 160x64 E. E. E. 4110 
- 

163- - 

162 

161-SS 
Z 100 

  

  

    

  

  

  

  

  

Sandisk Technologies, Inc. - Ex. 1032, Page 000005



Patent Application Publication Nov. 1, 2012 Sheet 5 of 14 US 2012/0276696A1 

FIG. 4C 

16 O 11 O 

1 OO 

wa-kaze X 

1 40a 

167 E O-117 
166-E 116 H 165 - 115 

60 E '' 164- 114110 
163 E -113 162 
161-S N-111 

1 OO 

X 

  

Sandisk Technologies, Inc. - Ex. 1032, Page 000006



Patent Application Publication Nov. 1, 2012 Sheet 6 of 14 US 2012/0276696A1 

FIG. 4E 

130a 
1 40a 

167 E P -117 
166 

116 
165 - O 115 

160- 164 - - 11 O 
E. 114 

63 

162 E-18 
161 N NS-111 

1 OO 

- 

160 

1 OO 

  

  

Sandisk Technologies, Inc. - Ex. 1032, Page 000007



Patent Application Publication Nov. 1, 2012 Sheet 7 of 14 US 2012/0276696A1 

FIG. 4G 

150 
13 Ob 

Es F 
|-l - O -117 

166- || F 
- -|- 16 165- - 1 

160 - E - 15 164- F- 114 110 
- - - 

3- - 

E E-18 
161 NN NS-111 

I 1 OO 
sm--an X B 

FIG. 4H. 

130 
140 
167 

166 
165 

116 
- 15 

160 164 - 1 O 
163-R 
T 113 

162 
N N S 161 

- 1 OO 

trim-lar X 132 

  

Sandisk Technologies, Inc. - Ex. 1032, Page 000008



Patent Application Publication Nov. 1, 2012 Sheet 8 of 14 US 2012/0276696A1 

FIG. 4 

190 175 

160 

- 132 

11 O 

NS 

1 OO 

FIG. 4.J. 

190 175 

130 

140 N ... TH - 192 167-ESM / 
- - 117 

El E. E. 165 - 116 
W. -- -- 115 

60 164 - E | E. 14110 
163-E||E E||E 113 
62 
161N-NL UN NL, NS 111 

- X 132 

  

  

Sandisk Technologies, Inc. - Ex. 1032, Page 000009



Patent Application Publication Nov. 1, 2012 Sheet 9 of 14 US 2012/0276696A1 

FIG. 4K 

190 75 Tb 

EN f 1 40 

167). SHM / || 
166 - || 

60 165 T 
64 

163 E- - - 

162. 
161 s -N S sa 

i 
- 132 

FIG. 4L 

19 O 175 Tb 

EN 
16.7- || || 

s T, III 
180 E2/NS 

164 - r 

163- - T2 - || ||-- 
162- r 

161 --- 

- 192 

11 

1 OO 

1 OO 

  

Sandisk Technologies, Inc. - Ex. 1032, Page 000010



Patent Application Publication Nov. 1, 2012 Sheet 10 of 14 US 2012/0276696A1 

FIG. 4M 

190 175 TC 

130 
136 N., 192 
167 S. " 

277 ZZZZZZZZZ z ZZZZZZZZZZ 156 
166 

165 - 44 44 155 
1604 t Z ZZ-19. Z, Z2 ZZZZZZZZZZ YZ2 ZZ 153 

163 - --- - 2. ZZ ZZZZZZZZZZ 227 ZZZZZZZZZ 152 

162 - || || 
161 4 (4. ZZZZZZZZZZZZZ 15 

1 OO 

X 132 

FIG. 4N 

19 O. 175 170 195 

ZZZZZZZZZZZZZZZZ 193 32.7%.1%11. 
167-PSL || z ZZZZZZZZ ZZ|| ||ZZZZZZZZZZ 156 
66 -- 

165 -- 4. ZZZZZZ 242 ZZZZZZZZZ 155 
160 164 ZZZ ZZZZZZZZZ Z ZZZZZZZZZZ-4--- 154 150 - 

163 Z 2ZzZ) 4. 2 153 2 162 z Z/7ZZZZZZZ 27, Z ZZZZZ z. 152 
161-1-42. 2ZZZZZZZZZ ZL, ZZZZZZ-d. 151 

t- 24 It . 
X 132 106 105 

Sandisk Technologies, Inc. - Ex. 1032, Page 000011



Patent Application Publication Nov. 1, 2012 Sheet 11 of 14 US 2012/0276696A1 

FIG. 5A 

{0 Poly 
a-Si 

A sig100> 

s 
(? 
lii 

3OO 350 400 450 500 550 600 
Temp C) 

160 

140 

'H. Mold SiO2 A 
1 OO 

0 Poly 
80 

is 60 
C 
LIJ AO 

20 

Ol 
300 350 400 450 500 550 6 OO 

  

  

Sandisk Technologies, Inc. - Ex. 1032, Page 000012



Patent Application Publication Nov. 1, 2012 Sheet 12 of 14 US 2012/0276696A1 

FIG. 6A 

t Z/2Z22/222227 
165 22 Z ZZZZZ 

160- 164 EZZZZZZZZZZZZZZZZZZZ 150 - 

161 2,272,22422, 2ZZZZ 

Z 1 OO 

FIG. 6B 

ZZZZZZZZZZZ-156 ZZZZZZZZZZZZZZ 

27/ZZ 24 155 ZZZZZZZZZZZZ 

160 E ZZZso 2ZZZZZ 7. YZZZZZZZZZZZZ-153 42-44 152 // 777, Z77 ZZ Z72 Z724 

161 - 24 4 ZZZZZZZZZZZZ-151 

- 

  

  

    

  

  

  

  

Sandisk Technologies, Inc. - Ex. 1032, Page 000013



Patent Application Publication Nov. 1, 2012 Sheet 13 of 14 US 2012/0276696A1 

FIG. 7 

7OO 

ROW NAND CELL ARRAY 
DECODER 

CONTROL 
LOGIC COLU 

SENSE AMPFER 

PAGE BUFFER 

  

Sandisk Technologies, Inc. - Ex. 1032, Page 000014



Patent Application Publication Nov. 1, 2012 Sheet 14 of 14 US 2012/0276696A1 

FIG. 8 
8OO 

- 
830 

MEMORY 

92O 

CR MEMORY 
910 CHIP 

PROCESSOR k > 930 
-4 - Input/output 

w 

DEVICE 

  

  

Sandisk Technologies, Inc. - Ex. 1032, Page 000015



US 2012/0276696 A1 

VERTICAL STRUCTURE NON-VOLATLE 
MEMORY DEVICE AND METHOD OF 

MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of Korean Patent 
Application No. 10-2011-0040973, filed on Apr. 29, 2011, in 
the Korean Intellectual Property Office, the disclosure of 
which is incorporated by reference herein in its entirety. 

TECHNICAL FIELD 

0002 The inventive concept relates to a vertical structure 
non-volatile memory device and a method of manufacturing 
the same, and more particularly, to a vertical structure non 
Volatile memory device including a ground selection line 
(GSL) electrode with a low resistance and a method of manu 
facturing the same. 

SUMMARY 

0003. In an embodiment the inventive concept provides a 
non-volatile memory device having a vertical structure in 
which a gate dielectric layer is prevented from protruding 
toward a Substrate and a resistance of a ground selection line 
(GSL) electrode is reduced so that the vertical structure non 
Volatile memory device is highly integrated and has improved 
reliability. In an embodiment the inventive concept provides a 
method of manufacturing the same. 
0004. According to an embodiment of the inventive con 
cept, a method of manufacturing a vertical structure non 
volatile memory device is provided; the method includes: 
forming a first sacrificial layer on a Substrate; alternately 
stacking insulating layers and second sacrificial layers having 
different etch selectivities with respect to the first sacrificial 
layer, on the first sacrificial layer; forming a first middle 
opening for exposing the first sacrificial layer through the 
second sacrificial layers and the insulating layers; forming a 
first opening for exposing a first portion of the Substrate, by 
etching the first exposed sacrificial layer, forming a gate 
dielectric layer on sidewalls and a bottom surface of the first 
opening; forming a channel layer that is electrically con 
nected to the Substrate, on the gate dielectric layer; forming a 
second opening to be separated from the first opening, the 
second opening exposing a second portion of the Substrate 
through the insulating layers and the first sacrificial layer, 
removing the second sacrificial layers exposed through the 
second opening; removing the first sacrificial layer exposed 
through the second opening; and filling a conductive material 
layer in a space formed by removing the first sacrificial layer 
and the second sacrificial layers; 
0005 Before the forming of the first sacrificial layer, the 
method may further include forming a middle temperature 
oxide (MTO) buffer layer on the substrate. The first sacrificial 
layer may be formed of polysilicon, and the second sacrificial 
layers may beformed of nitride layers or oxide layers, and the 
insulating layers may be formed of oxide layers or nitride 
layers having different etch selectivities with respect to the 
first sacrificial layer and the second sacrificial layers. 
0006. The first sacrificial layer may be removed using a 
halogen-containing reaction gas. The halogen-containing 
reaction gas may include one gas selected from the group 
consisting of Cl, NF, CIF, and F gases. The first sacrificial 
layer may be removed by performing a plasma-less thermal 
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etch process. The plasma-less thermal etch process may be 
performed at a temperature lower than 500° C. 
0007. In an embodiment, the bottom surface of the gate 
dielectric layer may form the same plane as a top Surface of 
the substrate. 
0008. In an embodiment, the forming of the channel layer 
may include: forming a first semiconductor material layer on 
the gate dielectric layer, forming a spacer on sides of the first 
semiconductor material layer, exposing the Substrate by etch 
ing bottom surfaces of the first semiconductor material layer 
and the gate dielectric layer by using the spacer as a mask: 
removing the spacer, and forming a second semiconductor 
material layer for connecting the first semiconductor material 
layer and the substrate. The forming of the channel layer may 
include: forming a first semiconductor material layer on the 
gate dielectric layer, exposing the Substrate by anisotropi 
cally etching bottom surfaces of the first semiconductor mate 
rial layer and the gate dielectric layer, and forming a second 
semiconductor material layer for connecting the first semi 
conductor material layer and the Substrate. 
0009. In an embodiment, the forming of the second open 
ing may include etching an upper portion of the Substrate by 
over etching, and the conductive material layer may be 
formed of a metallic material, and the conductive material 
layer filled in a space formed by removing the first sacrificial 
layer, may be a gate of a ground selection transistor. 
0010. According to an embodiment of the inventive con 
cept, a method of manufacturing a vertical structure non 
volatile memory device is provided, the method includes: 
sequentially forming a polysilicon layer and a plurality of 
insulating layers on a silicon Substrate; forming a gate dielec 
tric layer and a channel layer through the polysilicon layer 
and the plurality of insulating layers, the gate dielectric layer 
and the channel layer extending in a direction perpendicular 
to a top Surface of the silicon Substrate; forming an opening 
for exposing the silicon Substrate, through the polysilicon 
layer and the plurality of insulating layers; removing the 
polysilicon layer exposed through the opening, by using a 
halogen-containing reaction gas less than or equal to a pre 
determined temperature; and filling a metallic layer in a space 
formed by removing the polysilicon layer. 
0011. In an embodiment, sequentially forming the poly 
silicon layer and the plurality of insulating layers may include 
alternately stacking insulating layers and sacrificial layers on 
the polysilicon layer, and before the step of removing of the 
polysilicon layer, the method may further include removing 
the sacrificial layers exposed through the opening. 
0012. In an embodiment, halogen-containing reaction gas 
may include one or more gases selected from the group con 
sisting of Cl, NF, CIF, and F, and the predetermined 
temperature may be 500° C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 Exemplary embodiments of the inventive concept 
will be more clearly understood from the following detailed 
description taken in conjunction with the accompanying 
drawings in which: 
0014 FIG. 1 is an equivalent circuit diagram of a memory 
cell array of a non-volatile memory device, according to an 
embodiment of the inventive concept; 
0015 FIG. 2 is a schematic perspective view of a three 
dimensional (3D) structure of memory cell strings of a non 
Volatile memory device, according to an embodiment of the 
inventive concept; 
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0016 FIG.3 is an enlarged cross-sectional view of portion 
A of FIG. 2: 
0017 FIGS. 4A through 4N are cross-sectional views of a 
method of manufacturing a non-volatile memory device, 
according to an embodiment of the inventive concept; 
0018 FIGS.5A and 5B are graphs showing an etch rate of 
aCl-containing reaction gas versus temperature with respect 
to each material layer, 
0019 FIGS. 6A and 6B are cross-sectional views of a 
method of manufacturing a non-volatile memory device, 
according to an embodiment of the inventive concept; 
0020 FIG. 7 is a schematic block diagram of a non-vola 

tile memory device according to an embodiment of the inven 
tive concept; 
0021 FIG. 8 is a schematic block diagram of a memory 
card according to an embodiment of the inventive concept; 
and 
0022 FIG.9 is a schematic block diagram of an electronic 
system according to an embodiment of the inventive concept. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0023 Example embodiments of the inventive concept will 
be described more fully with reference to the accompanying 
drawings. The inventive concept may, however, be embodied 
in many different forms and should not be construed as being 
limited to the exemplary embodiments set forth herein. 
0024. In the drawings, for example, illustrated shapes may 
be deformed according to fabrication technology and/or tol 
erances. Therefore, the exemplary embodiments of the inven 
tive concept are not limited to certain shapes illustrated in the 
present specification, and may include modifications of 
shapes caused in fabrication processes. Like reference 
numerals refer to like elements. Furthermore, various ele 
ments and regions in the drawings are schematically drawn. 
Thus, the inventive concept is not limited by relative sizes or 
distances in the drawings. Meanwhile, the terms are used not 
for limiting meanings of the terms or the scope of the inven 
tive concept recited in the claims but for describing the inven 
tive concept. 
0025. A non-volatile memory device according to an 
embodiment of the inventive concept may include a cell array 
region, a peripheral circuit region, a sense amplifier region, a 
decoding circuit region, and a connection region. In the cell 
array region, a plurality of memory cells, and a plurality of 
bitlines and a plurality of wordlines to be electrically con 
nected to the memory cells are disposed. In the peripheral 
circuit region, circuits for driving the memory cells are dis 
posed. In the sense amplifier region, circuits for reading infor 
mation stored in the memory cells are disposed. The connec 
tion region may be disposed between the cell array region and 
the decoding circuit region. In the connection region, a wiring 
structure for electrically connecting the wordlines and the 
decoding circuit region may be disposed. 
0026 FIG. 1 is an equivalent circuit diagram of a memory 
cell array of a non-volatile memory device, according to an 
embodiment of the inventive concept. FIG. 1 illustrates an 
equivalent circuit diagram of a NAND flash memory device 
having a vertical structure, in particular, a vertical channel 
Structure. 

0027. Referring to FIG. 1, a memory cell array 10 may 
include a plurality of memory cell strings 11. Each of the 
plurality of memory cell strings 11 may have a vertical struc 
ture in which the memory cell strings 11 extend in a direction 
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(i.e., Z-direction) perpendicular to directions (i.e., X-andy-di 
rections) in which a main Surface of a substrate (not shown) 
extends. A memory cell block 13 may be formed by the 
plurality of memory cell strings 11. 
0028. Each of the memory cell strings 11 may include a 
plurality of memory cells MC1 to MCn, a string selection 
transistor SST, and a ground selection transistor GST. In each 
memory cell string 11, the ground selection transistor GST. 
the plurality of memory cells MC1 to MCn, and the string 
selection transistor SST may be disposed in series in the 
vertical direction, i.e., the z-direction. Here, the memory cells 
MC1 to MCn may store data. A plurality of wordlines WL1 to 
WLn are connected to the memory cells MC1 to MCn, 
respectively, controlling the memory cells MC1 to MCn con 
nected thereto, respectively. The number of memory cells 
MC1 to MCn may be changed according to the capacity of the 
semiconductor memory device. 
0029. A plurality of bitlines BL1 to BLn extending in the 
x-direction may be connected to one side of each of the 
memory cell Strings 11 arranged in first through m-th col 
umns of the memory cell block 13, for example, a drain of the 
string selection transistor SST. In addition, a common Source 
line CSL may be connected to the other side of each memory 
cell string 11, for example, a source of the ground selection 
transistor GST. 
0030. The wordlines WL1 to WLn that extend in the y-di 
rection may be commonly connected to gates of the memory 
cells MC1 to MCn of the mermoy cell strings 11 arranged on 
the same layer. By driving the wordlines WL1 to WLn, data 
may be programmed on, read from, or erased from the 
memory cells MC1 to MCn. 
0031. In each memory cell string 11, the string selection 
transistor SST may be arranged between the bitlines BL1 to 
BLm and the memory cells MC1 to MCn. In the memory cell 
block 13, each string selection transistor SST may control 
data transmission between the bitlines BL1 to BLm and the 
memory cells MC1 to MCn by using the string selection line 
SSL connected to a gate of each string selection transistor 
SST. 

0032. The ground selection transistor GST may be 
arranged between the memory cells MC1 to MCn and the 
common source line CSL. In the memory cell block 13, each 
ground selection transistor GST may control data transmis 
sion between the memory cells MC1 to MCn and the common 
source line CSL by using the ground selection line GSL 
connected to a gate of each ground selection transistor GST. 
0033 FIG. 2 is a schematic perspective view of a three 
dimensional (3D) structure of memory cell strings of a non 
volatile memory device 1000, according to an embodiment of 
the inventive concept. In FIG. 2, some elements that consti 
tute the memory cell string 11 of FIG. 1 are omitted and not 
shown. For example, the bitlines BL1 to BLm connected to 
one side of each memory cell string 11 are omitted. 
0034 Referring to FIG. 2, the non-volatile memory device 
1000 may include a channel region 130 disposed on a sub 
strate 100 and the memory cell strings (see 11 of FIG. 1) 
disposed along sides of the channel region 130. The plurality 
of memory cell strings 11 of FIG. 1 may be arranged in the 
y-direction. As illustrated in FIG. 2, the memory cell strings 
11 of FIG. 1 that extend from the Substrate 100 in the Z-di 
rection may be arranged along the sidewalls of the channel 
region 130. Each memory cell string 11 of FIG.1 may include 
a ground selection transistor GST, a plurality of memory cells 
MC1, MC2, MC3, and MC4, and a string selection transistor 
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SST. If desired, two ground selection transistors GST and two 
string selection transistors SST may be disposed. 
0035. The main surface of the substrate 100 may extend in 
the x-direction and the y-direction. The substrate 100 may 
include a semiconductor material, for example, a Group IV 
semiconductor, a Group III-V compound semiconductor, or a 
Group II-VI oxide semiconductor. For example, the Group IV 
semiconductor may be silicon, germanium, or silicon-germa 
nium. The substrate 100 may also be a bulk wafer or an 
epitaxial layer. 
0036. In an embodiment of the inventive concept, the 
channel regions 130 are shaped as a pillar and may be dis 
posed on the substrate 100 to extend in the z-direction. The 
channel regions 130 may be disposed separately from each 
other in the x-direction and in the y-direction and may be 
disposed in a Zig-Zag form in the y-direction. In other words, 
the channel regions 130 arranged adjacent to each other in the 
y-direction may be offset in the x-direction. In addition, 
according to the inventive concept, the channel regions 130 
are offset for every two columns. However, the inventive 
concept is not limited thereto, and the channel regions 130 
may be arranged in various structures. For example, the chan 
nel regions 130 may be disposed in one column in the y-di 
rection or may be offset for every three or more columns and 
may be disposed in a Zig-Zag form. 
0037. The channel regions 130 may have an annular shape, 
for example. However, the shape of the channel regions 130 is 
not limited to the annular shape, and the channel regions 130 
may be shaped as a circular cylinder or a square pillar or may 
be formed only at both sides and a lower surface of a square 
pillar. 
0038. The bottom surfaces of the channel regions 130 may 
be electrically connected to the substrate 100. For example, 
the channel regions 130 may include contact portions that 
protrude from their lower surfaces and may be connected to 
the substrate 100 via the contact portions, as illustrated in 
FIG. 2. In addition, all lower surfaces of the channel regions 
130 may be connected to the substrate 100. 
0039 Each of the channel regions 130 may include a semi 
conductor material Such as polysilicon or single crystalline 
silicon. The semiconductor material may include a p-type or 
n-type impurity or may not be doped. A buried insulating 
layer 175 having a circular cylinder-shaped filler structure 
may be formed in the channel region 130. In an embodiment 
of the inventive concept shown in FIG. 2, the channel regions 
130 arranged adjacent to each other with an insulating region 
170 interposed between the channel regions 130 are asym 
metrically disposed about the insulating region 170. How 
ever, the spirit of the inventive concept is not limited thereto. 
For example, the channel regions 130 arranged adjacent to 
each other with the insulating region 170 interposed between 
the channel regions 130 may be symmetrically disposed. 
0040. A conductive layer 190 may be formed on a top 
surface of the buried insulating layer 175 and may be electri 
cally connected to the channel region 130. The conductive 
layer 190 may include doped polysilicon. The conductive 
layer 190 may act as a drain region of the string selection 
transistor SST. 
0041 String selection transistors SST arranged in the x-di 
rection may be connected to bitlines BL1 to BLm (not shown) 
via the conductive layer 190. The bitlines BL1 to BLm (not 
shown) may beformed in a pattern of a line that extends in the 
x-direction, and the conductive layer 190 may be electrically 
connected to the bitlines BL1 to BLm via a bitline contact 

Nov. 1, 2012 

plug (not shown) formed on the conductive layer 190. In 
addition, the ground selection transistors GST arranged in the 
X-direction may be electrically connected to impurity regions 
105 adjacent to the ground selection transistors GST. 
0042. The impurity regions 105 may be adjacent to the 
main surface of the substrate 100, may extend in the y-direc 
tion, and may be arranged separate from each other in the 
x-direction. One impurity region 105 may be arranged for 
each of the channel regions 130 in the x-direction. The impu 
rity regions 105 may be source regions and may form PN 
junctions with other regions of the substrate 100. The impu 
rity regions 105 may include a high-concentration impurity 
region (not shown) adjacent to the main surface of the Sub 
strate 100 and disposed in the center of the impurity regions 
105, and a low-concentration impurity region (not shown) 
disposed on sides of the high-concentration impurity region. 
0043. A common source line CSL 106 may be formed on 
the impurity regions 105. The common source line CSL 106 
may be formed of metal silicide, for example, cobalt silicide 
(CoSix). In addition, the common source line CSL 106 may 
include metal silicide and a metallic layer formed on metal 
silicide. Here, the metallic layer may be formed oftungsten 
(W), aluminum (Al), copper (Cu), or the like. The common 
source line CSL 106 according to the current embodiment is 
not limited to the shape illustrated in FIG. 2 and may be 
formed in various structures. For example, the common 
source line CSL 106 may not beformed completely on upper 
portions of the impurity regions 105 in the y-direction and 
may be formed only on a part of the upper portions of the 
impurity regions 105. In addition, the common Source line 
CSL 106 may be formed by forming spacers (not shown) on 
sidewalls of a gate electrode 151 of the ground selection 
transistor GST and by forming a metallic layer (not shown) 
between the spacers to a predetermined height. Furthermore, 
the common source line CSL 106 may be formed by extend 
ing spacers to an uppermost second interlayer insulating layer 
167 and by forming a metallic layer between the spacers. 
0044) The insulating region 170 may be formed on the 
common source line CSL 106. In other words, the insulating 
region 170 may be formed between adjacent memory cell 
strings 11 of FIG. 1 using different channel regions 130. 
0045. A plurality of gate electrodes 150 including gate 
electrodes 151 to 156 may be arranged from the substrate 100 
to be separated from each other in the Z-direction along lateral 
sides of the channel regions 130. The plurality of gate elec 
trodes 150 may be gates of the ground selection transistor 
GST, the memory cells MC1, MC2, MC3, and MC4, and the 
string selection transistor SST. The gate electrodes 150 may 
be commonly connected to the adjacent memory cell Strings 
11 of FIG. 1 arranged in the y-direction. The gate electrode 
156 of the string selection transistor SST may be connected to 
a string selection line SSL (see FIG. 1). 
0046. The gate electrodes 152, 153, 154, and 155 of the 
memory cells MC1, MC2, MC3, and MC4 may be connected 
to the wordlines WL1, WL2, WLn-1, and WLn, respectively 
(see FIG. 1). The gate electrode 151 of the ground selection 
transistor GST may be connected to a ground selection line 
GSL (see FIG. 1). The gate electrodes 150 may be formed of 
a metallic layer, for example, W. In addition, although not 
shown, the gate electrodes 150 may further include a diffu 
sion barrier layer (not shown). For example, the diffusion 
barrier layer may include at least one material selected from 
the group consisting of tungsten nitride (WN), tantalum 
nitride (TaN), and titanium nitride (TiN). 
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0047. In an embodiment, the gate electrode 151 of the 
ground selection transistor GST may be formed by using 
polysilicon to form a sacrificial layer, by removing polysili 
con using a halogen-containing reaction gas, and then by 
filling a metallic layer such as W. 
0048. A gate dielectric layer 140 may be disposed between 
the channel region 130 and the gate electrodes 150. Although 
not specifically shown in FIG. 2, the gate dielectric layer 140 
may include a tunneling insulating layer, a charge storage 
layer, and a blocking insulating layer that are sequentially 
stacked on the channel region 130. 
0049. The tunneling insulating layer may tunnel charges 
to the charge storage layer by using an F-N method. The 
tunneling insulating layer may include silicon oxide, for 
example. The charge storage layer may be a charge trapping 
layer or a floating gate conductive layer. For example, the 
charge storage layer may include quantum dots or nanocrys 
tals. Here, the quantum dots or the nanocrystals may include 
a conductor Such as particles of metal or semiconductor. The 
blocking insulating layer may include a high-k dielectric 
material. Here, the high-k dielectric material refers to a 
dielectric material having a higher dielectric constant than 
that of an oxide layer. 
0050 For example, the gate dielectric layer 140 may be 
formed of one layer selected from the group consisting of an 
oxide-nitride-oxide (ONO) layer, an oxide-nitride-alumina 
(ONA) layer, and an oxide-nitride-oxide-alumina (ONOA) 
layer. 
0051 A plurality of interlayer insulating layers 160 
including first interlayer insulating layer 161 and second 
interlayer insulating layers 162 to 167 may be arranged 
between the gate electrodes 150. The interlayer insulating 
layers 160 may be arranged separate from each other in the 
Z-direction and to extend in the y-direction, similar to the gate 
electrodes 150. One side of each interlayer insulating layer 
160 may contact a channel region 130. The interlayer insu 
lating layers 160 may include silicon oxide or silicon nitride. 
0052. In FIG. 2, four memory cells, i.e., the memory cells 
MC1, MC2, MC3, and MC4, are arranged. However, this is 
just an example, and a larger or Smaller number of memory 
cells than four memory cells may be arranged according to the 
capacity of the non-volatile memory device 1000. In addition, 
one string selection transistor SST and one ground selection 
transistor GST of the memory cell strings 11 of FIG. 1 are 
arranged. However, the inventive concept is not limited 
thereto. For example, there may be two or more string selec 
tion transistors SST or ground selection transistors GST. In 
addition, the string selection transistor SST and the ground 
selection transistor GST may have a different structure from 
that of the memory cells MC1, MC2, MC3, and MC4. 
0053. In the non-volatile memory device 1000 having a 
3D vertical structure, in an embodiment of the inventive con 
cept shown in FIG. 2, the gate electrode 151 of the ground 
selection transistor GST is formed by a metal replacement 
process using polysilicon so that the gate dielectric layer 140 
may be prevented from protruding toward the substrate 100 
and the resistance of the gate electrode 151 of the ground 
selection transistor GST can be markedly reduced. 
0054 FIG.3 is an enlarged cross-sectional view of portion 
A of FIG. 2. 

0055 Referring to FIG.3, the channel region 130 that may 
be used as a channel of the memory cell strings 11 of FIG.1. 
The buried insulating layer 175 may be disposed on a left side 
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of the channel region 130. The gate dielectric layer 140 may 
be disposed on a right side of the channel region 130. 
0056. The gate dielectric layer 140 may have a structure in 
which a tunneling insulating layer 142, a charge storage layer 
144, and a blocking insulating layer 146 are sequentially 
stacked on the right side of the channel region 130. 
0057 The tunneling insulating layer 142 may be a single 
layer or a composite layer including at least one or more 
materials selected from the group consisting of silicon oxide 
(SiO), silicon nitride (SiN.), silicon oxynitride (SiON), 
hafnium oxide (H?O.), hafnium silicon oxide (HISi.O.), alu 
minum oxide (Al2O), and Zirconium oxide (ZrO2). 
0058. The charge storage layer 144 may be a charge trap 
ping layer or a floating gate conductive layer. When the 
charge storage layer 144 is a floating gate conductive layer, 
the charge storage layer 144 may be formed by depositing 
polysilicon on the substrate 100 by performing chemical 
vapor deposition (CVD), for example, low pressure CVD 
(LPCVD) using a SiH4 or SiHe gas and a PH gas. When the 
charge storage layer 144 is a charge trapping layer, the charge 
storage layer 144 may include at least one material selected 
from the group consisting of silicon oxide (SiO2), silicon 
nitride (SiN.), silicon oxynitride (SiON), hafnium oxide 
(HfO2), Zirconium oxide (ZrO2), tantalum oxide (Ta-Os), 
titanium oxide (TiO), hafnium aluminum oxide (HfAll.O.), 
hafnium tantalum oxide (HfTa.O.), hafnium silicon oxide 
(HfSiO), aluminum oxide (Al..N.), and aluminum gallium 
oxide (AIGa,N). 
0059. The blocking insulating layer 146 may include at 
least one material selected from the group consisting of sili 
con oxide (SiO2), silicon nitride (SiNa), silicon oxynitride 
(SiON), and a high-k dielectric material. The blocking insu 
lating layer 146 may be formed of material having a higher 
dielectric constant than that of the tunneling insulating layer 
142, i.e., a high-k dielectric material. The high-k dielectric 
material layer may include at least one material selected from 
the group consisting of aluminum oxide (Al2O), tantalum 
oxide (TaO), titanium oxide (TiO), yttrium oxide (YO), 
Zirconium oxide (ZrO2), Zirconium silicon oxide (ZrSiO,), 
hafnium oxide (H?O.), hafnium silicon oxide (HISi.O.), lan 
thanum oxide (LaO), lanthanum aluminum oxide 
(LaAl,O), lanthanum hafnium oxide (LaHf,O.), hafnium 
aluminum oxide (HfAll.O.), and praseodymium oxide 
(PrO). 
0060. The gate electrode 152 may be disposed on the right 
side of the gate insulating layer 140. The second interlayer 
insulating layers 162 and 163 may be disposed on upper and 
lower portions of the gate electrode 152. 
0061 FIGS. 4A through 4N are cross-sectional views of a 
method of manufacturing a non-volatile memory device, 
according to an embodiment of the inventive concept, 
wherein the perspective view of FIG. 2 is seen in the y-direc 
tion according to a process sequence. 
0062 Referring to FIG. 4A, a plurality of interlayer insu 
lating layers 160, including first and second interlayer insu 
lating layers 161 to 167, and a plurality of sacrificial layers 
110, including first sacrificial layer 111 and second sacrificial 
layers 113 to 117, are alternately stacked on the substrate 100. 
The interlayer insulating layers 160 and the sacrificial layers 
110 may be alternately stacked on the substrate 100 starting 
from the first interlayer insulating layer 161, as illustrated in 
FIG. 4A. 

0063. The second sacrificial layers 113 to 117 except for 
the first sacrificial layer 111 that is a lowermost layer from 
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among the sacrificial layers 110 may be formed of material 
having a different etch selectivity with respect to the inter 
layer insulating layers 160. For example, the second sacrifi 
cial layers 113 to 117 may beformed of material by which the 
second sacrificial layers 113 to 117 may be etched with a 
higher etch rate than that of the interlayer insulating layers 
160 with respect to a predetermined etchant. In other words, 
the second sacrificial layers 113 to 117 may be formed of 
material by which the second sacrificial layers 113 to 117 may 
be etched while minimizing etching of the interlayer insulat 
ing layers 160 with respect to the predetermined etchant. This 
etch selectivity may be expressed in a quantitative manner by 
using a ratio of an etch rate of the second sacrificial layers 113 
to 117 to the etch rate of the interlayer insulating layers 160. 
The interlayer insulating layers 160 may be formed of at least 
one material selected from the group consisting of silicon 
oxide and silicon nitride, and the second sacrificial layers 113 
to 117 may beformed of one material selected from the group 
consisting of a silicon layer, a silicon oxide layer, a silicon 
carbide layer, and a silicon nitride layer, which are formed of 
another material having a different etch selectivity with 
respect to the interlayer insulating layers 160. 
0064. The first sacrificial layer 111 that is indicated by 
hatching may be formed of material having a different etch 
selectivity with respect to the interlayer insulating layers 160 
and having a different etch selectivity with respect to the 
second sacrificial layers 113 to 117 that are upper layers to the 
first sacrificial layer 111. In other words, the first sacrificial 
layer 111 may be formed of material having a lower etch rate 
than that of the second sacrificial layers 113 to 117 with 
respect to a first etchant and having a higher etch rate than that 
of the interlayer insulating layers 160 with respect to a second 
etchant. When the second sacrificial layers 113 to 117 are 
etched using the first etchant, etching of the first sacrificial 
layer 111 and the interlayer insulating layers 160 may be 
minimized, and when the first sacrificial layer 111 is etched 
using the second etchant, etching of the interlayer insulating 
layers 160 may be minimized. 
0065. Furthermore, the first sacrificial layer 111 may be 
formed of material having a different etch selectivity with 
respect to the substrate 100. Thus, when the first sacrificial 
layer 111 is etched using the second etchant, etching of the 
substrate 100, for example, a silicon substrate, may be mini 
mized. 

0066. Here, the second etchant may include a halogen 
containing reaction gas. For example, the second etchant may 
include at least one reaction gas selected from the group 
consisting of C1, NF, CIF, and F. Obviously, the second 
etchant may also include a carrier gas such as N. In the 
current embodiment, the first sacrificial layer 111 may be 
formed of polysilicon, and a Cl gas may be used as the 
second etchant. In addition, polysilicon may be N-type poly 
silicon. 

0067. According to an embodiment, the thicknesses of the 
interlayer insulating layers 160 may not be the same, as 
illustrated in FIG. 4A. The first interlayer insulating layer 161 
that is the lowermost layer from among the interlayer insu 
lating layers 160 may be formed to a very small thickness. 
The first interlayer insulating layer 161 may beformed of the 
same material as that of the second interlayer insulating lay 
ers 162 to 167 that are upper layers to the first interlayer 
insulating layer 161 but may beformed of a different material 
from that of the second interlayer insulating layers 162 to 167. 
Even when the first interlayer insulating layer 161 is formed 
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of another material, a different etch selectivity with respect to 
the sacrificial layers 110 may be the same as described above. 
The first interlayer insulating layer 161 may be a kind of 
buffer layer, may be formed of a middle temperature oxide 
(MTO) layer, and may insulate the gate electrode 151 of FIG. 
2 of the ground selection transistor GST from the substrate 
1OO. 
0068. The thicknesses of the interlayer insulating layers 
160 and the sacrificial layers 110 may be modified in various 
ways, and the number of layers that constitute the interlayer 
insulating layers 160 and the sacrificial layers 110 may also 
be modified. 
0069. Referring to FIG. 4B, in an embodiment, first inter 
mediate openings Ta' are formed to expose a portion of the 
first sacrificial layer 111 through the second interlayer insu 
lating layers 162 to 167 and the second sacrificial layers 113 
to 117 that are alternately stacked on the substrate 100. 
0070 The first intermediate openings Ta' may be formed 
by forming a predetermined mask pattern that defines the 
position of the first intermediate openings Ta' on the alter 
nately-stacked interlayer insulating layers 160 and the sacri 
ficial layers 110 and by anisotropically etching the second 
interlayer insulating layers 162 to 167 and the second sacri 
ficial layers 113 to 117 by using an etchant in which the 
second interlayer insulating layers 162 to 167 and the second 
sacrificial layers 113 to 117 may be etched together by using 
the mask pattern as an etch mask. 
0071. In the anisotropic etch process, the first sacrificial 
layer 111 acts as a first etch stopper. Thus, the portion of a top 
surface of the first sacrificial layer 111 may be exposed, as 
illustrated in FIG. 4B. 
0072 Referring to FIG. 4C, in an embodiment, subse 
quently, a first opening Ta that exposes a portion of the Sub 
strate 100 is formed by anisotropically etching the first sac 
rificial layer 111 exposed through the first intermediate 
openings Ta' and the first interlayer insulating layer 161 
formed under the first sacrificial layer 111. Here, the first 
opening Ta includes the first intermediate openings Ta'. 
Although not shown, when the first opening Ta is formed, the 
first interlayer insulating layer 161 acts as a second etch 
stopper. For example, the first sacrificial layer 111 is first 
etched using an etchant that is different from an etchant used 
in etching of the upper layers, namely, the second sacrificial 
layers 113 to 117 and second interlayer insulating layers 162 
to 167, and then, the first interlayer insulating layer 161 may 
be etched using another etchant. Finally, due to the existence 
of the first sacrificial layer 111 and the first interlayer insu 
lating layer 161, an anisotropic etch process may be precisely 
adjusted. Thus, the first openings Ta may be formed without 
forming a recess in the substrate 100. For example, a recess 
may not be formed in the substrate 100, and a portion of the 
substrate 100 exposed through the first openings Ta may be a 
top surface of the substrate 100. 
0073. The first openings Ta may be holes having a prede 
termined depth in the z-direction. Obviously, the structure of 
the first openings Ta may not be limited to round holes. In 
other words, the first openings Ta may be formed in various 
shapes according to the structure of a channel region to be 
formed. In addition, the first openings Ta may be isolation 
regions that are formed to be separated from each other in the 
X- and y-directions (see FIG. 3). 
0074 Referring to FIG. 4D, in an embodiment, a gate 
dielectric layer 14.0a is formed to uniformly cover inner walls 
and a lower Surface of the first openings Ta. The gate dielec 
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tric layer 14.0a may include a blocking insulating layer, a 
charge storage layer, and a tunneling insulating layer, as illus 
trated in FIG. 3. Thus, the blocking insulating layer, the 
charge storage layer, and the tunneling insulating layer may 
be sequentially stacked in the first openings Ta. The blocking 
insulating layer, the charge storage layer, and the tunneling 
insulating layer may beformed using atomic layer deposition 
(ALD), chemical vapor deposition (CVD), or physical vapor 
deposition (PVD). 
0075. As described above, because a recess is not formed 
in the substrate 100 when the first openings Ta are formed, a 
bottom surface of the gate dielectric layer 14.0a may form the 
same plane as the top surface of the substrate 100. 
0076 Referring to FIG. 4E, in an embodiment, a first 
channel layer 130a is formed on the gate dielectric layer 
140a. The first channel layer 130a may be formed of a semi 
conductor material Such as polysilicon or single crystalline 
silicon. The semiconductor material may include an undoped 
impurity or a p-type or n-type impurity. The first channel layer 
130a may be formed by using ALD or CVD. 
0077 Referring to FIG. 4F, in an embodiment, a spacer 
150 is formed at sidewalls of the first channel layer 130a. The 
spacer 150 may be formed of silicon oxide or silicon nitride 
by using ALD or CVD. The spacer 150 is used as a mask for 
etching bottom surfaces of the first channel layer 130a and the 
gate dielectric layer 140 and may prevent the first channel 
layer 130a from being damaged in the etch process. 
0078 Referring to FIG. 4G, in an embodiment, the bottom 
surfaces of the first channel layer 130a and the gate dielectric 
layer 14.0a are anisotropically etched by using the spacer 150 
as a mask, forming a contact hole B for exposing the Substrate 
100. As illustrated in FIG. 4G, due to over etching caused by 
anisotropic etching, the substrate 100 may be recessed to a 
predetermined depth. In this way, the substrate 100 is 
recessed so that a contact area between the substrate 100 and 
the first channel layer (see FIG.4H) filled in the recess portion 
of the substrate 100 may increase and a resistance thereofmay 
be reduced. 

0079 Referring to FIG. 4H, in an embodiment, the spacer 
150 is removed, and a channel material for covering sides and 
a bottom Surface of the first openings Ta is deposited on the 
first channel layer 130b and the substrate 100, forming a 
channel region 130 including the first channel layer 130b. By 
depositing the channel material, the channel material may be 
filled in a contact hole B. Thus, the channel region 130 may 
include a contact portion 132 and may be electrically con 
nected to the substrate 100 via the contact portion 132. The 
channel material may be the same material as the first channel 
layer 130b and may include a semiconductor material such as 
polysilicon or single crystalline silicon. 
0080. The spacer 150 may be removed by a wet cleaning 
process, for example. The wet cleaning process may be per 
formed using a mixed solution of ammonia and hydrogen 
peroxide and fluorine. The spacer 150 may be removed using 
an additional process or by performing a cleaning process 
performed before the channel region 130 is formed. 
0081 Referring to FIG. 4I, in an embodiment, the first 
openings Ta are buried with the buried insulating layer 175. 
Optionally, before the buried insulating layer 175 is formed, 
a hydrogen annealing operation in which a structure includ 
ing the channel region 130 is thermally heated in a gas atmo 
sphere including hydrogen or deuterium may be further per 
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formed. By performing the hydrogen annealing operation, 
many portions of crystal defects that exist in the channel 
region 130 may be removed. 
I0082. Then, to remove unnecessary semiconductor mate 
rial and insulating material that cover the uppermost second 
interlayer insulating layer 167, a planarization process, for 
example, a chemical mechanical polishing (CMP) process or 
an etch-back process may be performed until the uppermost 
second interlayer insulating layer 167 is exposed. After that, 
an upper portion of the buried insulating layer 175 is removed 
using an etch process, and a conductive material is filled in the 
space where the upper portion of the buried insulating layer 
175 was removed, and the planarization process is performed, 
forming the conductive layer 190. After the conductive layer 
190 is formed, a wiring insulating layer 192 is formed on the 
entire surface of a resultant structure of the substrate 100. The 
wiring insulating layer 192 may also be formed after the 
insulating region 170 (see FIG. 4N) is formed. 
I0083) Referring to FIG. 4J, in an embodiment, the inter 
layer insulating layers 160 and the sacrificial layers 110 
between the first openings Ta are anisotropically etched, 
forming second openings Tb for exposing the Substrate 100. 
Although not shown, even when the second openings Tb are 
formed, the first sacrificial layer 111 and the first interlayer 
insulating layer 161 may act as a first etch stopper and a 
second etch stopper, respectively. The second openings Tb 
may extend in the y-direction (see FIG. 2). One second open 
ing Tb may be formed between the channel regions 130. 
However, the spirit of the inventive concept is not limited 
thereto, and the relative arrangement of the channel region 
130 and the second openings Tb may be changed. 
I0084. As illustrated in FIG. 4J, the substrate 100 may be 
recessed to a predetermined depth due to over anisotropic 
etching. Lateral sides of the interlayer insulating layers 160 
and the sacrificial layers 110 may be exposed by forming the 
second openings Tb. 
I0085. Referring to FIG. 4K, in an embodiment, the second 
sacrificial layers 113 to 117 exposed through the second 
openings Tb are removed by performing a first etch process, 
forming a plurality of first lateral openings T1 defined 
between the interlayer insulating layers 160. Portions of lat 
eral sides of the gate dielectric layer 140 may be exposed 
through the first lateral openings T1. 
I0086. The first lateral openings T1 may be formed by 
etching the second sacrificial layers 113 to 117 in a horizontal 
direction by using an etchant having an etch selectivity with 
respect to the interlayer insulating layers 160 and the first 
sacrificial layer 111. For example, when the second sacrificial 
layers 113 to 117 are silicon nitride layers, the first sacrificial 
layer 111 is a polysilicon layer and the interlayer insulating 
layers 160 are silicon oxide layers, the first etch process may 
be performed using an etchant including phosphor (P). The 
first etch process may be an isotropic etch process including 
wet etching or chemical dry etching (CDE). 
I0087. Referring to FIG. 4L, in an embodiment, the first 
sacrificial layer 111 exposed through the second openings Tb 
is removed by performing a second etch process, forming 
lowermost second lateral openings T2. The second lateral 
openings T2 may be formed by etching the first sacrificial 
layer 111 in a horizontal direction by using an etchant having 
an etch selectivity with respect to the interlayer insulating 
layers 160. As described above, the first sacrificial layer 111 
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has also an etch selectivity with respect to the substrate 100 so 
that etching of the substrate 100 in the second etch process 
may be minimized. 
0088 For example, when the first sacrificial layer 111 is a 
polysilicon layer, the substrate 100 is a silicon substrate in a 
<100>-crystalline direction and the interlayer insulating lay 
ers 160 are silicon oxide layers, the second etch process may 
be performed using gas phase etching or CDE using an 
etchant including a halogen-containing reaction gas. The sec 
ond etch process may be an isotropic etch process. 
0089. In addition, the second etch process may be per 
formed using a plasma-less thermal etch process. The thermal 
etch process of the second etch process may be performed at 
a temperature lower than 500° C. By performing the thermal 
etch process on Such a temperature condition, an etch selec 
tivity of the first sacrificial layer 111 with respect to the 
substrate 100 and the interlayer insulating layers 160 may be 
maximized. 
0090 The halogen-containing reaction gas may include 
one or more gases selected from the group consisting of Cl, 
NF, ClF, and F. In association with the thermal etch pro 
cess, the halogen-containing reaction gas such as Cl, NF, 
CIF may be used at a temperature lower than 500°C., and the 
halogen-containing reaction gas F may be used at a tempera 
ture lower than 200° C. 
0091. A more detailed description of an embodiment of 
the thermal etch process will be provided with reference to 
FIGS 5A and 5B. 
0092 Referring to FIG. 4M, in an embodiment, a conduc 
tive material is filled in the second openings Tb and the first 
and second lateral openings T1 and T2. The conductive mate 
rial may be metal, for example, tungsten (W). After the filling 
operation is performed, portions corresponding to the second 
openings Tb are isotropically etched, forming third openings 
Tc. By forming the third openings Tc, the conductive material 
is filled only in the first and second lateral openings T1 and T2 
so that gate electrodes 150 including gate electrodes 151 to 
156 corresponding to a ground selection transistor GST. 
memory cells MC1, MC2, MC3, and MC4, and string selec 
tion transistor (SST) may be formed. 
0093. In an embodiment, the gate electrodes 150 are 
formed as a metallic layer such as W so that the resistance of 
the gate electrodes 150 may be significantly reduced com 
pared to a case where the gate electrodes 150 are formed of 
polysilicon. In an embodiment, the gate electrode 151 of the 
ground selection transistor GST is formed as a metallic layer 
so that operating characteristics of the ground selection tran 
sistor GST may be improved. 
0094. The processes illustrated in FIGS. 4K through 4M 
are processes of replacing the sacrificial layers 110 as a metal 
lic layer. Thus, the processes illustrated in FIGS. 4K through 
4M are referred to as a metal replacement process. 
0095 Referring to FIG. 4N, in an embodiment, an impu 

rity is injected into the substrate 100 through the third open 
ings Tc, forming an impurity region 105. The impurity region 
105 may be a source region. Next, a common source line CSL 
106 is formed on the impurity region 105. The common 
source line CSL 106 may be formed of metal silicide, for 
example, CoSi. In addition, the common source line CSL 
106 may include metal silicide and a metallic layer formed on 
metal silicide. Here, the metallic layer may be formed of W. 
Al, Cu, or the like. 
0096. Then, in an embodiment, the insulating region 170, 
in which the third openings Tc on the common Source line 
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CSL 106 are filled, is formed. The insulating region 170 may 
beformed of the same material as material for the interlayer 
insulating layers 160. The insulating region 170 may be 
formed by depositing an insulating material and by perform 
ing a planarization process. 
0097. Then, bitline contact plugs 195 that contact the con 
ductive layer 190 are formed through the wiring insulating 
layer 192 by using a photolithography process and an etch 
process. Subsequently, bitlines 193 for connecting the bitline 
contact plugs 195 arranged in the x-direction are formed on 
the wiring insulating layer 192 and the insulating region 170. 
0098. When the wiring insulating layer 192 is not formed 
after the conductive layer 190 has been formed in FIG. 4I, the 
wiring insulating layer 192 may beformed after the insulating 
region 170 has been formed, and then, the bitline contact 
plugs 195 and the bitlines 193 may be formed. 
(0099 FIGS.5A and 5B are graphs showing an etch rate of 
aCl-containing reaction gas versus temperature with respect 
to each material layer. 
0100 Referring to FIG.5A, first, polysilicon (0) is etched 
at a lower temperature than 500° C. with respect to the Cl 
containing reaction gas, whereas silicon (A) in a <100>- 
crystalline direction is etched at a higher temperature than 
500°C. Thus, when a gas phase etching process is performed 
at a lower temperature than 500° C. by using the C1-contain 
ing reaction gas in the second etch process of FIG. 4L, a 
polysilicon layer that is a first sacrificial layer may be etched 
and removed without etching the substrate. 
0101. In the graph, amorphous silicon () is etched at a 
lower temperature than 500° C. and thus may be used as a first 
sacrificial layer, instead of polysilicon. 
0102 Referring to FIG. 5B, polysilicon (0) is etched at a 
temperature lower than 500°C. with respect to the C1-con 
taining reaction gas, whereas silicon (A) in a <100>-crystal 
line direction is etched only at a temperature higher than 500 
C., as illustrated in FIG. 5A. Mold silicon oxide (SiO)() is 
not etched regardless of the temperature. In other words, SiO, 
and C1 do not chemically react with each other thermody 
namically at a temperature lower than 1000° C., as in the 
reaction SiO(s)+Cl(g)->SiO(s)+Cl(g). 
(0103 Referring to FIGS.5A and 5B, the silicon substrate 
100 in the <100>-crystalline direction and the interlayer insu 
lating layers 160 formed of SiO, are exposed after the first 
etch process has been performed. However, as described 
above, the silicon substrate 100 in the <100>-crystalline 
direction and the interlayer insulating layers 160 formed of 
SiO2 are not etched by the C1-containing reaction gas at a 
lower temperature than 500° C. Thus, by performing the gas 
phase etching process using the Cl2-containing reaction gas, 
the silicon substrate 100 in the <100>-crystalline direction 
and the interlayer insulating layers 160 formed of SiO, are not 
damaged, and only the first sacrificial layer 111 formed of 
polysilicon may be optionally and efficiently removed. 
0.104 FIGS. 6A and 6B are cross-sectional views of a 
method of manufacturing a non-volatile memory device, 
according to an embodiment of the inventive concept, which 
illustrate a modified example of the processes of FIGS. 4F 
through 4H. Thus, a description of the processes before and 
after FIGS. 4F through 4H will not be provided here. 
0105. Referring to FIG. 6A, after a first channellayer 130c 
is formed, a gate dielectric layer 140 and a first channel layer 
130c disposed on bottom surfaces of the first openings Ta are 
etched, forming a contact hole C for exposing the Substrate 
100. The etch process may include a process of anisotropi 
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cally etching a bottom surface of the first channel layer 130c 
and etching a bottom surface of the gate dielectric layer 140 
by using the first channel layer 130c as an etch mask. Due to 
over anisotropic etching, the substrate 100 may be recessed to 
a predetermined depth. In this way, the substrate 100 is 
recessed so that a contact area between the substrate 100 and 
a channel layer that will be filled in the recess portion of the 
substrate 100 may increase and a resistance thereof may be 
reduced. 
0106 Optionally, the anisotropic etching process may be 
performed before the first channel layer 130c is formed after 
the gate dielectric layer 140 has been formed. In this case, the 
first channel layer 130c directly contacts the substrate 100 
and thus, the process of FIG. 6B may be omitted. 
0107 Referring to FIG. 6B, a channel material for uni 
formly covering sides and bottom Surfaces of the first open 
ings Ta is deposited on the substrate 100 and the first channel 
layer 130C, forming a channel region 130 including the first 
channel layer 130c. By depositing the channel material, the 
channel material may be filled in the contact hole C. Thus, the 
channel region 130 may include a contact portion 132a and 
may be electrically connected to the substrate 100 via the 
contact portion 132a. In an embodiment, because the contact 
hole C is formed using the first channel layer 130c without 
using an additional spacer, a width of the contact portion 132a 
may be larger than the contact portion 132 of FIG. 4I. Thus, a 
contact area between the channel region 130 and the substrate 
100 increases, and a resistance thereof may be further 
reduced. 

0108 FIG. 7 is a schematic block diagram of a non-vola 
tile memory device 700, according to an embodiment of the 
inventive concept. 
0109 Referring to FIG. 7, in the non-volatile memory 
device 700, a NAND cell array 750 may be connected to a 
core circuit unit 770. For example, the NAND cell array 750 
may include the vertical structure non-volatile memory 
device 1000 of FIG. 2. The core circuit unit 770 may include 
a control logic 771, a row decoder 772, a column decoder 773, 
a sense amplifier 774, and a page buffer 775. 
0110. The control logic 771 may communicate with the 
row decoder 772, the column decoder 773, and the page 
buffer 775. The row decoder 772 may communicate with the 
NAND cell array 750 via a plurality of string selection lines 
SSL, a plurality of wordlines WL, and a plurality of ground 
selection lines GSL. The column decoder 773 may commu 
nicate with the NAND cell array 750 via a plurality of bitlines 
BL. When a signal is output from the NAND cell array 750, 
the sense amplifier 774 may be connected to the column 
decoder 773, and when a signal is transmitted to the NAND 
cell array 750, the sense amplifier 774 may not be connected 
to the column decoder 773. 
0111 For example, the control logic 771 may transmit a 
row address signal to the row decoder 772, and the row 
decoder 772 may decode the row address signal and may 
transmit the decoded row address signal to the NAND cell 
array 750 via the plurality of string selection lines SSL, the 
plurality of wordlines WL, and the plurality of ground selec 
tion lines GSL. The control logic 771 may transmit a column 
address signal to the column decoder 773 or the page buffer 
775, and the column decoder 773 may decode the column 
address signal and may transmit the decoded column address 
signal to the NAND cell array 750 via the plurality of bitlines 
BL. The signals from the NAND cell array 750 may be 
transmitted to the sense amplifier 774 via the column decoder 
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773, may be amplified by the sense amplifier 774, and may be 
transmitted to the control logic 771 via the page buffer 775. 
0112 FIG. 8 is a schematic block diagram of a memory 
card 800 according to an embodiment of the inventive con 
cept. 
0113 Referring to FIG. 8, the memory card 800 may 
include a controller 810 embedded in a housing 830, and a 
memory 820. The controller 810 and the memory 820 are 
disposed to send/receive electric signals to/from each other. 
For example, when the controller 810 sends a command to the 
memory 820, the memory 820 can send/receive data. Thus, 
the memory 800 may store data in the memory 820 or may 
output data from the memory 820 to an external device. 
0114 For example, the memory 820 may include the ver 

tical structure non-volatile memory device 1000 of FIG. 2. 
The memory card 800 may be used as a data storage medium 
for various portable devices. For example, the memory card 
800 may include a multimedia card (MMC) or secure digital 
card (SD). 
0115 FIG. 9 is a schematic block diagram of an electronic 
system 900 according to an embodiment of the inventive 
concept. 
0116 Referring to FIG.9, the electronic system 900 may 
include a processor 910, an input/output device 930, and a 
memory chip 920, which may perform data communication 
with each other via a bus 940. The processor 910 may execute 
a program and may control the electronic system 900. The 
input/output device 93.0 may be used to input or output data of 
the electronic system 900. The electronic system 900 is con 
nected to an external apparatus, for example, a personal com 
puter or a network, using the input/output device 930, to 
send/receive data to/from the external apparatus. The 
memory chip 920 may store codes and/or data for operating 
the processor 910 and/or may store data processed by the 
processor 910. For example, the memory chip 920 may 
include a vertical structure non-volatile memory device as 
illustrated in FIG. 2. 
0117 The electronic system 900 may constitute various 
electronic control devices that use the memory chip 920 and 
can be used for a mobile phone, an MP3 player, a navigation 
system, a portable multimedia player (PMP), a solid state disk 
(SSD), or a household appliance. 
0118 While the inventive concept has been particularly 
shown and described with reference to exemplary embodi 
ments thereof, it will be understood that various changes in 
form and details may be made therein without departing from 
the spirit and scope of the following claims. 

What is claimed is: 
1. A method of manufacturing a vertical structure non 

Volatile memory device, the method comprising: 
forming a first sacrificial layer on a Substrate; 
alternately stacking insulating layers and second sacrificial 

layers having different etch 
selectivities with respect to the first sacrificial layer, on the 

first sacrificial layer; 
forming a first middle opening for exposing the first sacri 

ficial layer through the second sacrificial layers and the 
insulating layers; 

forming a first opening having sidewalls for exposing a first 
portion of the substrate, by etching the first exposed 
sacrificial layer, 

forming a gate dielectric layer on sidewalls and a bottom 
Surface of the first opening; 
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forming a channel layer that is electrically connected to the 
Substrate, on the gate dielectric layer, 

forming a second opening to be separated from the first 
opening, the second opening exposing a second portion 
of the substrate through the insulating layers and the first 
sacrificial layer; 

removing the second sacrificial layers exposed through the 
Second opening: 

removing the first sacrificial layer exposed through the 
Second opening; and 

filling a conductive material layer in a space formed by 
removing the first sacrificial layer and the second sacri 
ficial layers. 

2. The method of claim 1, wherein the substrate comprises 
a Surface layer comprising a middle temperature oxide 
(MTO) buffer layer. 

3. The method of claim 1, wherein the first sacrificial layer 
is formed of polysilicon, and the second sacrificial layers are 
formed of nitride layers or oxide layers, and the insulating 
layers are formed of oxide layers or nitride layers having 
different etch selectivities with respect to the first sacrificial 
layer and the second sacrificial layers. 

4. The method of claim 1, wherein the first sacrificial layer 
is removed using a halogen-containing reaction gas. 

5. The method of claim 4, wherein the halogen-containing 
reaction gas comprises at least one gas selected from the 
group consisting of Cl, NF, CIF, and F gases. 

6. The method of claim 1, wherein the first sacrificial layer 
is removed by performing a plasma-less thermal etch process. 

7. The method of claim 6, wherein the plasma-less thermal 
etch process is performed at a temperature lower than 500° C. 

8. The method of claim 1, wherein the first sacrificial layer 
is removed by performing a plasma-less thermal etch process 
using a halogen-containing reaction gas. 

9. The method of claim 1, wherein a bottom surface of the 
gate dielectric layer forms the same plane as a top Surface of 
the substrate. 

10. The method of claim 1, wherein the forming of the 
channel layer comprises: 

forming a first semiconductor material layer on the gate 
dielectric layer; 

forming a spacer on sides of the first semiconductor mate 
rial layer; 

exposing the Substrate by etching bottom Surfaces of the 
first semiconductor material layer and the gate dielectric 
layer by using the spacer as a mask: 

removing the spacer, and 
forming a second semiconductor material layer for con 

necting the first semiconductor material layer and the 
Substrate. 

11. The method of claim 1, wherein the forming of the 
channel layer comprises: 

forming a first semiconductor material layer on the gate 
dielectric layer; 

exposing the Substrate by anisotropically etching bottom 
surfaces of the first semiconductor material layer and the 
gate dielectric layer; and 

forming a second semiconductor material layer for con 
necting the first semiconductor material layer and the 
Substrate. 

12. The method of claim 1, wherein the forming of the 
second opening comprises etching an upper portion of the 
Substrate by overetching, and the conductive material layer is 
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formed of a metallic material, and the conductive material 
layer filled in a space formed by removing the first sacrificial 
layer, is a gate of a ground selection transistor. 

13. A method of manufacturing a vertical structure non 
Volatile memory device, the method comprising: 

sequentially forming a polysilicon layer and a plurality of 
insulating layers on a silicon Substrate; 

forming a gate dielectric layer and a channel layer through 
the polysilicon layer and the plurality of insulating lay 
ers, the gate dielectric layer and the channel layer 
extending in a direction perpendicular to a top Surface of 
the silicon substrate; 

forming an opening for exposing the silicon Substrate, 
through the polysilicon layer and the plurality of insu 
lating layers; 

removing the polysilicon layer exposed through the open 
ing, by using a halogen-containing reaction gas less than 
or equal to a predetermined temperature; and 

filling a metallic layer in a space formed by removing the 
polysilicon layer. 

14. The method of claim 13, wherein the sequentially form 
ing of the polysilicon layer and the plurality of insulating 
layers comprises alternately stacking insulating layers and 
sacrificial layers on the polysilicon layer, and before the 
removing of the polysilicon layer, the method further com 
prises removing the sacrificial layers exposed through the 
opening. 

15. The method of claim 13, wherein the halogen-contain 
ing reaction gas comprises at least one gas selected from the 
group consisting of Cl, NF, CIF, and F gases, and the 
predetermined temperature is 500° C. 

16. A method of manufacturing a memory device compris 
1ng: 

forming a first sacrificial layer on a top Surface of a Sub 
Strate; 

alternately stacking insulating layers and second sacrificial 
layers on the first sacrificial layer; 

forming a first opening having sidewalls and exposing a 
first portion of the substrate, wherein the first portion of 
the Substrate is a bottom Surface of the first opening; 

forming a gate dielectric layer on the sidewalls and the 
bottom surface of the first opening; 

forming a channel layer that is electrically connected to the 
Substrate, on the gate dielectric layer, 

forming a second opening to be separated from the first 
opening, the second opening exposing a second portion 
of the substrate through the insulating layers and the first 
sacrificial layer, and 

replacing the first and second sacrificial layers with a con 
ductive material layer. 

17. The method of claim 16, wherein the top surface of the 
substrate comprises a middle temperature oxide (MTO) 
buffer layer. 

18. The method of claim 16, wherein a bottom surface of 
the gate dielectric layer is in the plane of the top surface of the 
substrate. 

19. The method of claim 16, comprising a gate dielectric 
layer on the sidewalls and a bottom surface of the first open 
1ng. 

20. The method of claim 19, comprising a channel layer 
that is electrically connected to the Substrate, on the gate 
dielectric layer. 
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