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(57) ABSTRACT 

A three-dimensional (3D) semiconductor memory device 
includes a stack structure, a channel structure, and a vertical 
insulator. The Stack structure includes gate patterns and insu 
lating patterns which are alternately and repeatedly stacked 
on a Substrate. A channel structure penetrates the stack struc 
ture and is connected to the substrate. A vertical insulator 
includes a high-k dielectric layer. The vertical insulator is 
covered by the channel structure and the high-k dielectric 
pattern of the vertical insulator is in contact with the gate 
patterns. 
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THREE-DIMIENSIONAL SEMCONDUCTOR 
MEMORY DEVICES AND METHODS OF 

FABRICATING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority under 35 U.S.C. 
S119 to Korean Patent Application No. 10-2012-0039154, 
filed on Apr. 16, 2012, 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 semiconductor 
devices and methods of fabricating the same and, more par 
ticularly, to three-dimensional semiconductor memory 
devices having three-dimensionally arranged memory cells 
and methods of fabricating the same. 

DISCUSSION OF RELATED ART 

0003 Higher density of semiconductor memory devices 
tends to reduce manufacturing costs of semiconductor 
memory devices. The density of semiconductor memory 
devices may be determined by the area occupied by a unit 
memory cell. In general, reduction of Such unit memory cell 
area demands using expensive processing equipments, which 
may set a practical limitation on reducing the manufacturing 
COStS. 

0004. To overcome such a limitation, three-dimensional 
semiconductor memory devices having three-dimensionally 
arranged memory cells have been proposed. 

SUMMARY 

0005 According to an exemplary embodiment of the 
inventive concept, a three-dimensional (3D) semiconductor 
memory device includes a stack structure, a channel structure, 
and a vertical insulator. The stack structure includes gate 
patterns and insulating patterns which are alternately and 
repeatedly stacked on a Substrate. A channel structure pen 
etrates the stack structure and is connected to the Substrate. A 
vertical insulator includes a high-k dielectric layer. The ver 
tical insulator is covered by the channel structure and the 
high-k dielectric pattern of the vertical insulator is in contact 
with the gate patterns. 
0006. According to an exemplary embodiment of the 
inventive concept, a three-dimensional (3D) semiconductor 
memory device is fabricated. A thin-layer structure is formed 
on a substrate. The thin-layer structure includes a plurality of 
first material layers and a plurality of second material layers 
which are alternately and repeatedly stacked on the substrate. 
An opening is formed in the thin layer-structure, exposing the 
Substrate. A vertical insulator is formed, covering an inner 
sidewall of the opening. The vertical insulator exposes the 
Substrate under the opening. A channel structure is formed, 
covering an inner sidewall of the vertical insulator. The chan 
nel structure is connected to the substrate. The vertical insu 
lator is formed by Stacking sequentially a high-k dielectric 
layer, a blocking insulating layer, a charge storing layer, and 
a tunnel insulating layer on the inner sidewall of the opening. 
0007 According to an exemplary embodiment of the 
inventive concept, a three-dimensional (3D) semiconductor 
memory device is formed on a Substrate. A channel structure 
is connected to the Substrate and is extended in a direction 
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perpendicular to the Substrate. A vertical insulator including a 
high-k dielectric layer is disposed on the channel structure. A 
first metal gate pattern and a second metal gate pattern is 
disposed on the high-k dielectric layer of the vertical insula 
tor. The metal gate patterns are extended in a direction parallel 
to the Substrate and are spaced apart from each other in the 
direction perpendicular to the substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008. These and other features of the inventive concept 
will become more apparent by describing in detail exemplary 
embodiments thereof with reference to the accompanying 
drawings of which: 
0009 FIG. 1 is a cell array of a three-dimensional (3D) 
semiconductor memory device according to an exemplary 
embodiment of the inventive concept; 
0010 FIG. 2 is a cross-sectional view illustrating a 3D 
semiconductor memory device according to an exemplary 
embodiment of the inventive concept; 
(0011 FIG. 3 is an enlarged view of portion 'A' of FIG. 2: 
0012 FIG. 4 is a cross-sectional view illustrating a 3D 
semiconductor memory device according to an exemplary 
embodiment of the inventive concept; 
(0013 FIG. 5 is an enlarged view of portion 'A' of FIG. 4; 
0014 FIGS. 6 to 14 are cross-sectional views illustrating a 
method of fabricating a 3D semiconductor memory device 
according to an exemplary embodiment of the inventive con 
cept; 
(0015 FIGS. 15 to 18 are partial cross-sectional views 
illustrating a method of fabricating a 3D semiconductor 
memory device according to an exemplary embodiment of 
the inventive concept; 
0016 FIGS. 19 to 26 are partial cross-sectional views 
illustrating a method of fabricating a 3D semiconductor 
memory device according to an exemplary embodiment of 
the inventive concept; 
(0017 FIGS. 27 to 31 are partial cross-sectional views 
illustrating a method of fabricating a 3D semiconductor 
memory device according to an exemplary embodiment of 
the inventive concept; 
0018 FIG. 32 is a partial cross-sectional view illustrating 
a 3D semiconductor memory device according to an exem 
plary embodiment of the inventive concept; 
0019 FIG.33 is a partial cross-sectional view illustrating 
a 3D semiconductor memory device according to an exem 
plary embodiment of the inventive concept; 
0020 FIG. 34 is a schematic block diagram illustrating an 
exemplary memory system including a 3D semiconductor 
memory device according to an exemplary embodiment of 
the inventive concept; 
0021 FIG. 35 is a schematic block diagram illustrating an 
exemplary memory card including a 3D semiconductor 
memory device according to an exemplary embodiment of 
the inventive concept; and 
0022 FIG. 36 is a schematic block diagram illustrating an 
exemplary information processing system including a 3D 
semiconductor memory device according to an exemplary 
embodiment of the inventive concept. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0023 Exemplary embodiments of the inventive concept 
will be described below in more detail with reference to the 
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accompanying drawings. However, the inventive concept 
may be embodied in different forms and should not be con 
strued as limited to the embodiments set forth herein. (Rather, 
these exemplary embodiments are provided so that this dis 
closure will be thorough and complete and will fully convey 
the inventive concept to those skilled in the art.) In the draw 
ings, the thickness of layers and regions may be exaggerated 
for clarity. Like reference numerals may refer to the like 
elements throughout the specification and drawings. 
0024 FIG. 1 is a cell array of a three-dimensional (3D) 
semiconductor memory device according to an exemplary 
embodiment of the inventive concept. 
0025 Referring to FIG. 1, a cell array of a three-dimen 
sional (3D) semiconductor device may include a common 
source line CSL, a plurality of bit lines BL, and a plurality of 
cell strings CSTR disposed between the common source line 
CSL and the bit lines BL. 
0026. The bit lines BL may be two-dimensionally 
arranged. A plurality of the cell strings CSTR may be con 
nected in parallel to each of the bit lines BL. The cell strings 
CSTR may be connected in common to the common Source 
line CSL. For example, a plurality of the cell strings CSTR 
may be disposed between a plurality of the bit lines BL and 
the common source line CSL. The common source line CSL 
may be provided in a plural number and the common Source 
lines CSL may be two-dimensionally arranged. The same 
Voltage may be applied to the common Source lines CSL. 
Alternatively, the common source lines CSL may be electri 
cally controlled independently from each other. 
0027. Each of the cell strings CSTR may include a ground 
selection transistor GST connected to the common Source 
line CSL, a string selection transistor SST connected to the bit 
line BL, and a plurality of memory cell transistors MCT 
between the ground and string selection transistors GST and 
SST. The ground selection transistor GST, the memory cell 
transistors MCT, and the string selection transistor SST may 
be connected in series to each other. 
0028. The common source line CSL may be connected in 
common to sources of the ground selection transistors GST. A 
ground selection line GSL, a plurality of word lines WL0 to 
WL3, a plurality of string selection lines SSL, which are 
disposed between the common source line CSL and the bit 
lines BL, may be used as gate electrodes of the ground selec 
tion transistor GST, the memory cell transistors MCT, and the 
string selection transistors SST, respectively. Each of the 
memory cell transistors MCT includes a data storage element. 
0029 FIG. 2 is a cross-sectional view illustrating a 3D 
semiconductor memory device according to an exemplary 
embodiment of the inventive concept, and FIG. 3 is an 
enlarged view of portion A of FIG. 2. 
0030 Referring to FIG.2, a stack structure 200 is disposed 
on a substrate 100. The stack structure 200 may include 
insulating patterns 112 and gate patterns 150 which are alter 
nately and repeatedly stacked on the substrate 100. 
0031. The substrate 100 may include a semiconductor 
material. For example, the substrate 100 may include a silicon 
Substrate, a germanium Substrate, and/or a silicon-germa 
nium substrate. The substrate 100 may include a common 
source region 107 doped with dopants. 
0032. The stack structure 200 may have a line-shape 
extending in a direction perpendicular to the cross-sectional 
view. In an embodiment, Some (e.g., an uppermost gate pat 
tern and a lowermost gate pattern) of the gate patterns 150 
may be used as gate electrodes of the ground and string 
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selection transistors GST and SST described with reference 
to FIG. 1. For example, in a 3D NAND flash memory device, 
the uppermost gate pattern may be used as the gate electrode 
of the string selection transistor SST controlling electrical 
connection between a bit line 175 and a channel structure 210, 
and the lowermost gate pattern may be used as the gate 
electrode of the ground selection transistor GST controlling 
electrical connection between the common source region 107 
(i.e., the common source line) and the channel structure 210. 
0033. Additionally, a lower insulating layer 105 may be 
formed between the substrate 100 and the stack structure 200. 
For example, the lower insulating layer 105 may include a 
silicon oxide layer formed by a thermal oxidation process. 
Alternatively, the lower insulating layer 105 may include a 
silicon oxide layer formed using a deposition technique. The 
lower insulating layer 105 may have a thickness less than that 
of the insulating patterns 112 thereon. 
0034. The channel structure 210 may penetrate the stack 
structure 200 and may be electrically connected to the sub 
strate 100. The channel structure 210 may successively pen 
etrate a plurality of the gate patterns 150 stacked on the 
substrate 100. For example, the channel structure 210 may 
include a semiconductor material. The channel structure 210 
may include a conductive pad 137 disposed at a top end 
portion of the channel structure 210. The conductive pad 137 
may include a dopant region doped with dopants. Alterna 
tively, the conductive pad 137 may beformed of a conductive 
material. A bottom surface of the channel structure 210 may 
be disposed at a lower level than a top surface of the substrate 
100. For example, a bottom end portion of the channel struc 
ture 210 may be inserted in the substrate 100. 
0035. The channel structures 210 penetrating the stack 
structure 200 may extend in a direction perpendicular to the 
cross-section view in a plan view. Alternatively, the channel 
structures 210 penetrating the stack structure 200 may extend 
in a ZigZag form along the direction perpendicular to the 
cross-section view in a plan view. 
0036. The channel structure 210 may have a hollow pipe 
shape or a hollow macaroni-shape in a cross-sectional view. 
At this time, a bottom end of the channel structure 210 may be 
closed. An internal region of the channel structure may be 
filled with a filling insulating pattern 135. 
0037 For example, the channel structure 210 may include 
a first semiconductor pattern 131 and a second semiconductor 
pattern 133. The first semiconductor pattern 131 may cover an 
inner sidewall of the stack structure 200. The first semicon 
ductor pattern 131 may have a pipe-shape (or a macaroni 
shape) of which a top end and a bottom end are open. The first 
semiconductor pattern 131 might not be in contact with the 
substrate 100. For example, the first semiconductor pattern 
131 may be spaced apart from the substrate 100 by the second 
semiconductor pattern 131 
0038. The second semiconductor pattern 133 may have a 
pipe-shape (or a macaroni-shape) of which a bottom end is 
closed. An internal region of the second semiconductor pat 
tern 133 may be filled with the filling insulating pattern 135. 
The second semiconductor pattern 133 may be in contact with 
an inner sidewall of the first semiconductor pattern 131 and 
the top surface of the substrate 100. For example, the second 
semiconductor pattern 133 may electrically connect the first 
semiconductor pattern 131 to the substrate 100. 
0039. The first and second semiconductor patterns 131 
and 133 may be undoped or be doped with dopants of a same 
conductivity type as dopants of the substrate 100. The first 
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semiconductor pattern 131 and the second semiconductor 
pattern 132 may be in a poly-crystalline state or single-crys 
talline state. 

0040. A vertical insulator 121 may be disposed between 
the stack structure 200 and the channel structure 210. The 
Vertical insulator 121 may have a pipe-shape (or a macaroni 
shape) of which a top end and a bottom end are open. 
0041. For example, a vertical length of the vertical insula 
tor 121 may be less than a vertical length of the channel 
structure 210. The vertical length of the vertical insulator 121 
may be smaller than a vertical length of the first semiconduc 
tor pattern 131. The second semiconductor pattern 133 may 
have a protruding portion laterally extending from a bottom 
end portion of the semiconductor pattern 133. The vertical 
insulator 121 and the first semiconductor pattern 131 may be 
disposed on the protruding portion of the second semicon 
ductor pattern 133. In other words, the protruding portion of 
the second semiconductor pattern 133 may be disposed 
between the vertical insulator 121 and the substrate 100 and 
between the first semiconductor pattern 131 and the substrate 
1OO. 

0042. The vertical insulator 121 may include a memory 
element of a flash memory device. For example, the vertical 
insulator 121 may include a charge storing layer of the flash 
memory device. For example, the charge storing layer may 
include a trap insulating layer, or an insulating layer including 
conductive nano dots. Logic data stored in the vertical insu 
lator 121 may be changed using Fowler-Nordheim tunneling 
induced by voltage differences between the channel structure 
210 and the gate patterns 150. Alternatively, the vertical insu 
lator 121 may includea thin layer capable of storing logic data 
by another operation principle (e.g., a thin layer for a phase 
change memory element or a thin layer for a variable resis 
tance memory element). The vertical insulator 121 will be 
described in more detail with reference to FIG. 3. 

0043. The bit line 175 may be disposed to cross over the 
stack structure 200. The bit line 175 may be electrically 
connected to the conductive pad 137 of the channel structure 
210 through a contact plug 171. 
0044. Hereinafter, a structure of the vertical insulator of 
the 3D semiconductor memory device according to an exem 
plary embodiment will be described in more detail with ref 
erence to FIG. 3. FIG. 3 is an enlarged view of portion A of 
FIG 2. 

0045 Referring to FIG. 3, the vertical insulator 121 may 
include a high-k dielectric layer HDL, a blocking insulating 
layer BIL, a charge storing layer CTL, and a tunnel insulating 
layer TIL which are sequentially stacked on the inner sidewall 
of the stack structure 200 of FIG. 2. The inner sidewall of the 
stack structure 200 may include inner sidewalls of the gate 
patterns 150 and inner sidewalls of the insulating patterns. 
The high-k dielectric layer HDL may be in direct contact with 
the inner sidewalls of the gate patterns 150 and the insulating 
patterns 112. The tunnel insulating layer TIL may be in direct 
contact with the channel structure 210. The charge storing 
layer CTL may be disposed between the tunnel insulating 
layer TIL and the blocking insulating layer BIL, and the 
blocking insulating layer BIL may be disposed between the 
charge storing layer CTL and the high-k dielectric layer HDL. 
0046. The charge storing layer CTL may include a trap 
insulating layer, or an insulating layer including conductive 
nano dots. For example, the charge storing layer CTL may 
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include a silicon nitride layer, a silicon oxynitride layer, a 
silicon-rich nitride layer, a nano-crystalline silicon layer, and/ 
or a laminated trap layer. 
0047. The tunnel insulating layer TIL may include an 
insulating material having an energy band gap greater than 
that of the charge storing layer CTL. For example, the tunnel 
insulating layer TIL may include a silicon oxide layer. 
0048. The blocking insulating layer BIL may include an 
insulating material having an energy band gap greater than 
that of the charge storing layer CTL. For example, the block 
ing insulating layer BIL may include a silicon oxide layer. 
0049. The high-k dielectric layer HDL may beformed of a 
material having a dielectric constant greater than that of the 
blocking insulating layer BIL. For example, the high-k 
dielectric layer HDL may include tantalum oxide (TaOs), 
titanium oxide (TiO), hafnium oxide (H?O), zirconium 
oxide (ZrO2), hafnium silicate (HfSixOy), Zirconium silicate 
(ZrSixOy), hafnium silicate nitride (HfSixOyNZ), Zirconium 
silicate nitride (ZrSixOyNZ), aluminum oxide (Al2O), alu 
minum oxynitride (AlxCyNZ), hafnium aluminate 
(HfAlxOy), yttrium oxide (YO), niobium oxide (NbO), 
cerium oxide (CeO), indium oxide (InO), lanthanum oxide 
(LaO), ((Ba,Sr)TiOBST), (Pb(ZrTi)O, PZT), strontium 
titanium oxide (SrTiO), lead-titanium oxide (PbTiO), 
strontium-ruthenium oxide (SrRuO), calcium-ruthenium 
oxide (CaRuO), (Pb.La)(ZrTi)O, and/or (Sr,Ca)RuO. The 
high-k dielectric layer HDL may be single-layered. Alterna 
tively, the high-k dielectric layer HDL may have a laminated 
structure including stacked thin layers. 
0050. The vertical insulator 121 may include a hafnium 
oxide layer, a siliconoxide layer, a silicon nitride layer, and/or 
a silicon oxide layer which are sequentially stacked on the 
inner sidewall of the stack structure 200. 
0051. For example, the vertical insulator 121 may further 
include capping patterns CP between the high-k dielectric 
layer HDL and the insulating patterns 112. The capping pat 
terns CP may be vertically separated from each other by the 
gate patterns 150. The capping patterns CP may include an 
insulating material having etch selectivity with respect to the 
high-k dielectric layer HDL. The capping patterns CP may 
include a same material as the insulating patterns 112. For 
example, the capping patterns CP may include a silicon layer, 
a silicon oxide layer, a poly-silicon layer, a silicon carbide 
layer, and/or a silicon nitride layer. 
0.052 The gate pattern 150 may be in direct contact with 
the high-k dielectric layer HDL of the vertical insulator 121. 
Additionally, the gate pattern 150 may be in direct contact 
with the insulating patterns 112 vertically adjacent to the gate 
pattern 150. Such direct contact structure of the gate pattern 
150 and the insulating patterns 112 may prevent a portion of 
the vertical insulator 121 from forming between the gate 
pattern 150 and the insulating patterns 112. As result, it is 
possible to reduce a vertical height of the stack structure 200 
of FIG. 2. Thus, integration density of the 3D semiconductor 
memory device may be increased by reducing the vertical 
height of the stack structure 200. 
0053 FIG. 4 is a cross-sectional view illustrating a 3D 
semiconductor memory device according to an exemplary 
embodiment of the inventive concept, and FIG. 5 is an 
enlarged view of a portion A of FIG. 4. 
0054 Referring to FIG. 4, a 3D semiconductor memory 
device may include a semiconductor pillar 220 penetrating a 
lower portion of the stack structure 200 and connected to the 
substrate 100. A bottom surface of the semiconductor pillar 
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220 may be disposed to be lower than a top surface of the 
substrate 100. For example, a lower portion of the semicon 
ductor pillar 220 may be buried in a recessed portion of the 
Substrate 100. 
0055. The insulating pattern 112 and the gate pattern 150 
adjacent to the semiconductor pillar 220 may be in contact 
with a sidewall of the semiconductor pillar 220. The vertical 
insulator 121 and the channel structure 210 may be disposed 
on a top surface of the semiconductor pillar220. The channel 
structure 210 may penetrate an upper portion of the stack 
structure 200 and may be in contact with the semiconductor 
pillar 220. As described in the above embodiment, the chan 
nel structure 210 may include the first and second semicon 
ductor patterns 131 and 133 and the filling insulating pattern 
135. 
0056. Hereinafter, a structure of the vertical insulator in 
the 3D semiconductor memory device according to an exem 
plary embodiment will be described in more detail with ref 
erence to FIG. 5. 
0057 Referring to FIG. 5, the vertical insulator 121 may 
include a high-k dielectric pattern HDP, a blocking insulating 
pattern BIP, a charge storing pattern CTP, and a tunnel insu 
lating pattern TIP 
0058. The high-k dielectric pattern HDP may include a 
high-k dielectric material including hafnium (Hf). For 
example, the high-k dielectric pattern HDP may include 
hafnium oxide (H?O), hafnium silicate (HfSixOy), hafnium 
silicate nitride (HfSixOyNZ), and/or hafnium aluminate 
(HfAlxOy). 
0059 A bottom surface of the high-k dielectric pattern 
HDP may be disposed to be lower than bottom surfaces of the 
blocking insulating pattern BIP, the charge storing pattern 
CTP, and the tunnel insulating pattern TIP. The second semi 
conductor pattern 133 may cover the bottom surfaces of the 
blocking insulating pattern BIP, the charge storing pattern 
CTP, and the tunnel insulating pattern TIP and may be in 
contact with a lower sidewall of the high-k dielectric pattern 
HDP. If the high-k dielectric pattern HDP is formed of the 
high-k dielectric material including hafnium (Hf), a hafnium 
silicon oxide layer IL may be disposed between the high-k 
dielectric pattern HDP and the semiconductor pillar 220. 
0060. The vertical insulator 121 may further include cap 
ping patterns CP disposed between the high-k dielectric pat 
tern HDP and the insulating patterns 112 as illustrated in FIG. 
3. 
0061 FIGS. 6 to 14 are cross-sectional views illustrating a 
method of fabricating a 3D semiconductor memory device 
according to an exemplary embodiment of the inventive con 
cept. 
0062 Referring to FIG. 6, first material layers 111 and 
second material layers 112 may be alternately and repeatedly 
stacked on a substrate 100 to form a thin layer-structure 110. 
0063. The substrate 100 may include materials having 
semiconductor properties, insulating materials, a semicon 
ductor covered by an insulating material, and a conductor. For 
example, the substrate 100 may include a silicon substrate, a 
germanium Substrate, or a silicon-germanium Substrate. 
0064. The first material layers 111 may include a material 
having etch selectivity with respect to that of the second 
material layers 112. For example, the first material layers 111 
may have a high etch rate with respect to the second material 
layers 112 in a wet etching process using a chemical solution. 
Alternatively, the first material layers 111 may have a high 
etch rate with respect to the second material layers 112 in a 
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dry etching process using an etching gas. A thickness of the 
first material layer 111 may be equal to a thickness of the 
second material layer 112. Alternatively, the thickness of the 
first material layer 111 may be different from the thickness of 
the second material layer 112. 
0065. The first and second material layers 111 and 112 
may be deposited using a thermal chemical vapor deposition 
(CVD) technique, plasma enhanced-CVD (PE-CVD) tech 
nique, a physical CVD process, and/or an atomic layer depo 
sition (ALD) technique. 
0.066 For example, each of the first material layers 111 
may include a silicon layer, a silicon oxide layer, a silicon 
carbide layer, a silicon oxynitride layer, and/or a silicon 
nitride layer. Each of the second material layers 112 may 
include a silicon layer, a silicon oxide layer, a silicon carbide 
layer, a silicon oxynitride layer, and/or a silicon nitride layer. 
Here, the second material layer 112 includes a material dif 
ferent from the material of the first material layer 111. For 
example, the first material layers 111 may include silicon 
nitride layers, and the second material layers 112 may include 
silicon oxide layers. Alternatively, the first material layers 
111 may include a conductive material, and the second mate 
rial layers 112 may include an insulating material. 
0067. A lower insulating layer 105 may be formed 
between the substrate 100 and the thin layer-structure 110. 
For example, the lower insulating layer 105 may include a 
silicon oxide layer by a thermal oxidation process. Alterna 
tively, the lower insulating layer 105 may include a silicon 
oxide layer formed by a deposition technique. The lower 
insulating layer 105 may include a thickness less than that of 
the first and second material layers 111 and 112 formed on the 
lower insulating layer 105. 
0068 Referring to FIG. 7, openings 115 are formed to 
penetrate the thin layer-structure 110. The openings 115 
expose the substrate 100. 
0069. For example, the openings 115 may be formed to 
have hole-shapes. Each of the openings 115 may have a depth 
five or more times greater than a width thereof. The openings 
115 may be two-dimensionally arranged on a top Surface (i.e., 
axy plane) of the substrate 100. The openings 115 may be 
spaced apart from each other in an X-axis direction and a 
y-axis direction. Alternatively, the openings 115 may be 
arranged in a ZigZag form along the X-axis direction. A dis 
tance between openings 115 adjacent to each other in one 
direction may be equal to or smaller than the width of the 
opening 115. 
0070 The openings 115 may be formed by a patterning 
process. For example, a mask pattern (not shown) may be 
formed on the thin layer-structure 110 and then the thin layer 
structure 110 may be anisotropically etched using the mask 
pattern (not shown) as an etch mask to form the openings 115. 
In the anisotropic etching process, the substrate 110 under the 
openings 115 may be over-etched. Thus, the substrate 100 
under the openings 115 may be recessed by a predetermined 
depth. 
0071 Next, a method of forming a vertical insulator and a 
channel structure in the opening 115 will be described in 
detail with reference to FIGS. 8 to 11. Additionally, a method 
of forming the vertical insulator including a plurality of thin 
layers and the channel structure including a plurality of thin 
layers will be described in more detail with reference to FIGS. 
15 to 18 and FIGS. 19 to 26. 
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0072 Referring to FIG. 8, a vertical insulating layer 120 
and a first semiconductor layer 130 may be sequentially 
formed to cover an inner sidewall of the opening 115. 
0073. The vertical insulating layer 120 and the first semi 
conductor layer 130 may be deposited conformally on an 
inner sidewall of the opening 115. A sum of thicknesses of the 
vertical insulating layer 120 and the first semiconductor layer 
130 may be smaller than a half of the width of the opening 
115. Thus, the opening 115 might not be completely filled 
with the vertical insulating layer 120 and the first semicon 
ductor layer 130. Additionally, the vertical insulating layer 
120 may cover the substrate 100 exposed by the opening 115. 
0074 The vertical insulating layer 120 may include a plu 
rality of thin layers. For example, the vertical insulating layer 
120 may include a high-k dielectric layer, a blocking insulat 
ing layer, a charge storing layer, and a tunnel insulating layer 
which are used as a memory element of a flash memory 
device. For example, the vertical insulating layer 120 may be 
formed using a PE-CVD technique, a physical CVD tech 
nique, and/or an ALD technique. 
0075. The first semiconductor layer 130 may be confor 
mally formed on the vertical insulating layer 120. For 
example, the first semiconductor layer 130 may include a 
semiconductor material (e.g., poly-crystalline silicon, single 
crystalline silicon, amorphous silicon) formed by an ALD 
technique and/or a CVD technique. 
0076 Referring to FIG. 9, the first semiconductor layer 
130 and the vertical insulating layer 120 on bottom surfaces 
of the opening 115 may be anisotropically etched to expose 
the substrate 100. Thus, a vertical insulator 121 and a first 
semiconductor pattern 131 may be formed on the inner side 
wall of the opening 115. Each of the vertical insulator 121 and 
the first semiconductor pattern 131 may have a hollow cylin 
der-shape of which both ends are open. Additionally, the 
substrate 100 exposed by the first semiconductor pattern 131 
may be recessed by over-etching during the anisotropic etch 
ing process performed on the first semiconductor layer 130 
and the vertical insulating layer 120. 
0077. For example, a portion of the vertical insulating 
layer 120 under the first semiconductor pattern 131 may 
remain during the anisotropic etching process of the first 
semiconductor layer 130 and the vertical insulating layer 120. 
For example, the vertical insulator 121 may have a bottom 
portion disposed between a bottom surface of the first semi 
conductor pattern 131 and the substrate 100. 
0078. Additionally, a top surface of the thin layer-structure 
110 may be exposed by the anisotropic etching process of the 
first semiconductor layer 130 and the vertical insulating layer 
120. Thus, the vertical insulator 121 and the first semicon 
ductor pattern 131 may remain on the inner sidewall of the 
opening 115. The vertical insulators 121 and the first semi 
conductor patterns 131 may be two-dimensionally arranged 
in a plan view. 
0079 Referring to FIG. 10, a bottom portion of the vertical 
insulator 121 between the bottom surface of the first semi 
conductor pattern 131 and the substrate 100 may be removed. 
0080 For example, the bottom portion of the vertical insu 
lator 121 may be exposed by the opening 115. The exposed 
bottom portion of the vertical insulator 121 may be isotropi 
cally etched to expose the bottom surface of the first semi 
conductor pattern 131. Thus, a vertical length of the vertical 
insulator 121 may be less than a vertical length of the first 
semiconductor pattern 131. Additionally, an undercut region 
UC may be formed under the vertical insulator 121 and the 
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first semiconductor pattern 131. The vertical insulator 121 
and the first semiconductor pattern 131 may be spaced apart 
from the substrate 100 in the undercut region UC. 
I0081 For example, since the vertical insulator 121 
includes the plurality of thin layers, isotropically etching the 
bottom portion of the vertical insulator 121 may include 
isotropically etching the plurality of thin layers. The isotropic 
etching process of the bottom portion of the vertical insulator 
121 may be performed using an isotropic wet etching method 
and/or an isotropic dry etching method. The isotropic wet 
etching method may use an etching solution including 
hydrofluoric acid or sulfuric acid. 
I0082 Referring to FIG. 11, a second semiconductor pat 
tern 133 and a filling insulating pattern 135 may beformed on 
the substrate 100 having the vertical insulator 121 and the first 
semiconductor pattern 131. 
I0083. For example, a second semiconductor layer and an 
filling insulating layer may be sequentially formed in the 
opening 115 having the vertical insulator 121 and the first 
semiconductor pattern 131 and on the substrate 100, and then 
the filling insulating layer and the second semiconductor 
layer may be planarized until the top surface of the thin 
layer-structure 110 is exposed Thus, the second semiconduc 
tor pattern 133 and the filling insulating pattern 135 may be 
formed in the opening 115. 
I0084. The second semiconductor layer (not shown) may 
be conformally formed in the opening 115 to such a thickness 
that the second semiconductor layer does not fill the opening 
115. The second semiconductor layer may connect the Sub 
strate 100 to the first semiconductor pattern 131 and may be 
conformally formed on an inner sidewall of the first semicon 
ductor pattern 131 and in the undercut region UC. The second 
semiconductor layer may include a semiconductor layer (e.g., 
a poly-crystalline silicon layer, a single-crystalline silicon 
layer, or an amorphous silicon layer) formed by an ALD 
technique and/or a CVD technique. For example, the second 
semiconductor layer may be deposited conformally on the 
inner sidewall of the first semiconductor pattern 131 in the 
undercut region UC, covering conformally an inner Surface of 
the undercut region UC. Thus, the second semiconductor 
layer may define a seam in the undercut region UC. Alterna 
tively, the second semiconductor layer may be partially fill the 
undercut region UC, so that a void may be formed in the 
undercut region UC and the filling insulating layer may fill the 
Void. 
I0085. The second semiconductor pattern 133 formed by 
the method described above may have a hollow pipe-shape, a 
hollow cylinder-shape, or a cup-shape. Alternatively, the sec 
ond semiconductor pattern 133 may fully fill the opening 115. 
I0086. The filling insulating pattern 135 may be formed on 
the second semiconductor pattern 133 to fill the opening 115. 
The filling insulating pattern 135 may include silicon oxide 
and/or insulating materials formed using a spin-on-glass 
(SOG) technique. 
I0087. After the second semiconductor pattern 133 and the 
filling insulating pattern 135 are formed, a conductive pad 
137 may be formed to be connected to the first and second 
semiconductor patterns 131 and 133. Upper portions of the 
first and second semiconductor patterns 131 and 133 may be 
recessed and then a conductive material (not shown) may be 
formed to fill the recessed region, so that the conductive pad 
137 may be formed. Additionally, the conductive pad 137 
may be doped with dopants of a conductivity type different 
from those of the first and second semiconductor patterns 131 
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and 133 under the conductive pad 137. Thus, the conductive 
pad 137 may constitute a diode in company with the first and 
second semiconductor patterns 131 and 133. 
I0088 Referring to FIG. 12, the thin layer-structure 110 
may be patterned trenches 140 exposing the substrate 100. 
Each of the trenches 140 may be disposed between the open 
ings 115 adjacent to each other. In a plan view, the trenches 
140 may have line-shapes or rectangular shapes extending in 
a direction perpendicular to the cross-sectional view. 
0089 For example, a mask pattern (not shown) defining 
the trenches 140 may be formed on the thin layer-structure 
110 and then the thin layer-structure 110 may be anisotropi 
cally etched using the mask pattern (not shown) as an etch 
mask. 
0090 The trenches 140 may expose sidewalls of the pat 
terned first and second material layers 111 and 120. The 
trenches 140 may expose the substrate 100. The substrate 100 
exposed by the trenches 140 may be recessed by a predeter 
mined depth due to over-etching in the formation of the 
trenches 140. A width of the trench 140 may become progres 
sively varied from the substrate 100 toward a top end of the 
trench 140. 
0091 Referring to FIG. 13, recess regions 145 are formed 
by removing the first material layers 111 between the second 
material layers 112. 
0092. For example, each of the recess regions 145 may be 
defined by the two adjacent second material layers 112 and 
the portion of the sidewall of the vertical insulator 121. 
0093. For example, the first material layers 111 may be 
isotropically etched using an etchant having etch selectivity 
with respect to the second material layers 112 and the sub 
strate 100. The first material layers 111 may be completely 
removed by the isotropic etching process. For example, if the 
first material layers 111 are silicon nitride layers and the 
second material layers 112 are silicon oxide layers, the 
etchant may include phosphoric acid. 
0094) Referring to FIG. 14, gate patterns 150 may be 
formed to fill the recess regions 145, respectively. 
0095. A conductive layer (not shown) may be formed to 

fill the recess regions 145 and the trenches 140. The conduc 
tive layer formed in the trenches 140 may be removed, and the 
conductive layer that remains in the recess regions 145 may 
become gate patterns 150. 
0096. For example, the conductive layer may be deposited 
conformally on the recess regions 145. The conductive layer 
in the trenches 140 may be anisotropically etched to form the 
gate patterns 150. The conductive layer may include doped 
silicon, metal materials, metal nitrides, and/or metal silicides. 
For example, the conductive layer may include a metal mate 
rial Such as tantalum nitride and/or tungsten. 
0097. The gate pattern 150 may in contact with the portion 
of the vertical insulator 121 exposed by the recess regions 
145. Additionally, the gate pattern 150 may be in contact with 
a bottom surface of the second insulating layer 112 directly on 
the gate pattern 150 and a top Surface of the second insulating 
layer 112 directly under the gate pattern 150. 
0098. Dopant regions 107 may be formed in the substrate 
100. For example, the dopant regions 107 may be formed by 
an ion implantation process and may be formed in the Sub 
strate 100 exposed through the trenches 140. The dopant 
regions 107 may have a conductivity type different from those 
of the first and second semiconductor patterns 131 and 133. 
The dopant region 107 and the substrate 100 may constitute a 
PN junction at their boundary. The substrate 100 being in 
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contact with the second semiconductor pattern 133 may have 
a same conductivity type as that of the second semiconductor 
pattern 133. The dopant regions 107 may be connected to 
each other to be in an equipotential state. Alternatively, the 
dopant regions 107 may be electrically separated from each 
other in order that each of the dopant regions 107 is controlled 
independently from the others of the dopant regions 107. 
Alternatively, the dopant regions 107 may be divided into a 
plurality of Source groups controlled independently from 
each other. Each of the Source groups may include a plurality 
of the dopant regions 107. The source groups may be electri 
cally separated from each other in order that they are con 
trolled independently from each other. 
0099. The electrode separating patterns 160 may be 
formed to fill the trenches 140, respectively. The electrode 
separating patterns 160 may include silicon oxide, silicon 
nitride, and/or silicon oxynitride. 
0100. As shown in FIG. 2, contact plugs 171 and a bit line 
175 may be formed on the structure of FIG. 14. The contact 
plugs 171 may be connected to the conductive pads 137, and 
the bit line 175 may be connected to the contact plugs 171. 
The bit line 175 may cross over the structure of FIG. 14. The 
bit line 175 may be electrically connected to the first and 
second semiconductor patterns 131 and 133 through the con 
tact plug 171. 
0101. A method of forming a vertical insulator of a 3D 
semiconductor memory device according to an exemplary 
embodiment will be described in detail with reference to 
FIGS. 15 to 18. FIGS. 15 to 18 are partial cross-sectional 
views illustrating a method of fabricating a 3D semiconductor 
memory device according to an exemplary embodiment of 
the inventive concept. FIGS. 15 to 18 are cross-sectional 
views for illustrating manufacturing steps of manufacturing 
portion 'A' of FIG. 2. 
0102 Referring to FIG. 15, after the opening 115 is 
formed to penetrate the thin layer-structure 110 as illustrated 
in FIG.7, a capping layer CPL, a high-k dielectric layer HDL, 
an blocking insulating layer BIL, a charge storing layer CTL, 
and a tunnel insulating layer TIL may be sequentially depos 
ited in the opening 115. Subsequently, as described with 
reference to FIGS. 8 to 11, the first semiconductor pattern 
131, the second semiconductor pattern 133, and the filling 
insulating pattern 135 may be formed in the opening 115 
having the capping layer CPL, the high-k dielectric layer 
HDL, the blocking insulating layer BIL, the charge storing 
layer CTL, and the tunnel insulating layer TIL. 
0103) The capping layer CPL, the high-k dielectric layer 
HDL, the blocking insulating layer BIL, the charge storing 
layer CTL, and the tunnel insulating layer TIL may be depos 
ited using a PE-CVD technique, a physical CVD technique, 
and/or an ALD technique. 
0104. The capping layer CPL may be formed to be in 
contact with sidewalls of the first and second material layers 
111 and 112 which are exposed by the opening 115. The 
capping layer CPL may include a material having etch selec 
tivity with respect to the high-k dielectric layer HDL. Addi 
tionally, the capping layer CPL may include a material having 
etch selectivity with respect to the first and second material 
layers 111 and 112. Alternatively, the capping layer CPL may 
have etch selectivity with respect to the second material layers 
112 and have a same material as that of the first material layers 
111. For example, the capping layer CPL may include a 
silicon layer, a silicon oxide layer, a poly-silicon layer, a 
silicon carbide layer, and/or a silicon nitride layer. 
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0105. The charge storing layer CTL may include a trap 
insulating layer, or an insulating layer including conductive 
nano dots. For example, the charge storing layer CTL may 
include a silicon nitride layer, a silicon oxynitride layer, a 
silicon-rich nitride layer, a nano-crystalline silicon layer, and/ 
or a laminated trap layer. 
0106 The tunnel insulating layer TIL may include an 
insulating material having an energy band gap greater than 
that of the charge storing layer CTL. For example, the tunnel 
insulating layer TIL may include a silicon oxide layer. 
0107 The blocking insulating layer BIL may include an 
insulating material having an energy band gap greater than 
that of the charge storing layer CTL. For example, the block 
ing insulating layer BIL may include a silicon oxide layer. 
0108. The high-k dielectric layer HDL may include a 
material having a dielectric constant greater than that of the 
blocking insulating layer BIL. For example, a metal oxide 
having a high-k dielectric constant may be deposited on the 
inner sidewall of the opening 115 to form the high-k dielectric 
layer HDL. For example, the high-k dielectric layer HDL may 
include tantalum oxide (Ta-Os), titanium oxide (TiO), 
hafnium oxide (H?O), Zirconium oxide (ZrO), hafnium sili 
cate (HfSixOy), Zirconium silicate (ZrSixOy), hafnium sili 
cate nitride (HfSixOyNZ), zirconium silicate nitride (ZrSix 
OyNZ), aluminum oxide (Al2O), aluminum oxynitride 
(AlxCyNZ), hafnium aluminate (HfAlxOy), yttrium oxide 
(YO), niobium oxide (NbOs), cerium oxide (CeO), 
indium oxide (InC), lanthanum oxide (LaC), ((Ba,Sr)TiO, 
BST), (Pb(ZrTi)O, PZT), strontium-titanium oxide (Sr 
TiO), lead-titanium oxide (PbTiO), strontium-ruthenium 
oxide (SrRuO), calcium-ruthenium oxide (CaRuO), (Pb, 
La)(ZrTi)O, and/or (Sr,Ca)RuO. The high-k dielectric 
layer HDL may be single-layered. Alternatively, the high-k 
dielectric layer HDL may have a laminated structure includ 
ing stacked thin layers. 
0109 According to an exemplary embodiment, the verti 
cal insulator 121 illustrated in FIG. 15 may include the cap 
ping layer CPL, the high-k dielectric layer HDL, the blocking 
insulating layer BIL, the charge storing layer CTL, and the 
tunnel insulating layer TIL which are sequentially stacked on 
the inner sidewall of the opening 115. For example, the ver 
tical insulator 121 may include silicon oxide/high-k dielectric 
(HDL)/silicon oxide/silicon nitride/silicon oxide. 
0110 Referring to FIG. 16, the recess regions 145 may be 
formed by removing the first material layers 111 of FIG. 12 
using an etchant having etch selectivity with respect to the 
capping layer CPL. The recess regions 145 may expose por 
tions of the vertical insulator 121. Here, a vertical height T1 of 
the recess region 145 may be substantially equal to a thick 
ness of the first material layer 111 (i.e., a vertical distance 
between the second material layers 112 vertically adjacent to 
each other). The capping layer CPL may be used as an etch 
stop layer during the isotropic etching process performed on 
the first material layers 111. The capping layer CPL may 
prevent the high-k dielectric layer HDL from being damaged 
by the etchant. For example, the recess region 145 may 
expose the capping layer CPL of the vertical insulator 121. 
0111 Referring to FIG. 17, the exposed capping layer 
CPL and portions of the second material layers 112 may be 
isotropically etched to form enlarged recess regions 146. For 
example, when the enlarged recess regions 146 are formed, 
portions of the capping layer CPL may be etched to expose 
portions of the high-k dielectric layer HDL. Here, if the 
capping layer CPL and the second material layers 112 are 

Oct. 17, 2013 

formed of the same material, the vertical thicknesses of the 
second material layers 112 may be reduced to form the 
enlarged recess regions 146. In other words, a vertical height 
T2 of the enlarged recess region 146 may be greater than the 
vertical height T1 of the recess region 145 illustrated in FIG. 
16. Here, a difference (T2-T1) between the vertical heights 
T2 and T1 of the enlarged recess region 146 and the recess 
region 145 may be about two times greater thanathickness of 
the capping layer CPL. 
0112 Capping patterns CP may remain between the 
high-k dielectric layer HDL and the second material layers 
112 by the formation of the enlarged recess regions 146. 
0113 Referring to FIG. 18, the gate patterns 150 may be 
formed in the enlarged recess regions 146, respectively. The 
gate pattern 150 may be in contact with the high-k dielectric 
layer HDL, the second material layer 112 directly on the gate 
pattern 150, and the second material layer 112 directly under 
the gate pattern 150. Additionally, the gate pattern 150 may be 
disposed between the capping patterns CP vertically sepa 
rated from each other. 
0114 Hereinafter, a method of forming a vertical insulator 
of a 3D semiconductor memory device according to an exem 
plary embodiment will be described with reference to FIGS. 
19 to 26. FIGS. 19 to 26 are partial cross-sectional views 
illustrating a method of fabricating a 3D semiconductor 
memory device according to an exemplary embodiment of 
the inventive concept. FIGS. 19 to 26 illustrate the portion A 
of FIG. 4. 
0115 Referring to FIG. 19, after the openings 115 pen 
etrating the thin layer-structure 110 are formed as illustrated 
in FIG. 7, a semiconductor pillar 220 may be formed to fill a 
lower region of each of the openings 115. 
0116. A selective epitaxial growth (SEG) process may be 
performed using the substrate 100 exposed by the opening 
115 as a seed layer to form the semiconductor pillar 220. 
Thus, the semiconductor pillar220 may beformed in a single 
crystalline structure. The semiconductor pillar 220 may have 
a same conductivity type as that of the substrate 100. The 
semiconductor pillar 220 may be doped with dopants in situ 
during the SEG process. Alternatively, after the semiconduc 
torpillar 220 is formed, the semiconductor pillar 220 may be 
doped by an ion implantation process. The semiconductor 
pillar 220 may be in contact with the first and second material 
layers 111 and 112 of a lower portion of the thin layer 
Structure. 

0117 Referring to FIG. 20, the high-k dielectric layer 
HDL may be conformally formed on the inner sidewall of the 
opening 115. For example, the high-k dielectric layer HDL 
may conformally cover an inner sidewall of the first and 
second material layers 111 and 112 exposed by the opening 
115 and a top surface of the semiconductor pillar 220. 
0118. The high-k dielectric layer HDL may include a 
high-k dielectric material including hafnium (Hf). For 
example, the high-k dielectric layer HDL may include 
hafnium oxide (H?O), hafnium silicate (HfSixOy), hafnium 
silicate nitride (HfSixOyNZ), and/or hafnium aluminate 
(HfAlxOy). 
0119 The high-k dielectric layer HDL may be deposited 
using an ALD technique. For example, the ADL technique 
may include an ALD cycle which includes Supplying a 
hafnium source material, Supplying a purge gas, Supplying an 
oxidant, and Supplying a purge gas. The ALD cycle may be 
repeatedly performed to form the high-k dielectric layer 
HDL. After the high-k dielectric layer HDL having a prede 
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termined thickness is formed, an annealing process may be 
performed for improving properties of the high-k dielectric 
layer HDL. 
0120 For example, the hafnium source material such as 

tetrakis diethylamino hafnium (TDEAH) and/or Hf(OtBu) 
may be supplied into the opening 115. Thus, a portion of the 
hafnium source material may be chemically adsorbed on the 
inner sidewall of the opening 115 and the top surface of the 
thin layer-structure 110, and the rest portion of the hafnium 
source material may be physically adsorbed thereon. Subse 
quently, the purge gas Such as an argon gas may be supplied 
into the opening 115 to remove the rest portion of the hafnium 
source material physically adsorbed on the inner sidewall of 
the opening 115 and the top surface of the thin layer-structure 
110. Next, the oxidant such as O may be supplied into the 
opening 115. Thus, the chemically adsorbed portion of the 
hafnium source material may react with the oxidant to form 
the high-k dielectric layer HDL including hafnium oxide on 
the inner sidewall of the opening 115. Thereafter, the purge 
gas may be supplied to remove the oxidant not reacting with 
the chemically adsorbed portion of the hafnium source mate 
rial. Alternatively, the high-k dielectric layer HDL may be 
deposited by a plasma enhanced CVD or a physical CVD. 
0121 Additionally, when the high-k dielectric layer HDL 
including hafnium is deposited, an insufficiently oxidized 
hafnium-silicon oxide layer IL may beformed at an interface 
between the high-k dielectric layer HDL and the semiconduc 
tor pillar 220 (or the substrate 100). 
0122 Referring to FIG. 21, the high-k dielectric layer 
HDL on the top surface of the semiconductor pillar 220 may 
be etched to form a high-k dielectric pattern HDP on the inner 
sidewall of the opening 115. 
0123 Forming the high-k dielectric pattern HDP may 
include depositing a sacrificial layer conformally on the 
high-k dielectric layer HDL. The sacrificial layer may be 
etched anisotropically to form a sacrificial spacer SC expos 
ing the high-k dielectric layer HDL on the top surface of the 
semiconductor pillar 220. And then, the high-k dielectric 
layer HDL exposed by the sacrificial spacer SC may be etched 
isotropically. Here, the high-k dielectric layer may be chemi 
cally very stable and be an inert material which does not form 
easily volatile active species. Thus, the high-k dielectric layer 
HDL may be formed to be very thin for a dry etching. The 
high-k dielectric layer HDL on the top surface of the semi 
conductor pillar 220 (or the substrate 100) may be etched 
anisotropically. 
0.124. Additionally, a depositing thickness of the sacrifi 
cial layer may be very thin for increasing an area of the 
exposed top surface of the semiconductor pillar 220 through 
the opening 115. For example, the sacrificial layer may 
include a silicon nitride layer, and the thickness of the sacri 
ficial layer may be within a range of about 10 A to about 100 

0.125. As described above, the high-k dielectric layer HDL 
may be anisotropically etched to form the high-k dielectric 
pattern HDP of a hollow cylinder-shape. Additionally, the 
hafnium-silicon oxide layer IL exposed by the high-k dielec 
tric pattern HDP may be etched when the high-k dielectric 
layer HDL is anisotropically etched. Furthermore, the top 
surface of the semiconductor pillar 220 (or the substrate 100) 
may be recessed. 
0126 Referring to FIG. 22, the sacrificial spacer SC may 
be removed to expose an inner sidewall of the high-k dielec 
tric pattern HDP. The sacrificial spacer SC may be removed 
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using an isotropic etching process. The isotropic etching pro 
cess may be performed using an isotropic wet etching process 
oran isotropic dry etching process. If the sacrificial spacer SC 
is formed of silicon nitride, the isotropic etching process for 
removing the sacrificial spacer SC may be performed using an 
etching solution including phosphoric acid. 
I0127. Referring to FIG. 23, the blocking insulating layer 
BIL, the charge storing layer CTL, the tunnel insulating layer 
TIL, and the first semiconductor layer 130 may be sequen 
tially formed in the opening 115 having the high-k dielectric 
pattern HDP. 
I0128. A sum of thicknesses of the blocking insulating 
layer BIL, the charge storing layer CTL, the tunnel insulating 
layer TIL, and the first semiconductor layer 130 may be less 
thana half of the width of the opening 115. In other words, the 
opening 115 may remain unfilled with the blocking insulating 
layer BIL, the charge storing layer CTL, the tunnel insulating 
layer TIL, and the first semiconductor layer 130. Addition 
ally, the blocking insulating layer BIL, the charge storing 
layer CTL, the tunnel insulating layer TIL, and the first semi 
conductor layer 130 may cover the exposed top surface of the 
semiconductor pillar 220. 
I0129 Referring to FIG. 24, the blocking insulating layer 
BIL, the charge storing layer CTL, the tunnel insulating layer 
TIL, and the first semiconductor layer 130 on the top surface 
of the semiconductorpillar220 may be anisotropically etched 
to expose the top surface of the semiconductor pillar 220. 
Thus, a blocking insulating pattern BIP, a charge storing 
pattern CTP, a tunnel insulating pattern TIP, and a first semi 
conductor pattern 131 may be formed in the opening 115. 
0.130 Referring to FIG. 25, portions of the blocking insu 
lating pattern BIP, the charge storing pattern CTP, and the 
tunnel insulating pattern TIP between the first semiconductor 
pattern 131 and the top surface of the semiconductor pillar 
220 may be isotropically etched to form the undercut region 
UC. Vertical lengths of the blocking insulating pattern BIP. 
the charge storing pattern CTP, and the tunnel insulating 
pattern TIP may be reduced by the formation of the undercut 
region UC. The blocking insulating pattern BIP, the charge 
storing pattern CTP, and the tunnel insulating pattern TIP may 
be separated from the top surface of the semiconductor pillar 
220. Additionally, a lower sidewall of the high-k dielectric 
pattern HDP may be exposed by the undercut region UC. For 
example, the vertical lengths of the blocking insulating pat 
tern BIP, the charge storing pattern CTP, and the tunnel insu 
lating pattern TIP may be smaller than a vertical length of the 
high-k dielectric pattern HDP. 
I0131. According to an exemplary embodiment, the tunnel 
insulating pattern TIP and the blocking insulating pattern BIP 
may include a silicon oxide layer. The charge storing pattern 
CTP may include a silicon nitride layer. In this case, an 
isotropic etching process for forming the undercut region UC 
includes an isotropic etching step for the tunnel insulating 
pattern TIP and the blocking insulating pattern BIP and an 
isotropic etching step for the charge storing pattern CTP. The 
charge storing pattern CTP may beformed through a wet etch 
process using, for example, an etchant with phosphoric acid. 
0.132. The tunnel insulating pattern TIP and the blocking 
insulating pattern BIP may be formed through a wet etch 
process using, for example, an etchant including hydrofluoric 
acid and/or sulfuric acid. When the isotropic etching for 
forming the undercut region UC is processed, the first semi 
conductor layer pattern 131 and the high-k dielectric pattern 
HDP (e.g., a dielectric material comprising hafnium (Hf)) 
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may have etch selectivity with respect to the TIP, CTP, and 
BIP. Therefore, the first semiconductor layer pattern 131 and 
the high-k dielectric pattern HDP remains after the isotropic 
etching process for forming the undercut region UC. 
0.133 Referring to FIG. 26, a second semiconductor pat 
tern 133 may be formed in the opening 115 having the under 
cut region UC. The second semiconductor pattern 133 may 
connect the first semiconductor pattern 131 to the semicon 
ductor pillar220. The second semiconductor pattern 133 may 
conformally cover an inner surface of the undercut region UC 
by a depositing process. For example, the second semicon 
ductor pattern 133 may be in contact with bottom surfaces of 
the blocking insulating pattern BIP, the charge storing pattern 
CTP, the tunnel insulating pattern TIP, and the first semicon 
ductor pattern 131. Additionally, the second semiconductor 
pattern 133 may be in contact with the lower sidewall of the 
high-k dielectric pattern HDP. 
0134. A method of forming a vertical insulator of a 3D 
semiconductor memory device according to an exemplary 
embodiment will be described with reference to FIGS. 27 to 
33. FIGS. 27 to 33 are partial cross-sectional views illustrat 
ing a method of fabricating a 3D semiconductor memory 
device according to an exemplary embodiment of the inven 
tive concept. 
0135 Referring FIG. 27, a poly-silicon layer SL may be 
formed to be in contact with the inner sidewall of the opening 
115 (i.e., an inner sidewall of the thin layer-structure 110 
exposed by the opening 115). The high-k dielectric layer 
HDL, the blocking insulating layer BIL, the charge storing 
layer CTL, and the tunnel insulating layer TIL may be 
sequentially stacked on the poly-silicon layer SL. For 
example, the poly-silicon layer SL, the high-k dielectric layer 
HDL, the blocking insulating layer BIL, the charge storing 
layer CTL, and the tunnel insulating layer TIL may constitute 
a vertical insulator 121. 
0.136 Subsequently, the first semiconductor pattern 131, 
the second semiconductor pattern 133, and the filling insulat 
ing pattern 135 may be formed in the opening 115 having the 
vertical insulator 121 as described with reference to FIGS. 8 
to 11. 

0137 Referring to FIG. 28, as described with reference to 
FIG. 12, the trench 140 of FIG. 12 spaced apart from the first 
and second semiconductor patterns 131 and 133 may be 
formed to expose the first and second material layers 111 and 
112. Thereafter, the first material layers 111 exposed by the 
trench 140 of FIG. 12 may be isotropically etched to form 
recess regions 145 respectively exposing portions of the ver 
tical insulator 121. Here, a vertical height of the recess region 
145 may be substantially equal to the thickness of the first 
material layer 111 (i.e., a vertical distance between the second 
material layers 112 vertically adjacent to each other). The 
poly-silicon layer SL may be used as an etch stop layer during 
the isotropic etching process of the first material layers 111. 
The poly-silicon layer SL may prevent the high-k dielectric 
layer HDL from being damaged by the etching solution used 
in the isotropic etching process of the first material layers 111. 
The recess region 145 may expose the poly-silicon layer SL 
of the vertical insulator 121. 
0138 Referring to FIG. 28, the poly-silicon layer SL 
exposed by the recess regions 145 may be removed to expose 
portions of the high-k dielectric layer HDL. Here, the poly 
silicon layer SL may be partially removed by an isotropic dry 
etching process. For example, the poly-silicon layer SL may 
be removed by a gas-phase etching (GPE) process. 

Oct. 17, 2013 

0.139. When the poly-silicon layer SL is partially etched 
by the isotropic dry etching process, a poly-silicon pattern SP 
may remain between the high-k dielectric layer HDL and 
each of the second material layers 112. A vertical thickness of 
the poly-silicon pattern SP may be less than a vertical thick 
ness of the second material layer 112. Thus, portions of side 
walls of the second material layers 112, which are adjacent to 
the recess regions 145, may be exposed. 
0140. Referring to FIG. 30, a re-oxidation process may be 
performed on the poly-silicon patterns SP that remains 
between the high-k dielectric layer HDL and the second 
material layers 112. The re-oxidation process may include a 
rapid thermal oxidation process or an oxygen (O) plasma 
treating process. For example, the rapid thermal oxidation 
process may use oxygen as a reaction gas. 
(0.141. As illustrated in FIG.30, a silicon oxide pattern ISP 
adjacent to the recess region 145 may be locally formed 
between the high-k dielectric layer HDL and the second 
material layer 112 by the re-oxidation process. Alternatively, 
as illustrated in FIG. 32, the poly-silicon pattern SP may be 
completely oxidized by the re-oxidation process. Thus, a 
silicon oxide layer ISP may be formed between the high-k 
dielectric layer HDL and the second material layer 112. Alter 
natively, as illustrated in FIG.33, top and bottom surfaces of 
the second material layers 112 and the high-k dielectric layer 
HDL, which are exposed by the recess regions 145, may be 
oxidized along with the poly-silicon patterns SP during the 
re-oxidation process. Thus, a silicon oxide layer ISP may be 
conformally formed on the inner surface of the recess region 
145 which include a surface of the poly-silicon pattern SP, the 
second material layers 112, and the high-k dielectric layer 
HDL. 
0142. Subsequently, referring to FIG. 31, the gate patterns 
150 may be formed in the recess regions 145, respectively. 
The gate pattern 150 may be in contact with the high-k dielec 
tric layer HDL and the second material layers 112 vertically 
adjacent to the gate pattern 150 as illustrated in FIG. 31. The 
gate pattern 150 may be disposed between the silicon oxide 
patterns ISP vertically adjacent to each other. 
0.143 FIG. 34 is a schematic block diagram illustrating an 
exemplary memory system including a 3D semiconductor 
memory device according to an exemplary embodiment of 
the inventive concept. 
0144. Referring to FIG.34, a memory system 1100 may be 
applied to a personal digital assistant (PDA), a portable com 
puter, a web tablet, a wireless phone, a mobile phone, a digital 
music player, a memory card, or other electronic products. 
The other electronic products may receive or transmit infor 
mation data by wireless. 
0145 The memory system 1100 may include a controller 
1110, an input/output (I/O) unit 1120, a memory device 1130, 
an interface unit 1140, and a data bus 1150. At least two of the 
controller 1110, the I/O unit 1120, the memory device 1130 
and the interface unit 1140 may communicate with each other 
through the data bus 1150. 
0146 The controller 1110 may include a microprocessor, 
a digital signal processor, a microcontroller and/or other logic 
devices. The other logic devices may have a similar function 
to any one of the microprocessor, the digital signal processor 
and the microcontroller. The I/O unit 1120 may receive data 
or signal from the outside of the system 110 or transmit data 
or signal to the outside of the system 1100. For example, the 
I/O unit 1120 may include a keypad, a keyboard and/or a 
display unit. 
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0147 The memory device 1130 includes a 3D semicon 
ductor memory device according to an exemplary embodi 
ment. The memory device 1130 may further include other 
kinds of memory devices including Volatile memory devices 
or non-volatile memory devices. 
0148. The interface unit 1140 may transmit data to a com 
munication network or receive data from the communication 
network. 
014.9 The 3D semiconductor memory devices and the 
memory system according to an exemplary embodiment of 
the inventive concept may be encapsulated using various 
packaging techniques. For example, the 3D semiconductor 
memory devices according to an exemplary embodiment may 
be encapsulated using any one of a package on package (POP) 
technique, a ball grid arrays (BGAS) technique, a chip Scale 
packages (CSPs) technique, a plastic leaded chip carrier 
(PLCC) technique, a plastic dual in-line package (PDIP) tech 
nique, a die in waffle pack technique, a die in wafer form 
technique, a chip on board (COB) technique, a ceramic dual 
in-line package (CERDIP) technique, a plastic metric quad 
flat package (PMOFP) technique, a plastic quad flat package 
(PQFP) technique, a small outline package (SOIC) technique, 
a shrink small outline package (SSOP) technique, a thin 
Small outline package (TSOP) technique, a thin quad flat 
package (TQFP) technique, a system in package (SIP) tech 
nique, a multi chip package (MCP) technique, a wafer-level 
fabricated package (WFP) technique and a wafer-level pro 
cessed stack package (WSP) technique. 
0150 FIG.35 is a schematic block diagram illustrating an 
exemplary memory card including a 3D semiconductor 
memory device according to an exemplary embodiment of 
the inventive concept. 
0151 Referring to FIG.35, a memory card 1200 for stor 
ing massive data may include a flash memory device 1210. 
The flash memory device 1210 includes a 3D semiconductor 
memory device according to an exemplary embodiment of 
the inventive concept. The memory card 1200 according to 
the inventive concept may include a memory controller 1220 
that controls data communication between a host and the flash 
memory device 1210. 
0152. An SRAM device 1221 may be used as an operation 
memory of a central processing unit (CPU) 1222. A host 
interface unit 1223 may be configured to include a data com 
munication protocol of a host connected to the memory card 
1200. An error check and correction (ECC) block 1224 may 
detect and correct errors of data which are read out from the 
memory device 1210. A memory interface unit 1225 may 
interface with the flash memory device 1210 according to the 
inventive concept. The CPU 1222 may perform overall opera 
tions for data exchange of the memory controller 1220. Even 
though not shown in the drawings, the memory card 1200 
may further include a read only memory (ROM) device that 
stores code data to interface with the host. 
0153 FIG. 36 is a schematic block diagram illustrating an 
exemplary of an information processing system including a 
3D Semiconductor memory device according to an exemplary 
embodiment of the inventive concept. 
0154 Referring to FIG. 36, an information processing 
system 1300 such as a mobile device or a desktop computer 
may include a flash memory system 1310. The flash memory 
system 1310 may include a memory controller 1312 and a 
flash memory device 1311. The flash memory device 1311 
includes a 3D semiconductor memory device according to an 
exemplary embodiment of the inventive concept. The infor 
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mation processing system 1300 according to the inventive 
concept may include a MODEM1320, a central processing 
unit (CPU) 1330, a RAM 1340, a user interface unit 1350 that 
are electrically connected the flash memory system 1310 
through a system bus 1360. The flash memory system 1310 
may be substantially the same as the aforementioned memory 
system or flash memory system. Data processed by the CPU 
1330 or data inputted from an external system may be stored 
in the flash memory system 1310. The flash memory system 
1310 may be realized as a solid state disk (SSD). In this case, 
the information processing system 1300 may stably store 
massive data in the flash memory system 1310. Reliability of 
the flash memory system 1310 increases, so that the flash 
memory system 1310 may decrease a resource for correcting 
errors to provide a high speed data exchange function to the 
information processing system 1300. Even though not shown 
in the drawings, the information processing system 1300 
according to the inventive concept may further include an 
application chipset, a camera image processor (CIS), and/or 
an input/output unit. 
0155 According to an exemplary embodiment of the 
inventive concept, the vertical insulator may penetrate the 
stack structure including the gate patterns and the insulating 
patterns alternately and repeated Stacked on the Substrate. The 
Vertical insulator may include the tunnel insulating layer, the 
charge storing layer, the blocking insulating layer, and the 
high-k dielectric layer. For example, the memory elements 
disposed between the gate pattern and the channel structure 
may vertically cross sidewalls of the gate patterns. 
0156 Thus, according to at least one embodiment, the 
vertical height of the stack structure is prevented from 
increasing by an extension of the memory elements which 
may extend between the gate pattern and the insulating pat 
tern. In other words, the vertical height of the stack structure 
is reduced to increase the integration density of the 3D semi 
conductor memory device. 
0157 For convenience of explanation, the above-men 
tioned terms “layer and “pattern” have been used inter 
changeably to indicate a same element according to a manu 
facturing step. For example, a high-k dielectric layer can be 
used as a high-k dielectric pattern in a Subsequent manufac 
turing process. 
0158 While the present inventive concept has been shown 
and described with reference to exemplary embodiments 
thereof, it will be apparent to those of ordinary skill in the art 
that various changes in form and detail may be made therein 
without departing 110 from the spirit and scope of the inven 
tive concept. 

1. A three-dimensional (3D) semiconductor memory 
device comprising: 

a stack structure comprising a plurality of gate patterns and 
a plurality of insulating patterns which are alternately 
and repeatedly stacked on a Substrate; 

a channel structure penetrating the stack structure and con 
nected to the substrate; and 

a vertical insulator comprising a high-k dielectric layer, the 
vertical insulator covered by the channel structure, 
wherein the high-k dielectric pattern is in contact with 
the plurality of gate patterns. 

2. The 3D semiconductor memory device of claim 1, 
wherein the vertical insulator further comprises a plurality of 
capping patterns disposed between the high-k dielectric layer 
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and the plurality of insulating patterns, the plurality of cap 
ping patterns separated from each other by the plurality of 
gate patterns. 

3. The 3D semiconductor memory device of claim 1, 
wherein the vertical insulator further comprises a blocking 
insulating layer disposed on the high-k dielectric layer, a 
charge storing layer disposed on the blocking insulating layer, 
and a tunnel insulating layer disposed on the charge storing 
layer, 

and wherein a lower portion of the high-k dielectric layer is 
not covered by the blocking insulating layer. 

4. The 3D semiconductor memory device of claim 3, 
wherein the channel structure covers the lower portion of the 
high-k dielectric layer. 

5. The 3D semiconductor memory device of claim 3, 
wherein the high-k dielectric layer includes an aluminum 
oxide layer, a hafnium oxide layer, a Zirconium oxide layer, a 
tantalum oxide layer, or a titanium oxide layer. 

6. The 3D semiconductor memory device of claim 5, 
wherein the tunnel insulating layer comprises a silicon oxide 
layer, 

wherein the blocking insulating layer includes a silicon 
oxide layer, and 

wherein the charge storing layer comprises a trap insulat 
ing layer or a insulating layer comprising conductive 
nano dots, the trap insulating layer having a energy band 
gap less than that of the tunnel insulating layer and the 
blocking insulating layer. 

7. The 3D semiconductor memory device of claim 1, 
wherein the plurality of gate patterns comprises metal nitrides 
or metal silicides. 

8. The 3D semiconductor memory device of claim 1, 
wherein the channel structure comprises: 

a first semiconductor layer covering a sidewall of the ver 
tical insulator opposite to the stack structure; and 

a second semiconductor layer being in contact with the 
Substrate and the first semiconductor layer, the second 
semiconductor layer electrically connecting the first 
semiconductor layer to the Substrate. 

9.-15. (canceled) 
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16. A three-dimensional (3D) semiconductor memory 
device comprising: 

a Substrate; 
a channel structure extended in a first direction perpendicu 

lar to the substrate, the channel structure connected to 
the substrate; 

a vertical insulator comprising a high-k dielectric layer 
disposed on the channel structure; 

a first metal gate pattern and a second metal gate pattern 
disposed on the high-k dielectric layer, wherein the first 
and the second metal gate patterns are extended in a 
second direction parallel to the Substrate and are spaced 
apart from each other in the first direction; and 

an insulating pattern disposed between the first and the 
second metal gate patterns. 

17. The 3D semiconductor memory device of claim 16 
further comprising a capping pattern disposed between the 
high-k dielectric layer and the insulating pattern. 

18. The 3D semiconductor memory device of claim 16 
further comprising a pair of poly-silicon patterns and a silicon 
oxide pattern disposed between the high-k dielectric layer 
and the insulating pattern, wherein the silicon oxide pattern 
are arranged between the pair of poly-silicon patterns in the 
first direction. 

19. The 3D semiconductor memory device of claim 16 
further comprising a silicon oxide pattern disposed between 
the high-k dielectric layer and the insulating pattern. 

20. The 3D semiconductor memory device of claim 16 
further comprising: 

a first silicon oxide pattern disposed among the first metal 
gate pattern, insulating pattern and the high-k dielectric 
layer; 

a second silicon oxide pattern disposed among the second 
metal gate pattern, insulating pattern and the high-k 
dielectric layer; and 

a poly-silicon pattern disposed between the insulating pat 
tern and the high-k dielectric layer and disposed 
between the first and the second silicon oxide patterns. 

k k k k k 

Sandisk Technologies, Inc. - Ex. 1033, Page 000039




