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(57) ABSTRACT 

Methods of manufacturing a three-dimensional semiconduc 
tor device are provided. The method includes: forming a thin 
film structure, where first and second material layers of at 
least 2n (n is an integer more than 2) are alternately and 
repeatedly stacked, on a Substrate; wherein the first material 
layer applies a stress in a range of about 0.1x109 dyne/cm to 
about 10x109 dyne/cm to the substrate and the second mate 
rial layer applies a stress in a range of about -0.1 x 109 dyne/ 
cm to about -10x109 dyne/cm to the substrate. 
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METHODS OF MANUFACTURING 
THREE-DIMIENSIONAL SEMCONDUCTOR 

MEMORY DEVICES 

CLAIM OF PRIORITY 

0001. This application claims priority to Korean Patent 
Application No. 10-2010-0090186, filed Sep. 14, 2010 and 
Korean Patent Application No. 10-2010-0103017, filed Oct. 
21, 2010, the disclosures of which are hereby incorporated 
herein by reference as if set forth in their entirety. 

FIELD 

0002 The present inventive concept relates to three-di 
mensional semiconductor devices and, more particularly, to 
methods of manufacturing three-dimensional semiconductor 
memory devices having a plurality of sequentially-stacked 
thin layers. 

BACKGROUND 

0003. In order to provide good performance and low 
prices, integration in three-dimensional semiconductor 
devices has been increased. In semiconductor memory 
devices, since its degree of integration is an important factor 
for determining a product’s price, its increased integration is 
beneficial. In two-dimensional or planar semiconductor 
memory devices, since its degree of integration is mainly 
determined by an area that a unit memory cell occupies, it is 
greatly affected by a level of a fine pattern formation tech 
nique. However, since expensive equipment is typically 
required for forming Small patterns, although the degree of 
integration is a two-dimensional semiconductor memory is 
increased, it is still limited. 
0004 To address these problems, a three-dimensional 
memory device having a plurality of three-dimensionally 
arranged memory cells is suggested. However, in order for 
mass production of a three-dimensional semiconductor 
memory device, process technologies, which may reduce 
manufacturing cost per bit to less than that of a two-dimen 
sional semiconductor memory device and realize reliable 
product characteristics, are required. 

SUMMARY 

0005. The present disclosure provides methods of manu 
facturing a three-dimensional semiconductor device with 
improved reliability and productivity. 
0006 Embodiments of the inventive concept provide 
methods of manufacturing a three-dimensional semiconduc 
tor device, the methods including: forming a thin film struc 
ture, where first and second material layers of at least 2n (n is 
an integer more than2) are alternately and repeatedly stacked, 
on a Substrate; wherein the first material layer applies a stress 
in a range of about 0.1x109 dyne/cm to about 10x109 dyne/ 
cm to the substrate and the second material layer applies a 
stress in a range of about -0.1x109 dyne/cm to about -10x 
109 dyne/cm to the substrate. 
0007. In other embodiments of the inventive concept, 
methods of manufacturing a three-dimensional device 
include: loading a substrate into one chamber; alternately and 
repeatedly stacking oxide layers and sacrificial layers in the 
chamber; and unloading the Substrate from the chamber, 
wherein an oxygen gas used to deposit the oxide layers 
includes nitrous oxide. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0008. The accompanying drawings are included to pro 
vide a further understanding of the inventive concept, and are 
incorporated in and constitute a part of this specification. The 
drawings illustrate exemplary embodiments of the inventive 
concept and, together with the description, serve to explain 
principles of the inventive concept. In the drawings: 
0009 FIG. 1 is a schematic circuit diagram illustrating a 
cell array of a three-dimensional semiconductor device 
according to some embodiments of the inventive concept. 
0010 FIG. 2 is a perspective view illustrating a cell array 
of a three-dimensional semiconductor device according to 
Some embodiment of the inventive concept. 
0011 FIG. 3 is a diagram illustrating a three-dimensional 
semiconductor device according to Some embodiments of the 
inventive concept. 
0012 FIGS. 4A through 4C are diagrams illustrating 
methods of forming a thin film structure for a three-dimen 
sional semiconductor device according to Some embodiments 
of the inventive concept. 
0013 FIG. 5 is a flowchart illustrating processing steps in 
the fabrication of a thin film structure of a three-dimensional 
semiconductor device according to Some embodiments of the 
inventive concept. 
0014 FIGS. 6A through 6D are wafer particle maps illus 
trating occurrences of particles in gas reaction tests in accor 
dance with Some embodiments of the present inventive con 
cept. 
(0015 FIGS. 7through 14 are perspective views illustrat 
ing processing steps in the fabrication of three-dimensional 
semiconductor memory devices according to some embodi 
ments of the inventive concept. 
0016 FIGS. 15A through 15C are diagrams illustrating 
portions of FIG. 14 in accordance with some embodiments of 
the present inventive concept. 
(0017 FIGS. 16 and 17 are perspective views illustrating a 
three-dimensional semiconductor memory device according 
to some embodiments of the inventive concept. 
0018 FIG. 18 is a schematic block diagram illustrating 
examples of a memory system including a semiconductor 
memory device in accordance with some embodiments of the 
present inventive concept. 
0019 FIG. 19 is a schematic block diagram illustrating 
examples of a memory card including a semiconductor 
memory device in accordance with some embodiments of the 
present inventive concept. 
0020 FIG. 20 is a schematic block diagram illustrating 
examples of an information processing system mounting a 
semiconductor memory device in accordance with some 
embodiments of the present inventive concept. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0021 Advantages and features of the present inventive 
concept and methods of accomplishing the same may be 
understood more readily by reference to the following 
detailed description of preferred embodiments and the 
accompanying drawings. The present inventive concept may, 
however, be embodied in many differentforms and should not 
be construed as being limited to the embodiments set forth 
herein. Rather, these embodiments are provided so that this 
disclosure will be thorough and complete and will fully con 
vey the concept of the inventive concept to those skilled in the 
art, and the present inventive concept will only be defined by 
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the appended claims. In the drawings, the thickness of layers 
and regions are exaggerated for clarity. 
0022. It will be understood that when an element or layer 

is referred to as being “on or “connected to another element 
or layer, it can be directly on or connected to the other element 
or layer or intervening elements or layers may be present. In 
contrast, when an element is referred to as being “directly on 
or “directly connected to another element or layer, there are 
no intervening elements or layers present. Like numbers refer 
to like elements throughout. As used herein, the term “and/or 
includes any and all combinations of one or more of the 
associated listed items. 
0023 Spatially relative terms, such as “below,” “beneath.” 
“lower,” “above.” “upper,” and the like, may be used herein 
for ease of description to describe one element or feature's 
relationship to another element(s) or feature(s) as illustrated 
in the figures. It will be understood that the spatially relative 
terms are intended to encompass different orientations of the 
device in use or operation in addition to the orientation 
depicted in the figures. 
0024. Embodiments described herein will be described 
referring to plan views and/or cross-sectional views by way of 
ideal schematic views of the inventive concept. Accordingly, 
the exemplary views may be modified depending on manu 
facturing technologies and/or tolerances. Therefore, the 
embodiments of the inventive concept are not limited to those 
shown in the views, but include modifications in configura 
tion formed on the basis of manufacturing processes. There 
fore, regions exemplified in figures have schematic properties 
and shapes of regions shown in figures exemplify specific 
shapes of regions of elements and not limit aspects of the 
inventive concept. 
0025. Unless otherwise defined, all terms (including tech 
nical and Scientific terms) used herein have the same meaning 
as commonly understood by one of ordinary skill in the art to 
which this inventive concept belongs. It will be further under 
stood that terms, such as those defined in commonly used 
dictionaries, should be interpreted as having a meaning that is 
consistent with their meaning in the context of the relevant art 
and the present disclosure, and will not be interpreted in an 
idealized or overly formal sense unless expressly so defined 
herein. 

0026. Hereinafter, a three-dimensional semiconductor 
device according to Some embodiments of the inventive con 
cept and methods of manufacturing the same will be dis 
cussed with respect to FIGS. 1 through 20. As will be dis 
cussed, three-dimensional semiconductor devices according 
to embodiments of the inventive concept may include a cell 
array region, a peripheral circuit region, and a connection 
region. In the cell array region, a plurality of memory cells, bit 
lines and word lines for electrical connections of the memory 
cells are disposed. In the peripheral circuit region, peripheral 
circuits for driving the memory cells and reading data stored 
in the memory cells are formed. More specifically, a word line 
driver, a sense amplifier, row and column decoders, and con 
trol circuit may be disposed in the peripheral circuit region. 
The connection region may be disposed between the cell 
array region and the peripheral circuit region and wiring 
structures connecting the word lines with the peripheral cir 
cuit electrically may be disposed in the connection region. 
0027 FIG. 1 is a schematic circuit diagram illustrating a 
cell array of three-dimensional semiconductor devices 
according to some embodiments of the inventive concept. 
FIG. 2 is a perspective view illustrating a cell array region of 
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three-dimensional semiconductor devices according to some 
embodiments of the inventive concept. 
(0028. Referring first to FIG. 1, a cell array of the three 
dimensional semiconductor memory device may include a 
common source line CSL, a plurality of bit lines BL, and a 
plurality of cell strings CSTR between the common source 
line CSL and the bit lines BL. 
0029. The bit lines BL are two-dimensionally arranged 
and a plurality of cell strings CSTR is connected in parallel to 
the bit lines, respectively. The cell strings CSTR may be 
commonly connected to the common source line CSL. In 
other words, a plurality of cell strings CSTR may be disposed 
between the plurality of bit lines and one common source line 
CSL. In some embodiments, the common source lines CSL 
may be two-dimensionally arranged. Here, the same Voltage 
may be applied to the common Source lines CSL and each of 
the common source lines CSL may be electrically controlled. 
0030 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 a bit 
line BL, and a plurality or memory cell transistors MCT 
between the ground and string selection transistors GST and 
SST. Moreover, the ground selection transistor GST, the 
string selection transistor SST, and the memory cell transis 
tors MCT may be connected in series. 
0031. The common source line CSL may be commonly 
connected to sources of the ground selection transistors GST. 
Furthermore, the ground selection line GSL, the plurality of 
word lines WLO to WL3, and the plurality of string selection 
lines SSL between the common source line CSL and the bit 
lines BL may serve as gate electrodes of a the ground selec 
tion transistor GST, the memory cell transistors MCT, and the 
string selection transistors SST, respectively. Additionally, 
each of the memory cell transistors MCT includes a data 
storage element, 
0032 Referring now to FIG. 2, the common source line 
CSL may be an impurity region formed in a conductive thin 
layer on the substrate 100 or in the substrate 100. The bit lines 
BL may be conductive patterns, for example, a metal line, 
spaced from the substrate 100 and disposed thereon. The bit 
lines BL are two-dimensionally arranged, and a plurality of 
cell strings CSTR are connected in parallel to the respective 
bit lines BL. Accordingly, the cell strings CSTR are two 
dimensionally arranged on the common Source line CSL or 
the Substrate 100. 
0033. Each of the cell strings CSTR includes a plurality of 
ground selection lines GSL1 and GSL2 between the common 
source line CSL and the bit lines BL, a plurality of word lines 
WL0 to WL3, and a plurality of string selection lines SSL1 
and SSL2. In some embodiments, the plurality of string selec 
tion lines SSL1 and SSL2 may constitute the string selection 
lines SSL of FIG. 2 and the plurality of ground selection liens 
GSL1 and GSL2 may constitute the ground selection lines 
GSL of FIG. 2. Moreover, the ground selection lines GSL1 
and GSL2, the word lines WL1 to WL3, and the string selec 
tion lines SSL1 and SSL2 may be conductive patterns stacked 
on the substrate 100. 
0034 Additionally, each of the cell strings CSTR may 
include a semiconductor pillar (or, a vertical semiconductor 
pattern; PL) that vertically extends from the common source 
line CSL to connect to the bit line BL. The semiconductor 
pillars PL may be formed to penetrate the ground selection 
lines GSL1 and GSL2, the word lines WLO to WL3, and the 
string selection lines SSL1 and SSL2. That is, the semicon 
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ductor pillars PL may penetrate a plurality of conductive 
patterns stacked on the substrate 100. Furthermore, the semi 
conductor pillar PL includes a main body B and impurity 
regions D at one end or both sides of the main body B. For 
example, a drain region D may be formed at a top, i.e., 
between the main body Band the bit line BL, of the semicon 
ductor pillar PL. 
0035. A data storage layer DS may be disposed between 
the word lines WLO to WL3 and the semiconductorpillars PL. 
According to Some embodiments, the data storage layer DS 
may be a charge storage layer. For example, the data storage 
layer DS may be one of a trap insulation layer and an insula 
tion layer including a floating gate electrode or conductive 
nano dots. 
0036. A dielectric layer serving as a gate insulation layer 
of a transistor may be disposed between the ground selection 
lines GSL1 and GSL2 and the semiconductor pillars PL or 
between the string selection lines SSL1 and SSL2 and the 
semiconductor pillar PL. Here, the dielectric layer may be 
formed of the same material as the data storage layer DS, and 
may be a gate insulation layer, for example, a silicon oxide 
layer, for a typical Metal Oxide Silicon Field Effect Transistor 
(MOSFET). 
0037. In this structure, the semiconductor pillars PL 
together with the ground selection lines GSL1 and GSL2, the 
word lines WL0 to WL3, and the string selection lines SSL1 
and SSL2 may constitute a MOSFET using the semiconduc 
torpillar as a channel region. Unlike this, the semiconductor 
pillars PL together with the ground selection lines GSL1 and 
GSL2, the word lines WL0 to WL3, and the string selection 
lines SSL1 and SSL2 may constitute a Metal Oxide Silicon 
(MOS) capacitor. 
0038. In these embodiments, the ground selection lines 
GSL1 and GSL2, the plurality of word lines WLO to WL3, the 
plurality of string selection lines SSL1 and SSL2 may serve as 
gate electrodes of a selection transistor and a cell transistor, 
respectively. Moreover, due to a fringe field occurring from a 
voltage applied to the ground selection lines GSL1 and GSL2. 
the word lines WL0 to WL3, and the string selection lines 
SSL1 and SSL2, inversion regions may be formed in the 
semiconductor pillars PL. Here, the maximum distance or 
width of the inversion region may be greater than a thickness 
of a word line or a selection line generating the inversion 
region. Accordingly, the inversion regions in the semiconduc 
torpillar vertically overlap, thereby forming a current path for 
electrically connecting a bit line selected from the common 
source line CSL. 
0039 That is, the cell string CSTR may have a structure in 
which ground and string transistors constituted by the lower 
and upper selection lines GSL1, GSL2, SSL1, and SSL2 are 
connected in series to the cell transistors MCT of FIG. 2 
constituted by the word lines WLO to WL3. 
0040. Operation of the three-dimensional memory device 
described with reference to FIGS. 1 and 2 will be briefly 
described as follows. The operation of the three-dimensional 
memory device is not limited thereto and may be diversely 
modified. First, a program operation for writing data on 
memory cells will be described. The same voltage may be 
applied to the word lines WL0 to WL3 at the same layer and 
respectively different voltages may be applied to the word 
lines WLO to WL3 at respectively different layers. Moreover, 
a program voltage VPGM is applied to the word lines WL0 to 
WL3 of a layer including a selected memory cell and a pass 
voltage VPASS is applied to the word lines WLO to WL3 of an 
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unselected layer. Here, the program Voltage is a high Voltage 
of about 10 V to about 20 V and the pass voltage VPASS is a 
Voltage for turning on memory cell transistors. Additionally, 
about 0 V is applied to a bit line BL connected to a selected 
memory cell transistor and a Voltage Vcc, i.e., a power Supply 
voltage, is applied to other bit lines BL. Moreover, about 0V. 
i.e., a ground Voltage, is applied to the ground selection lines 
GSL so that all the ground selection transistors are turned off. 
Furthermore, a Voltage Vcc is applied to the selected String 
selection line SSL and about 0 V is applied to the unselected 
string selection line SSL. Under this Voltage condition, a 
selected string selection transistor SST and memory cell tran 
sistors MCT in the selected cell string CSTR may be turned 
on. Therefore, a channel of the memory cell transistors MCT 
in the selected cell string CSTR is equipotential with the 
selected bit line BL, i.e., about 0 V. At this point, since a 
program voltage VPGM of a high voltage is applied to the 
word lines WL0 to WL3 of the selected memory cell transis 
tor MCT, an F-N tunneling phenomenon occurs so that data 
may be written on the selected memory cell transistor. 
0041. Then, a read operation for reading data written on 
memory cells will be described. The same voltage may be 
applied to the word lines WL0 to WL3 at the same layer and 
respectively different voltages may be applied to the word 
lines WL0 to WL3 at respectively different layers. In particu 
lar, for a read operation, about 0V is applied to the word lines 
WL0 to WL3 connected to a selected memory cell transistor 
MCT and a read voltage Vread is applied to the word lines 
WL0 to WL3 of unselected memory cell transistors at a 
different layer. Here, the read voltage Vread is a voltage for 
turning on the unselected memory cell transistors. Moreover, 
a bit line voltage of about 0.4V to about 0.9 V may be applied 
to a selected bit line BL and about 0 V is applied to other bit 
lines BL. Moreover, about 0 V is applied to the common 
source line CSL and a read voltage Vread is applied to the 
ground selection lines GSL, so that a channel of the selected 
memory cell transistor MCT may be connected to the com 
mon source line CSL. Additionally, a read voltage Vread is 
applied to the selected string selection line SSL and about OV 
is applied to the unselected string selection line SSL. Under 
this Voltage condition, according to data (0 or 1) of the 
selected memory cell, the memory cell transistor MCT may 
be turned on or off. When the selected memory cell transistor 
MCT is turned on, current flow may occur in the cell string 
CSTR and a change of current flowing in the cell string CSTR 
may be sensed through the selected bit line BL. 
0042. For example, after electrons are stored in the 
selected memory cell transistor MCT, the selected memory 
cell transistor MCT is turned off and a voltage of the selected 
bit line BL is not delivered to the common source region CSL. 
Unlike this, when electrons are not stored in the selected 
memory cell transistor MCT, the selected memory cell is 
turned on by a read voltage and a voltage of the bit line BL is 
delivered to the common source line CSL. 

0043. Then, an erase operation of a three-dimensional 
semiconductor device will be described. According to some 
embodiments, the erase operation may be performed by emit 
ting charges stored in the memory cell transistor MCT to the 
semiconductor pillar PL. According to further embodiments, 
the erase operation may be performed by injecting charges 
having an opposite type to charges stored in the data storage 
layer into the data storage layer. According to still further 
embodiments, one of memory cell transistors may be selected 
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and erased or memory cell transistors MCT of a block unit 
may be simultaneously erased. 
0044) Referring now to FIG.3, a view illustrating methods 
of manufacturing a three-dimensional semiconductor device 
according to some embodiments of the inventive concept will 
be discussed. As illustrated in FIG. 3, in the three-dimen 
sional semiconductor device, in order to form three-dimen 
sionally arranged word lines, a thin film structure ST, where a 
plurality of first and second material layers 10 and 20 are 
alternately and repeatedly stacked, may be formed on a Sub 
strate 100. Here, the first and second material layers may be 
continuously stacked with at least more than 2n, n being an 
integer greater than 2, layers. 
0045. This thin film structure ST may provide stress to the 
substrate 100, i.e., a wafer, and due to this, as shown in FIG. 
3, a warpage phenomenon may occur. Moreover, as stress 
applied on the Substrate 100 is increased, a warpage phenom 
enon of the substrate 100 becomes worse and cracks between 
the first and second material layers 10 and 20 may occur. 
Additionally, as the substrate 100 becomes bent, a process 
margin becomes changed during a following process or a 
process error may occur in semiconductor equipment. 
0046 Meanwhile, according to embodiments of the inven 

tive concept, stress applied to the substrate 100 by the thin 
film structure ST may be alleviated by adjusting the first and 
second material layers 10 and 20 constituting the thin film 
structure ST. Accordingly, cracks of the first and second mate 
rial layer 10 and 20 may be prevented and a warpage phe 
nomenon of the substrate 100 may be suppressed. Accord 
ingly, process errors in manufacturing processes of the three 
dimensional semiconductor device may be reduced and 
furthermore, productivity of manufacturing processes for a 
semiconductor device may be improved. 
0047 Referring now to FIGS. 4A through 4C, methods of 
forming a thin film structure in a three-dimensional semicon 
ductor device according to some embodiments of the inven 
tive concept will be discussed. FIG. 4A through 4C are views 
illustrating methods of forming a thin film structure in a 
three-dimensional semiconductor device according to some 
embodiments of the inventive concept. Referring first to FIG. 
4A, the thin film structure ST of FIG.3 may be formed on a 
substrate 100 by alternately and repeatedly stacking first 
material layers 10 and second material layers 20. 
0048. The first material layers 10 and the second material 
layers 20 may be layers having tensile stress and/or compres 
sive stress. According to some embodiments, the first material 
layers 10 and the second material layers 20 may have stresses 
of respectively opposite types. For example, the first material 
layers 10 may be layers having tensile stress and the second 
material layers 20 may be layers having compressive stress. 
That is, according to Some embodiments, the thin film struc 
ture may have tensile stress layers and compressive stress 
layers, which are alternately and repeatedly stacked. Accord 
ing to some embodiments, the first material layers 10 and the 
second material layers 20 may have a high etch selectivity 
during a wet etching process and may have a low etch selec 
tivity during a dry etching process. Additionally, the first 
material layers 10 and the second material layers 20 may have 
the same thickness or respectively different thicknesses. 
0049. The first material layers 10 and the second material 
layers 20 may be deposited through thermal chemical vapor 
deposition (CVD), plasma enhanced (PE) CVD, physical 
CVD, or atomic layer deposition (ALD). 
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0050. According to some embodiments, the first material 
layers 10 and the second material layers 20 may be deposited 
under a plasma atmosphere after plasma is generated from a 
reaction gas. For example, the first material layers 10 and the 
second material layers 20 may be deposited through plasma 
deposition equipment of a remote plasma CVD method, a 
microwave plasma CVD method, an inductively coupled 
plasma (ICP) method, a dual frequency capacitively coupled 
plasma (CCP) method, a helicon plasma CVD method, or a 
high density plasma method. 
0051. The first material layers 10 may be at least one of a 
silicon layer, a silicon oxide layer, a silicon carbide layer, a 
silicon oxynitride layer, and a silicon nitride layer. The sec 
ond material layers 20 may be at least one of a silicon layer, a 
silicon oxide layer, a silicon carbide layer, a silicon oxynitride 
layer, and a silicon nitride layer and may be formed of a 
different material than the first material layer 10. 
0052. The first material layers 10 may be formed of a 
silicon nitride layer and the second material layers 20 may be 
formed of a silicon oxide layer. Moreover, a silicon oxide 
layer constituting the second material layer 20 may be a high 
density plasma (HDP) oxide layer, or may be formed of 
TetraEthylorthoSilicate (TEOS), Plasma Enhanced Tetra 
EthylOrthoSilicate (PE-TEOS), 03-Tetra Ethyl Ortho Sili 
cate (03-TEOS), Undoped Silicate Glass (USG), Phospho 
Silicate Glass (PSG), Borosilicate Glass (BSG), 
BoroPhosphoSilicate Glass (BPSG), Fluoride Silicate Glass 
(FSG), Spin On Glass (SOG), Tonen SilaZene (TOSZ) or 
combinations thereof. 

0053. In the thin film structure, when the first material 
layers 10 are formed through LP-CVD or thermal-CVD, ten 
sile stress applied to the substrate 100 may be increased. 
Accordingly, a warpage phenomenon of the Substrate 100 
becomes worse and cracks between the first and second mate 
rial layers 10 and 20 may occur. 
0054 Additionally, when a silicon nitride layer is formed 
through an LP-CVD method, since it is formed in a chamber 
of a batch type, the silicon nitride layer may be deposited on 
the front and rear of the substrate 100. Accordingly, a process 
for removing the silicon nitride layer deposited on the rear of 
the substrate 100 is required to perform the next process. 
0055 Meanwhile, according to some embodiments, the 

first and second material layers 10 and 20 may be formed 
through a PE-CVD method. When the PE-CVD method is 
used to form the first and second material layers 10 and 20, 
stresses of the first and second material layers 10 and 20 may 
vary according to a composition and/or thickness of a reaction 
Substance. Additionally, stresses of the first and second mate 
rial layers 10 and 20 may vary according to changes of depo 
sition parameters such as a deposition temperature, an RF 
power, a pressure, a reaction gas mixing rate during a PE 
CVD process and a concentration and a reaction type of a 
carrier gas. 
0056. Additionally, when a PE-CVD process is performed 
in a chamber of a single type, a process for removing a thin 
film structure on the rear of the substrate 100 (which is formed 
when the thin film structure is formed in a chamber of a batch 
type) may be omitted. 
0057 According to some embodiments, a silicon nitride 
layer (i.e., the first material layer 10) may have tensile stress 
and a silicon oxide layer (i.e., the second material layer 20) 
may have compressive stress. That is, the thin film structure 
may be formed by alternately and repeatedly stacking a ten 
sile stress layer and a compressive stress layer. 
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0058 According to some embodiments, the stacking of 
the silicon nitride layer and the silicon oxide layer alternately 
and repeatedly may be performed in-situ in a sealed chamber 
where a PE-CVD process is performed. In particular, the 
forming of the thin film structure includes forming a silicon 
nitride layer using silicon source gas and nitrogen Source gas, 
performing a first purge process, forming a siliconoxide layer 
using silicon Source gas and oxygen Source gas, and perform 
ing a second purge process. 
0059. In particular, when the silicon nitride layer is formed 
using a PE-CVD method, it may be deposited using silicon 
Source gas and nitrogen source gas. Here, the silicon Source 
gas may be at least one of SiH4. Si-H. SiHCl, and SiH2Cl2 
and the nitrogen source gas maybe NH and/or N. Addition 
ally, the carrier gas may be N- and/or He gas. 
0060. The silicon nitride layer formed through the above 
deposition process may contain hydrogen and also include 
Si N bonding, N—H bonding, Si-H bonding, and Si-O 
bonding. Moreover, stress of a silicon nitride layer may vary 
according to a hydrogen content and a ratio of N-H bonding/ 
Si-H bonding. In particular, as a ratio of N–H bonding/ 
Si-H bonding is decreased, tensile stress is increased and as 
a ratio of N-H bonding/Si-H bonding is increased, com 
pressive stress is increased. Furthermore, in relation to the 
silicon nitride layer, a hydrogen content and a ratio of N–H 
bonding/Si-H bonding may vary according to a deposition 
temperature of the silicon nitride layer. In particular, as a 
deposition temperature is increased during the forming of the 
silicon nitride layer, a hydrogen content and a ratio of N—H 
bonding/Si-H bonding in the silicon nitride layer may be 
reduced. 
0061. When a silicon oxide layer is formed using a PE 
CVD method, it may be deposited using silicon Source gas or 
oxygen Source gas. Here, silicon Source gas may be at least 
one of SiH, Si-H. SiHCl, SiHCl, and TEOS and the 
oxygen Source gas may be NO, O, and/or Os (oZone). The 
silicon oxide layer formed through the deposition process 
may include Si-O and Si-OH bonding and as Si-OH 
bonding is decreased compressive stress may be increased. 
0062 According to some embodiments, a silicon nitride 
layer may be formed at a deposition temperature of about 
250° C. to about 650° C. Additionally, the silicon nitridelayer 
may beformed in a sealed chamber with SiH gas of about 10 
sccm to about 100 sccm, NH gas of about 10 sccm to 100 
sccm, N gas of about 1.0 sccm to about 5.0 sccm, and RF 
power of about 50 W to about 10000 W. The silicon nitride 
layer may have an N H bonding/Si-H bonding ratio of 
about 1.0 to about 5.0 and may have a stress of about 0.1x10 
dyne/cm to about 10x10 dyne/cm. 
0063. According to some embodiments, a silicon nitride 
layer may be formed at a deposition temperature of about 
250° C. to about 650° C. Additionally, the silicon nitridelayer 
may beformed in a sealed chamber with SiH gas of about 10 
sccm to about 100 sccm, NO gas or 0 of about 10 sccm to 
100 sccm, and RF power of about 50W to about 10000 W. The 
silicon nitride layer may have a stress of about -0.1x10 
dyne/cm to about -10x10 dyne/cm. 
0064. Thus, since a thin film structure is formed by alter 
nately and repeatedly stacking tensile stress layers and com 
pressive stress layers, stress applied to the substrate 100 by 
the thin film structure may be adjusted. That is, as shown in 
FIG. 4A, stress applied to the substrate 100 may be cancelled 
out by the tensile stress of the first material layers and the 
compressive stress of the second material layers 20. Accord 
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ingly, the stress applied to the substrate 100 by the thin film 
structure is reduced so that the warpage of the substrate 100 
may be suppressed as shown in FIG. 3. Moreover, according 
to Some embodiments, after forming a thin film structure on 
the substrate 100, the degree of warpage in the substrate 100, 
i.e., a warpage height WH of FIG. 3 between the center and 
edge of the substrate 100, may be reduced to less than about 
+200 um. 
0065. Moreover, according to further embodiments, the 

first material layer 10 formed of a silicon nitride layer may 
have compressive stress and the second material formed of a 
silicon oxide layer may have tensile stress. For example, 
through a PE-CVD method, the silicon nitride layer having a 
ratio of N–H bonding/Si-H bonding ratio of about 5 to 
about 20 may be formed by changing deposition parameters 
in a PE-CVD process such as temperature, RF power, pres 
Sure, a reaction gas mixing rate, and a reaction type. 
0.066 Furthermore, according to still further embodi 
ments, in order to reduce tensile stress of the silicon nitride 
layer, a hydrogen processing process is performed to increase 
a hydrogen content in the silicon nitride layer. On the con 
trary, in order to increase tensile stress applied to the Substrate 
100 by the silicon nitride layer, a plasma processing process 
using nitrogen radicals may be performed. Accordingly, 
Si N bonding may become denser in the silicon nitride 
layer. 
0067. Additionally, according to some embodiments, after 
a silicon oxide layer having compressive stress is formed of 
the second material layer 20, a dehydrogenation process is 
performed to reduce the compressive stress of the silicon 
oxide layer. For example, the dehydrogenation includes per 
forming a plasma process, UV process, or a thermal process 
at a dehydrogenation gas atmosphere and the dehydrogena 
tion gas may be N, O, O, NO, and combinations thereof. 
Thus, once a dehydrogenation process is performed on the 
silicon oxide layer, Si-OH bonding is reduced in the silicon 
oxide layer so that hydrogen ions may be reduced and tensile 
stress may be increased by a Void formed in the dehydroge 
nated silicon oxide layer. 
0068 According to still further embodiments, first and 
second material layers 10 and 20 are alternately and repeat 
edly stacked to form a thin film structure. The first material 
layers 10 may be formed of a silicon nitride layer having 
compressive stress and the second material layers 20 may be 
formed of a silicon oxide layer such as PhosphoSilicate Glass 
(PSG), Borosilicate Glass (BSG), and BoroPhosphoSilicate 
Glass (BPSG). Here, an impurity such as Ge ion may be 
implanted into or a UV processing process may be formed on 
the silicon nitride layer having compressive stress. Accord 
ingly, after the forming of the silicon nitride layer having 
compressive stress, processes for alleviating the compressive 
stress are performed so that the stress of the thin film structure 
having alternately and repeatedly stacked first and second 
material layers may be alleviated. 
0069. As illustrated in embodiments of FIG. 4B, first 
material layers 10a and 10b and second material layers 110 
are alternately and repeatedly stacked to form a thin film 
structure and the first material layers 10a and 10b may have 
tensile or compressive stress. 
(0070 For example, the first material layers 10a and 10b 
are stacked with the second material layer 110 interposed and 
at this point, in relation to the first and second material layers 
10a and 10b, a silicon nitride layer having tensile stress and a 
silicon nitride layer having compressive stress may be alter 
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nately stacked. Also, the second material layers 110 may be 
formed of a silicon oxide layer such as PhosphoSilicate Glass 
(PSG), Borosilicate Glass (BSG), and BoroPhosphoSilicate 
Glass (BPSG). That is, a silicon nitride layer having tensile 
stress, a silicon oxide layer, a silicon nitride layer having 
compressive stress, and a silicon oxide layer may be sequen 
tially and repeatedly formed on the substrate 100. Accord 
ingly, stress applied to the Substrate may be alleviated by a 
thin film structure formed of the plurality of first and second 
material layers 10a, 10b, and 110, 
0071. According to embodiments illustrated in FIG. 4C, 

first and second material layers 10a, 10b, and 110 are alter 
nately and repeatedly stacked to formathin film structure and 
the first material layers 10a and 10b may have tensile or 
compressive stress. Here, the first material layers 10a and 10b 
constituting a bottom of the thin film structure may apply 
tensile stress on the substrate 100 and the first material layers 
10a and 10b constituting a top of the thin film structure may 
apply compressive stress on the substrate 100. For this, the 
first material layers 10a and 10b may be formed of a silicon 
nitride layer formed using a PE-CVD method and the first 
material layers 10a and 10b constituting a bottom of the thin 
film structure may have a N–H bonding/Si-H bonding ratio 
of about 1 to about 5. The first material layers 10a and 10b 
constituting a top of the thin film structure may have an N H 
bonding/Si-H bonding ratio of about 5 to about 110. Fur 
thermore, the first material layers 10a and 10b constituting a 
bottom of the thin film structure may be formed at a first 
deposition temperature and the first material layers 10a and 
10b constituting a top of the thin film structure may beformed 
at a second deposition temperature lower than the first depo 
sition temperature. 
0072 According to embodiments of the inventive concept, 
while the first and second material layers 10 and 20 may be 
repeatedly stacked, a deposition condition may be changed 
according to the degree of warpage in the substrate 100. For 
example, when the first and second material layers 10 and 20 
are deposited using a PE-CVD method, deposition param 
eters such as temperature, RF power, pressure, a reaction gas 
mixing rate, and a reaction type. 
0073 Hereinafter, methods of manufacturing a three-di 
mensional semiconductor device including forming a layer 
stacked structure with a plurality of Stacked sacrificial layers 
and oxide layers will be described with reference to FIGS. 4A 
and 5. FIG. 5 is a flowchart illustrating methods of alternately 
and repeatedly stacking oxide layers and sacrificial layers in 
relation to methods of manufacturing a three-dimensional 
semiconductor device according to Some embodiments of the 
inventive concept. 
0074) Referring to FIG. 5, a substrate 100 may be loaded 
into a process chamber in operation S100. Deposition equip 
ment including the process chamber may further include a 
load lock chamber, a transfer chamber, and a transfer robot. 
The substrate 100 may transfer into the transfer chamber 
through the load lock chamber. The substrate 100 may be 
loaded into the process chamber using the transfer robot 
disposed in the transfer chamber. 
0075 Referring to FIGS. 4A and 5, a sacrificial layer 10 
and an oxide layer 20 may be formed in the process chamber 
in operation S110. The sacrificial layer 10 and the oxide layer 
20 may be formed through a CVD method. According to 
some embodiments, the CVD method may include a PE-CVD 
method. The PE-CVD method generates plasma using micro 
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wave or RF power to deposit a thin layer at a plasma atmo 
sphere. Additionally, the process chamber may be a chamber 
of a single type. 
(0076. The sacrificial layer 10 and the oxide layer 20 may 
be formed of material having respectively different etch 
selectivities. The sacrificial layer 10 may be a silicon nitride 
layer and the oxide layer 20 may be a silicon oxide layer. For 
example, the silicon oxide layer constituting the oxide layer 
20 may include Plasma Enhanced TetraEthyl OrthoSilicate 
(PE-TEOS), Undoped Silicate Glass (USG), PhosphoSilicate 
Glass (PSG), Borosilicate Glass (BSG), BoroPhosphoSili 
cate Glass (BPSG), and combinations thereof. 
0077 Operation S110 includes depositing the sacrificial 
layer 10 in operation S111, performing a purging process in 
operation S113, depositing the oxide layer in operation S115, 
and performing a second purging process in operation S117. 
0078. The depositing of the sacrificial layer 10 in opera 
tion S111 may be performed using a first gas mixture. The 
first gas mixture may include silicon Source gas and nitrogen 
Source gas. For example, the silicon Source gas may include at 
least one of silane or TEOS gas. The nitrogen Source gas may 
include at least one of ammonia gas or nitrogen gas. The 
sacrificial layer 10 may be formed on the substrate 100 by a 
chemical reaction of the silicon Source gas and the nitrogen 
Source gas. 
007.9 The first gas mixture may further include carriergas. 
The carrier gas may include at least one of nitrogen, argon, or 
helium. According to some embodiments, the first gas mix 
ture may include silicon gas of about 10 sccm to about 100 
sccm, nitrogen source gas of about 10 scCm to about 100 
sccm, and carrier gas of about 1.0 sccm to about 5.0 sccm. 
0080. The performing of the first purging process in opera 
tion S113 may discharge a first gas mixture used for depos 
iting the sacrificial layer 10 and a by-product occurring dur 
ing the depositing of the sacrificial layer 10 to the outside of 
the process chamber. 
I0081. The depositing of the oxide layer 20 in operation 
S115 may be performed using a second gas mixture on the 
sacrificial layer 10 and the second gas mixture may include 
silicon Source gas and oxygen source gas. For example, the 
silicon Source gas may include at least one of silane gas or 
TEOS gas. According to embodiments of the inventive con 
cept, the oxygen Source gas may include NO. The oxide 
layer 20 may be formed on the sacrificial layer 10 by a 
chemical reaction of the silicon source gas and the NO gas. 
I0082. The second gas mixture may further include a car 
rier gas. The carrier gas may include at least one of nitrogen, 
argon, or helium. According to Some embodiments, the sec 
ond gas mixture may include a silicon Source gas of about 10 
sccm to about 100 sccm, a nitrous oxide of about 10 seem to 
about 100 sccm, and a carrier gas of about 1.0 sccm to about 
5.0 sccm. 
I0083. The second purging process in operation S117 may 
discharge a second gas mixture used for depositing the oxide 
layer 20 and a by-product occurring during the depositing of 
the oxide layer 20 to the outside of the process chamber. 
I0084. The depositing of the sacrificial layer 10 in opera 
tion S111 and the depositing of the oxide layer 20 in operation 
S115 may be performed at a process temperature of about 
250° C. to about 650° C. and may form plasma using an RF 
power of about 50 W to about 1000 W. 
I0085. A plurality of operations S110 may be repeatedly 
performed in the one process chamber. Accordingly, a layer 
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stacked structure where the sacrificial layer 10 and the oxide 
layers 20 are alternately and repeatedly stacked on the sub 
strate 100 may be formed. 
I0086. In the above method, according to operation S110, 
the sacrificial layer 10 may be formed first and then, the oxide 
layer 20 may be formed. However, the inventive concept is 
not limited thereto. For example, the oxide layer 20 may be 
formed first and then, the sacrificial layer 10 may be formed. 
In these embodiments, the first purging process in operation 
S113 may discharge a second gas mixture used for depositing 
the oxide layer 20 and a by-product occurring during the 
depositing of the oxide layer 20 to the outside of the process 
chamber. Additionally, the second purging process in opera 
tion S117 may discharge a first gas mixture used for depos 
iting the sacrificial layer 10 and a by-product occurring dur 
ing the depositing of the sacrificial layer 10 to the outside of 
the process chamber. 
I0087. Referring again to FIG. 5, the substrate where the 
sacrificial layer 10 and the oxide layers 20 are alternately and 
repeatedly deposited may be unloaded from a process cham 
ber in operation S120. The substrate 100 having the layer 
stacked structure may be unloaded into the loadlock chamber 
through the transfer chamber. The substrate 100 having the 
layer stacked structure may be unloaded from the process 
chamber using a transfer robot in a transfer chamber. 
0088 According to some embodiments of the inventive 
concept, since the layer stacked structure is formed in one 
process chamber, a time for transferring each of the sacrificial 
layer 10 and the oxide layer 20 to a plurality of chambers to 
form them 10 and 20 may be reduced, so that productivity of 
the layer stacked structure may be improved. 
0089. Gases used for forming the sacrificial layers 10 and 
the oxide layers 20 in one process chamber are combined and 
tested for gas reactions. FIGS. 6A through 6D are wafer 
particle maps illustrating occurrences of particles in gas reac 
tion tests. FIG. 6A illustrates occurrences of particles on a 
bulk wafer after the reactions of silane gas, TEOS gas, and 
oxygen gas (O). As shown in FIG. 6A, particles occurs 
greatly on the entire surface of the bulk wafer by the reactions 
of at least two kinds of gases selected from silane gas, TEOS 
gas, and oxygen gas (O2). 
0090 FIG. 6B illustrates occurrences of particles on a bulk 
wafer after the reactions of TEOS gas, ammonia gas, and 
oxygen gas (O). In these embodiments, the generated 
amount of particles on the bulk wafer is reduced more com 
pared to the case of FIG. 5A. Compared to gases used in FIG. 
5A, silane gas is not used in FIG. 5B. 
0091 FIG.6C illustrates occurrences of particles on a bulk 
wafer after the reactions of silane gas, TEOS gas, and oxygen 
gas (O). In these embodiments, similar to the case of FIG. 
6A, a large amount of particles occurs on the bulk wafer. 
Compared to gases used in FIG. 6B, silane gas is used in FIG. 
6C. 

0092 FIG. 6D illustrates occurrences of particles on a 
bulk wafer after the reactions of silane gas, TEOS gas, and 
oxygen gas (O). In these embodiments, similar to the case of 
FIG. 6B, the generated amount of particles on the bulk wafer 
is less than the case of FIG. 6A. Compared to gases used in 
FIG. 6C, oxygen gas (O) is not used in FIG. 6D, 
0093. According to results of the gas reaction tests of 
FIGS. 6A through 6D, when the sacrificial layers 10 and the 
oxide layers 20 are deposited in one process chamber, par 
ticles occurs on the substrate 100 by the reaction of silane gas 
used for depositing the sacrificial layers 10 with oxygen gas 
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(O) used for depositing the oxide layer 20. After the depos 
iting of the sacrificial layer 10, the reaction of silane gas 
un-discharged during the first purging process in operation 
S113 with oxygen gas (O) used for depositing the oxide layer 
20 may increase occurrences of particles on the substrate 100. 
However, according to embodiments of the inventive con 
cept, since nitrogen dioxide (N2O) instead of oxygen (O) is 
used as an oxygen Source gas, particles occurring on the 
substrate 100 may be minimized. Accordingly, reliability and 
electrical characteristics of a three-dimensional semiconduc 
tor device may be improved. 
0094 Methods of manufacturing three-dimensional semi 
conductor memory devices using a thin film structure accord 
ing to embodiments of the inventive concept will be discussed 
with reference to FIGS. 7through 14. FIGS. 7through 14 are 
perspective views illustrating methods of manufacturing 
three-dimensional semiconductor memory devices according 
to some embodiments of the inventive concept. 
(0095 Referring first to FIG. 7, a thin film structure ST 
where sacrificial layers SC1 to SC8 and insulation layers 111 
to 118 are alternately stacked is formed on a substrate 100. 
The substrate 100 may be one of a material with semiconduc 
tor characteristics, for example, a silicon wafer, a silicon 
layer, a germanium layer, and a silicon germanium layer, an 
insulation material, for example, an insulation layer (an oxide 
and a nitride) and glass, and a semiconductor covered with an 
insulation material. 

0096. The sacrificial layers SC1 to SC8 and the insulation 
layers 111 to 118 may be alternately and repeatedly stacked as 
shown in the drawings. The sacrificial layers SC1 to SC8 and 
the insulation layers 111 to 118 may be formed of materials 
selected to have an etch selectivity. For example, the insula 
tion layers 111 to 118 may be at least one of a silicon layer, a 
silicon oxide layer, a silicon carbide layer, and a silicon 
nitride layer and the sacrificial layers SC1 to SC8 may be 
formed of a different material than an insulation layer 
selected from a silicon layer, a silicon oxide layer, a silicon 
carbide layer, and a silicon nitride layer. According to some 
embodiments, the sacrificial layers SC1 to SC8 may be 
formed of the first material described with reference to FIGS. 
3 through 6 and the insulation layers 111 to 118 may be 
formed of the second material. Additionally, according to this 
embodiment, the sacrificial layers SC1 to SC8 and the insu 
lation layers 111 to 118 may be stacked more than at least 2n 
layers, n being an integer greater than 2. 
0097. According to some embodiments, the sacrificial lay 
ers SC1 to SC8 may be formed with the same thickness. 
Unlike this, the lowermost upper sacrificial layer SC1 and the 
uppermost upper layer SC8 among the sacrificial layers SC1 
to SC8 may be formed thicker than those SC2 to SC7 ther 
ebetween. In some embodiments, the sacrificial layers SC2 to 
SC7 between the lowermost upper sacrificial layer SC1 and 
the uppermost upper layer SC8 may be formed with the same 
thickness. 

0098. According to some embodiments, the uppermost 
insulation layer 118 among the insulation layers 111 to 118 
may be formed thicker than those 111 to 117 therebelow. 
Moreover, the insulation layers 111 to 117 below the upper 
most insulation layer 118 may be formed with the same 
thickness. Additionally, the insulation layers 112 and 116 
formed on a predetermined layer among the insulation layers 
111 to 118 may be formed thicker than the other insulation 
layers 111,113, 114, 115, and 117, as shown in the drawings. 
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0099 Moreover, a buffer insulation layer 101 may be 
formed between the lowermost sacrificial layers SC1 and the 
substrate 100. The buffer insulation layer 101 may be formed 
thinner than other insulation layers 111 to 118 and may be a 
silicon oxide layer formed through a thermal oxidation pro 
CCSS, 

0100 Referring now to FIG. 8, openings 131 that expose 
the substrate 100 are formed by patterning a thin film struc 
ture ST. In particular, the forming of the openings 131 
includes forming a mask pattern (not shown) defining planar 
positions of the openings 131 on a thin film structure ST and 
unisotropically etching the thin film structure ST using a 
mask pattern as an etching mask. 
0101 The openings 131 may be formed to expose side 
walls of the sacrificial layers SC1 to SC8 and the insulation 
layers 111 to 118. Additionally, according to some embodi 
ments, the openings 131 may be formed to penetrate the 
buffer insulation layer 101 and expose a top surface of the 
Substrate. Additionally, during the forming of the openings 
131, a top surface of the substrate exposed to the opening 131 
through over etch may be recessed with a predetermined 
depth. Moreover, the openings 131 may have different widths 
according to a distance from the substrate 100 through an 
anisotropic etching process. 
0102) According to some embodiments, each of the open 
ings 131, as shown in FIG. 2, may be formed with a cylindri 
cal or rectangular hole shape and may be two-dimensionally 
and regularly formed on an Xy plane. That is, the openings 131 
are spaced from each other at an X-axis and a y-axis. Accord 
ing to further embodiments, in relation to a horizontal shape, 
the openings 131 may be a line-shaped trench extending in a 
y-axis direction. The line-shaped openings 131 may be 
formed parallel to each other. According to still further 
embodiments, as shown in FIG. 16, the openings 131 may be 
disposed in ZigZags in a y-axis direction. Moreover, a sepa 
ration distance between the adjacent openings 131 in one 
direction may be less than or equal to the width of the open 
ing. Thus, if the openings 131 are disposed in a ZigZag form, 
a large number of the openings 131 may be disposed in a 
predetermined area. 
0103 Referring now to FIG. 9, a semiconductor pattern 
132 is formed in the openings 131. In particular, the semicon 
ductor pattern 132 may be formed in an opening to directly 
contact the substrate 100 and may be substantially vertical to 
the substrate 100. The semiconductor pattern 132 may 
include silicon (Si), germanium (Ge), or combinations 
thereof and the semiconductor pattern 132 may be a semicon 
ductor doped with an impurity oran un-doped intrinsic semi 
conductor. Moreover, a horizontal semiconductor layer may 
have a crystalline structure including at least one of single 
crystalline, amorphous, and polycrystalline. 
0104. The semiconductor pattern 132 may be formed in 
the openings 131 using a chemical vapor deposition tech 
nique or an atomic layer deposition technique. Moreover, if 
the semiconductor pattern 132 is formed using a deposition 
technique, due to a crystalline structure difference, discon 
tinuous boundaries may be formed between the semiconduc 
torpattern 132 and the substrate 100. Additionally, according 
to some embodiments, the semiconductor pattern 132 may be 
formed of single crystalline silicon by phase-shifting amor 
phous silicon or polycrystalline silicon through a thermal 
treatment process such as laser annealing after depositions of 
amorphous silicon or polycrystalline silicon. Additionally, 
according to further embodiments, a semiconductor pattern 
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132 may be formed in the openings 131 through an epitaxial 
process using the substrate 100 exposed by the openings 131 
as a seed layer. 
0105. Additionally, the semiconductor pattern 132 may be 
deposited with less than the half of the width of the opening 
131. In these embodiments, the semiconductor pattern 132 
may fill a portion of the opening 131 and define an empty 
region at the center portion of the opening. Additionally, a 
thickness of the semiconductor pattern 132 (i.e., a thickness 
of a cell) may be thinner than a width of a depletion region to 
be generated in a semiconductor layer during an operation of 
a semiconductor memory device or less than an average 
length of silicon grains constituting a polycrystalline silicon. 
That is, the semiconductor pattern 132 may be formed with a 
pipe-shape, a hollow cylindrical shape, or a cup shape in the 
openings 131. Moreover, a buried insulation pattern 134 may 
be filled in an empty region defined by the semiconductor 
pattern 132. The buried insulation pattern 134 may beformed 
of an insulation material of an excellent gap-fill characteris 
tic. For example, the buried insulation pattern 134 may be 
formed of a high density plasma oxide layer, a Spin On Glass 
(SOG) layer and/or a Chemical Vapor Deposition (CVD) 
oxide layer. 
010.6 Additionally, the semiconductor pattern 132 may be 
completely filled in the cylindrical opening 131 to have a 
cylindrical shape through a deposition process. In these 
embodiments, after the depositing of the semiconductor pat 
tern 132, a planarization process may be performed on the 
semiconductor pattern 132. 
0107 Moreover, if the openings 131 have a line shape, as 
shown in FIG.16, semiconductor patterns 132 may beformed 
in the openings 131 by interposing the insulation patterns 111 
to 118 between the openings 131. The forming of the semi 
conductor pattern 132 includes sequentially forming a semi 
conductor layer and a buried insulation layer in the openings 
131 and patterning the semiconductor layer and the buried 
insulation layer to form a semiconductor pattern 132 having a 
rectangular plane in the opening 131. Moreover, the semicon 
ductor pattern 132 may have a U-shape. 
(0.108 Referring now to FIG. 10, after the forming of the 
semiconductor patterns 132, trenches 140 exposing the sub 
strate 100 between the adjacent semiconductor patterns 132 
may be formed. In particular, the forming of the trenches 140 
includes forming a mask pattern (not shown) defining planar 
positions of the trenches 140 on a thin film structure ST and 
unisotropically etching the thin film structure ST using the 
mask pattern as an etching mask. 
0109 The trench 140 may be formed to expose the side 
walls of the sacrificial layers SC1 and SC8 and the insulation 
layers 111 to 118, being space from the semiconductor pat 
terns 132. In relation to a horizontal shape, the trench 140 may 
have a line shape or a rectangular shape and in relation to a 
vertical depth, the trench 140 may beformed to expose the top 
surface of the substrate 100. Additionally, the trench may 
have varying widths according to a distance from the Sub 
strate 100 according to an unisotropic etching process. Addi 
tionally, during the forming of the trenches 140, a top Surface 
of the substrate 100, which is exposed to the trench 140 
through over etch may be recessed with a predetermined 
depth. 
0110. As the trenches 140 are formed, a thin film structure 
may have a line shape extending in a y-axis direction. More 
over, in a thin film structure of one line shape, a plurality of 
semiconductor patterns 132 arranged in a y-axis direction 
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may penetrate. Thus, a thin film structure having a line shape 
by the trenches 140 may have an inner sidewall adjacent to the 
semiconductor pattern 132 and an outer sidewall exposed to 
the trench 140. That is, the alternately and repeatedly stacked 
sacrificial pattern SC1 to SC8 and insulation patterns 111 to 
118 may be formed on the substrate 100. 
0111. Moreover, according to some embodiments, after 
the forming of the trenches 140, an impurity region 105 may 
beformed in the substrate 100. The impurity region 105 may 
be formed through an ion implantation process using a thin 
films structure having a trench 140 as anion mask. Moreover, 
the impurity region 105 may overlap a portion of a lower 
region of the thin film structure by impurity diffusion. Addi 
tionally, the impurity region 105 may have an opposite con 
ductive type than the substrate 100. 
0112 Referring now to FIG. 11, recess regions 142 are 
formed between the insulation patterns 111 to 118 by remov 
ing the sacrificial patterns SC1 to SC8 exposed to the trenches 
150. The recess regions 142 may be formed by removing the 
sacrificial patterns SC1 to SC8 between the insulation pat 
terns 111 to 118. That is, the recess regions 142 may horizon 
tally extend from the trench 140 to between the insulation 
patterns 111 to 118 and may expose portions of the sidewall of 
the semiconductor pattern 132. Moreover, the recess region 
142 at the lowermost may be defined by a buffer insulation 
layer 101. A vertical thickness (i.e., a length in a Z-axis direc 
tion) of the recess region 142 may be defined by a deposition 
thickness of the sacrificial layers SC1 to SC8 when the sac 
rificial layers SC1 to SC8 are deposited in FIG. 2. 
0113 More specifically, the forming of the recess regions 
142 may include isotropically etching the sacrificial patterns 
SC1 to SC8 using an etch recipe having an etch selectivity 
with respect to the insulation patterns 111 to 118. Here, the 
sacrificial patterns SC1 to SC8 may be completely removed 
by an isotropic etching process. For example, if the sacrificial 
patterns SC1 to SC8 are formed of a silicon nitride layer and 
the insulation patterns 111 to 118 are formed of a silicon 
oxide layer, the etching process may be performed using an 
etchant including phosphoric acid. 
0114 Referring to now to FIG. 12, a data storage layer 150 

is formed in the recess regions 142. The data storage layer 150 
may be formed to substantially and conformally cover a thin 
film structure having the recess regions 142. The data storage 
layer 150 may be formed through a deposition technique 
providing an excellent step coverage (e.g., a CVD or ALD 
technique). Moreover, the data storage layer 150 may be 
formed with a thinner thickness than the half of that of the 
recess region 142. That is, the data storage layer 150 may be 
formed on the sidewalls of the semiconductor pattern 132 
exposed to the recess regions 142 and the data storage layer 
150 may extend on bottom surfaces and top surfaces of the 
insulation patterns 111 to 118 defining the recess region 142. 
Additionally, the data storage layer 150 formed through a 
deposition process may beformed on a surface of the exposed 
substrate 100 between line-shaped thin film structures and a 
top surface of the uppermost insulation pattern 118 and may 
cover sidewalls of the insulation patterns 111 to 118. More 
over, the data storage layer 150 may cover a top surface of the 
substrate 100 (or the buffer insulation layer 101) exposed by 
the lowermost recess region 142. That is, as shown in FIGS. 
15A through 15C, the data storage layer 152 may be confor 
mally formed on a surface of a thin film structure having the 
recess regions 142. 
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0115 According to further embodiments, as shown in 
FIG. 15B, an data storage pattern 154 is locally formed 
between vertically adjacent insulation patterns 111 to 118 so 
that it may be separated from other vertically adjacent data 
storage patterns 154. When the data storage patterns 154 are 
Vertically separated from each other, charges trapped in the 
data storage pattern 154 may be prevented from spreading 
into adjacent other data storage patterns 154. When the data 
storage pattern 154 is locally formed between vertically adja 
cent insulation patterns 111 to 118, the lowermost data stor 
age pattern 154 may directly contact a top Surface of the 
buffer insulation layer 101 (or the substrate 100). 
0116. According to Some embodiments, the data storage 
layer 150 may be a charge storage layer. For example, the 
charge storage layer may be one of a charge trap insulation 
layer and an insulation layer including a floating gate elec 
trode or conductive nano dots. Moreover, if the data storage 
layer 150 is a charge storage layer, data stored in the data 
storage layer 150 may be changed by F-N tunneling caused by 
a voltage difference between the semiconductor pattern 142 
and the gate electrodes WL of FIG. 10. Moreover, the data 
storage layer 150 may be thin film, for example, a thin layer 
for a phase shift memory or a thin layer for a variable resis 
tance memory, which may store databased on another opera 
tion principle. 
0117. According to some embodiments, as shown in 
FIGS. 15A and 15C, the data storage layer 150 may include a 
sequentially-stacked blocking insulation layer 152a, charge 
trap layer 152b, and a tunnel insulation layer 152c. The block 
ing insulation layer 152a may include at least one of a silicon 
oxide layer, a silicon nitride layer, a silicon oxide nitride 
layer, and dielectric layers and may include a plurality of 
layers. At this point, the dielectric layers mean insulation 
materials having a high dielectric constant than a silicon 
oxide layer and may include tantalum oxide layer, a titanium 
oxide layer, a hafnium oxide layer, a Zirconium oxide layer, 
an aluminum oxide layer, an yttrium oxide layer, a niobium 
oxide layer, a cesium oxide layer, an indium oxide layer, an 
iridium oxide layer, a BST layer, and a PZT layer. The tunnel 
insulation layer 152c may be formed of a material having a 
lower dielectric constant than the blocking insulation layer 
152a and for example, may include at least one of an oxide, a 
nitride, oran oxide nitride. The charge trap layer 152b may be 
an insulation thin layer (e.g., a silicon nitride layer) with rich 
charge trap sites or an insulation thin layer with conductive 
grains. According to Some embodiments, the tunnel insula 
tion layer 152c may be a silicon oxide layer, the charge trap 
layer 152b may be a silicon nitride layer, and the blocking 
insulation layer 152a may be an aluminum oxide layer. 
0118 Moreover, according to further embodiments, the 
blocking insulation layer 152a may include a first blocking 
insulation layer and a second blocking insulation layer. Here, 
the first and second blocking insulation layers may beformed 
of respectively different materials and one of the first and 
second blocking insulation layers may be formed of one of 
materials having a smaller band gap than a tunnel insulation 
layer and having a larger band gap than a charge trap layer. 
For example, the first blocking insulation layer may be one of 
high dielectric layers such as an aluminum oxide layer and a 
hafnium oxide layer and the second blocking insulation layer 
may be formed of a material having a smaller dielectric con 
stant than the first blocking insulation layer. According to 
further embodiments, the second blocking insulation layer is 
one of high dielectric layers and the first blocking insulation 
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layer may beformed of a material having a smaller dielectric 
constant than the second blocking insulation layer. 
0119. According to still further embodiments, in the data 
storage layer 150 where the sequentially-stacked blocking 
insulation layer 152a, charge trap layer 152b, and tunnel 
insulation layer 152c, the tunnel insulation layer 152c and the 
charge trap layer 152b may be formed crossing over an inner 
wall of a thin film structure adjacent to the semiconductor 
pattern 132 as shown in FIG. 15C. That is, the tunnel insula 
tion layer 152c and the charge trap layer 152b may be formed 
first on an inner wall of an opening before the semiconductor 
pattern 132 is formed. Then, the blocking insulation layer 
152a may be conformally formed in a recess region 142 that 
is formed before. Accordingly, the blocking insulation layer 
152a may directly contact a top surface and a bottom Surface 
of an insulation pattern. Moreover, after the forming of the 
recess regions 142, the charge trap layer 152b and the block 
ing insulation layer 152a may be conformally formed in the 
recess region 142. 
0120 Next, referring to FIGS. 12 and 13, gate electrodes 
WL are formed in the respective recess regions 142 having the 
data storage layer 150. Additionally, the gate electrodes WL 
are formed, a common source conductive line (CSL) is 
formed in the substrate 100 simultaneously. 
0121. As the gate electrode WL is formed in the recess 
region 142 where the data storage layer 150 is conformally 
formed, a vertical thickness of the gate electrode WL may be 
reduced more than that of the recess region 142. This thick 
ness reduction of the gate electrodes WL may increase resis 
tance of the gate electrode WL. Therefore, in order to improve 
the integration degree and electrical characteristics of a three 
dimensional semiconductor memory device, it is required to 
reduce the resistivity of a material constituting the gate elec 
trode WL. 
0122. According to Some embodiments, the gate elec 
trodes WL and the common source conductive lines CSL may 
be formed of a metal material (e.g., tungsten) having a low 
resistivity. Moreover, the common source line CSL may bean 
impurity region 105 in the substrate 100. However, if the 
common source line CSL is an impurity region in the Sub 
strate 100, it is difficult to maintain resistance and may 
increase the resistance of the common Source line CSL. 
0123. In further embodiments, the common source line 
CSL may include an impurity region 105 in the substrate 100 
and a common source silicide layer 184. The common Source 
conductive line CSL including metal silicide may have lower 
resistance than that including an impurity region 105. Addi 
tionally, according to embodiments, the common source sili 
cide layer 184 constituting the common Source conductive 
line CSL and a gate silicide layer 182 constituting a stacked 
gate electrode WL on the substrate 100 may be simulta 
neously formed. 
0.124 Referring now to FIGS. 12 and 13, methods of form 
ing gate electrodes WL and a common source line CSL will be 
discussed. The forming of the gate electrodes WL includes 
forming a gate conductive layer 170 in recess regions having 
a data storage layer 150 and a trench and forming vertically 
separated gate electrodes WL by removing the gate conduc 
tive layer 170 in the trench. 
0.125. The gate conductive layer 170 may be formed 
through a deposition technique providing an excellent step 
coverage, for example, a CVD or ALD technique. Accord 
ingly, the gate conductive layer 170 is filled in recess regions 
and is conformally formed in a trench. In particular, the gate 
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conductive layer 170 may be deposited with a thicker thick 
ness than the half of that of a recess region. Moreover, if a 
planar width of a trench is greater than that of a recess region, 
the gate conductive layer 170 may fill a portion of the trench 
and may define an empty region at the center of the trench. At 
this point, the empty region may be opened upwardly. 
0.126 The gate conductive layer 170 may include at least 
one of doped poly Silicon, tungsten, metal nitride layers, and 
metal silicides. According to some embodiments, the forming 
of the gate conductive layer 170 includes sequentially form 
ing a barrier metal layer (e.g., a metal nitride) and a metal 
layer (e.g., tungsten). Moreover, the technical scopes of the 
inventive concept are not limitedly applied to a flash memory 
device and thus the gate conductive layer 170 may vary in 
terms of a material and a structure. Then, Vertically separated 
gate electrodes WL are formed by isotropically etching the 
gate conductive layer 170 filled in the trench. 
I0127. In particular, the removing of the gate conductive 
layer 170 from the trench may include unisotropically etching 
the gate conductive layer 170 using the uppermost insulation 
layer constituting a thin film structure ST as an etching mask 
ora hard mask pattern (not shown) formed additionally on the 
uppermost insulation layer as an etching mask. During the 
unisotropically etching of the gate conductive layer 170, the 
data storage layer 150 contacting atop Surface of the Substrate 
100 may serve as an etch stop layer. 
I0128. According to some embodiments, in order to form 
Vertically separated gate electrodes WL, a trench that exposes 
the data storage layer 150 covering a top surface of the Sub 
strate 100 may be formed. Unlike this, a top surface of the 
substrate 100 may be exposed to a trench as a gate conductive 
layer 170 is unisotropically etched and as shown in the draw 
ings, a top surface of the substrate 100 may be recessed. 
I0129. According to further embodiments, the gate elec 
trodes WL may beformed by performing an isotropic etching 
process on the gate conductive layer 170 having an empty 
region. The isotropic etching process may be performed until 
the gate electrodes WL are separated from each other. That is, 
sidewalls of the insulation layers and the data storage layer 
150 on a top surface of the substrate 100 may be exposed 
through the isotropic etching process. Here, as an isotropic 
etching process is performed through the empty region, the 
gate conductive layer 170 at the sidewall and bottom of the 
empty region may be substantially and simultaneously 
etched. As the isotropic etching process is performed through 
the empty region, the gate conductive layer 170 on the thin 
film structure ST and on the substrate 100 may be uniformly 
etched. Accordingly, horizontal thicknesses of the gate elec 
trodes WL may be uniform. Moreover, according to a process 
time during the isotropic etching process, horizontal thick 
ness of the gate electrodes WL may vary. For example, the 
gate electrodes WL may be formed to fill a portion of the 
recess region. Each of the gate electrodes WL may include a 
metal pattern 163a and a barrier metal pattern 162 interposed 
between the metal pattern 182 and the data storage layer 152, 
as shown in FIGS. 15A through 15C. 
0.130. According to some embodiments, the gate elec 
trodes WL formed locally in the respective recess regions 
may constitute a gate structure. That is, the gate structure may 
beformed between respectively adjacent trenches. Like this, 
as trenches are formed, the gate structure according to some 
embodiments may have a line shape extending in one direc 
tion. Moreover, a plurality of semiconductor patterns 132 
arranged in one direction may penetrate in one gate structure. 
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Moreover, the gate electrodes WL may have outer walls adja 
cent to a trench and inner sidewalls adjacent to the semicon 
ductor pattern 132. The inner sidewalls of the gate electrodes 
WL may surround the semiconductor pattern 132 or may 
cross over one sidewall of the semiconductor pattern 132. 
Unlike this, the gate electrodes WL in one block are con 
nected to each other in a word line contact region WCTR and 
thus may have a comb shape or a finger shape. 
0131. According to this embodiment, the stacked gate 
electrodes WL may serve as the string selection line SSL, the 
ground selection line GSL, and the word lines WL described 
with reference to FIG. 2. For example, the uppermost layer 
and the lowermost layer of the gate electrodes WL serve as the 
string selection line SSL and the ground selection line GSL, 
respectively and the gate electrodes WL therebetween may 
serve the word lines WL. 

0.132. Or, as described with reference to FIG. 3, the gate 
electrodes WL oftwo layers at the uppermost may serve as the 
string selection line SSL of FIG. 2 and the gate electrodes WL 
of two layers at the lowermost may serve as the ground 
selection line GSL of FIG. 2. The gate electrodes WL serving 
as the string selection line SSL of FIG. 2 or the ground 
selection line GSL of FIG. 2 may be horizontally separated 
and in these embodiments, the electrically separated String 
selection lines SSL of FIG. 2 or the ground selection lines 
GSL of FIG.2 may be disposed at the same height. 
0.133 Moreover, after the forming of the gate structure, as 
shown in FIG. 15A, a process for selectively removing the 
data storage layer 150 formed on the sidewalls of the insula 
tion patterns 111 to 118 and the surface of the substrate 100 
may be further performed. The removing of the data storage 
layer 150 may use an etch gas or an etchant having an etch 
selectivity with respect to the gate conductive layer 170. For 
example, when the data storage layer 150 on the sidewalls of 
the insulation layers is removed through an isotropic etching 
process, an etchant such as HF, O3/HF, phosphoric acid, 
Sulfuric acid, and LAL may be used. Additionally, in order to 
remove the data storage layer 150, a fluoride based etchant, 
phosphoric acid, and Sulfuric acid may be sequentially used. 
0134 Referring to FIG. 14, after the forming of the gate 
electrodes WL, impurity regions 105 serving as a common 
Source line may beformed by ion-implanting an impurity into 
the substrate 100 between the gate electrodes WL. In particu 
lar, the impurity regions 105 may be formed through an ion 
implantation process using the gate structures on the Substrate 
100 as an ion implantation mask. Accordingly, the impurity 
region 105 may have a line shape extending in one direction 
like a horizontal shape of the trench. Moreover, the impurity 
region 105 may overlap a portion of the lower region of the 
gate structure due to the diffusion of ah impurity. Addition 
ally, the impurity region may have an opposite conductive 
type than the substrate 100. 
0135 Moreover, during the forming of the impurity region 
105, an data storage layer 150 on the bottom surface of the 
trench 140 may serve as an ion implantation buffer layer. 
According to further embodiments, the impurity region 105, 
as described with reference to FIG. 10, may be formed in the 
substrate 100 below the trench 140 after the forming of the 
trench 140. 

0.136 Additionally, according to some embodiments, a 
silicidation process for forming a metal silicide prepared by 
the reaction of the impurity region 105 in the substrate 100 
with a metal layer 180 may be performed. 

Mar. 15, 2012 

0.137 Next, referring to FIG. 14, a gate separation insula 
tion pattern 190 may be formed in the trench 140. The form 
ing of the gate separation insulation pattern 190 includes 
filling the trenches 140 having a non-reactive metal layer 
removed with at least one of insulation materials. According 
to some embodiments, the gate separation insulation pattern 
190 may be at least one of a silicon oxide layer, a silicon 
nitride layer, and a silicon oxide nitride layer. Moreover, 
according to further embodiments, before the forming of the 
gate separation insulation pattern 190 in the trenches 140, a 
capping layer may be formed to prevent the oxidation of gate 
and common Source silicide layers 182 and 184. The capping 
layer may beformed of an insulation nitride and for example 
may be formed of a silicon nitride layer. 
0.138. After the forming of the gate separation insulation 
pattern 190, a drain region D may beformed by implanting an 
impurity, which has an opposite conductive type than the 
semiconductor pattern 132, into an upper portion of the semi 
conductor pattern 132. Unlike this, the drain region D may be 
formed on the semiconductor pattern 132 before the forming 
of the trenches 140 described in FIG. 10. 
0.139 Next, bit lines connecting the semiconductor pat 
terns 132 electrically may be formed on the gate electrodes 
WL. The bit lines BL may be formed along a direction cross 
ing over the gate electrodes WL having a line shape as shown 
in the drawings. Moreover, the bit lines BL may be connected 
to the drain region D on the semiconductor patterns 132 by a 
contact plug. 
0140 FIG. 18 is a schematic block diagram illustrating a 
memory system including a semiconductor memory device 
manufactured according to manufacturing methods of some 
embodiments of the inventive concept. Referring to FIG. 18. 
the memory system 1100 may be applied to a PDA, a portable 
computer, a web tablet, a wireless phone, a mobile phone, a 
digital music player, a memory card, or all devices for trans 
mitting and receiving information via a wireless environ 
ment. 

0.141. The memory system 1100 includes a controller 
1110, an input/output device (or I/O) 1120 such as a keypad, 
a keyboard, and a display, a memory device 1130, an interface 
1140, and a bus 1150. The memory 1130 is mutually com 
municated with the interface 1140 through the bus 1150. 
0142. The controller 1110 may include at least one micro 
processor, digital signal processor, micro controller, or other 
processors similar thereto. The memory 1130 may be used for 
storing commands executed by a controller. The input/output 
device 1120 may receive data or signal from the external of 
the system 1100 or outputs data or signal to the external of the 
system 1100. For example, the input/output device 1120 may 
include a keyboard, a keypad, or a display device. 
0143. The memory 1130 includes a nonvolatile memory 
device according to embodiments of the inventive concept. 
The memory 1130 may further include other kinds of memo 
ries, an arbitrarily random accessible Volatile memory, and 
other various kinds of memories. The interface 1140 serves to 
transmit data to a communication network or receive data 
from a communication network. 
014.4 FIG. 19 is a schematic block diagram illustrating 
memory cards including a semiconductor memory device 
manufactured according to some embodiments of the inven 
tive concept. Referring to FIG. 19, the memory card 1200 for 
Supporting a data storage capacity of a large amount includes 
a flash memory device 1210 according to the inventive con 
cept. The memory card 1200 includes a memory controller 
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1220 for controlling general data exchange between the host 
and the flash memory device 1210. 
0145 ASRAM 1221 serves as an operating memory of a 
central processing unit (CPU) 1222. The host interface 1223 
includes a data exchange protocol of a host connected to the 
memory card 1200. An error correction code block (ECC) 
1224 detects and corrects errors in data read from the flash 
memory device 1210. A memory interface 1225 interfaces 
with the flash memory device 1210 of the inventive concept. 
The CPU 1222 performs general control operations for data 
exchanges of the memory controller 1220. Although not 
shown in the drawings, it is apparent to those skilled in the art 
that the memory card 1200 may further include a ROM (not 
shown) for storing code data for interfacing with a host. 
0146 FIG. 20 is a schematic block diagram illustrating 
information processing systems mounting a semiconductor 
memory device according to Some embodiments of the 
present inventive concept. Referring to FIG. 20, a memory 
system 1310 of the inventive concept is mounted on the 
information processing system Such as a mobile device or a 
desktop computer. The information processing system 1300 
includes a flash memory system 1310, a modem 1320, a CPU 
1330, a RAM 1340, and a user interface 1350, which are 
electrically connected to a system bus 1360. The flash 
memory system 1310 may be substantially identical to the 
above mentioned memory system or flash memory system. 
The flash memory system 1310 stores data processed by the 
CPU 1330 or data inputted from the external. Here, the flash 
memory system 1310 may be configured as a semiconductor 
disk device (SSD) and in these embodiments, the information 
processing system 1300 may stably store a high capacity data 
in the flash memory system 1310. Moreover, as its reliability 
is increased, since the flash memory system 1310 can save 
resources consumed for correcting errors, a high-speed data 
exchange function can be provided to the information pro 
cessing system 1300. Although not shown in the drawings, it 
is apparent to those skilled in the art that the information 
processing system 1300 may further include an application 
chipset, a camera image processor (CIS), and an input/output 
device. 

0147 A flash memory device or a memory system accord 
ing to the above-mentioned embodiments may be mounted 
through various forms of semiconductor packages. For 
example, the flash memory device or the memory system may 
be packaged for mounting through Package on Package 
(PoP), Ball Grid Arrays (BGAs), Chip Scale Packages 
(CSPs), Plastic Leaded Chip Carrier (PLCC), Plastic Dual 
In-Line Package (PDIP), Die in Waffle Pack, Die in Wafer 
Form, Chip On Board (COB), Ceramic Dual In-Line Package 
(CERDIP), Plastic Metric Quad Flat Pack (MQFP), Thin 
Quad Flat Pack (TQFP), Small Outline Integrated Circuit 
(SOIC), Shrink Small Outline Package (SSOP). Thin Small 
Outline Package (TSOP), System. In Package (SIP), Multi 
Chip Package (MCP), Wafer-level Fabricated Package 
(WFP), and Wafer-level Processed Stack Package (WSP). 
0148. According to some embodiments of the inventive 
concept, stress applied to a Substrate may be alleviated by 
adjusting stresses of first and second material layers consti 
tuting a thin film structure. Accordingly, cracks of first and 
second material layers may be prevented and a substrate 
warpage phenomenon may be reduced. Accordingly, process 
errors may be reduced during manufacturing processes of a 
tree-dimensional semiconductor device and furthermore, 
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productivity of manufacturing processes for a three-dimen 
sional semiconductor device may be improved. 
0149 According to embodiments of the inventive concept, 
oxide layer and sacrificial layers are alternately and repeat 
edly deposited in one chamber. Accordingly, forming of 
repeatedly and alternately stacked oxide and sacrificial layers 
may improve productivity. 
0150 Moreover, during the forming of the oxide layers 
and the sacrificial layers, since nitrous oxide is used as an 
oxygen source gas, particles occurring on a Substrate may be 
minimized during the forming of the oxide layers and the 
sacrificial layers. Accordingly, a three-dimensional semicon 
ductor device with improved reliability and electrical charac 
teristics may be realized. 
0151. The above-disclosed subject matter is to be consid 
ered illustrative and not restrictive, and the appended claims 
are intended to cover all Such modifications, enhancements, 
and other embodiments, which fall within the true spirit and 
Scope of the inventive concept. Thus, to the maximum extent 
allowed by law, the scope of the inventive concept is to be 
determined by the broadest permissible interpretation of the 
following claims and their equivalents, and shall not be 
restricted or limited by the foregoing detailed description. 
What is claimed is: 
1. A method of manufacturing a three-dimensional semi 

conductor device, the method comprising: 
forming a thin film structure on a semiconductor Substrate, 

whereinforming the thin film structure comprises: 
alternately forming a first layer of a first material on the 

Substrate and a second layer of a second material, 
different from the first material, on the first layer of the 
first material; and 

repeating the alternately forming for at least 2n times, 
where n is an integer more than 2; 

wherein the first material layer applies a stress in a range of 
about 0.1x10° dyne/cm to about 10x10° dyne/cm to 
the Substrate and the second material layer applies a 
stress in a range of about -0.1x10’ dyne/cm to about 
-10x10 dyne/cm to the substrate. 

2. The method of claim 1, further comprising: 
forming semiconductor patterns that penetrate the thin film 

Structure: 
patterning the thin film structure to form a trench that 

exposes the Substrate between the semiconductor pat 
terns; 

removing the first material layers exposed to the trench to 
provide recess regions between the second material lay 
ers; 

forming a data storage layer that contacts a portion of the 
semiconductor pattern in each of the recess regions; and 

locally forming conductive patterns in the recess regions 
formed the data storage layer. 

3. The method of claim 1, wherein the first material layers 
are silicon nitride layers deposited using a plasma enhanced 
chemical vapor deposition technique and the second material 
layers are silicon oxide layers deposited using a plasma 
enhanced chemical vapor deposition technique. 

4. The method of claim 3, wherein the first and second 
material layers are formed at a deposition temperature of 
about 250° C. to about 650° C. 

5. The method of claim 1, wherein the forming of the thin 
film structure comprises forming the first material layers and 
the second material layers in one chamber. 
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6. The method of claim 1, wherein the forming of the thin 
film structure comprises forming first and second material 
layers on the Substrate by alternately using a chamber to form 
the first material layers and the second material layers. 

7. The method of claim 1, whereinforming the thin film 
structure further comprises adjusting a height difference 
between a center and an edge of the substrate to be about +200 
lm. 

8. A method of manufacturing a three-dimensional device, 
the method comprising: 

loading a substrate into a single chamber; 
alternately and repeatedly stacking oxide layers and sacri 

ficial layers in the chamber; and 
unloading the substrate from the chamber, wherein the 

oxide layers being deposited using oxygen gas and a 
Source of the oxygen gas comprises nitrous oxide during 
deposition of the oxide layers. 

9. The method of claim 8, wherein the alternately and 
repeatedly stacking of the oxide layers and the sacrificial 
layers comprises: 

depositing an oxide layer; 
performing a first purging process for purging a first gas 

mixture used for depositing the oxide layer, 
depositing a sacrificial layer, and 
performing a second purging process for purging a second 

gas mixture used for depositing the sacrificial layer; 
wherein the depositing of the oxide layer, the first purging 

process, the depositing of the sacrificial layer, and the 
second purging process are repeatedly performed in plu 
rality. 

10. The method of claim 9, wherein the sacrificial layers 
are silicon nitride layers and the oxide layers are silicon oxide 
layers. 

11. The method of claim 10, wherein the sacrificial layers 
are deposited by a first gas mixture including silane and 
ammonia; and 
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the oxide layers are deposited by a second gas mixture 
including a Tetra-Ethyl-Ortho-Silicate (TEOS) and 
nitrous oxide. 

12. The method of claim 11, wherein each of the first gas 
mixture and the second gas mixture further comprises carrier 
gaS. 

13. The method of claim 8, further comprising: 
forming semiconductor patterns that penetrate the oxide 

layers and the sacrificial layers; 
forming a trench in the alternately and repeatedly stacked 

sacrificial patterns and oxide patterns by patterning the 
oxide layers and the sacrificial layers, the semiconductor 
patterns penetrating the sacrificial patterns and the oxide 
layer patterns; 

forming empty regions between the oxide layer patterns by 
removing the sacrificial patterns; 

conformally forming a multilayer dielectric layer on inner 
Surfaces of the empty region; and 

forming gate patterns that fill the empty regions. 
14. The method of claim 13: 
wherein the alternately and repeatedly stacked gate pat 

terns and oxide patterns are included in a gate structure; 
and 

wherein the plurality of semiconductor patterns penetrat 
ing the gate structure are arranged in one column in one 
direction. 

15. The method of claim 13: 

wherein the alternately and repeatedly stacked gate pat 
terns and oxide patterns are included in a gate structure; 
and 

the plurality of semiconductor patterns penetrating the gate 
structure are arranged in a ZigZag in one direction. 
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