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METHODS OF FABRICATING
THREE-DIMENSIONAL NONVOLATILE
MEMORY DEVICES USING EXPANSIONS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This U.S. application claims priority under 35 U.S.
C. §119 to Korean Patent Application 10-2009-0023626, filed
on Mar. 19, 2009, the disclosure of which is hereby incorpo-
rated herein by reference in its entirety as if set forth fully
herein.

BACKGROUND

[0002] The present disclosure herein relates to three-di-
mensional nonvolatile memory devices and methods of fab-
ricating the same.

[0003] Microelectronic devices are widely used in many
consumer, commercial and other applications. As the integra-
tion density of microelectronic devices continues to increase,
three-dimensional microelectronic devices may be fabri-
cated, wherein active devices, such as transistors, are stacked
on a microelectronic substrate, such as an integrated circuit
substrate.

[0004] In particular, memory devices are widely used for
general storage and transfer of data in computers and other
digital products. In some memory devices, a string of memory
cells are connected in series. Moreover, in order to increase
the integration density of memory devices, three-dimensional
or vertical memory devices have been developed, wherein a
string of serially connected memory cells is formed by the
memory cells vertically being stacked on a face of a substrate,
wherein a first memory cell in the string of serially connected
memory cells is adjacent the face of the substrate and a last
memory cell in the string of serially connected memory cells
is remote from the face of the substrate. As used herein, and as
conventionally used, the “vertical” direction is generally
orthogonal to the face of the substrate, whereas the “horizon-
tal” direction is generally parallel to (extending along) the
face of the substrate. By vertically stacking the memory cells
to form the string, increased integration density may be pro-
vided. These vertically stacked structures may also be
referred to as “three-dimensional” memory devices.

SUMMARY

[0005] The present disclosure relates to three-dimensional
nonvolatile memory devices that can have excellent reliabil-
ity and methods of fabricating the same by simple processes.
[0006] Embodiments of the inventive concept provide
methods of fabricating three-dimensional nonvolatile
memory devices. These methods include: forming openings
penetrating interlayer insulating layers and conductive layers
stacked alternately on a substrate; forming expansions having
a diameter wider than that of the openings penetrating the
interlayer insulating layers by selectively recessing sidewalls
of the conductive layers exposed by the openings; forming
first insulating layers on surfaces of the conductive layers
exposed by the expansions; forming floating gates disposed in
the expansions interposing the first insulating layers; forming
second insulating layers on surfaces of the floating gates
adjacent to the openings; and forming semiconductor pillars
filling the openings.

[0007] In some embodiments, the forming of the expan-
sions may include: isotropically etching the conductive layers
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50 as to selectively etch the conductive layers more than the
substrate and the interlayer insulating layers, and the forming
of the floating gates may include: forming buried conductive
layers filling the openings and the expansions; and anisotro-
pically etching the buried conductive layers to expose an
upper surface of the substrate.

[0008] In other embodiments, the forming of the first insu-
lating layers and the second insulating layers may include
performing an oxidation process or deposition process.
[0009] Instill other embodiments, the methods may further
include: forming sequentially stacked lower interlayer insu-
lating layers and lower conductive layers including lower
openings provided with sidewalls to be connected succes-
sively to the openings on the substrate, before forming the
openings.

[0010] Inyet other embodiments, the methods may further
include: isolating the interlayer insulating layers and the con-
ductive layers from each other between the semiconductor
pillars; and forming silicide layers on surfaces of the isolated
conductive layers.

[0011] According to other embodiments, three-dimen-
sional nonvolatile memory devices may be fabricated by
forming openings penetrating interlayer insulating layers and
conductive layers stacked alternately on a substrate. Then, the
sidewalls of the conductive layers that are exposed by the
openings are recessed relative to the sidewalls of the inter-
layer insulating layers that are exposed by the openings, to
thereby define expansions between portions of adjacent insu-
lating layers that are exposed by the recessing ofthe sidewalls
of the conductive layers. In some embodiments, the expan-
sions are ring-shaped expansions surrounding the openings.
Floating gates are then form in the expansions. Semiconduc-
tor pillars are then formed in the openings to extend on the
floating gates and on the sidewalls of the interlayer insulating
layers.

[0012] Insome embodiments, between the recessing of the
sidewalls and the forming of the floating gates, an insulating
layer is formed on the sidewalls of the conductive layers.
Moreover, between the forming of the floating gates and the
forming of the semiconductor pillars, an insulating layer may
be formed on the floating gates, adjacent the openings. Two
separate insulating layers may also be formed in some
embodiments.

[0013] Inyetotherembodiments, the sidewalls are recessed
by selectively etching the sidewalls of the conductive layers
that are exposed by the openings relative to the sidewalls of
the interlayer insulating layers that are exposed by the open-
ings. Moreover, in some embodiments, the floating gates may
be formed in the expansions by forming a conductive layer in
the openings and in the expansions, and removing the con-
ductive layer from the openings while allowing the conduc-
tive layer to remain in the expansions.

[0014] In still other embodiments, prior to forming the
openings, lower insulating layers and lower conductive layers
are sequentially stacked upon one another on the substrate.
Lower openings are formed penetrating the lower insulating
layers and the lower conductive layers. Moreover, when the
openings are formed in the interlayer insulating layers and
conductive layers, they are aligned to the lower openings.
[0015] In yet other embodiments, a silicide layer is also
formed on sidewalls of the floating gates opposite the semi-
conductor pillars. In some embodiments, prior to forming the
silicide layer, a conductive layer may be formed on the side-
walls of the floating gates opposite the semiconductor pillars.
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[0016] Embodiments of the inventive concept also provide
three-dimensional nonvolatile memory devices, including:
semiconductor pillars penetrating interlayer insulating layers
and conductive layers alternately stacked on a substrate and
electrically connected to the substrate; floating gates electri-
cally isolated by the interlayer insulating layers and locally
interposed between the semiconductor pillars and the con-
ductive layers; first insulating layers interposed between the
floating gates and adjacent sidewalls of the conductive layers;
and second insulating layers interposed between the floating
gates and the semiconductor pillars.

[0017] In some embodiments, the floating gates may be
interposed between the interlayer insulating layers adjacent
to each other, and the first insulating layers may be disposed
between the floating gates and the interlayer insulating layers
by extending from the floating gates and the sidewalls of the
conductive layers.

[0018] In other embodiments, the second insulating layers
may surround the semiconductor pillars by vertically extend-
ing to sidewalls of the interlayer insulating layers from side-
walls of the floating gates.

[0019] In still other embodiments, the conductive layers
may include selection line conductive layers, the second insu-
lating layers may be interposed between the selection line
conductive layers and the semiconductor pillars, and the
selection line conductive layers may come in directly contact
with the second insulating layers.

[0020] In yet other embodiments, each of the conductive
layers may have a multi-layered structure disposed in parallel
between adjacent interlayer insulating layers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] 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 example embodiments of the inventive
concept and, together with the description, serve to explain
principles of the inventive concept. In the drawings:

[0022] FIG. 1 is a circuit diagram of nonvolatile memory
devices according to embodiments of the inventive concept;
[0023] FIGS. 2, 4, 6, and 8 are cross-sectional views of
nonvolatile memory devices according to various embodi-
ments of the inventive concept, respectively;

[0024] FIGS. 3, 5, 7, and 9 are perspective views of non-
volatile memory devices according to various embodiments
of the inventive concept, respectively;

[0025] FIGS. 10 through 16 are cross-sectional views illus-
trating methods of fabricating a nonvolatile memory device
according to some embodiments of the inventive concept,
respectively;

[0026] FIGS. 17 and 18 are cross-sectional views illustrat-
ing methods of fabricating a nonvolatile memory device
according to other embodiments of the inventive concept,
respectively;

[0027] FIGS. 19 through 28 are cross-sectional views illus-
trating methods of fabricating a nonvolatile memory device
according to further embodiments of the inventive concept,
respectively;

[0028] FIG. 29 is a cross-sectional view illustrating meth-
ods of fabricating a nonvolatile memory device according to
still further embodiments of the inventive concept;
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[0029] FIG. 30 is a block diagram illustrating schemati-
cally an electronic device including nonvolatile memory
devices according to various embodiments of the inventive
concept; and

[0030] FIG. 31 is a block diagram illustrating a memory
system including nonvolatile memory devices according to
various embodiments of the inventive concept.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0031] The present invention now will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which various embodiments are shown. However, this
invention should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to those
skilled in the art. In the drawings, the thickness of layers and
regions may be exaggerated for clarity. 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 and may be abbreviated as *“/”.
[0032] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a,” “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises,”
“comprising,” “having,” “having,” “includes,” “including”
and/or variations thereof, when used in this specification,
specify the presence of stated features, regions, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, regions,
steps, operations, elements, components, and/or groups
thereof.

[0033] TItwill be understood that when an element such as a
layer or region is referred to as being “on” or extending “onto”
another element (and/or variations thereof), it can be directly
on or extend directly onto the other element or intervening
elements may also be present. In contrast, when an element is
referred to as being “directly on” or extending “directly onto”
another element (and/or variations thereof), there are no inter-
vening elements present. It will also be understood that when
anelement is referred to as being “connected” or “coupled” to
another element (and/or variations thereof), it can be directly
connected or coupled to the other element or intervening
elements may be present. In contrast, when an element is
referred to as being “directly connected” or “directly
coupled” to another element (and/or variations thereof), there
are no intervening elements present.

[0034] 1t will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
materials, regions, layers and/or sections should not be lim-
ited by these terms. These terms are only used to distinguish
one element, material, region, layer or section from another
element, material, region, layer or section. Thus, a first ele-
ment, material, region, layer or section discussed below could
be termed a second element, material, region, layer or section
without departing from the teachings of the present invention.
[0035] Relative terms, such as “lower”, “back”, and
“upper” may be used herein to describe one element’s rela-
tionship to another element as illustrated in the Figures. It will
be understood that relative terms are intended to encompass
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different orientations of the device in addition to the orienta-
tion depicted in the Figures. For example, if the structure in
the Figure is turned over, elements described as being on the
“backside” of substrate would then be oriented on “upper”
surface of the substrate. The exemplary term “upper”, can
therefore, encompasses both an orientation of “lower” and
“upper,” depending on the particular orientation of the figure.
Similarly, if the structure in one of the figures is turned over,
elements described as “below” or “beneath” other elements
would then be oriented “above” the other elements. The
exemplary terms “below” or “beneath” can, therefore,
encompass both an orientation of above and below. However,
as used herein, and as conventionally used, the “vertical”
direction is generally orthogonal to the face of the substrate
regardless of its orientation, whereas the “horizontal” direc-
tion is generally parallel to (extending along) the face of the
substrate.

[0036] Embodiments of the present invention are described
herein with reference to cross section and perspective illus-
trations that are schematic illustrations of idealized embodi-
ments of the present invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the present invention should not be
construed as limited to the particular shapes of regions illus-
trated herein but are to include deviations in shapes that result,
for example, from manufacturing. For example, a region
illustrated or described as flat may, typically, have rough
and/or nonlinear features. Moreover, sharp angles that are
illustrated, typically, may be rounded. Thus, the regions illus-
trated in the figures are schematic in nature and their shapes
are not intended to illustrate the precise shape of a region and
are not intended to limit the scope of the present invention.
[0037] 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 invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, 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.

[0038] FIG.1 is a circuit diagram illustrating three-dimen-
sional nonvolatile memory devices according to various
embodiments of the inventive concept.

[0039] Referring to FIG. 1, a nonvolatile memory device
according to some embodiments of the inventive concept
includes a cell array having a plurality of strings STRs. The
cell array includes a plurality of bit lines BL.1 to BL4, word
lines WL1 to WL3, upper selection lines USL1 to USL3, a
lower selection line LSL, and a common source line CSL. In
addition, the nonvolatile memory device includes a plurality
of strings STRs between the bit lines BL1 to BL4 and the
common source line CSL.

[0040] Each of the strings STRs includes upper and lower
selection transistors UST and LST and a plurality of memory
cell transistors MC connected between the upper and lower
selection transistors UST and LST in series. A drain of the
upper selection transistor UST is connected to the bit lines
BL1 and BL4, and a source of the lower selection transistor
LST is connected to the common source line CSL. The com-
mon source line CSL is a line to which the sources of the
lower selection transistors LSTs are connected in common.
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[0041] Further, the upper selection transistors USTs are
connected to the upper selection lines USL1 and USL3, and
each of the lower selection transistors LSTs is connected to
the lower selection line LSL. In addition, each of memory
cells MCs is connected to word lines WL1 to WL3.

[0042] Since the above-mentioned cell array is arranged in
the three-dimensional structure, the strings STRs have a
structure in which the memory cells MCs are connected to
each other in series in a Z-axis direction perpendicular to X-Y
plane in parallel to the upper surface of a substrate. Accord-
ingly, channels of the selection transistors UST and LST and
channels of the memory cell transistors MCs may be formed
in a direction perpendicular to X-Y plane.

[0043] In the three-dimensional nonvolatile memory
device, m memory cells may be formed in each X-Y plane,
and X-Y plane having the m memory cells may be stacked
with n layers (where, m and n are natural numbers).

[0044] Nonvolatile memory devices according to various
embodiments of the inventive concept will be described
below with reference to FIGS. 2 through 9.

[0045] A nonvolatile memory device according to first
embodiments of the inventive concept will be described.
[0046] Referring to FIGS. 2 and 3, interlayer insulating
layers 110 (see FIG. 2) and conductive layers LSL,. WL, and
USL may alternately be stacked on a substrate 100, repeat-
edly. The substrate 100 may be a semiconductor substrate
including an impurity region 105 (for example, well region)
used as a common source line CSL (see FIG. 1). Out of the
conductive layers LSL, WL, and USL, the uppermost layer
may be used as an upper selection line USL, the lowermost
layer may be used as a lower selection line L.SI, and remain-
ing conductive layers may be used as word lines WLs. The
conductive layers may be made of a conductive poly silicon
and/or metal material.

[0047] The lower selection line LSL may be formed in a
plate shape or a line shape separated from each other. The
upper selection line USL may be formed in a line shape
separated from each other. The word lines are located
between the upper selection line USL and the lower selection
line LSL. The word lines may be a plate shape. Since the word
lines are formed in the plate shape on each layer, the same
voltage may be applied to the word lines of the memory cells
formed on the same layer.

[0048] In addition, the word lines WLs formed at an upper
part may have a relatively small area compared to the word
lines WLs formed at a lower part. That is, the stacked structure
of the interlayer insulating layers 110 (see FIG. 2) and the
conductive layers LSL, WL, and USL may have a staircase-
shaped edge.

[0049] A plurality of semiconductor pillars PLs may be
disposed on the substrate 100. The plurality of semiconductor
pillars PLs penetrates the stacked interlayer insulating layers
110 and conductive layers LSL, WL, and USL. The semicon-
ductor pillars PLs may be electrically connected to the impu-
rity region 105 included in the substrate 100. The semicon-
ductor pillars PLs are spaced from one another and may be
arranged in the form of a planar matrix. The semiconductor
pillars PLs are formed of a semiconductor material. More-
over, the semiconductor pillars PLs may correspond to each
string of the nonvolatile memory device. Channels of the
selection transistors and memory cell transistors of each
string may be electrically connected to each other through the
semiconductor pillars PLs. The semiconductor pillars PLs
may be a cylindrical shape but are not limited thereto. The
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semiconductor pillars PLs may have the same conductivity as
a whole. At least, surfaces of the semiconductor pillars PLs
may have the same conductivity. Channels of the nonvolatile
memory devices according to the embodiments of the inven-
tive concept may be formed in the semiconductor pillars PLs.
[0050] Floating gates FGs may be interposed between sides
of the semiconductor pillars PLs and the word lines WLs.
Furthermore, the floating gates FGs may be interposed
between the interlayer insulating layers 110 (see FIG. 2)
adjacent to each other. That is, the floating gates FGs may be
spaced from each other by the interlayer insulating layers 110
(see FIG. 2). For instance, the floating gates FGs may sur-
round the semiconductor pillars PLs in the form of a doughnut
or ring between the interlayer insulating layers 110 (see FIG.
2). At this time, a gate insulating layer 143 may selectively be
interposed between the side of the semiconductor pillar PL
and the floating gates FGs. Except for a surface coming in
contact with the gate insulating layer 143, the remaining
surface of the floating gate FG may be surrounded by an
inter-gate dielectric layer IGD. That is, the inter-gate dielec-
tric layer IGD may be interposed between the floating gate FG
and the word line WL and between the floating gate FG and
the interlayer insulating layer 110 (see FIG. 2).

[0051] The gate insulating layer 143 may be interposed
between the semiconductor pillar PL and a selection line
pattern SLP. The selection line pattern SLP may be sur-
rounded by a middle gate dielectric layer MGD, similar to the
floating gate FG is surrounded by the inter-gate dielectric
layer IGD. The selection line pattern SLP may be made of the
same material as the floating gate FG.

[0052] Accordingly, the gate insulating layers 143 sur-
round the semiconductor pillars PLs, but may be spaced from
the floating gates FGs.

[0053] Bit lines BLs may be formed on upper surfaces of
the semiconductor pillars PLs to electrically connect with the
semiconductor pillars PLs. The bit lines BLs may be disposed
to intersect with the upper selection lines USLs. At this time,
each of the semiconductor pillars PLs may be disposed at
places where the bit lines BLs and the upper selection lines
USLs are intersected with each other.

[0054] A perpendicular interval between the floating gates
FGs may be adjusted depending on a thickness of the inter-
layer insulating layer. In addition, the thickness of the inter-
layer insulating layer may be determined not by a patterning
process but by a thin film forming process. Therefore, the
thickness of the interlayer insulating layer may be thinner
than a limit of a patterning resolution. As a result, according
to these embodiments of the inventive concept, the nonvola-
tile memory device including the floating gates may be oper-
ated using a fringe field. As described above, all of the semi-
conductor pillars according to this embodiment of the
inventive concept may have the same impurity type. Further-
more, the impurity type of the semiconductor pillars accord-
ing to this embodiment of the inventive concept may be a
conductivity type opposite to the impurity type pfthe floating
gates.

[0055] A nonvolatile memory device according to a second
embodiments of the inventive concept will be described
below with reference to FIGS. 4 and 5. Hereinafter, with
respect to the nonvolatile memory device according to the
first embodiment of the inventive concept, same or similar
components will be omitted or briefly described, and different
components (e.g., gate insulating layer and inter-gate dielec-
tric layer) will be described.
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[0056] Referring to FIGS. 4 and 5, the gate insulating layer
143 may be interposed between the side of the semiconductor
pillar PL and the floating gates FGs and interposed between
the side of the semiconductor pillar PL and the interlayer
insulating layer 110 (see FIG. 4). That is, the gate insulating
layer 143 may extend along the side of the semiconductor
pillar PL to surround the entire side of the semiconductor
pillar PL.

[0057] Except for a surface coming in contact with the gate
insulating layer 143, the remaining surface of the floating gate
FG may be surrounded by the inter-gate dielectric layer IGD.
The inter-gate dielectric layer IGD may be configured to have
a plurality of layers IGD1, IGD2,, and IGD2,. According to
other embodiments of the inventive concept, the inter-gate
dielectric layer IGD may be configured to have a multi-
layered structure only between the floating gate FG and the
word lines WLs.

[0058] The selection line pattern SLP may be surrounded
by the middle gate dielectric layer MGD including double
layers MGD1 and MGD2 in a similar manner as the floating
gate FG.

[0059] A three-dimensional nonvolatile memory device
will be described below with reference to FIGS. 6 and 7.
Hereinafter, with respect to the nonvolatile memory device
according to the first and second embodiments of the inven-
tive concept, same or similar components will be omitted or
briefly described, and different components (e.g., selection
line layer) will be described.

[0060] Referring to FIGS. 6 and 7, the floating gates FGs
may selectively be interposed only between the side of the
semiconductor pillar PL and the word lines WLs. In addition,
the floating gates FGs are interposed between the interlayer
insulating layers 110 (see FIG. 6) adjacent to each other and
may perpendicularly be spaced from one another along the
semiconductor pillar PL. At this time, the gate insulating
layer 143 may locally be interposed between the side of the
semiconductor pillar PL and the floating gates FGs. Alterna-
tively, the gate insulating layer 143 may extend along the side
of the semiconductor pillar PL. Except for a surface coming
in contact with the gate insulating layer 143, the remaining
surface of the floating gate FG may be surrounded by the
inter-gate dielectric layer IGD. The inter-gate dielectric layer
IGD may have a stacked structure of oxide/nitride/oxide
(AGD1/1IGD2/1GD3).

[0061] The gate insulating layer 143 may be only inter-
posed between the selection lines USL and LSL and the
semiconductor pillar PL. That is, unlike FIG. 2 or FIG. 4, the
memory device of FIG. 6 may not include a different conduc-
tivity pattern such as a floating gate between the selection
lines USL and LSL and the semiconductor pillar PL.

[0062] A three-dimensional nonvolatile memory device
will be described below with reference to FIGS. 8 and 9.
Hereinafter, with respect to the nonvolatile memory devices
according to the first to third embodiments of the inventive
concept, same or similar components will be omitted or
briefly described, and different components (e.g., selection
line layer) will be described.

[0063] Referring to FIGS. 8 and 9, interlayer insulating
patterns 115 and conductive line patterns LSL, WL, and USL
may alternately be stacked on a substrate 100, repeatedly. Out
of'the conductive line patterns LSL, WL, and USL, the upper-
most layer may be used as an upper selection line USL, the
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lowermost layer may be used as a lower selection line LSL,
and remaining conductive line patterns may be used as word
lines WLs.

[0064] The conductive line patterns LSL, WL, and USL
may be a line shape extending in the same direction. One
stack constituted by the conductive line patterns LSL, WL,
and USL may be isolated from a neighboring stack. At this
time, the conductive line patterns used as word lines WLs may
be connected to each other on the same layer such that the
same voltage is applied thereto.

[0065] Line-shaped isolation insulating pattern 180 may be
disposed between the adjacent conductive line patterns LSL,
WL, and USL.

[0066] A plurality of semiconductor pillars PLs, which
penetrate the stacked interlayer insulating patterns 115 and
the conductive line patterns LSL, WL, and USL, may be
disposed on the substrate 100. The semiconductor pillars PLs
may be spaced from each other in a row between the adjacent
isolation insulating patterns 180. The semiconductor pillars
PLs may arranged in the form of a planar matrix.

[0067] Silicide layers 1215 may be interposed into inter-
faces between the isolation insulating patterns 180 and the
conductive line patterns LSL, WL, and USL. The silicide
layers 1215 may locally be disposed at the surface of the
conductive line patterns LSL, WL, and USL coming in con-
tact with the isolation insulating patterns 180.

[0068] Methods of fabricating the three-dimensional non-
volatile memory devices according to the embodiments of the
inventive concept will be described below.

[0069] FIGS. 10 through 16 illustrate methods of fabricat-
ing a three-dimensional nonvolatile memory device accord-
ing to first embodiments of the inventive concept.

[0070] Referring to FIG. 10, interlayer insulating layers
110 and conductive layers 120 may alternately be stacked on
a substrate 100, repeatedly. The substrate 100 may include an
impurity region 105 (for example, well region). Out of the
stacked layers 110 and 120, the uppermost layer may be an
interlayer insulating layer. The number of stacked conductive
layers may be changed by the capacity of the nonvolatile
memory device. The interval between the conductive layers
120 may be determined by adjusting the thickness of the
interlayer insulating layers 110.

[0071] The interlayer insulating layers 110 and the conduc-
tive layers 120 may be stacked in the form of a plate on a
memory cell of the substrate 100

[0072] At this time, with respect to the interlayer insulating
layers 110 and the conductive layers 120, the area may gradu-
ally reduce in the order in which the interlayer insulating
layers 110 and the conductive layers 120 are stacked from the
substrate 100. For instance, edges of the interlayer insulating
layers 110 and the conductive layers 120 may have a staircase
shape. The interlayer insulating layers 110 and the conductive
layers 120 may be formed by repeatedly carrying out a depos-
iting process and a patterning process, respectively. Alterna-
tively, after all of the interlayer insulating layers 110 and the
conductive layers 120 are stacked, each layer may selectively
be patterned layer-by-layer.

[0073] The interlayer insulating layers 110 may include a
silicon oxide layer and/or a silicon nitride layer. The conduc-
tive layers 120 may include a lower conductive layer 122 and
an upper conductive layer 126 that are sequentially stacked
from the substrate 100. A middle conductive layer 124 may be
stacked between the lower conductive layer 122 and the upper
conductive layer 126. The lower conductive layer 122, the
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upper conductive layer 126, and the middle conductive layer
124 may have the same etch selectivity. For instance, the
lower conductive layer 122, the upper conductive layer 126,
and the middle conductive layer 124 may be formed of the
same material. The conductive layers may contain polysili-
con and/or metal material.

[0074] The upper conductive layer 126 may be patterned in
the form of a line.

[0075] Referring to FIG. 11, a plurality of first openings
131 may be formed by etching the stacked interlayer insulat-
ing layers 110 and the conductive layers 120. The first open-
ings 131 penetrate the stacked interlayer insulating layers 110
and the conductive layers 120. For instance, a mask pattern
(not illustrated) is formed on the uppermost layer of the
interlayer insulating layers 110, and an anisotropic etching is
selectively performed on the interlayer insulating layers 110
and the conductive layers 120 exposed by the mask pattern.
The impurity region 105 of the substrate 100 may be exposed
to bottom faces of the first openings 131, and the interlayer
insulating layers 110 and the conductive layers 120 may be
exposed to inner walls of the first openings 131. The first
openings 131 may be a circular type, and the diameter of the
first openings 131 may be smaller than a horizontal distance
between the adjacent first openings 131. Furthermore, the
first openings 131 may be provided in the form of a planar
matrix.

[0076] Referring to FIGS. 11 and 12, conductive patterns
121 may be formed by selectively recessing the conductive
layers 120 exposed to the inner walls of the first openings 131.
For instance, an isotropic etching may be performed on the
resulting structure of FIG. 11. The isotropic etching may be
performed such that the conductive layers 120 are selectively
etched compared to other layers. The conductive patterns 121
may include a lower conductive pattern 123 and an upper
conductive pattern 127 that are sequentially stacked from the
substrate 100. Middle conductive patterns 125 may be
stacked between the lower conductive pattern 123 and the
upper conductive pattern 127. The middle conductive pat-
terns 125 may be used as a control gate (or word line). When
the conductive patterns 121 are formed, at the same time the
inner walls of the first openings 131 constituted by the con-
ductive layers 120 are selectively expanded. Consequently,
second openings 132 may be formed.

[0077] Thesecond openings 132 may have the same bottom
face as the first openings 131. Meanwhile, the inner walls of
the second openings 132 may be constituted by the interlayer
insulating layers 110 and the conductive patterns 121. The
second openings 132 may include expansions 133 sur-
rounded by the adjacent interlayer insulating layers 110 and
the conductive patterns 121 between the adjacent interlayer
insulating layers 110. The width or diameter of the expan-
sions 133 may be larger than that of the openings surrounded
by the interlayer insulating layers 110. Accordingly, the
expansions 133 may be viewed as expansions relative to the
openings 132 or may be viewed as recesses relative to the
interlayer insulating layers 110. Stated differently, sidewalls
of the conductive patterns 125 that are exposed by the open-
ings 132 are recessed relative to sidewalls of the interlayer
insulating layers 110 that are exposed by the openings, to
thereby define expansions 133 between portions of adjacent
insulating layers that are exposed by the recessing of the
sidewalls of the conductive layers 127.

[0078] Referring to FIG. 13, a first insulating layer 141 may
be formed on the resulting structure of FIG. 12. The first
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insulating layer 141 may conformally be formed on the
resulting structure of FIG. 12. That is, the first insulating layer
141 may be formed along the inner walls and the bottom faces
of the second openings 132. At this time, the first insulating
layer 141 may be formed on the surfaces of the interlayer
insulating layers 110 and the conductive patterns 121 exposed
to the inner faces of the expansions 133. The first insulating
layer 141 may be a single layer or multiple layers. The first
insulating layer 141 may be a composite layer of oxide/
nitride/oxide. According to another embodiment of the inven-
tive concept, the first insulating layer 141 may be formed of
high dielectric constant materials.

[0079] The first insulating layer 141 may be formed by a
deposition. For instance, the first insulating layer 141 may be
formed by an atomic layer deposition (including modified
process of atomic layer deposition) and/or a chemical vapor
deposition (including modified processes such as Low Pres-
sure Chemical Vapor Deposition and Plasma Enhanced
Chemical Vapor Deposition).

[0080] Referring to FIG. 14, a buried conductive layer 151
may be formed to fill the inside of the second openings 132.
The buried conductive layer 151 may fill the expansions 133.
The buried conductive layer 151 may be formed to cover the
uppermost layer of the interlayer insulating layers. The buried
conductive layer 151 may be formed of a conductive polysili-
con.

[0081] Referring to FIG. 15, third openings 134 may be
formed by performing the anisotropic etching with respect to
the buried conductive layer 151. The anisotropic etching may
be performed using the interlayer insulating layers 110 as an
etching mask. The anisotropic etching may be performed to
expose the upper surface of the substrate 100. Hereby, since a
part of the buried conductive layer 151 remains in the expan-
sions 133, buried conductive patterns 152 may be formed. In
addition, since the first insulating layer 141 formed on the
inner walls of the second openings 132, except for the expan-
sions 133, is selectively removed by the anisotropic etching,
first insulating patterns 142 may locally be formed in the
expansions 133. Accordingly, the interlayer insulating layers
110 and the buried conductive patterns 152 may be exposed to
the inner walls of the third openings 134. At this time, the first
insulating patterns 142 may surround other surfaces of the
buried conductive patterns 152 except for the side exposed to
the inner walls of the third openings 134.

[0082] Alternatively, a planarization process may be per-
formed on the buried conductive layer 151 to expose the
upper surface of the uppermost layer of the interlayer insu-
lating layers 110. Subsequently, a mask pattern (not illus-
trated) may be formed on the uppermost layer of the interlayer
insulating layers 110 to expose the buried conductive layer
151 formed in the second openings 132. The anisotropic
etching may selectively be performed on the buried conduc-
tive layer 151 using the mask pattern as an etching mask.
After the buried conductive layer 151 is etched, the third
openings 134 may be formed by removing the first insulating
layer 141 formed on the bottom face of the exposed second
openings 132. At this time, the first insulating layer 141 may
remain on the sidewalls of the third openings 134. That is, the
first insulating patterns 142, which surround the buried con-
ductive patterns of different layers, may be connected to each
other along the inner walls of the third openings 134.

[0083] Referring to FIG. 16, an oxidation process may be
performed on the resulting structure of FIG. 15. The oxidation
process may be a thermal oxidation. Through the oxidation,
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an oxide layer may be formed on the surfaces of the buried
conductive patterns 152 exposed to the inner walls of the third
openings 134. At this time, the upper surface of the substrate
100, which is exposed to the bottom faces of the third open-
ings 134, may be also oxidized. The oxide layer formed on the
bottom faces of the third openings 134 may be removed by the
anisotropic etching. As a result, a gate insulating layer 143
may selectively be formed on the surface of the buried con-
ductive patterns 152 exposed to the inner walls of the third
openings 134. The gate insulating layer 143 may be also
formed by a radical oxidation process.

[0084] The third openings 134 may be filled with semicon-
ductor materials. At this time, the uppermost layer of the
interlayer insulating layers 110 may be covered with the
semiconductor materials. The uppermost layer of the inter-
layer insulating layers 110 is exposed by the planarization
process, and the semiconductor pillars PLs may then be
formed in the third openings 134. The semiconductor mate-
rials may include polycrystalline or single crystalline semi-
conductor.

[0085] The bit lines BLs may be formed on the semicon-
ductor pillars PLs. A conductive layer is formed on the semi-
conductor pillars PLs and the uppermost layer of the inter-
layer insulating layers 110. The bit lines BLs may then be
formed by patterning the conductive layer. For this reason, the
semiconductor pillars PLs may electrically be connected to
the bit lines BLs.

[0086] FIGS. 17 and 18 illustrate methods of fabricating a
three-dimensional nonvolatile memory device according to
second embodiments of the inventive concept. With respect to
the method of fabricating the three-dimensional nonvolatile
memory device according to the first embodiment of the
inventive concept, same or similar components will be omit-
ted or briefly described.

[0087] Referring to FIG. 17, a first insulating layer 141 may
be formed on the resulting structure of FIG. 12. The first
insulating layer 141 may be double layers. The first insulating
layer 141 may include a first sub-insulating layer 144 and a
second sub-insulating layer 145. The first sub-insulating layer
144 may be formed by an oxidation process. Accordingly, the
first sub-insulating layer 144 may selectively be formed on
the exposed surface of the conductive patterns 121. Moreover,
the upper surface of the substrate 100 may be oxidized by the
oxidation process.

[0088] The second sub-insulating layer 145 may confor-
mally be formed on the resulting structure. That is, the second
sub-insulating layer 145 may be formed along the inner walls
of the second openings 132, the expansions 133, and the
bottom faces of the second openings 132. The second sub-
insulating layer 145 may be formed of high dielectric con-
stant materials. The second sub-insulating layer 145 may be
formed by a deposition. As a result, the first sub-insulating
layer 144 and the second sub-insulating layer 145 may selec-
tively be stacked on the exposed surface of the conductive
patterns 121.

[0089] Referring to FIG. 18, as described above, the buried
conductive patterns 152 containing a conductive polysilicon
are formed in the expansions 133, and the third openings 134
may be formed. In this case, the buried conductive patterns
152 correspond to the sides of the third openings 134. Fur-
thermore, since the second sub-insulating layer 145 formed
on the inner walls of the third openings 134, except for the
expansions 133, is selectively removed by the anisotropic
etching, second sub-insulating patterns 146 may be formed in
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the expansions 133. Accordingly, the interlayer insulating
layers 110 and the buried conductive patterns 152 may be
exposed to the inner walls of the third openings 134. At this
time, the second sub-insulating patterns 146 may surround
other surfaces of the buried conductive patterns 152 except
for the side exposed to the inner walls of the third openings
134.

[0090] Alternatively, the second sub-insulating patterns
146, which surround the buried conductive patterns of differ-
ent layers, may be connected to each other along the inner
walls of the third openings 134.

[0091] The gate insulating layer 143 may selectively be
formed on the inner walls of the third openings 134. The gate
insulating layer 143 may be formed by a deposition and an
anisotropic etching. For instance, the gate insulating layer
143 may be formed by an atomic layer deposition (including
modified process of atomic layer deposition) and/or a chemi-
cal vapor deposition (including modified processes such as
Low Pressure Chemical Vapor Deposition and Plasma
Enhanced Chemical Vapor Deposition). The insulating layer
may conformally be formed on the resulting structure by the
deposition. Subsequently, through the anisotropic etching, it
can remove the insulating layer formed on the bottom faces of
the third openings 134 and the uppermost layer of the inter-
layer insulating layers 110.

[0092] Referring back to FIG. 4, the semiconductor pillars
PLs may be formed in the third openings 134. The semicon-
ductor pillars PLs may have the upper surfaces that are sub-
stantially equal to the uppermost layer of the interlayer insu-
lating layers 110 in height. The semiconductor materials may
include polycrystalline and/or single crystalline semiconduc-
tor. The bit lines BLs may be formed on the semiconductor
pillars PLs.

[0093] FIGS. 19 through 29 illustrate methods of fabricat-
ing a three-dimensional nonvolatile memory device accord-
ing to third embodiments of the inventive concept.

[0094] Referring to FIG. 19, a lower interlayer insulating
layer 110qa and a lower conductive layer 122 may be stacked
on the substrate 100 in this order. The substrate 100 may
include the impurity region 105 (for example, well region).
[0095] Referring to FIG. 20, a mask pattern (not illustrated)
may be formed on the lower conductive layer 122. The aniso-
tropic etching may selectively be performed on the lower
conductive layer 122 using the mask pattern as an etching
mask. For this reason, lower openings 130a penetrating the
lower conductive layer 122 may be formed. At this time, the
lower openings 130a may be formed to expose the lower
interlayer insulating layer 110a and the substrate 110. The
mask pattern may be removed.

[0096] Referring to FIG. 21, a middle buried insulating
layer 1105 may be formed on the substrate 100 to fill the lower
openings 130a. Middle conductive layers 124 and middle
interlayer insulating layers 110¢ may alternately be stacked
on the middle buried insulating layer 1105. Before the middle
conductive layers 124 are formed, the middle buried insulat-
ing layer 11056 may be planarized. The middle buried insulat-
ing layer 1105 on the lower conductive layer 122 may have
the same thickness as the middle interlayer insulating layer
110c¢ on the middle conductive layer 124.

[0097] Referring to FIG. 22, a mask pattern (not illustrated)
may be formed on the uppermost layer of the middle inter-
layer conductive layers 110c. The mask pattern may be
formed using a mask equal to a photo mask used for forming
the lower openings 130a. The anisotropic etching may selec-
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tively be performed on the middle conductive layers 124 and
the middle interlayer insulating layers 110¢ using the mask
pattern as an etching mask. For this reason, first middle open-
ings 1305 130a may be formed to penetrate the middle con-
ductive layers 124 and the middle interlayer insulating layers
110c. At this time, the anisotropic etching may be performed
using the middle buried insulating layer 1105 as an etch stop
layer. An upper surface of the middle buried insulating layer
1105 is exposed to the bottom face of the first middle open-
ings 1305, and the middle conductive layers 124 and the
middle interlayer insulating layers 110c¢ may be exposed to
the inner wall of the first middle openings 1304.

[0098] Referring to FIG. 23, the middle conductive layers
124, which are exposed to the inner wall of the first middle
openings 1305, may selectively be recessed. For this reason,
middle conductive patterns 125 may be formed. The middle
conductive patterns 125 may be used as a control gate (or
word line). At the same time, the inner walls of the first middle
openings 1305, which are provided with the middle conduc-
tive layers 124, may selectively be expanded. Consequently,
second middle openings 130¢ may be formed. For instance,
the isotropic etching may be performed on the resulting struc-
ture of FIG. 22. The isotropic etching may be performed such
that the middle conductive layers 124 are selectively etched
compared to other layers.

[0099] The second middle openings 130¢ may have the
same bottom face as the first middle openings 1305. Mean-
while, the inner walls of the second middle openings 130¢
may be provided with the middle interlayer insulating layers
110¢ and the middle conductive patterns 125. The second
middle openings 1305 may include expansions 133 sur-
rounded by the neighboring interlayer insulating layers 110
and the middle conductive patterns 125 between the neigh-
boring interlayer insulating layers 110. The diameter of the
expansions 133 may be larger than that of the openings sur-
rounded by the middle interlayer insulating layers 110c.
[0100] Referring to FIG. 24, a sacrificial pattern 1104 may
be formed to fill the second middle openings 130c. At this
time, the sacrificial pattern 1104 may be formed to fill the
expansions 133. The sacrificial pattern 1104 may be formed
by the deposition and planarlization. The sacrificial pattern
1104 may have the upper surface that is substantially equal to
the uppermost layer of the middle interlayer insulating layers
110c in height. The sacrificial pattern 1104 may be formed of
materials having the etch selectivity with respect to the inter-
layer insulating layers 110 and the conductive layers 120. For
instance, the interlayer insulating layers 110 may contain a
silicon nitride, the conductive layers 120 may contain a con-
ductive polysilicon and/or metal, and the sacrificial pattern
1104 may contain a silicon oxide.

[0101] An upper conductive layer 126 and an upper inter-
layer insulating layer 110e may sequentially be stacked on the
sacrificial pattern 1104 and the uppermost layer of the middle
interlayer insulating layers 110c. The upper conductive layer
126 may be patterned in the form of a line.

[0102] Referring to FIG. 25, a mask pattern (not illustrated)
may be formed on the upper interlayer insulating layer 110e.
The mask pattern may be formed using a mask (e.g., reticle)
equal to a photo mask used for forming the lower openings
1304a and/or the first middle openings 1305. The anisotropic
etching may selectively be performed on the upper interlayer
insulating layer 110e and the upper conductive layer 126
using the mask pattern as an etching mask. For this reason, an
upper surface of the sacrificial pattern 1104 may be exposed.
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[0103] The sacrificial pattern 1104 may selectively be
removed. The sacrificial pattern 1104 may be formed of mate-
rials having the etch selectivity different from that of the
conductive layers 122 and 126, the conductive patterns 125,
and the interlayer insulating layers 110. Accordingly, through
the isotropic etching, the conductive layers 122 and 126, the
conductive patterns 125, and the interlayer insulating layers
110 are not etched or are etched to a minimum, while the
sacrificial pattern 110d may selectively be etched. The sacri-
ficial pattern 1104 is removed, and then the second middle
openings 130¢ may be again formed.

[0104] The middle buried insulating layer 1105 may be
exposed to the bottom face of the second middle openings
130c. The anisotropic etching may selectively be performed
on the exposed middle buried insulating layer 1105 using the
interlayer insulating layers 110 as an etching mask. Conse-
quently, the first openings 135 may be formed to penetrate the
upper conductive layer 126, the middle conductive patterns
125, and the lower conductive layer 122 and expose the upper
surface of the substrate 100.

[0105] The substrate 100 may be exposed to the bottom
face of the first openings 135. Further, the interlayer insulat-
ing layers 110, the conductive layers 122 and 126, and the
conductive patterns 125 may be exposed to the inner wall of
the first openings 135. At this time, the first openings 135 may
be a circular type. In addition, the first openings 135 may be
a planar matrix shape. The first openings 135 may have dif-
ferent diameter for each region. For instance, the diameter of
the first openings 135 penetrating the interlayer insulating
layers 110, the upper conductive layer 126, and the lower
conductive layer 122 may be smaller than that of the first
openings 135 penetrating the middle conductive patterns 125.
That s, the first openings 135 may include the expansions 133
having a partially expansive diameter.

[0106] The interlayer insulating layers 110, the conductive
layers 122 and 126, and the conductive patterns 125 may be
stacked in the form of a plate on the memory cell of the
substrate 100. At this time, with respect to the interlayer
insulating layers 110, the conductive layers 122 and 126, and
the conductive patterns 125, the area may gradually reduce in
the order in which the interlayer insulating layers 110, the
conductive layers 122 and 126, and the conductive patterns
125 are stacked from the substrate 100. For instance, edges of
the interlayer insulating layers 110, the conductive layers 122
and 126, and the conductive patterns 125 may have a staircase
shape.

[0107] The interlayer insulating layers 110 may be formed
of a silicon oxide and/or a silicon nitride. At least the sacrifi-
cial pattern 1104 may be formed of materials that are selec-
tively etched during the etching compared to the upper inter-
layer insulating layer 110e and the middle buried insulating
layer 1105.

[0108] The conductive layers 122 and 126 and the conduc-
tive patterns 125 may include a polysilicon layer or metal
layer. Moreover, the conductive layers 122 and 126 and the
conductive patterns 125 may be formed of the same material
or different material. At this time, at least the middle conduc-
tive patterns 125 may be formed of the same material.
[0109] Referring to FIG. 26, a first insulating layer 141 may
conformally be formed on the resulting structure of FIG. 21.
That is, the first insulating layer 141 may be formed along the
inner walls and the bottom face of the first openings 135. At
this time, the first insulating layer 141 may be formed on the
surfaces of the interlayer insulating layers 110 and the middle
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conductive patterns 125 exposed to the inner face of the
expansions 133. The first insulating layer 141 may be a single
layer or multiple layers. The first insulating layer 141 may be
formed of high dielectric constant materials.

[0110] The first insulating layer 141 may be formed by the
deposition. For instance, the first insulating layer 141 may be
formed by an atomic layer deposition (including modified
process of atomic layer deposition) and/or a chemical vapor
deposition (including modified processes such as Low Pres-
sure Chemical Vapor Deposition and Plasma Enhanced
Chemical Vapor Deposition). The first insulating layer 141
may further include an oxide layer that is selectively formed
on the surface of the middle conductive patterns 125 exposed
to the inner wall of the first openings 135.

[0111] Referring to FIGS. 27 and 28, a buried conductive
layer 151 may be formed to fill the inside of the first openings
135. The buried conductive layer 151 may fill the expansions
133. The buried conductive layer 151 may be formed of a
conductive polysilicon.

[0112] Second openings 136 may be formed by performing
the anisotropic etching with respect to the buried conductive
layer 151. The anisotropic etching may be performed using
the upper interlayer insulating layers 110e as an etching
mask. The anisotropic etching may be performed to expose
the upper surface of the substrate 100. Consequently, since a
part of the buried conductive layer 151 remains in the expan-
sions 133, buried conductive patterns 152 may be formed to
serve as a floating gate. In addition, since the first insulating
layer 141 formed on the inner walls of the first openings 135,
except for the expansions 133, is selectively removed by the
anisotropic etching, a first insulating pattern 142 serving as an
interlayer insulating layer may be formed in the expansions
133. Accordingly, the interlayer insulating layers 110, the
buried conductive patterns 152 serving as a floating gate, the
upper conductive layer 126, and the lower conductive layer
122 may be exposed to the inner walls of the second openings
136. At this time, the first insulating pattern 142 may surround
other surfaces of the buried conductive patterns 152 except
for the side exposed to the inner walls of the second openings
136.

[0113] Alternatively, the first insulating patterns 142,
which surround different floating gates, may be connected to
each other along the inner walls of the second openings 136.
[0114] Referring back to FIG. 6, the gate insulating layer
143 may selectively be formed on the upper conductive layer
126, the buried conductive patterns 152, and the lower con-
ductive layer 122 exposed to the inner walls of the second
openings 136 by performing the oxidation process and the
anisotropic etching with respect to the resulting structure of
FIG. 28. Alternatively, the gate insulating layer 143 may
extend along the inner walls of the second openings 136 by
the deposition and anisotropic etching.

[0115] The second openings 136 may be filled with semi-
conductor materials, and then the semiconductor pillars PLs
may be formed in the second openings 136. The semiconduc-
tor materials may include polycrystalline or single crystalline
semiconductor.

[0116] The bit lines BLs may be formed on the semicon-
ductor pillars PLs.

[0117] FIG. 29 illustrates methods of fabricating a three-
dimensional nonvolatile memory device according to fourth
embodiments of the inventive concept. With respect to the
methods of fabricating the three-dimensional nonvolatile
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memory device according to the first to third embodiments of
the inventive concept, same or similar components will be
omitted or briefly described.

[0118] Referring to FIG. 29, the anisotropic etching may be
performed to isolate the conductive patterns 121 stacked
between the semiconductor pillars PLs of the resulting struc-
ture of FIG. 16. By the anisotropic etching, line openings 137
may be formed to penetrate the stacked interlayer insulating
layers 110 and conductive patterns 121, and isolated conduc-
tive patterns 121a may be formed. Moreover, interlayer insu-
lating patterns 115 may be formed by patterning the interlayer
insulating layers 110.

[0119] Subsequently, silicide layers 1215 may be formed
on the surfaces of the isolated conductive patterns 121a
exposed to the inner walls of the line openings 137 by a
silicidation process. At this time, the upper surface of the
semiconductor pillars PLs can be protected by an insulating
layer (not illustrated). The silicidation process may include
metal layer deposition, heat treatment, and unreacted metal
removal.

[0120] Subsequently, the line openings 137 may be buried
with insulating materials, and the bit lines BLs may be formed
on the semiconductor pillars PLs to electrically connect with
the semiconductor pillars PLs.

[0121] The processes may be applicable to the method of
fabricating the memory devices according to the above-de-
scribed embodiments of the inventive concept.

[0122] FIG. 30 illustrates an electronic device 200 includ-
ing one or more nonvolatile memory devices according to
various embodiments of the inventive concept. The electronic
device 200 may be used in a wireless communication device
such as PDA, a laptop computer, a mobile computer, a web
tablet, a wireless phone, a cell phone, a digital music player
and/or in all devices that can transmit and receive data in a
wired and/or wireless environment.

[0123] The electronic device 200 may include a controller
210, an input/output device 220 such as, a keypad, a key-
board, or a display, a memory 230, and a wireless interface
240, which are combined to each other through a bus 250. The
controller 210 may include at least one microprocessor, digi-
tal signal processor, microcontroller or the like. The memory
230 may be used to store instructions to be executed by the
controller 210. Moreover, the memory 230 may be used to
store a user data. The memory 230 includes a nonvolatile
memory device according to various embodiments of the
inventive concept.

[0124] The electronic device 200 may use a wireless inter-
face 240 to transmit data to a wireless communication net-
work communicating using a RF signal or to receive data
from network. The wireless interface 240 may include an
antenna, a wireless transceiver and so on.

[0125] The electronic system 200 may be used in a com-
munication interface protocol of a third generation commu-
nication system such as CDMA, GSM, NADC, E-TDMA,
WCDMA, and CDMA2000.

[0126] FIG. 31 illustrates a memory system including a
nonvolatile memory device according to various embodi-
ments of the inventive concept.

[0127] The memory system 300 may include a memory
device 310 for storing mass data and a memory controller
320. The memory controller 320 controls the memory device
310 so as to read data stored in the memory device 310 and/or
to write data into the memory device 310 in response to
read/write requests of a host 330. The memory controller 320
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may constitute an address mapping table for mapping an
address provided from the host 330 (a mobile device or a
computer system) into a physical address of the memory
device 310. The memory 310 includes one or more nonvola-
tile memory devices according to various embodiments of the
inventive concept.

[0128] Embodiments of the inventive concept may include
a three-dimensional nonvolatile memory device with the
floating gates. According to various embodiments of the
inventive concept, since the floating gates are stacked to be
isolated from each other, it can prevent charges stored in the
floating gates from being diffused into another cell after the
floating gates are programmed.

[0129] Accordingly, the reliability of semiconductor
devices can be improved, and the malfunction of memory
devices can be reduced or prevented.

[0130] Inaddition, since the floating gates are formed using
the etch selectivity between different layers, it can be formed
by a simple operation.

[0131] Many different embodiments have been disclosed
herein, in connection with the above description and the
drawings. It will be understood that it would be unduly rep-
etitious and obfuscating to literally describe and illustrate
every combination and subcombination of these embodi-
ments. Accordingly, the present specification, including the
drawings, shall be construed to constitute a complete written
description of all combinations and subcombinations of the
embodiments described herein, and of the manner and pro-
cess of making and using them, and shall support claims to
any such combination or subcombination.

[0132] 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.

1. A method of fabricating a three-dimensional nonvolatile
memory device, the method comprising:
forming openings penetrating interlayer insulating layers
and conductive layers stacked alternately on a substrate;

forming expansions having a diameter wider than that of
the openings penetrating the interlayer insulating layers
by selectively recessing sidewalls of the conductive lay-
ers exposed by the openings;

forming first insulating layers on surfaces ofthe conductive

layers exposed by the expansions;

forming floating gates disposed in the expansions interpos-

ing the first insulating layers;

forming second insulating layers on surfaces of the floating

gates adjacent to the openings; and

forming semiconductor pillars filling the openings.

2. The method of claim 1, wherein the forming of the
expansions includes: isotropically etching the conductive
layers so as to selectively etch the conductive layers more
than the substrate and the interlayer insulating layers, and

the forming of the floating gates includes: forming buried

conductive layers filling the openings and the expan-
sions; and anisotropically etching the buried conductive
layers to expose an upper surface of the substrate.
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3. The method of claim 1, wherein the forming of the first
insulating layers and the second insulating layers includes:
performing an oxidation process or deposition process.

4. The method of claim 1, further comprising: forming
sequentially stacked lower interlayer insulating layers and
lower conductive layers including lower openings provided
with sidewalls to be connected successively to the openings
on the substrate, before forming the openings.

5. The method of claim 1, further comprising: isolating the
interlayer insulating layers and the conductive layers from
each other between the semiconductor pillars; and

forming silicide layers on surfaces of the isolated conduc-

tive layers.

6.-10. (canceled)

11. A method of fabricating a three-dimensional nonvola-
tile memory device comprising:

forming openings penetrating interlayer insulating layers

and conductive layers stacked alternately on a substrate;
then

recessing sidewalls of the conductive layers that are

exposed by the openings relative to sidewalls of the
interlayer insulating layers that are exposed by the open-
ings to define expansions between portions of adjacent
insulating layers that are exposed by the recessing of the
sidewalls of the conductive layers; then

forming floating gates in the expansions; and then

forming semiconductor pillars in the openings to extend on

the floating gates and on the sidewalls of the interlayer
insulating layers.

12. The method of claim 11 wherein the following is per-
formed between the recessing sidewalls and the forming
floating gates:

forming an insulating layer on the sidewalls of the conduc-

tive layers.

13. The method of claim 11 wherein the following is per-
formed between the forming floating gates and the forming
semiconductor pillars:
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forming an insulating layer on the floating gates, adjacent

the openings.

14. The method of claim 12 wherein the following is per-
formed between the forming floating gates and the forming
semiconductor pillars:

forming an insulating layer on the floating gates, adjacent

the openings.

15. The method of claim 11 wherein recessing sidewalls
comprises selectively etching the sidewalls of the conductive
layers that are exposed by the openings relative to sidewalls of
the interlayer insulating layers that are exposed by the open-
ings.

16. The method of claim 11 wherein forming floating gates
in the expansions comprises:

forming a conductive layer in the openings and in the

expansions; and

removing the conductive layer from the openings while

allowing the conductive layer to remain in the expan-
sions.

17. The method of claim 11 wherein forming openings is
preceded by:

sequentially stacking lower insulating layers and lower

conductive layers upon one another on the substrate; and
forming lower openings penetrating the lower insulating
layers and the lower conductive layers; and

wherein forming openings comprises forming openings

penetrating interlayer insulating layers and conductive
layers stacked alternately on a substrate and aligned to
the lower openings.

18. The method of claim 11 further comprising:

forming a silicide layer on sidewalls of the floating gates

opposite the semiconductor pillars.

19. The method of claim 18 wherein forming a silicide
layer is preceded by forming a conductive layer on the side-
walls of the floating gates opposite the semiconductor pillars.

20. The method of claim 11 wherein the expansions are
ring-shaped expansions surrounding the openings.
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