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THREE DIMENSIONAL SEMICONDUCTOR
DEVICES

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. non-provisional patent application is a reissue
application of U.S. application Ser. No. 13/366,057, filed on
Feb. 3, 2012 (now U.S. Pat. No. §,872,183), which claims
priority under 35 U.S.C. §119 from Korean Patent Applica-
tion No. 10-2011-0010729, filed on Feb. 7, 2011, the dis-
closure of which 1s hereby incorporated by reference herein
in 1ts enfirety.

BACKGROUND

The present inventive concepts relate to semiconductor
devices and methods of fabricating the same and, more
particularly, to three-dimensional semiconductor devices
and methods of fabricating the same.

Three-dimensional integrated circuit (3D-IC) semicon-
ductor technologies have been proposed to increase a
memory capacity of semiconductor memory devices. 3D-1C
technologies may refer to techniques that relate to fabrica-
tion processes and design schemes for three dimensionally
arraying a plurality of memory cells. The memory capacity
may also be increased using other technologies, for example,
a technology for forming fine and small patterns or a
technology for realizing multi-level cells.

Recently, a punch-and-plug technology has been intro-
duced as one of the 3D-IC technologies. The punch-and-
plug technology includes a process step of sequentially
forming a plurality of material layers on a substrate and a
step of forming plugs that penetrate the plurality of material
layers. This punch-and-plug technology may be attractive to
the semiconductor industry since the memory capacity can
be improved without a substantial increase in fabrication
COsts.

SUMMARY

Exemplary embodiments are directed to three-dimen-
sional semiconductor devices and methods of fabricating the
same.

According to some embodiments, a semiconductor device
includes a bufler layer on a substrate, where the bufler layer
includes a material having an etching selectivity relative to
that of the substrate. A multi-layer stack including alternat-
ing insulation patterns and conductive patterns 1s provided
on the buller layer opposite the substrate. One or more active
patterns respectively extend through the alternating insula-
tion patterns and conductive patterns of the multi-layer stack
and 1nto the bufler layer.

In some embodiments, the active patterns may be con-
fined above the substrate. The active patterns may respec-
tively extend into the bufler layer to a same or uniform
depth.

In some embodiments, the material of the bufler layer
may have a lower etch rate than that of the substrate.
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In some embodiments, the builer layer may include a
buried 1nsulation layer on the surface of the substrate, and a
semiconductor layer on the buried 1nsulation layer opposite
the substrate. The active patterns may extend through the
semiconductor layer and at least partially into the buned
insulation layer.

In some embodiments, a thickness of the buried insulation
layer may be less than or equal to a thickness of the
semiconductor layer. The active patterns may extend com-
pletely through the buried insulation layer to contact the
substrate.

In some embodiments, a thickness of the buried insulation
layer may be greater than a thickness of the semiconductor
layer. A portion of the buried insulation layer may separate
the active patterns from the substrate.

In some embodiments, an opening 1n the semiconductor
layer through which the active pattern extends may be
narrower than an opening in the buried msulation layer mnto
which the active pattern extends.

In some embodiments, the semiconductor layer may
include a doped region therein that defines a common source
line. The common source line may be insulated from the
substrate by the buried insulation layer.

In some embodiments, the active pattern may include a
first active layer on sidewalls of a trench extending through
the multi-layer stack mto the bufler layer, and a second
active layer on the first layer. The first active layer may be
confined above the buried insulation layer, and the second
active layer may extend into the buried insulation layer.

In some embodiments, portions of the second active layer
may extend between the sidewalls of the trench and the first
active layer.

In some embodiments, the bufler layer may be a carbon-
containing polysilicon layer having a lower etch rate than
the substrate.

In some embodiments, an isolating pattern comprising an
insulating material may extend through the insulation pat-
terns and conductive patterns of the multi-layer stack
between adjacent ones of the active patterns. The 1solating
pattern and a doped region of the bufler layer may overlap
in plan view.

In some embodiments, the 1solating pattern may be closer
to one of the adjacent ones of the active patterns than
another. Also, the buried msulation layer may have a non-
linear or zigzag shape in plan view, and may not overlap
with the 1solating pattern in plan view.

In some embodiments, the conductive patterns may be
gate electrodes of a string of senally connected transistors
having respective source and drain regions in the active
pattern.

In some embodiments, the semiconductor device may be
a NAND flash memory device. A bit line may be provided
on the multi-layer stack opposite the substrate and electri-
cally contacting the active patterns. The conductive patterns
may define selection lines and word lines of the memory
device, and the string of senially connected transistors may
include selection transistors and memory cell transistors
serially connected between the selection transistors.

According to further embodiments, a three-dimensional
semiconductor memory device includes a bufler layer on a
substrate, where the buller layer includes a material having
an etch selectivity with respect to the substrate. A plurality
of conductive patterns and interlayer insulation patterns are
alternately stacked on the bufler layer. The conductive
patterns define selection lines and word lines of the memory
device. Active patterns penetrate the conductive patterns and
the interlayer insulation patterns to contact the bufler layer
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at a uniform depth. The conductive patterns provide gate
clectrodes of a string of serially connected transistors having
respective source and drain regions 1n the active patterns. An
1solating 1nsulation pattern penetrates the conductive pat-
terns and the interlayer insulation patterns between adjacent
ones of the active patterns to contact a doped region of the
butler layer. The doped region defines a common source line
of the memory device. A bit line extends on the conductive
patterns and the interlayer insulation patterns opposite the
substrate and electrically contacts the active patterns.
According to other embodiments, a three-dimensional
semiconductor device includes a bufler layer on a substrate,
a plurality of conductive patterns sequentially stacked on the
butler layer, interlayer insulation patterns in respective ones
ol spaces between the conductive patterns, and active pat-
terns penetrating the conductive patterns and the interlayer
insulation patterns to contact the bufler layer. The buller
layer includes a material having an etch selectivity with

respect to the substrate.

In some embodiments, the bufler layer may include a
buried msulation layer on the substrate and a semiconductor
layer on the buried insulation layer opposite the substrate.

In some embodiments, the lower portions of the active
patterns may be disposed 1n the buried insulation layer, and
cach of the lower portions of the active patterns may have an
anchor-shaped cross sectional view.

In some embodiments, the device may further include
common source lines disposed in the semiconductor layer.

In some embodiments, bottom surfaces of the active
patterns may contact the substrate.

In some embodiments, a thickness of the buried insulation
layer may be equal to or less than a thickness of the
semiconductor layer.

In some embodiments, portions of the buried insulation
layer may be disposed between the active patterns and the
substrate.

In some embodiments, the device may further include an
1solating insulation pattern penetrating the conductive pat-
terns and the mterlayer insulation patterns to be 1n contact
with the bufler layer and to be spaced apart from the active
patterns, and the buried sulation layer may overlap with
the 1solating insulation pattern 1n a plan view.

In some embodiments, the device may further include an
1solating insulation pattern penetrating the conductive pat-
terns and the interlayer insulation patterns to be 1n contact
with the bufler layer and to be spaced apart from the active
patterns, and the buried insulation layer may not overlap
with the 1solating insulation pattern 1n a plan view.

In some embodiments, the device may further include an
1solating insulation pattern penetrating the conductive pat-
terns and the interlayer insulation patterns to be 1n contact
with the bufler layer and to be spaced apart from the active
patterns. A distance between the 1solating insulation pattern
and one of the active patterns may be different from a
distance between the 1solating insulation pattern and another
active pattern, and the buried 1nsulation layer may surround
the lower portions of the active patterns and may have a
zigzag or other nonlinear shape in a plan view.

In some embodiments, the semiconductor layer may
include a polysilicon layer or a single crystalline silicon
layer.

In some embodiments, the bufler layer may be a poly-
silicon layer doped with carbon.

In some embodiments, bottom surfaces of the active
patterns may be located at a lower level than a top surface
of the bufler layer.
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In some embodiments, the bu
etch rate than the substrate.

In still further embodiments, a method of forming a
semiconductor device includes forming a butler layer on a
substrate, alternately stacking sacrificial layers and inter-
layer insulation layers on the bufler layer, patterning at least
the sacrificial layers and the interlayer isulation layers to
form respective openings exposing the builer layer, forming
gate msulation layers on sidewalls of the respective open-
ings and protection spacers on the gate insulation layers,
removing lower portions of the gate insulation layers to
expose lower sidewalls of the respective openings, forming
an active layer 1n the respective openings, and replacing the
sacrificial layers with conductive layer.

In some embodiments, forming the builer layer may
include forming a buried insulation layer on the substrate
and forming a semiconductor layer on the buried insulation
layer, and forming the respective openings may include
patterning the sacrificial layers, the interlayer insulation
layers and the semiconductor layer to expose the buried
insulation layer.

In some embodiments, a first anisotropic etch of the
plurality of insulation patterns and sacrificial patterns and
the semiconductor layer may be performed to define pre-
liminary openings extending into the semiconductor layer to
non-uniform depths, and a second anisotropic etch of the
semiconductor layer may be performed through the prelimi-
nary openings to expose the buried msulation layer and form
the respective openings to substantially uniform depths.

In some embodiments, the buried insulation layer may be
etched to form undercut regions in the buried insulation
layer while the lower portions of the gate msulation layers
are removed, and the active layer may be formed on inner
surfaces of the undercut regions.

In some embodiments, the buller layer may be formed of
a polysilicon layer doped with carbon.

‘er layer may have a lower

BRIEF DESCRIPTION OF TH.

(Ll

DRAWINGS

The above and other features and advantages of the
disclosure will become more apparent in view of the
attached drawings and accompanying detailed description.

FIG. 1 1s an equivalent circuit diagram 1illustrating a
portion of a three dimensional semiconductor device accord-
ing to some embodiments described herein.

FIG. 2 1s a plan view 1illustrating a portion of a three
dimensional semiconductor device according to some
embodiments described herein.

FIG. 3 1s a cross sectional view taken along a line I-I' of
FIG. 2.

FIGS. 4 to 17 are cross sectional views 1llustrating meth-
ods of fabricating a three dimensional semiconductor device
shown 1 FIG. 3.

FIG. 18 1s a cross sectional view taken along a line I-I' of
FIG. 2 to illustrate a three dimensional semiconductor
device according to further embodiments described herein.

FIG. 19 1s a plan view 1illustrating a portion of a three
dimensional semiconductor device according to still further
embodiments described herein,

FIG. 20 15 a cross sectional view taken along a line I-I' of
FIG. 19.

FIG. 21 1s a plan view 1illustrating a portion of a three
dimensional semiconductor device according to yet further
embodiments described herein.

FIG. 22 15 a cross sectional view taken along a line I-I' of

FIG. 21.
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FIG. 23 a plan view illustrating a portion of a three
dimensional semiconductor device according to yet still
turther embodiments described herein.

FIG. 24 1s a cross sectional view taken along a line I-I' of
FIG. 23.

FIGS. 25 to 28 are cross sectional views illustrating

methods of fabricating a three dimensional semiconductor
device shown 1n FIG. 24.

FIG. 29 1s a block diagram illustrating an example of
clectronic systems including at least one three-dimensional
semiconductor device according to embodiments described
herein.

FIG. 30 1s a block diagram illustrating an example of
memory cards including at least one three-dimensional
semiconductor device according to embodiments described
herein.

FIG. 31 1s a block diagram illustrating an example of
information processing systems including at least one of the
three-dimensional semiconductor devices according to
embodiments described herein.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

Example embodiments are described below with refer-
ence to the accompanying drawings. Many diflerent forms
and embodiments are possible without deviating from the
spirit and teachings of this disclosure and so the disclosure
should not be construed as limited to the example embodi-
ments set forth herein. Rather, these example embodiments
are provided so that this disclosure will be thorough and
complete, and will convey the scope of the disclosure to
those skilled 1n the art. In the drawings, the sizes and relative
sizes of layers and regions may be exaggerated for clarity.
Like reference numbers refer to like elements throughout.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting of the embodiments. 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,” “includes,” and/or “including,” when used
herein, specily the presence of stated features, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, steps,
operations, elements, components, and/or groups thereof.

It will be understood that when an element 1s referred to
as being “coupled,” “connected,” “responsive” to, or “on”
another element, 1t can be directly coupled, connected,
responsive to, or on the other element, or intervemng
clements may also be present. In contrast, when an element
1s referred to as being “directly coupled,” “directly con-
nected,” “directly responsive” to, or “directly on” another
clement, there are no intervening elements present. As used
herein the term “and/or” includes any and all combinations
ol one or more of the associated listed 1tems.

Example embodiments are described herein with refer-
ence to cross-section illustrations that are schematic 1llus-
trations of 1dealized example embodiments (and intermedi-
ate structures). As such, variations from the shapes of the
illustrations as a result, for example, of manufacturing
techniques and/or tolerances, are to be expected. Thus,
example embodiments may not be construed as limited to
the particular shapes of regions illustrated herein but may be
construed to include deviations in shapes that result, for

example, from manufacturing.
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It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements, these
clements should not be limited by these terms. These terms
are only used to distinguish one element from another. Thus,
a first element could be termed a second element without
departing from the teachings of the present embodiments.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which these embodiments belong. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that
1s consistent with their meaning in the context of the relevant
art and will not be interpreted in an 1dealized or overly
formal sense unless expressly so defined herein.

FIG. 1 1s an equivalent circuit diagram illustrating a
portion of a three dimensional semiconductor device accord-
ing to some embodiments, and FIG. 2 1s a plan view
illustrating a portion of a three dimensional semiconductor
device according to some embodiments. FIG. 3 1s a cross
sectional view taken along a line I-I' of FIG. 2.

Referring to FIGS. 1, 2 and 3, a vertical semiconductor
memory device according to exemplary embodiments may
include a common source line CSL, a plurality of bit lines
BLO, BL1 and BL2, and a plurality of cell strings CSTR
serially connected between the common source line CSL and
the bit lines BLLO, BLL1 and BL2.

The common source line CSL may correspond to a first
impurity 1mplantation region 43 1n a bufler layer 4 on a
substrate 1. The substrate 1 may correspond to a semicon-
ductor substrate or an epitaxial semiconductor layer formed
on the semiconductor substrate. The bit lines BLO, BL.1 and
BL2 may be conductive lines 58 disposed over and sepa-
rated from the substrate 1. The bit lines BLLO, BLL1 and BL2
may be two dimensionally arrayed, and some of the plurality
of cell strings CSTR may be electrically connected 1n
parallel to each of the bit lines BL0O, BLL1 and BL2. Thus, the
cell strings CSTR may be may be two dimensionally arrayed
on the substrate 1. Each of the bit lines BLLO, BLL1 and BL.2
may extend in a first direction which 1s parallel with an
x-ax1s 1llustrated 1n FIGS. 1 to 3, and the common source
line CSL may extend 1n a second direction which 1s parallel
with a y-axis intersecting the x-axis.

Each of the cell strings CSTR may include a lower
selection transistor LST connected to the common source
line CSL, an upper selection transistor UST connected to
one of the bit lines BLO, BLL1 and BL2, and a plurality of
memory cell transistors MCT serially connected to each
other and disposed between the lower and upper selection
transistors LST and UST. That 1s, the lower selection tran-
sistor LST, the plurality of memory cell transistors MCT and
the upper selection transistor UST may be serially connected
to each other. In addition, gate electrodes of the lower
selection transistors LST may extend 1n the second direction
to form a plurality of lower selection lines LSL, and gate
clectrodes of the upper selection transistors UST may also
extend 1n the second direction to form a plurality of upper
selection lines USL0 to USL2. Further, gate electrodes of the
memory cell transistors MCT may also extend in the second
direction to form a plurality of word lines WLO to WL3.
While the upper selection lines USLO to USL2 may be
separated from each other, the lower selection lines LSL
may be electrically connected to each other, as illustrated in
FIG. 1. Alternatively, the lower selection lines LSL may be
separated from each other, 1n a manner similar to the upper
selection lines USL0 to USL2 shown in FIG. 1. The word
lines WLO to WL3 may be stacked along a third direction
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which 1s parallel with a z-axis intersecting the x-axis and
y-axis. The lower selection transistor LST, the plurality of
memory cell transistors MCT and the upper selection tran-
sistor UST constituting each of the cell strings CSTR may
also be arrayed along the third direction.

The lower selection transistors LST may be located at
substantially the same level from the substrate 1, and the
gate electrodes of the lower selection transistors LST may be
clectrically connected to each other to have the same elec-
trical potential. Similarly, the gate electrodes of the memory
cell transistors MC'T located at substantially the same level
from the common source lines CSL may also be electrically
connected to any one of the word lines WL0 to WL3 to have
the same electrical potential. Meanwhile, since each of the
cell strings CSTR may include the plurality of memory cell
transistors MCT located at different levels from the common
source line CSL, the word lines WLO to WL3 may also be
disposed at different levels from each other.

Each of the cell strings CSTR may include an active
pattern AR that vertically extends from the substrate 1 to be
clectrically connected to one of the bit lines BLO to BL2.
The active patterns AR may be disposed to penetrate the
upper selection lines USL0 to USL2, the word lines WLO0 to
WL3 and the lower selection lines LSL. A gate isulation
layer 33 may be disposed between the word lines WLO to
WL3 and the active patterns AR. The gate insulation layer 33
may extend between the lower selection lines LSL and the
active patterns AR and/or between the upper selection lines
USLO0 to USL2 and the active patterns AR. In some embodi-
ments, the gate mnsulation layer 33 may include a tunnel
insulation layer 33c, a charge trapping layer 33b and a
blocking insulation layer 33a. The charge trapping layer 33b
may be absent between the lower selection lines LSL and the
active patterns AR and/or between the upper selection lines
USLO0 to USL2 and the active patterns AR.

The lower selection transistors LST, the upper selection
transistors UST and the memory cell transistors MCT may
be metal-oxide-semiconductor field effect transistors (MOS-
FETs) that employ the active patterns AR as channel regions.

Referring again to FIGS. 2 and 3, a buller layer 4 may be
disposed on the substrate 1. The bufler layer 4 may include
a material having an etch selectivity with respect to the
substrate 1. In particular embodiments, the bufler layer 4
may 1nclude a buried 1nsulation layer 3 and a semiconductor
layer 5. For example, the buried insulation layer 3 may be a
silicon oxide layer, and the semiconductor layer 5 may be a
polysilicon layer or a single crystalline silicon layer. A
thickness T1 of the buried insulation layer 3 may be less than
or equal to a thickness T2 of the semiconductor layer 3.

A pad oxide pattern 7a may be disposed on the builer
layer 4. Conductive patterns 471, 47w and 47u and interlayer
insulation patterns 21a, 22a, 23a, 24a, 23a, 26a, 27a and 28a
may be alternately and repeatedly stacked on the pad oxide
pattern 7a to define a multi-layer stack. The substrate 1 may
have a top surface which 1s substantially parallel with an x-y
plane, and the conductive patterns 471, 47w and 47u and the
interlayer insulation patterns 21a, 22a, 23a, 24a, 25a, 26a,
27a and 28a may be stacked in the third direction perpen-
dicular to the top surface of the substrate 1. In the event that
the substrate 1 1s a semiconductor substrate, a well region
(not shown) may be disposed in the substrate 1. For
example, a p-type well region may be disposed in the
substrate 1. Each of the conductive patterns 471, 47w and
47u may be referred to as a gate electrode, a gate pattern or
an electrode pattern. Each of the conductive patterns 471,
47w and 47u may include a doped polysilicon layer and/or
a metal containing layer (e.g., a metal layer, a metal nitride
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layer and/or a metal silicide layer). For example, each of the
conductive patterns 471, 47w and 47u may include a poly-
silicon layer, a tungsten layer, a tantalum nitride layer, a
titanium nitride layer, and/or a metal silicide laver.

The conductive patterns 471 may correspond to lower
selection conductive patterns, and the conductive patterns
47w may correspond to word line conductive patterns.
Further, the conductive patterns 47u may correspond to
upper selection conductive patterns. The lower selection
conductive patterns 471 may include two or more layers
which are stacked and may define the lower selection line
LSL, as 1llustrated 1n FIG. 3. Similarly, the upper selection
conductive patterns 47u may include two or more layers
which are stacked and may define the upper selection lines

USLO0 to USL2, as illustrated in FIG. 3. The interlayer
insulation patterns 21a, 22a, 23a, 24a, 23a, 26a, 27a and 28a
may be referred to as an inter-gate insulation patterns.

First impurity implantation regions 43 may be disposed 1n
predetermined regions of the semiconductor layer 5. Each of
the first 1impurity implantation regions 43 may have a
substantially linear shape extending in the second direction.
The first impurity implantation regions 43 may be heavily
doped with n-type impurities. The first impurity implanta-
tion regions 43 may be electrically connected to each other
at a predetermined region.

The active patterns AR may penetrate or extend through
the conductive patterns 471, 47w and 47u, the interlayer
insulation patterns 21a, 22a, 23a, 24a, 25a, 26a, 27a and 28a,
and the bufler layer 4 to contact the substrate 1. Each of the
active patterns AR may include a first sub active pattern 35a
and a second sub active pattern 37a. The first sub active
pattern 35a may cover a sidewall of the gate insulation layer
33 opposite to the conductive patterns 471, 47w and 47u. The
first sub active patterns 35a of the active patterns AR may
extend into the semiconductor layer 5 to protrude down-
wardly from a bottom surface of the gate insulation layer 33.
The first sub active patterns 35a may correspond to protec-
tion spacers. The second sub active patterns 37a of the active
patterns AR may be disposed between the bottom surface of
the gate insulation layer 33 and the substrate 1. A lower
portion of each of the active patterns AR may define an
“anchor”’-shape 1n cross section. That 1s, respective undercut
regions U may be formed in the buried insulation layer 3,
and the second sub active patterns 37a may extend along
and/or cover inner surfaces of the respective undercut
regions U. Further, the second sub active patterns 37a may
extend along and/or cover respective mner sidewalls of the
first sub active patterns 35a. Moreover, the second sub active
patterns 37a may extend to partially or completely fill spaces
between lower portions of the first sub active patterns 35a
and the semiconductor layer 5. A topmost width W1 of the
undercut regions U 1n the buried insulation layer 3 including
the second sub active pattern 37a therein may be greater than
a width W2 of the semiconductor layer 5 including the
second sub active pattern 37a therein. Each of the active
patterns AR may be an undoped polysilicon layer or a doped
polysilicon layer. In some embodiments, each of the active
patterns AR may have an empty space or void therein and
may have a “‘gourd”-shaped configuration. For example,
cach of the active patterns AR may include a lower portion
having a “bowl”-shaped configuration and an upper portion
having a substantially linear or “pipe”-shaped configuration.
As such, a top width of the upper portion of the active
pattern AR may be greater than a bottom width thereof.
Inner spaces of the active patterns AR may be filled with
respective ones of mner msulation patterns 39a.
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A high-k dielectric layer 45 may be disposed between the
conductive patterns 471, 47w and 47u and the interlayer
insulation patterns 21a, 22a, 23a, 24a, 25a, 26a, 27a and 28a,
as well as between the conductive patterns 471, 47w and 47u
and the gate insulation layer 33. For example, the high-k
dielectric layer 45 may be an aluminum oxide layer. An
isolating insulation pattern 50 and 54 may penetrate the
conductive patterns 471, 47w and 47u and the interlayer
insulation patterns 21a, 22a, 23a, 24a, 23a, 26a, 27a and 28a
to contact the bufler layer 4. The 1solating 1insulation pattern
50 and 54 may be spaced apart from the active patterns AR.
The 1solating insulation pattern 50 and 54 may overlap with
the buried insulation layer 3 when viewed from the plan
view of FIG. 2.

The 1solating insulation pattern S0 and 54 may divide or
split the conductive patterns 471, 47w and 47u into a
plurality of cell string blocks. The 1solating insulation pat-
tern 50 and 54 may 1nclude a first 1solating insulation pattern
50 and a second isolating insulation pattern 54. The {first
isolating insulation pattern 50 may extend on or cover
sidewalls of an 1solation trench or groove 41 that penetrates
the conductive patterns 471, 47w and 47u and the interlayer
insulation patterns 21a, 22a, 23a, 24a, 23a, 26a, 27a and 28a
to expose the first impurity implantation regions 43 formed
in the semiconductor layer 5. The second 1solating insulation
pattern 54 may substantially fill the 1solation groove 41. A
metal silicide layer 52a may be disposed between the second
1solating 1nsulation pattern 54 and the semiconductor layer
5. A conductive line may be additionally disposed between
the metal silicide layer 52a and the second 1solating 1nsu-
lation pattern 54. Second impurity implantation regions 56
may be disposed 1n respective ones of upper portions of the
active patterns AR. The second impunty implantation
regions 56 may be doped with impurities of the same
conductivity type as the first impurity implantation region
43. The second impurity implantation regions 56 may act as
drain regions of the cell strings CSTR. Conductive lines 58
may be disposed on the topmost interlayer insulation pattern
28a of the mterlayer insulation patterns 21a, 22a, 23a, 24a,
25a, 26a, 27a and 28a. The conductive lines 58 may be
clectrically connected to the second impurity implantation
regions 56. The conductive lines 58 may correspond to the
bit lines BLO to BL2. Contact plugs may be additionally
disposed between the conductive lines 38 and the second
impurity implantation regions 56.

The three-dimensional semiconductor device illustrated
in FIGS. 2 and 3 may include the bufler layer 4 having an
ctch selectivity with respect to the substrate 1. Thus, the
active patterns AR may be confined above the substrate 1,
and depths of the active patterns AR extending into the
bufler layer 4 may be umiform. As a result, deviation or
dispersion of cell current flowing through the cell strings
CSTR can be improved. Further, the common source lines
43 or CSL may be imsulated from the substrate 1 by the
buried msulation layer 3. Thus, leakage current character-
istics of the three-dimensional semiconductor device can be
improved. Therefore, highly reliable three-dimensional
semiconductor devices can be realized. In addition, lower
portions of the active patterns AR may be electrically
connected to the substrate 1. Thus, a bulk erasure operation
can be achieved by applying an appropriate bias to the
substrate 1.

Now, methods of forming the three-dimensional semicon-
ductor device illustrated 1in FIG. 3 will be described with
reference to FIGS. 4 to 17.

Referring to FIG. 4, a burnied insulation layer 3 and a
semiconductor layer 5 may be sequentially stacked on a
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substrate 1. The buried insulation layer 3 and the semicon-
ductor layer 5 may define a bufler layer 4. The bunied
insulation layer 3 may be formed of a silicon oxide layer.
The semiconductor layer 5, for example, may be formed of
a polysilicon layer or a single crystalline silicon layer. When
the semiconductor layer 5 1s a single crystalline silicon layer,
the substrate 1, the buried msulation layer 3 and the semi-
conductor layer 5 may define a silicon-on-insulator (SOI)
substrate. A pad oxide layer 7 may be formed on the
semiconductor layer 5. Sacrificial layers 11, 12, 13, 14, 15,
16, 17 and 18 and interlayer insulation layers 21, 22, 23, 24,
25, 26, 27 and 28 may be alternately and repeatedly stacked
on the pad oxide layer 7. The sacrificial layers may include
first to eighth sacrificial layers 11, 12, 13, 14, 15, 16, 17 and
18 stacked in order from a lower level toward an upper level.
Similarly, the interlayer insulation layers may include first to
cighth interlayer insulation layers 21, 22, 23, 24, 25, 26, 27
and 28 stacked 1n order from a lower level toward an upper
level. The sacrificial layers 11, 12, 13, 14, 15,16, 17 and 18
may be formed of a material having an etch selectivity with
respect to the interlayer insulation layers 21, 22, 23, 24, 25,
26, 27 and 28. For example, the interlayer insulation layers
21, 22, 23, 24, 25, 26, 27 and 28 may be formed of a layer
of silicon oxide system, and sacrificial layers 11, 12, 13, 14,
15, 16, 17 and 18 may be formed of a layer of silicon nitride
system or a layer of silicon germanium system.

Referring to FIG. §, the interlayer insulation layers 21, 22,
23,24, 25, 26, 27 and 28, the sacnificial layers 11,12, 13, 14,

15, 16, 17 and 18, and the pad oxide layer 7 may be
patterned using a first anisotropic etching process to form a
plurality of openings (also referred to herein as “active
holes™) 31 that expose portions of the semiconductor layer
5. The first anisotropic etching process may provide a

substantially similar etch rate with respect to the interlayer
insulation layers 21, 22, 23, 24, 25, 26, 27 and 28, the

sacrificial layers 11, 12, 13, 14, 15, 16, 17 and 18, and the
pad oxide layer 7. That 1s, during the first amisotropic etching
process to form the active holes 31, the interlayer insulation
layers 21, 22, 23, 24, 25, 26, 27 and 28, the sacrificial layers
11, 12, 13, 14, 15, 16, 17 and 18, and the pad oxide layer 7
may not have an etch selectivity with each other. The
semiconductor layer 5 may be partially etched due to an
over-etch step of the first anisotropic etching process, such
that depths of the active holes 31 may be non-uniform.
Referring to FIG. 6, the portions of the semiconductor
layer 5 exposed by the active holes 31 may be removed
using a second anisotropic etching process to expose por-
tions of the buried insulation layer 3. During the second
anisotropic etching process, the buried insulation layer 3
may have an etch selectivity with respect to the semicon-
ductor layer 5. That 1s, the buried isulation layer 3 may act
as an etch stop layer during the second anisotropic etching
process. Thus, the active holes 31 exposing the buried
insulation layer 3 may be formed to have uniform depths.
Referring to FIG. 7, a gate insulation layer 33 and a first
active layer 35 may be sequentially and contformally formed
along sidewalls the active holes 31 exposing the buried
insulation layer 3. The first active layer 35 may be formed
of a doped polysilicon layer or an undoped polysilicon layer.
Since the first active layer 35 1s formed to extend along or
cover the gate msulation layer 33, the first active layer 35
may prevent or reduce the likelithood of damage to the gate
insulation layer 33 in a subsequent etching process. That 1is,
the first active layer 35 may protect the gate insulation layer
33. The gate 1nsulation layer 33 may be formed by sequen-
tially stacking a blocking insulation layer 33a, a charge
trapping layer 33b and a tunnel msulation layer 33c. The
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tunnel insulation layer 33c¢ may be formed of a material
having a greater band gap energy than the charge trapping
layer 33b. The tunnel msulation layer 33¢ may be formed
using a chemical vapor deposition (CVD) process or an
atomic layer deposition (ALD) process. For example, the
tunnel mnsulation layer 33¢ may be formed of a silicon oxide
layer using one of a chemical vapor deposition (CVD)
process and an atomic layer deposition (ALD) process.
Further, the tunnel insulation layer 33¢ may be formed 1n a
predetermined annealing step which 1s performed after
deposition thereof. The predetermined annealing step may
correspond to a rapid thermal nitrification (RTN) process or
an annealing process performed i an ambient gas including
at least one of a mitrogen gas and an oxygen gas. The charge
trapping layer 33b may be formed of a silicon nitride layer,
a silicon oxynitride layer, a silicon-rich nitride layer, a
nano-crystalline silicon layer, and/or a laminated trap layer.
The blocking msulation layer 33a may be formed of a silicon
oxide layer and/or a high-k dielectric layer.

Referring to FIG. 8, the first active layer 35 and the gate
insulation layer 33 outside the openings 31 may be aniso-
tropically etched to expose a top surface of the topmost
interlayer msulation layer (e.g., the eighth interlayer insu-
lation layer 28) as well as portions of the buried insulation
layer 3 under the active holes 31 to simultaneously define a
first sub active pattern 35a and the gate insulation layer 33
covering an mner sidewall of each of the active holes 31. In
cach of the active holes 31, the gate insulation layer 33 may
be formed to have an “L”’-shaped cross section.

Referring to FI1G. 9, lower portions of the gate insulation
layers 33, which are interposed between the first sub active
patterns 35a and the semiconductor layer 5, may be removed
to expose bottom surfaces and lower outer sidewalls of the
first sub active patterns 35a as well as sidewalls of the active
holes 31 penetrating the semiconductor layer 5 and to
simultaneously form undercut regions U 1n the buried insu-
lation layer 3. Processes for removing the lower portions of
the gate insulation layers 33 will be described 1n more detail
heremnafter. First, lower portions of the tunnel insulation
layers 33c¢ and the blocking insulation layers 33a may be
removed using a cleaning process. When the tunnel 1nsula-
tion layers 33c and the blocking insulation layers 33a are
formed of a silicon oxide layer, the cleaning process may
employ a hydrofluoric acid solution as an etchant. During
removal of the lower portions of the tunnel insulation layers
33c and the blocking 1nsulation layers 33a, portions of the
buried insulation layer 3 may be removed to form the
undercut regions U and an upper portion of the eighth
interlayer msulation layer 28 may also be etched to become
thinned. The undercut regions U may be formed to expose
the semiconductor layer 5. After removing the lower por-
tions of the tunnel insulation layers 33c¢ and the blocking
insulation layers 33a, lower portions of the charge trapping
layers 33b may also be removed using another cleaning
process. When the charge trapping layers 33b are formed of
a silicon nitride layer, the cleaning process for removing the
lower portions of the charge trapping layers 33b may be
performed using a phosphoric acid solution as an etchant.
The cleaning processes for removing the lower portions of
the blocking 1nsulation layers 33a, the charge trapping layers
33b and the tunnel insulation layers 33¢ may correspond to
1sotropic etching processes. Thus, the upper portions as well
as the lower portions of the gate insulation layers 33 may be
removed by the cleaning processes. The first sub active
patterns 35a may not be removed even though the cleaning,
processes are performed. As a result, upper and lower outer
sidewalls of the first sub active patterns 35a may be exposed
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alter removal of the upper portions and the lower portions of
the gate msulation layers 33, as illustrated 1n FIG. 9.

Referring to FIG. 10, a second active layer 37 may be
conformally formed on the substrate including the undercut
regions U. That 1s, the second active layer 37 may be formed
to extend on or cover the inner sidewalls and the bottom
surfaces of the first sub active patterns 33a as well as 1nner
surfaces of the undercut regions U. Further, the second
active layer 37 may be formed to partially or fully fill spaces
between the semiconductor layer 5 and the lower portions of
the first sub active patterns 35a. The second active layer 37
may be formed of a doped polysilicon layer or an undoped
polysilicon layer. An inner insulation layer 39 may be
formed on the second active layer 37 to substantially fill the
active holes 31. The inner insulation layer 39 may also fill
the undercut regions U. The inner insulation layer 39 may be
formed of a matenal layer of silicon oxide system.

Referring to FIG. 11, the mner insulation layer 39, the
second active layer 37 and the first sub active patterns 33a
may be planarized to expose the top surface of the eighth
interlayer insulation layer 28 and to simultaneously form
second sub active patterns 37a and 1nner insulation patterns
39a 1n the active holes 31. The first sub active pattern 35a
and the second sub active pattern 37a 1n each of the active
holes 31 may define an active pattern AR.

Referring to FIG. 12, the mterlayer insulation layers 21 to
28, the sacrificial layers 11 to 18, and the pad oxide layer 7
may be anisotropically etched to form an 1solation trench or
groove 41 exposing the semiconductor layer 5 between the
adjacent active patterns AR and to simultaneously form
interlayer insulation patterns 21a to 28a. The 1solation
groove 41 may be formed to have a substantially linear
shape 1 plan view, and may extend parallel to an x-y plane.

Referring to FIG. 13, impurity 1ons may be implanted into
the semiconductor layer 5 exposed by the i1solation groove
41 to form a first impurity implantation region 43. The {first
impurity implantation region 43 may be electrically 1solated
from the substrate 1 by the buried insulation layer 3.

Referring to FIG. 14, the sacnficial layers 11 to 18
exposed by the 1solation groove 41 may be selectively
removed. The sacrificial layers 11 to 18 may be removed
using an 1sotropic etching process. The isotropic etching
process for removing the sacrificial layers 11 to 18 may be
performed using an etchant exhibiting an etch selectivity of
about thirty or higher with respect to the interlayer insulation
patterns 21a to 28a. As a result, the sacrificial layers 11 to 18
may be replaced with gate formation regions 42 exposing
sidewalls of the gate msulation layers 33. That 1s, the gate
formation regions 42 may be defined between the interlayer
insulation patterns 21a to 28a that are vertically stacked. The
gate formation regions 42 may also expose top and bottom
surfaces of the interlayer insulation patterns 21a to 28a.

Referring to FIG. 15, a high-k dielectric layer 45 may be
conformally fanned on the substrate and along the gate
formation regions 42. The high-k dielectric layer 45 may be
formed of, for example, an aluminum oxide layer. A con-
ductive layer 47 may be formed on the substrate to substan-
tially fill the 1solation groove 41 and the gate formation
regions 42. The conductive layer 47 may be formed of a
doped polysilicon layer and/or a metal containing layer.

Referring to FIG. 16, the conductive layer 47 and the
high-k dielectric layer 45 may be planarized to expose the
top surface of the eighth interlayer msulation pattern 28a,
and the conductive layer 47 inside the 1solation groove 41
may be removed to form conductive patterns 471, 47w and
47u remamning 1n the gate formation regions 42. A first
isolating insulation pattern 50 may be formed to extend on




US RES0,089 E

13

or cover the sidewalls of the isolation groove 41 and to
expose the first impurity implantation region 43. A metal
layer 52 may be formed on the substrate including the first
1solating 1nsulation pattern 50. The metal layer 52 may be
formed to {11l the 1solation groove 41.

Referring to FIG. 17, an annealing process may be
performed to react the metal layer 52 with the semiconduc-
tor layer 5 (e.g., the first impurnity implantation region 43),
thereby forming a metal silicide layer 52a between the metal
layer 52 and the semiconductor layer 5. The unreacted metal
layer 52 may be partially or fully removed. That 1s, the
unreacted metal layer 52 may be completely removed or a
portion of the unreacted metal layer 52 may remain in a
lower portion of the 1solation groove 41. A second 1solating
insulation pattern 54 may be then formed to fill the 1solation
groove 41. In some embodiments, the processes for forming
the metal silicide layer 52a may be omuitted.

Referring again to FIGS. 3 and 17, second impurity
implantation regions 56 may be formed 1n the upper portions
of the active patterns AR using an 1on implantation process.
A conductive layer may be formed on the substrate including,
the second 1mpurity implantation regions 36, and the con-
ductive layer may be patterned to form conductive lines 58
that contact the second impurity implantation regions 56 and
extend 1n a first direction (e.g., an x-axis direction of FIG. 3).
Subsequent processes for forming interconnection lines may
then be performed. The interconnection lines may be formed
to apply electrical signals to the conductive patterns 471,
47w and 47u. The word line conductive patterns 47w
disposed 1n the same plane parallel with an x-y plane may be
clectrically connected to each other.

FIG. 18 1s a cross sectional view taken along a line I-I' of
FIG. 2 to illustrate a three dimensional semiconductor
device according to further embodiments.

Referring to FIG. 18, a thickness T1 of the buried 1nsu-
lation layer 3 of the bufler layer 4 may be greater than a
thickness 12 of the semiconductor layer 5. In this case,
bottom surfaces of the active patterns AR may not be in
contact with the substrate 1, and the buried nsulation layer
3 may be disposed between the substrate 1 and the bottom
surfaces of the active patterns AR. That is, the active patterns
AR may not be directly connected to the substrate 1.
Although not shown 1n the figures, the active patterns AR
may be electrically connected to the substrate 1 through
additional contact plugs or additional semiconductor pat-
terns. The present embodiment may have the same configu-
ration as or a similar configuration to the embodiments of
FIGS. 1-3, except that the active patterns AR are not directly
connected to the substrate 1.

FIG. 19 1s a plan view illustrating a portion of a three
dimensional semiconductor device according to still further
embodiments, and FIG. 20 1s a cross sectional view taken
along a line I-I' of FIG. 19.

Referring to FIGS. 19 and 20, bufler layers 4 of the three
dimensional semiconductor device according to the present
embodiment may have a substantially linear shape and may
overlap with the upper selection lines USL, when viewed 1n
plan view. However, the buller layers 4 may not overlap with
the 1solating 1nsulation pattern 50 and 54, as 1llustrated in the
plan view of FIG. 19. In the present embodiment, the active
patterns AR penetrating each of the upper selection lines
USL may be arrayed 1n a “zigzag’ or other nonlinear manner
in a second direction (e.g., along the y-axis direction). Thus,
a distance D1 between the 1solating imnsulation pattern 30 and
54 and one of the active patterns AR may be different from
a distance D2 between the 1solating imnsulation pattern 530 and
54 and another of the active patterns AR. Each of the bufler

10

15

20

25

30

35

40

45

50

55

60

65

14

layers 4 may surround the lower portions of the active
patterns AR penetrating one of the upper selection lines USL
and may have a substantially linear shape extending in the
second direction. The present embodiment may have the
same configuration as or a similar configuration to the
embodiment of FIG. 18, except for the above described
configurations.

FIG. 21 1s a plan view 1illustrating a portion of a three
dimensional semiconductor device according to yet further
embodiments, and FIG. 22 1s a cross sectional view taken
along a line I-I' of FIG. 21.

Referring to FIGS. 21 and 22, buried 1nsulation layers 3
of the three dimensional semiconductor device according to
the present embodiment may have a zigzag or other non-
linear shape and may overlap with the upper selection lines
USL, when viewed in plan view. However, the buried
insulation layers 3 may not overlap with the 1solating
insulation pattern 50 and 54, as illustrated in the plan view
of FIG. 21. In the present embodiment, the active patterns
AR penetrating each of the upper selection lines USL may
also be arrayed 1n a zigzag or other nonlinear manner in a
second direction (e.g., along the y-axis direction). Thus, a
distance D1 between the 1solating insulation pattern 30 and
54 and one of the active patterns AR may be different from
a distance D2 between the 1solating imnsulation pattern 50 and
54 and another of the active patterns AR. Each of the buried
insulation layers 3 of the bufler layers 4 may surround the
lower portions of the active patterns AR penetrating one of
the upper selection lines USL and may have a “zigzag” or
other nonlinear shape extending 1n the second direction. The
present embodiment may have the same configuration as or
a similar configuration to the embodiment of FIGS. 19-20,
except for the above described configurations.

FIG. 23 1s a plan view 1illustrating a portion of a three
dimensional semiconductor device according to yet still
further embodiments, and FIG. 24 1s a cross sectional view
taken along a line I-I' of FIG. 23.

Referring to FIGS. 23 and 24, each of bufler layers 4 of
the three dimensional semiconductor device according to the
present embodiment may include a polysilicon layer doped
with carbon, 1.e., a carbon containing polysilicon layer. The
carbon containing polysilicon layer may have a lower etch
rate than a single crystalline silicon layer and a polysilicon
layer. In the present embodiment, the active patterns AR
may not be 1n direct contact with the substrate 1 and, a width
of lower portions of the openings 31 including the active
patterns AR therein may be reduced toward the substrate 1.
That 1s, the lower portions of the active patterns AR do not
have an anchor-shaped configuration, unlike the embodi-
ment of FIGS. 1-3. The first impurity implantation regions
43 may be disposed i1n the bufller layer 4. The present
embodiment may have the same configuration as or a similar
configuration to the embodiment of FIGS. 1-3, except for the
above described configurations.

FIGS. 25 to 28 are cross sectional views illustrating
methods of fabricating a three dimensional semiconductor
device shown 1n FIG. 24.

Retferring to FIG. 25, a bufler layer 4 may be formed on
a substrate 1. The bufler layer 4 may be formed of a
polysilicon layer doped with carbon, 1.e., a carbon contain-
ng polysﬂlcon layer. A pad oxide layer 7 may be formed on
the bufler layer 4. Sacrificial layers 11,12, 13, 14, 15,16, 17
and 18 and interlayer insulation layers 21,22, 23, 24, 25, 26,
27 and 28 may be alternately and repeatedly stacked on the
pad oxide layer 7. The sacrificial layers may include first to
eighth sacrificial layers 11, 12, 13, 14, 15, 16, 17 and 18

stacked 1n order from a lower level toward an upper level.
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Similarly, the interlayer insulation layers may include first to
eighth interlayer insulation layers 21, 22, 23, 24, 25, 26, 27
and 28 stacked 1 order from a lower level toward an upper
level. The sacrificial layers 11, 12, 13, 14, 15, 16, 17 and 18
may be formed of a material having an etch selectivity with
respect to the interlayer msulation layers 21, 22, 23, 24, 25,
26, 27 and 28. For example, the interlayer insulation layers
21, 22, 23, 24, 25, 26, 27 and 28 may be formed of layers
of the silicon oxide system, and sacrificial layers 11, 12, 13,
14,15, 16, 17 and 18 may be formed of layers of the silicon
nitride system or the silicon germanium system.

Referring still to FIG. 235, the interlayer insulation layers
21,22, 23,24, 25,26, 27 and 28, the sacrificial layers 11, 12,
13, 14, 15, 16, 17 and 18, and the pad oxide layer 7 may be
patterned using a first anisotropic etching process to form a
plurality of openings or active holes 31 that expose portions
of the bufler layer 4. The first anisotropic etching process
may provide a same or substantially similar etch rate with
respect to the interlayer msulation layers 21, 22, 23, 24, 25,
26, 27 and 28, the sacrificial layers 11,12, 13, 14, 15, 16, 17
and 18, and the pad oxide layer 7. That 1s, during the first
anisotropic etching process to form the active holes 31, the
interlayer isulation layers 21, 22, 23, 24, 25, 26, 27 and 28,
the sacrificial layers 11, 12, 13, 14, 15, 16, 17 and 18, and
the pad oxide layer 7 may not have an etch selectivity with
respect to each other. The bufler layer 4 may be partially
ctched due to an over-etch of the first anisotropic etching
process, thereby forming recessed regions R in the bufler
layer 4. However, the bufler layer 4, 1.e., the carbon con-
taining polysilicon layer may exhibit a lower etch rate than
a pure silicon layer constituting the substrate 1 during the
first anisotropic etching process. Thus, depths of the
recessed regions R may be uniform. That is, the active holes
or openings 31 may be formed to have a umiform depth.

Referring to FI1G. 26, a gate insulation layer 33 and a first
active layer may be sequentially and conformally formed on
sidewalls of the active holes 31. The first active layer and the
gate insulation layer 33 may be anisotropically etched to
expose a top surface of the topmost interlayer insulation
layer (e.g., the eighth interlayer insulation layer 28) as well
as portions of the bufler layer 4 and to simultaneously define
first sub active patterns 35a and the gate msulation layer 33
covering inner sidewalls of the active holes 31. In each of the
active holes 31, the gate insulation layer 33 may be formed
to have an “L”-shaped cross section. While the first sub
active patterns 35a and the L"-shaped gate msulation layer
33 are formed, the builer layer 4 may be additionally etched
to uniformly increase the depths of the active holes 31.

Referring to FIG. 27, lower portions of the gate insulation
layers 33, which are interposed between the first sub active
patterns 35a and the builer layer 4, may be removed to
expose bottom surfaces and lower outer sidewalls of the first
sub active patterns 33a, as well as to simultaneously expose
sidewalls of the recessed regions R 1n the builer layer 4. The
bufler layer 4 may not be further etched while the lower
portions of the gate insulation layers 33 are removed 1n some
embodiments.

Referring to FIG. 28, a second active layer may be
conformally formed on the substrate where the lower por-
tions of the gate insulation layers 33 are removed. An inner
insulation layer may be formed on the second active layer to
substantially fill the active holes 31. The inner insulation
layer and the second active layer may be planarized to
expose the top surface of the eighth interlayer insulation
layer 28 and to simultaneously form second sub active
patterns 37a and inner insulation patterns 39a in the active
holes 31. The first sub active pattern 35a and the second sub
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active pattern 37a 1n each of the active holes 31 may define
an active pattern AR. Subsequently, the three dimensional
semiconductor device shown 1n FIG. 24 may be completed
using the same or similar processes as described with
reference to FIGS. 12 to 17.

FIG. 29 1s a schematic block diagram illustrating an
example of electronic systems including the three dimen-
sional semiconductor devices according to embodiments
described herein.

Referring to FIG. 29, an electronic system 1100 according,
to some embodiments may be applied to a personal digital
assistant (PDA), a portable computer, a web tablet, a wire-
less phone, a mobile phone, a digital music player, and/or a
memory card. The electronic system 1100 may also be
applied to another electronic product that wirelessly receives
or transmits 1nformation or data.

The electronic system 1100 may include a controller 1110,
an 1nput/output (I/0O) unit 1120, a memory device 113Q), an
interface unit 1140 and a data bus 1150. At least two of the
controller 1110, the I/O unit 1120, the memory device 1130
and the interface unit 1140 may communicate with each
other through the data bus 1150. The data bus 1150 may
correspond to a path through which electrical signals are
transmuitted.

The controller 1110 may 1nclude at least one micropro-
cessor, a digital signal processor (DSP), a microcontroller,
and/or a logic device. The logic device may have a similar
function to any one of the microprocessor, the digital signal
processor and the microcontroller. The memory device 1130
may store commands executed by the controller 1110. The
I/O umt 1120 may receirve data or signals from external
devices or may output data or signals to external device. The
I/O umt 1120 may include a keypad, a keyboard and/or a
display unat.

The memory device 1130 may include at least one of the
semiconductor devices described in the above embodiments.
The memory device 1130 may further include another type
of semiconductor memory device which 1s different from the
semiconductor devices described in the above embodiments.
For example, the memory device 1130 may further include
a volatile memory device. The interface unit 1140 may
transmit electrical data to a communication network or may
receive electrical data from a communication network.

FIG. 30 1s a block diagram illustrating an example of
memory cards including the three dimensional semiconduc-
tor devices according to embodiments described herein.

Referring to FIG. 30, a memory card 1200 for storing a
large capacity of data may include a flash memory device
1210, such as a NAND flash memory device. The flash
memory device 1210 may include at least one three dimen-
sional semiconductor device according to the embodiments
described herein. The memory card 1200 may include a
memory controller 1220 that controls overall data commu-
nication between a host and the flash memory device 1210.

The memory controller 1220 may include a central pro-
cessing unit (CPU) 1222, a static random access memory
(SRAM) device 1221, a host interface unit 1223, an error
check and correction (ECC) block 1224, and a memory
interface unit 1223.

The SRAM device 1221 may be used as an operation
memory of the CPU 1222. The host interface unit 1223 may
be configured to include a data commumnication protocol of
the host connected to the memory card 1200. The ECC block
1224 may detect and/or correct errors of data which are read
out from the flash memory device 1210. The memory
interface unit 1223 may control the communication between
the memory controller 1220 and the flash memory device
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1210. The central processing unit (CPU) 1222 may control
overall operations for data communication of the memory
controller 1220. The memory card 1200 may further include
a read only memory (ROM) device that stores code data
used to interface with the host.

With regard to the memory card and/or the electronic
system described above, a highly reliable electronic system
may be realized using the flash memory device 1210 that has
improved erasure characteristics. In particular, when the
flash memory devices according to the embodiments are
employed 1n a solid state disk (SSD), reliability of the SSD
may be improved.

FIG. 31 1s a block diagram 1illustrating an example of
information processing systems including the three dimen-
sional semiconductor devices according to embodiments
described herein.

Referring to FIG. 31, an information processing system
1300 may be applied to a mobile system and/or a desktop
computer. The information processing system 1300 may
include a tflash memory system 1310, a modulator-demodu-
lator (MODEM) 1320, a central processing unit (CPU)
1330, a random access memory (RAM) device 1340 and a
user interface umt 1350 that communicate with each other
through a data bus 760. The flash memory system 1310 may
have substantially the same configuration as the memory
card 1200 1llustrated in FIG. 30. The flash memory system
1310 may store data processed by the CPU 1330 and/or data
transmitted from an external system. The flash memory
system 1310 may be composed of a solid state disk (SSD).
In this case, the flash memory system 1310 of the informa-
tion processing system 1300 may stably store a large capac-
ity of data to improve reliability of the information process-
ing system 1300. As the rehability of the information
processing system 1300 1s improved, the operations or
processes lor correcting errors generated in the flash
memory system 1310 may be reduced to improve the
operating time or speed of the information processing sys-
tem 1300. Thus, the information processing system 1300
may allow for faster data communication. The information
processing system 1300 may further include an application
chipset, a camera 1mage processor and/or an input/output
unit.

The flash memory devices according to the exemplary
embodiments described above may be encapsulated using
vartous packaging techniques. For example, the flash
memory device according to the aforementioned exemplary
embodiments may be encapsulated using any one of a
package on package (POP) technique, a ball grid arrays
(BGASs) technique, a chip scale packages (CSPs) technique,
a plastic leaded chip carrier (PLCC) technique, a plastic dual
in-line package (PDIP) technique, a die in wallle pack
technique, a die 1n water form technique, a chip on board
(COB) technique, a ceramic dual in-line package (CERDIP)
technique, a plastic quad flat package (PQFP) technique, a
thin quad flat package (TQFP) techmique, a small outline
package (SOIC) technique, a shrink small outline package
(SSOP) technique, a thin small outline package (TSOP)
technique, a system 1n package (SIP) technique, a multi chip
package (MCP) technique, a watfer-level fabricated package
(WEFP) technique and a water-level processed stack package
(WSP) techmique.

According to the embodiments set forth above, vertically
extending active patterns can be formed to have a uniform
height due to the presence of a bufler layer on a substrate.
Thus, a uniformity of the cell currents flowing through the
vertical active patterns can be improved. As a result, highly
reliable three dimensional semiconductor devices can be
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realized. Further, common source lines may be insulated
from the substrate by a buried insulation layer therebetween.
Thus, leakage current characteristics of the three dimen-
sional semiconductor device can be improved.

While the imventive concept has been described with
reference to example embodiments, it will be apparent to
those skilled in the art that various changes and modifica-
tions may be made without departing from the spirit and
scope of the mventive concept. Therefore, 1t should be
understood that the above embodiments are not limiting, but
illustrative. Thus, the scope of the inventive concept 1s 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 description.

What 1s claimed 1s:

1. A semiconductor device comprising:

a substrate;

a bufler layer on the substrate, the bufler layer comprising,
a material having an etching selectivity relative to that
of the substrate;

a multi-layer stack comprising alternating insulation pat-
terns and conductive patterns on the butler layer oppo-
site the substrate; and

one or more active patterns respectively extending
through the alternating 1nsulation patterns and conduc-
tive patterns of the multi-layer stack and into the bufler
layer, wherein the [plurality of] orne or more active
patterns are electrically connected to the substrate,

wherein the one orv more active patterns arve confined
above the substrate and respectively extend into the
buffer layer to a uniform depth,

wherein the material of the buffer laver has a lower etch
rate than that of the substrate,

wherein the buffer layer comprises a buried insulation
layver on a surface of the substrate, and a semiconduc-
tor laver on the buried insulation laver opposite the
substrate, and

wherein the one ov more active patterns extend through
the semiconductor laver and at least partially into the
buried insulation layer.

[2. The device of claim 1, wherein the active patterns are
confined above the substrate and respectively extend 1nto the
buffer layer to a uniform depth.]

[3. The device of claim 2, wherein the material of the
buffer layer has a lower etch rate than that of the substrate.]

[4. The device of claim 3, wherein the buffer layer
COmprises:

a buried insulation layer on the surface of the substrate;

and

a semiconductor layer on the buried insulation layer
opposite the substrate,

wherein the active patterns extend through the semicon-
ductor layer and at least partially ito the buried
insulation layer.}

5. The device of claim [4] I, wherein the active patterns
extend completely through the buried insulation layer to
contact the substrate.

6. The device of claim [4] I/, wherein a portion of the
buried insulation layer separates the active patterns from the
substrate.

7. The device of claim [4] /. wherein openings in the
semiconductor layer through which the active patterns
extend are narrower than openings in the buried isulation
layer into which the active patterns extend.

8. The device of claim [4] /, wherein the semiconductor
layer includes a doped region therein that defines a common




US RES0,089 E

19

source line, and wherein the common source line 1s insulated
from the substrate by the buried msulation layer.

9. The device of claim [4] I/, wherein the active pattern
comprises a first active layer on sidewalls of a trench
extending through the multi-layer stack into the bufler layer
and a second active layer on the first active layer, wherein
the first active layer 1s confined above the buried 1nsulation
layer, and wherein the second active layer extends into the
buried insulation layer.

10. The device of claim 9, wherein portions of the second
active layer extend between the sidewalls of the trench and
the first active layer.

11. A semiconductor device, comprising:

a substrate;

a butler layer on the substrate, the bufler layer comprising,

a material having an etching selectivity relative to that
of the substrate, wherein the buffer layer comprises a
carbon-containing polysilicon layer;

a multi-layer stack comprising alternating insulation pat-
terns and conductive patterns on the builer layer oppo-
site the substrate:

one or more active patterns respectively extending
through the alternating insulation patterns and conduc-
tive patterns of the multi-layer stack and into the bufler
layer; and

an 1solating pattern comprising an insulating material
extending through the insulation patterns and conduc-
tive patterns of the multi-layer stack between adjacent
ones of the active patterns,

wherein the i1solating pattern and a doped region of the
bufler layer overlap 1n plan view.

12. The device of claim 11, wherein the [buffer layer
comprises a] carbon-containing polysilicon layer [having]
has a lower etch rate than the substrate.

13. The device of claim 11, wherein the 1solating pattern
1s closer to one of the adjacent ones of the active patterns
than another.

14. The device of claim 11, wherein the conductive
patterns comprise gate electrodes of a string of serially
connected transistors having respective source and drain
regions in the [active pattern] one or more active patterns.

15. The device of claim 14, wherein the semiconductor
device comprises a NAND flash memory device, and further
comprising;

a bit line on the multi-layer stack opposite the substrate

and electrically contacting the active patterns,
wherein the conductive patterns define selection lines and
word lines of the memory device, and wherein the
string of serially connected transistors comprise selec-
tion transistors and memory cell transistors serially
connected between the selection transistors.

16. A three-dimensional semiconductor memory device
comprising:

a bufler layer on a substrate, wherein the bufler layer
includes a material having an etch selectivity with
respect to the substrate, and wherein the buffer laver
includes a buried insulation layer on the substrate, and
a semiconductor layer on the buried insulation layer
opposite the substrate;

a plurality of conductive patterns and interlayer insulation
patterns alternately stacked on the bufler layer, wherein
the conductive patterns define selection lines and word
lines of the memory device;

active patterns penetrating the conductive patterns and the
interlayer isulation patterns to contact the butler layer
at a uniform depth, wherein the conductive patterns
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provide gate electrodes of a string of serially connected
transistors having respective source and drain regions
in the active pattern;

an 1solating insulation pattern penetrating the conductive
patterns and the interlayer insulation patterns between
adjacent ones of the active patterns to contact a doped
region ol the bufler layer, wherein the doped region
defines a common source line of the memory device;
and

a bit line on the conductive patterns and the interlayer
insulation patterns opposite the substrate and electr-
cally contacting the active patterns.

[17. The three-dimensional semiconductor memory

device of claim 16, wherein the buifler layer includes:

a buried insulation layer on the substrate; and

a semiconductor layer on the buried insulation layer
opposite the substrate.]

18. The three-dimensional semiconductor memory device
of claim [17] 16, wherein lower portions of the active
patterns are disposed 1n the buried insulation layer, and each
of the lower portions of the active patterns has an anchor-
shaped cross sectional view.

19. The three-dimensional semiconductor memory device
of claim 18, wherein the common source line 1s disposed 1n
the semiconductor layer.

20. The three-dimensional semiconductor memory device
of claim 19, wherein a lateral distance between the 1solating
insulation pattern and one of the active patterns 1s different
from a lateral distance between the i1solating insulation
pattern and another of the active patterns, and wherein the
buried 1nsulation layer surrounds the lower portions of the
active patterns and has a nonlinear shape in plan view.

21. A semiconductor device comprising:

a substrate;

a first buffer layer disposed on the substrate;

a second buffer laver disposed on the first buffer layer,
each of the first buffer laver and the second buffer layer
including a material having an etching selectivity rela-
tive to that of the substrate;

a multi-layer stack disposed on the second buffer layer,
and including alternating insulation patterns and con-
ductive patterns, the multi-layer stack being disposed
opposite to the substrate with vespect to each of the first
buffer laver and the second buffer laver; and

one or more active patterns,

wherein each of the one or movre active patterns extends
through the alternating insulation patterns and con-
ductive patterns of the multi-layer stack, and extends
into the first buffer laver and the second buffer layer,
and

the one ov move active patterns are electrvically connected
to the substrate,

wherein an insulating pattern at least partially fills an
inner space of the one or more active patterns,

wherein the inner space of the one or more active patterns
includes a first part and a second part disposed on the
first part, the first part and the second part ave disposed
in the first buffer laver and the second buffer layer, and
a width of the first part of the inner space of the one or

more active patterns is greater than a width of the
second part of the inner space of the one or more active
patierns.
22. The semiconductor device of claim 21, wherein the
inner space of the one or movre active patterns includes a
thivd part disposed beneath the second part,
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the width of the first part of the inner space of the one or
movre active patterns is greater than a width of the third
part of the inner space of the ome or more active
patierns.

23. The semiconductor device of claim 21, wherein the
insulating pattern includes a first portion and a second
portion disposed on the first portion,

each of the first portion and the second portion of the

insulating pattern is disposed in the first buffer layer
and/or the second buffer laver, and

a width of the first portion of the insulating pattern is

greater than a width of the second portion of the
insulating pattern.
24. The semiconductor device of claim 23, wherein the
insulating pattern further includes a thivd portion disposed
beneath the first portion,
the thivd portion of the insulating pattern is disposed in
the first buffer laver and/or the second buffer layer, and

the width of the first portion of the insulating pattern is
greater than a width of the third portion of the insu-
lating pattern.

25. The semiconductor device of claim 21, wherein at
least one of the first buffer layer and the second buffer layer
includes oxide.

26. The semiconductor device of claim 21, wherein the
first buffer layer includes a first space,

a lower portion of the one or more active patterns is

disposed in the first space of the first buffer layer,

the first space of the first buffer laver includes a first

portion and a second portion disposed on the first
portion, and

a width of the first portion of the first space of the first

buffer laver is less than a width of the second portion
of the first space of the first buffer layer.

27. The semiconductor device of claim 26, wherein the
second buffer laver includes a second space through which
the one or movre active patterns extends, and

a width of the second space of the second buffer layer is

less than the width of the second portion of the first
space of the first buffer layer:

28. The semiconductor device of claim 21, wherein the
one or movre active patterns is confined above the substrate.

29. The semiconductor device of claim 21, wherein the
material included in each of the first buffer layer and the
second buffer laver has a lower etch rate than that of the
substrate.

30. A semiconductor device comprising:

a substrate;

a buffer layer disposed on the substrate and including a

material having an etching selectivity relative to that of

the substrate;

a multi-laver stack disposed on the buffer laver, and
including alternating insulation patterns and conduc-
tive patterns, the multi-layer stack being disposed
opposite to the substrate with vespect to the buffer
layer,

one or more active patterns respectively extending
through the alternating insulation patterns and con-
ductive patterns of the multi-layver stack, and respec-
tively extending into the buffer laver; and

an insulating pattern at least partially filling an inner
space of the one or more active patterns,

whevrein the one or more active patterns are electrically
connected to the substrate, the insulating pattern
includes a first portion and a second portion disposed
on the first portion, each of the first portion and the
second portion of the insulating pattern is disposed in
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the buffer layver, a width of the first portion of the

insulating pattern is greater than a width of the second
portion of the insulating pattern, and the buffer layer
includes a first buffer laver and a second buffer layer
disposed on the first buffer layer.

31. The semiconductor device of claim 30, wherein the
insulating pattern further includes a third portion disposed
beneath the first portion,

the thivd portion of the insulating pattern is disposed in

the buffer layer, and

the width of the first portion of the insulating pattern is

greater than a width of the third portion of the insu-

lating pattern.

32. The semiconductor device of claim 30, wherein the
buffer layer includes oxide.

33. The semiconductor device of claim 30, wherein the
buffer layver includes a space,

a lower portion of the one or more active patterns is

disposed in the space of the buffer layer,

the space of the buffer layer includes a first part, a second
part disposed on the first part and a thivd part disposed
on the second part,

a width of the first part of the space of the buffer layver is
less than a width of the second part of the space of the
buffer layer, and

the width of the second part of the space of the buffer layer
is greater than a width of the third part of the space of
the buffer layer.

34. The semiconductor device of claim 30, wherein the
inner space of the one or move active patterns includes a first
part, a second part disposed on the first part, and a third
part disposed on the second part,

a width of the first part of the inner space of the one or
movre active patterns is less than a width of the second
part of the inner space of the omne or more active
patterns, and

the width of the second part of the inner space of the one
or more active patterns is greater than a width of the
third part of the inner space of the one or more active
patierns.

35. The semiconductor device of claim 30, wherein the
one or more active patterns extends through the second
buffer layer and extends at least partially into the first buffer
layer.

36. The semiconductor device of claim 30, wherein the
one ov more active patterns extends completely through the
buffer layer to contact the substrate.

37. A semiconductor device comprising:

a substrate;

a buffer laver disposed on the substrvate and including a
material having an etching selectivity relative to that of
the substrate;

a multi-layer stack disposed on the buffer laver, and
including alternating insulation patterns and conduc-
tive patterns, the multi-laver stack being disposed
opposite to the substrate with vespect to the buffer
layver; and

one or more active patterns respectively extending
through the alternating insulation patterns and con-
ductive patterns of the multi-layer stack, and respec-
tively extending into the buffer laver;

wherein the one or more active patterns ave electrically
connected to the substrate,

the buffer laver includes a first buffer layer and a second
buffer layver disposed on the first buffer layer,

the buffer laver includes oxide, and includes a space,
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a lower portion of the one or more active patterns is
disposed in the space of the buffer layer,

the space of the buffer laver includes a first portion, a
second portion disposed on the first portion and a third
portion disposed on the second portion,

a width of the first portion of the space of the buffer layer
is less than a width of the second portion of the space
of the buffer layer, and

the width of the second portion of the space of the buffer
laver is greater than a width of the thivd portion of the
space of the buffer layer.

38. The semiconductor device of claim 37, wherein an
inner space of the one or morve active patterns includes a fivst
part, a second part disposed on the first part, and a third
part disposed on the second part,

a width of the first part of the inner space of the one or
movre active patterns is less than a width of the second
part of the inner space of the ome or more active
patterns, and

the width of the second part of the inner space of the one
oF more active patterns is greater than a width of the
thivd part of the inner space of the one or movre active
patierns.

39. The semiconductor device of claim 37, wherein a
portion of the buffer layver separates the one or more active
patterns from the substrate.

40. The semiconductor device of claim 37, wherein an
opening of an upper surface of the second buffer laver
through which the one or movre active patterns extends are
narrower than an opening of an upper surface of the first
buffer layer into which the one or more active patterns
extends.
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