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SEMICONDUCTOR DEVICE INCLUDING A
CRYSTAL SEMICONDUCTOR LAYER, ITS
FABRICATION AND ITS OPERATION

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a Divisional of application Ser.
No. 12/710,378, filed Feb. 23, 2010, which is a Divisional of
application Ser. No. 11/561,151, filed Nov. 17, 2006, now
U.S. Pat. No. 7,696,032, issued Apr. 13, 2010, which claims
priority from Korean Patent Application No. 2005-0110986,
filed Nov. 18, 2005, the disclosure of which is hereby incor-
porated herein by reference in its entirety as if set forth fully
herein.

BACKGROUND OF INVENTION

[0002] 1. Technical Field

[0003] The present invention relates to a semiconductor
device, a fabricating method thereof, and an operating
method thereof, and more particularly, to a semiconductor
device having a crystalline semiconductor layer, a fabricating
method thereof, and an operating method thereof.

[0004] 2. Discussion of the Related Art

[0005] With a highly integrated semiconductor device,
channel lengths of transistors and distances, such as between
transistors, are small. And as integration increases, those sizes
and distances become smaller. Also, one will find with recent
trends that concentrations of impurities in semiconductor
substrates have increased, and thus, source/drain junction
capacitances of transistors and leakage currents have
increased. Consequently, the trends result in a deterioration of
many other characteristics of semiconductor devices, such as
high speed, low power consumption, and the like, though
these properties continue to be in increasing demand.

[0006] A silicon-on-insulator (SOI) substrate is gaining
attention to solve these problems. Particularly, the SOl is less
susceptible to a latch up phenomenon caused by an inner
feed-back phenomenon that occurs in a CMOS structure with
high integration density.

[0007] The SOI substrate has a single crystal silicon layer
formed on a buried insulating layer unlike a bulk silicon
substrate, and an element such as a transistor is formed on the
single crystal silicon layer. Generally, fabrication of the SOI
substrate may be divided into two methods. A first method is
a separation by implanted oxygen (SIMOX) method, in
which oxygen atoms are implanted into a silicon substrate so
that the oxygen atoms penetrate deep into the substrate by a
predetermined depth, and an annealing process is performed
to form a buried insulating layer. A second method is to form
an insulating layer on a substrate and attach substrates to each
other, and perform an etch-back process on the substrates.

[0008] A main drawback, however, of the first method is
that its processes are complicated and inconvenient because a
LOCOS process or an STI process must be performed to form
an isolation layer after oxygen ions are implanted into a
silicon substrate, and a thermal treatment process is per-
formed. Furthermore, serious defects may be generated
inside the semiconductor substrate on which elements will be
formed. In the second method, however, since two substrates
having an insulating layer formed thereon are attached at a
high temperature, and one side of the substrates is polished, it
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is required to perform a thermal treatment process at a high
temperature, and voids may be generated at the junction por-
tion of the substrates.

[0009] Recently, as one of the efforts to solve these prob-
lems, a method of fabricating an SOI substrate is disclosed in
U.S. Pat. No. 6,602,758 B2 in the title of “Formation of
Silicon On Insulator Devices as Add-On Modules for System
On a Chip Processing” to Kizilyalli, et al. According to Kiz-
ilyalli, et al., an insulating layer is formed on a semiconductor
substrate, and the insulating layer is patterned, thereby form-
ing an opening exposing the semiconductor substrate. An
amorphous silicon layer is formed on the patterned insulating
layer to contact the exposed semiconductor substrate, and an
eximer laser is applied to crystallize the amorphous silicon
layer. As a result, a silicon layer having substantially the same
single crystal structure as that of the semiconductor substrate
is formed.

[0010] However, a continuous effort is required to fabricate
an improved semiconductor device using a crystalline semi-
conductor layer formed on the semiconductor substrate as
well as to form the SOI substrate.

SUMMARY

[0011] Therefore, some embodiments of the present inven-
tion are directed to providing a semiconductor device and a
method of its fabrication capable of forming a semiconductor
layer having the substantially same crystal structure as that of
a semiconductor substrate on the semiconductor substrate,
and interposing various barrier layers between the semicon-
ductor substrate and the semiconductor layer.

[0012] Another embodiment of the present invention is to
provide a method of operating a semiconductor device having
the semiconductor substrate, the semiconductor layer, and the
barrier layer interposed between the semiconductor substrate
and the semiconductor layer.

[0013] In accordance with an exemplary embodiment, the
present invention provides a method of fabricating a semi-
conductor device having a crystalline semiconductor layer.
The method comprises preparing a semiconductor substrate
and forming a preliminary active pattern on the semiconduc-
tor substrate. The preliminary active pattern comprises a bar-
rier pattern and a non-single crystal semiconductor pattern,
which may be alternately stacked at least one time. A sacri-
ficial non-single crystal semiconductor layer is formed to
cover the preliminary active pattern and the semiconductor
substrate. By crystallizing the sacrificial non-single crystal
semiconductor layer and the non-single crystal semiconduc-
tor pattern, using the semiconductor substrate as a seed layer,
the sacrificial non-single crystal semiconductor layer and the
non-single crystal semiconductor pattern are changed to a
sacrificial crystalline semiconductor layer and a crystalline
semiconductor pattern respectively. The crystalline semicon-
ductor pattern and the barrier pattern constitute an active
pattern. The sacrificial crystalline semiconductor layer is
preferably removed.

[0014] The semiconductor substrate may be a single crystal
semiconductor substrate.

[0015] Forming the preliminary active pattern may com-
prise sequentially forming a barrier layer and a non-single
crystal semiconductor layer on the semiconductor substrate,
and patterning the non-single crystal semiconductor layer and
the barrier layer.

[0016] The preliminary active pattern may be formed to
further comprise a semiconductor pattern below the barrier
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pattern. In this case, forming of the preliminary active pattern
may comprise sequentially forming a barrier layer and a
non-single crystal semiconductor layer on the semiconductor
substrate, patterning the non-single crystal semiconductor
layer and the barrier layer to expose a predetermined portion
of the semiconductor substrate, and etching the exposed
semiconductor substrate by a predetermined depth.

[0017] After removing the sacrificial crystalline semicon-
ductor layer, the method may further comprise forming a gate
pattern crossing the active pattern. The gate pattern may be
formed to comprise a gate insulating layer and a gate elec-
trode, which are sequentially stacked.

[0018] The insulating pattern may be formed thinner than
the gate insulating layer.

[0019] Before forming the gate pattern, the method may
further comprise forming an isolation layer covering the
semiconductor substrate around the active pattern.

[0020] Source/drain may be formed inside the active pat-
tern at both sides of the gate pattern.

[0021] The barrier pattern may be formed to comprise a
metal pattern.
[0022] The sacrificial crystalline semiconductor layer may

have an etch selectivity with respect to the crystalline semi-
conductor pattern.

[0023] When the crystalline semiconductor pattern com-
prises a silicon layer, the sacrificial crystalline semiconductor
layer may be formed of a silicon germanium layer.

[0024] In another aspect of the present invention, the
present invention provides a semiconductor device having a
crystalline semiconductor layer. The semiconductor device
comprises a semiconductor substrate, and an active pattern
disposed on the semiconductor substrate. The active pattern
comprises a barrier pattern and a crystalline semiconductor
pattern, which are alternately stacked at least one time, the
crystalline semiconductor pattern having substantially the
same crystal structure as that of the semiconductor substrate.
[0025] The semiconductor substrate may be a single crystal
semiconductor substrate.

[0026] The active pattern may further comprise a semicon-
ductor pattern disposed between the barrier pattern and the
semiconductor substrate. The semiconductor pattern may be
relatively protruded from the semiconductor substrate.
[0027] Further, a gate pattern crossing the active pattern
may be formed, and source/drain may be formed inside the
active pattern at both sides of the gate pattern. The gate pattern
may comprise a gate insulating layer and a gate electrode.
[0028] In another aspect of the present invention, the
present invention provides a method of operating a one-tran-
sistor memory device. The method comprises preparing a
One-transistor memory device comprising a semiconductor
substrate, an active pattern including a barrier pattern and a
crystalline semiconductor pattern having substantially the
same crystal structure as that of the semiconductor substrate
sequentially stacked on the semiconductor substrate, a gate
insulating layer covering the active pattern, a gate electrode
disposed on the gate insulating layer and crossing the active
pattern, and a source and a drain formed inside the active
pattern at both sides of the gate electrode. A write voltage is
applied between the semiconductor substrate and the gate
electrode, thereby implanting carriers from the semiconduc-
tor substrate into the crystalline semiconductor pattern.
[0029] The method may further comprise applying a read
voltage between the source and the drain, thereby reading out
data stored inside the one-transistor memory cell.
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[0030] The barrier pattern may be a tunnel insulating layer.
[0031] The barrier pattern may be thinner than that of the
gate insulating layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The above and other features and advantages of the
present invention will become more apparent to those of
ordinary skill in the art by describing in detail preferred
embodiments thereof with reference to the attached drawings
in which:

[0033] FIG. 1 is a plan view illustrating a semiconductor
device according to an embodiment of the present invention;
[0034] FIGS. 2 through 7 are cross-sectional views taken
along line I-I' of FIG. 1 illustrating a method of fabricating a
semiconductor device according to embodiments of the
present invention;

[0035] FIG. 81is across-sectional view illustrating a method
of fabricating a semiconductor device according to another
embodiment of the present invention;

[0036] FIGS. 9 through 12 are cross-sectional views taken
along line I-I' of FIG. 1 illustrating a method of fabricating a
semiconductor device according to yet another embodiments
of the present invention;

[0037] FIG. 13 is a cross-sectional view taken along line
II-IT' of FIG. 1 illustrating a method of fabricating a semicon-
ductor device according to still other embodiments of the
present invention; and

[0038] FIGS. 14 and 15 are cross-sectional views taken
along line II-IT' of FIG. 1 illustrating a method of driving a
memory cell of one transistor according to still other embodi-
ments of the present invention.

DETAILED DESCRIPTION

[0039] The present invention will now be described more
fully hereinafter with reference to the accompanying draw-
ings, in which preferred embodiments of the invention are
shown. This invention may, however, be embodied in many
different forms and should not be construed as being limited
to the embodiments set forth herein. Rather, these embodi-
ments are provided 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 thicknesses of
layers and regions are exaggerated for clarity. Like numbers
refer to like elements throughout the specification.

[0040] FIG. 1 is a plan view illustrating a semiconductor
device according to an embodiment of the present invention,
and FIGS. 2 through 7 are cross-sectional views taken along
line I-I' of FIG. 1 illustrating a method of fabricating a semi-
conductor device according to some embodiments of the
present invention.

[0041] Referring to FIGS. 1 and 2, a semiconductor sub-
strate 100 is prepared. The semiconductor substrate 100 may
have a single crystalline structure. The semiconductor sub-
strate 100 may be, for example, a silicon substrate, a germa-
nium substrate, a silicon germanium substrate, or a silicon
carbide substrate. A barrier layer 105 and a non-single crystal
semiconductor layer 110 are sequentially formed on the over-
all surface of the semiconductor substrate 100. The non-
single crystal semiconductor layer 110 may be formed of a
silicon layer, a germanium layer, a silicon germanium layer,
or a silicon carbide layer.

[0042] Herein, the “non-single crystal semiconductor
layer” may be in an amorphous state. The “non-single crystal
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semiconductor layer” can contain some proportion of micro-
crystalline or polycrystalline material.

[0043] The barrier layer 105 may be an insulating layer.
The insulating layer may include, for example, a silicon oxide
layer, a silicon nitride layer, an oxide/nitride/oxide (ONO)
layer, or a high-k dielectric layer. The barrier layer 105 and
the non-single crystal semiconductor layer 110 may be
stacked alternately at least one time. The barrier layer 105
may have different functions depending on its kind and for-
mation thickness.

[0044] For example, when the barrier layer 105 comprises
silicon oxide, the barrier layer 105 may function as a buried
insulating layer of a silicon on insulator (SOI) substrate. On
the other hand, the barrier layer 105 may also function as a
tunnel insulating layer. In this case, the barrier layer 105 may
be formed relatively thin. According to some embodiments of
the present invention, since the thickness of the barrier layer
105 is easy to control, the thickness of the barrier layer 105
may be formed less than that of a buried insulating layer of'a
conventional SOI substrate. For example, the barrier layer
105 may be formed with a thickness of about 100 A or less.
[0045] When the barrier layer 105 comprises an ONO layer
or a high-k dielectric layer in other embodiments, the barrier
layer 105 may function as a tunnel insulating layer. In the
meantime, when the barrier layer 105 comprises silicon
nitride in other embodiments, the barrier layer 105 may func-
tion as a charge storage layer.

[0046] Referring to FIGS. 1 and 3, the non-single crystal
semiconductor layer 110 and the barrier layer 105 are pat-
terned, thereby forming a preliminary active pattern 115a
including a barrier pattern 105¢ and a non-single crystal
semiconductor pattern 110a, which are sequentially stacked.
From a plan view, the preliminary active pattern 115a may be
formed with a line shape or an island shape.

[0047] A sacrificial non-single crystal semiconductor layer
120 is formed to cover the preliminary active pattern 115a and
the semiconductor substrate 100. The sacrificial non-single
crystal semiconductor layer 120 may comprise a material
having an etch selectivity with respect to the semiconductor
substrate 100 and the non-single crystal semiconductor pat-
tern 110a. For example, when the semiconductor substrate
100 and the non-single crystal semiconductor pattern 110a
comprise silicon, the sacrificial non-single crystal semicon-
ductor layer 120 may comprise silicon germanium.

[0048] Referring to FIGS. 1 and 4, the sacrificial non-single
crystal semiconductor layer 120 and the non-single crystal
semiconductor pattern 110q are crystallized using the semi-
conductor substrate 100 as a seed layer. The sacrificial non-
single crystal semiconductor layer 120 and the non-single
crystal semiconductor pattern 110a can be crystallized using,
for example, a solid phase epitaxial (SPE) technology. The
crystallization process may include a thermal treatment indi-
cated as an arrow 123 (FIG. 4) using a laser beam. During the
thermal treatment 123, the non-single crystal semiconductor
pattern 110a and the sacrificial non-single crystal semicon-
ductor layer 120 are changed to a crystalline semiconductor
pattern 110¢ and a sacrificial crystalline semiconductor layer
120c respectively. The sacrificial non-single crystal semicon-
ductor layer 120 is crystallized to have substantially the same
crystal structure as that of the material layer in contact with
the sacrificial non-single crystal semiconductor layer 120
during the thermal treatment 123. That is, when the semicon-
ductor substrate 100 has a single crystal structure, the sacri-
ficial non-single crystal semiconductor layer 120 is crystal-
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lized to have substantially the same crystal structure as that of
the semiconductor substrate 100, namely, a single crystal
structure. Similarly, since the non-single crystal semiconduc-
tor pattern 110a is covered with the sacrificial crystalline
semiconductor layer 120c¢, the non-single crystal semicon-
ductor pattern 110a is changed to the crystalline semiconduc-
tor pattern 110¢ having substantially the same crystal struc-
ture as that of the sacrificial crystalline semiconductor layer
120c¢ during the thermal treatment 123. For example, when
the sacrificial crystalline semiconductor layer 120c¢ has a
single crystal structure, the non-single crystal semiconductor
pattern 110a is also crystallized to have a single crystal struc-
ture. As a result, the non-single crystal semiconductor pattern
110a is crystallized to have substantially the same crystal
structure as that of the semiconductor substrate 100 through
the sacrificial non-single crystal semiconductor layer 120.
The crystalline semiconductor pattern 110c¢ and the barrier
pattern 1054 disposed therebelow constitute an active pattern
115¢. That is, the preliminary active pattern 1154 is changed
to the active pattern 115¢ after the thermal treatment 123.
[0049] Referring to FIGS. 1 and 5, the sacrificial crystalline
semiconductor layer 120¢ is removed. The sacrificial crystal-
line semiconductor layer 120¢ may be selectively removed,
using an isotropic etch process. Alternatively, the sacrificial
crystalline semiconductor layer 120c¢ may be removed
employing an etch process using an etch selectivity. For
example, when the semiconductor substrate 100 and the crys-
talline semiconductor pattern 110¢ comprise silicon, and the
sacrificial crystalline semiconductor layer 120¢ comprises
silicon germanium, the sacrificial crystalline semiconductor
layer 120c can be selectively removed using an etchant selec-
tively removing the silicon germanium.

[0050] Referring to FIGS. 1 and 6, a planarized isolation
layer 131 is formed on the semiconductor substrate 100 hav-
ing the active pattern 115¢. The formation of the isolation
layer 131 may include forming an isolation insulating layer
130, for example, a silicon oxide layer on the overall surface
of the semiconductor substrate 100 having the active pattern
115¢, and planarizing the isolation insulating layer 130 to
expose the active pattern 115¢. Before the isolation insulating
layer 130 is formed, a liner insulating layer 125 such as a
silicon nitride layer may be formed. When the liner insulating
layer 125 is formed before the isolation insulating layer 130 is
formed, the method may further include processes of pla-
narizing the isolation insulating layer 130 and selectively
removing the liner insulating layer 125 remained on the active
pattern 115¢.

[0051] In other embodiments, the isolation layer 131 may
be formed so that its upper surface is on substantially the same
plane as an upper surface of the active pattern 115¢, or may be
formed to have a lower level or higher level than the level of
the upper surface of the active pattern 115¢. When the upper
surface of the isolation layer 131 is lower than the upper
surface of the active pattern 115¢, sidewalls of the active
pattern 115¢ as well as the upper surface thereof are partially
exposed, thereby forming a fin-shaped active pattern 115¢.
[0052] Referring to FIGS. 1 and 7, a gate pattern 150 is
formed to cross the active pattern 115¢. The gate pattern 150
may be formed to include a gate insulating layer 133 formed
on the active pattern 115¢, a gate electrode 135 crossing the
active pattern 115¢, and a gate capping pattern 145 disposed
on the gate electrode 135. A source 160a and a drain 1605 are
formed inside the active pattern 115¢ on both sides of the gate
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pattern 150. Specifically, the source 160a and the drain 1605
may be formed inside the crystalline semiconductor pattern
110c.

[0053] FIG. 8isacross-sectional view illustrating a method
of fabricating a semiconductor device according to another
embodiment of the present invention.

[0054] Referring to FIG. 8, an active pattern 115¢' includ-
ing a barrier pattern 105a and a crystalline semiconductor
pattern 110¢' is formed on a semiconductor substrate 100 by
the same or similar method as described with reference to
FIGS. 2 through 5. The barrier pattern 1052 may be a metal
pattern unlike the embodiment illustrated in FIG. 7. The metal
pattern may be a metal pattern not influenced by a thermal
treatment 123 to form the crystalline semiconductor pattern
110¢". That is, when the thermal treatment 123 is performed
using a laser and at a temperature of about 600.degree. C., the
metal pattern is preferably a metal pattern having a melting
point higher than about 600.degree. C. The metal pattern may
function as a word line or a bit line.

[0055] An insulating layer is formed on the overall surface
of the semiconductor substrate 100 having the active pattern
115¢', and the insulating layer is planarized to expose the
active pattern 115¢', thereby forming an insulating interlayer
132. Then, n-type impurity ions are implanted into a lower
portion of the crystalline semiconductor pattern 110¢', using
the insulating interlayer 132 as an ion implantation mask,
thereby forming an n-type semiconductor pattern 110z con-
tacting the barrier pattern 105a. Then, p-type impurity ions
are implanted into an upper portion of the crystalline semi-
conductor pattern 110¢', thereby forming a p-type semicon-
ductor pattern 110p on the n-type semiconductor pattern
110n. As aresult, the crystalline semiconductor pattern 110¢'
may function as a diode.

[0056] Then, a data storage element 175 may be formed to
be in contact with the p-type semiconductor pattern 110p. The
data storage element 175 may include a phase change mate-
rial pattern or a magnetic tunnel junction structure. In this
case, the barrier pattern 1054 may function as a word line.

[0057] FIGS. 9 through 12 are cross-sectional views taken
along line I-I' of FIG. 1 illustrating a method of fabricating a
semiconductor device according to yet another embodiment
of'the present invention, and FIG. 13 is a cross-sectional view
taken along line II-IT' of FIG. 1.

[0058] Referring to FIGS. 1 and 9, a barrier layer 105 and a
non-single crystal semiconductor layer 110 are sequentially
formed on the overall surface of the semiconductor substrate
100, using the same method as described in reference to FIG.
2. The barrier layer 105 may be an insulating layer.

[0059] The non-single crystal semiconductor layer 110 and
the barrier layer 105 are patterned, thereby forming a barrier
pattern 1054 and a non-single crystal semiconductor pattern
110a, which are sequentially stacked, while exposing a pre-
determined portion of the semiconductor substrate 100. The
exposed semiconductor substrate 100 is etched by a predeter-
mined depth, thereby forming a semiconductor pattern 100a.
The semiconductor pattern 100q, the barrier pattern 1054,
and the non-single crystal semiconductor pattern 110a, which
are sequentially stacked, constitute a preliminary active pat-
tern 1154". In the present embodiment unlike the embodi-
ment illustrated in FIG. 3, the preliminary active pattern
115a" may be formed to further include the semiconductor
pattern 100a compared to the preliminary active pattern 115a
of FIG. 3. Then, a sacrificial non-single crystal semiconduc-
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tor layer 120 is formed to cover the preliminary active pattern
1154" and the semiconductor substrate 100.

[0060] Referring to FIGS. 1,10, and 11, the semiconductor
substrate 100 having the sacrificial non-single crystal semi-
conductor layer 120 is thermally treated 123. The non-single
crystal semiconductor pattern 110a and the sacrificial non-
single crystal semiconductor layer 120 are changed to a crys-
talline semiconductor pattern 110¢ and a sacrificial crystal-
line semiconductor layer 120c¢ respectively during the
thermal treatment 123. In the embodiments as described
above, when the semiconductor substrate 100 has a single
crystal structure, the sacrificial non-single crystal semicon-
ductor layer 120 and the non-single crystal semiconductor
pattern 110q are crystallized to have substantially the same
crystal structure as that of the semiconductor substrate 100,
that is, a single crystal structure. After the thermal treatment
123, the preliminary active pattern 115a¢" is changed to an
active pattern 115¢". Then, the sacrificial crystalline semicon-
ductor layer 120c¢ is selectively removed. An isolation layer
131" may be formed on the semiconductor substrate 100
around the active pattern 115¢". The isolation layer 131" may
be formed to expose sidewalls of the semiconductor pattern
100q, the barrier pattern 105q, and the crystalline semicon-
ductor pattern 110c.

[0061] Referring to FIGS. 1, 12, and 13, a gate insulating
layer 133 is formed on a sidewall of the semiconductor pat-
tern 100a, a sidewall of the crystalline semiconductor pattern
110¢, and an upper surface of the crystalline semiconductor
pattern 110c. The gate insulating layer 133 may be formed of
athermal oxide layer. A gate electrode 135 and a gate capping
pattern 145 are sequentially formed on the gate insulating
layer 133 to cross the active pattern 115¢". The gate insulating
layer 133, the gate electrode 135, and the gate capping pattern
145 constitute a gate pattern 150.

[0062] First and second sources 160a and 160a", and first
and second drains 1605 and 1605" are formed inside the
active pattern 115¢" on both sides of the gate pattern 150. The
first source 160a and the first drain 1605 may be formed
inside the crystalline semiconductor pattern 110c. The sec-
ond source 1604" and the second drain 1605" may be formed
inside the semiconductor pattern 100a. In this case, the first
source 160a and the first drain 1605 may be formed to have a
conductivity type identical to that of the second source 160a"
and the second drain 1606" or different conductivity type
from that of the second source 1604" and the second drain
1605".

[0063] Hereinafter, a structure of a semiconductor device
according to embodiments of the present invention will be
explained in reference to FIGS. 1, 7, 8, 12 and 13.

[0064] Referring to FIGS. 1 and 7, a semiconductor sub-
strate 100 is provided. The semiconductor substrate 100 may
have a single crystal structure. The semiconductor substrate
100 may be a silicon substrate, a germanium substrate, a
silicon germanium substrate, or a silicon carbide substrate.
An active pattern 115¢ is disposed on the semiconductor
substrate 100. The active pattern 115¢ includes a barrier pat-
tern 105 and a crystalline semiconductor pattern 110c,
which are sequentially stacked. The crystalline semiconduc-
tor pattern 110c has substantially the same crystal structure as
that of the semiconductor substrate 100. The barrier pattern
105a may be an insulating pattern. The insulating pattern may
be a silicon oxide pattern, a silicon nitride pattern, an ONO
pattern, or a high-k dielectric pattern. The barrier pattern 105a
may have a thickness of about 100 A or less. The barrier
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pattern 1054 and the crystalline semiconductor pattern 110c¢
are stacked one on top of the other, and, further, may be
alternately stacked repetitively.

[0065] An isolation layer 131 may be formed on the semi-
conductor substrate 100 around the active pattern 115¢. The
isolation layer 131 may include an isolation insulating layer
130 and a liner insulating layer 125 surrounding the isolation
insulating layer 130. An upper surface of the isolation layer
131 may be disposed at substantially the same level as that of
an upper surface of the active pattern 115¢, or may be dis-
posed at the level higher or lower than that thereof.

[0066] A gate pattern 150 is disposed to cross the active
pattern. The gate pattern 150 may include a gate insulating
layer 133, a gate electrode 135, and a gate capping pattern
145, which are sequentially stacked. The gate insulating layer
133 may be a thermal oxide layer.

[0067] When the upper surface of the isolation layer 131 is
disposed lower than the upper surface of the active pattern
115¢, the active pattern 115¢ may be formed to have a fin-
shaped structure. That is, a sidewall of the active pattern 115¢
may overlap the gate pattern 150. On the contrary, when the
upper surface of the isolation layer 131 is disposed higher
than the upper surface of the active pattern 115¢, the gate
electrode 135 may be disposed to be self-aligned. A source
160a and a drain 1605 may be disposed inside the active
pattern 115¢ at both sides of the gate pattern. Specifically, the
source 160a and the drain 1605 may be disposed inside the
crystalline semiconductor pattern 110c.

[0068] Referring to FIG. 8, a semiconductor device accord-
ing to another embodiment of the present invention will be
explained. First, a semiconductor substrate 100 is provided.
An active pattern 115¢' is disposed on the semiconductor
substrate 100. The active pattern 115¢' includes a barrier
pattern 105a and a crystalline semiconductor pattern 110,
which are sequentially stacked. The barrier pattern 1054 may
include a metal pattern. The crystalline semiconductor pat-
tern 110¢' may include an n-type semiconductor pattern 1107
having n-type impurities, and a p-type semiconductor pattern
110p disposed on the n-type semiconductor pattern 1102 and
having p-type impurities. In this case, the crystalline semi-
conductor pattern 110¢' may function as a diode. An insulat-
ing interlayer 132 is disposed on the semiconductor substrate
100 having the crystalline semiconductor pattern 110¢".
[0069] A data storage element 175 electrically connected to
the active pattern 115¢' is disposed on the insulating interlayer
132. The data storage element 175 may include a phase
change material pattern or a magnetic tunnel junction struc-
ture.

[0070] Referring to FIGS. 1, 12 and 13, a semiconductor
device according to another embodiment of the present inven-
tion will be explained. An active pattern 115¢" is disposed on
the semiconductor substrate 100. The active pattern 115¢"
includes a semiconductor pattern 100q, a barrier pattern
105a, and a crystalline semiconductor pattern 110¢, which
are sequentially stacked. In the present embodiment unlike
the embodiment illustrated in FIG. 7, the semiconductor pat-
tern 100q is disposed below the barrier pattern 105. The
semiconductor pattern 100a may have substantially the same
crystal structure as that of the semiconductor substrate 100.
An isolation layer 131" may be disposed on the semiconduc-
tor substrate 100 around the active pattern 115¢".

[0071] A gate pattern 150 is disposed to cross the active
pattern 115¢". The gate pattern 150 may include a gate insu-
lating layer 133, a gate electrode 135, and a gate capping
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pattern 145, which are sequentially stacked. The gate pattern
150 may be disposed to overlap a sidewall of the active pattern
115¢" as well as an upper surface thereof.

[0072] First and second sources 160a and 160a", and first
and second drains 1605 and 1605" may be provided inside the
active pattern 115¢" on both sides of the gate pattern 150. The
first source 160a and the first drain 1605 may be formed
inside the crystalline semiconductor pattern 110c. The sec-
ond source 1604" and the second drain 1605" may be dis-
posed inside the semiconductor pattern 100q. In this case, the
first source 160a and the first drain 1605 may have conduc-
tivity type identical to that of the second source 160a" and the
second drain 1605" or different conductivity type from that
thereof. As a result, a plurality of transistors may be provided.
Particularly, when the first source 160a and the first drain
1604 have different conductivity type from that of the second
source 160a" and the second drain 1605", the semiconductor
device may function as a CMOS device.

[0073] FIGS. 14 and 15 are cross-sectional views taken
along line II-IT' of FIG. 1 illustrating a one-transistor memory
device fabricated according to an embodiment of the present
invention, and a method of driving the same.

[0074] Referring to FIGS. 1, 14 and 15, an active pattern
115¢ is disposed on a semiconductor substrate 100. The active
pattern 115¢ may include a barrier pattern 105a and a crys-
talline semiconductor pattern 110¢, which are sequentially
stacked. The barrier pattern 105a may be a tunnel insulating
layer. A gate insulating layer 133 is disposed on the active
pattern 115¢. The barrier pattern 105a may be thinner than
that of the gate insulating layer 133 such that the barrier
pattern 105a can function as a tunnel insulating layer. The
barrier pattern 105 may have a thickness of about 100 A or
less. A gate electrode 135 is disposed on the gate insulating
layer 133. A source 160a and a drain 1604 are disposed inside
the crystalline semiconductor pattern 110c¢ on both sides of
the gate electrode 135.

[0075] A transistorillustrated in FIGS. 1, 14 and 15 may be
used as a one-transistor memory, e.g., DRAM cell without a
cell capacitor. A method of driving the one-transistor DRAM
device with the one-transistor DRAM cell will be explained.

[0076] Data corresponding to logic ‘0’ is assumed as an
initial state, and a write voltage Vw is applied between the
gate electrode 135 and the semiconductor substrate 100 to
write data corresponding to logic “1°to the DRAM cell so that
carriers are moved from the semiconductor substrate 100 to
the crystalline semiconductor pattern 110¢ by tunneling. That
is, by grounding the semiconductor substrate 100 and apply-
ing a positive write voltage Vw to the gate electrode 135,
electrons are tunneled from the semiconductor substrate 100
to the crystalline semiconductor pattern 110c. As a result, a
channel region formed inside the crystalline semiconductor
pattern 110¢ has different potentials in a logic state ‘0’ and a
logic state ‘1°. At this time, the source 160a and the drain
1605 may be grounded or may be floated.

[0077] To read data of the DRAM cell, aread voltage VR is
applied between the source 160a and the drain 1605, to read
out data stored in the one-transistor memory cell. The read
voltage VR may be in a range of about 0.5V to 2.0 V.
[0078] According to some embodiments of the present
invention, the barrier pattern 1054 may be formed thinner
than a buried insulating layer employed to a conventional SOI
substrate. That is, since the barrier pattern 105a is formed
relatively thin, it may function as a tunnel insulating layer. As
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aresult, desired data can be stored by tunneling carriers when
driving a one-transistor memory cell.

[0079] According to some embodiments of the present
invention as described above, an active semiconductor layer
having substantially the same crystal structure as that of a
semiconductor substrate may be formed on the semiconduc-
tor substrate. Furthermore, various applicable devices can be
fabricated by appropriately selecting akind and a thickness of
a barrier layer interposed between the semiconductor sub-
strate and the active semiconductor layer.

[0080] While this general inventive concept has been
described in terms of several preferred embodiments, there
are alternations, permutations, and equivalents, which fall
within the scope of this invention. It should also be noted that
there are many alternative ways of implementing the methods
and apparatuses of the present general inventive concept. It is
therefore intended that the following appended claims be
interpreted as including all such alternations, permutations,
and equivalents as falling within the true spirit and scope of
the present disclosure.

What is claimed is:

1. A semiconductor device comprising,

a semiconductor substrate having first source/drain
regions;
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an active pattern on the semiconductor substrate, the active
pattern comprising a barrier pattern and a single crystal-
line semiconductor pattern on the barrier pattern; and

a gate pattern on the single crystalline semiconductor pat-
tern.

2. The semiconductor device according to claim 1,

wherein the single crystalline semiconductor pattern has
second source/drain regions.

3. The semiconductor device according to claim 2,
wherein the second source/drain regions are vertically
aligned and disposed at both sides of the gate pattern.

4. The semiconductor device according to claim 1,

wherein the first source/drain regions are vertically aligned
and disposed at both sides of the gate pattern.

5. The semiconductor device according to claim 1,

wherein the gate pattern comprises a gate insulating layer
and a gate electrode on the gate insulating layer.

6. The semiconductor device to claim 1,

wherein the gate pattern comprises a gate insulating layer
and a gate electrode on the gate insulating layer.

7. The semiconductor device according to claim 1,

wherein the semiconductor substrate and the single crys-
talline semiconductor pattern having the same single
crystalline structures.
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