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SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional application of U.S.
application Ser. No. 12/167,875 filed Jul. 3, 2008, which
claims priority to Korean Patent Application No. 2007-69978
filed on Jul. 12, 2007, the contents of which are hereby incor-
porated by reference herein in their entireties.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] Exemplary embodiments of the present invention
relate to a semiconductor device and a method of manufac-
turing the same. More particularly, exemplary embodiments
of the present invention relate to a semiconductor device
having improved mobility of carriers in a channel region, and
to a method of manufacturing the semiconductor device.
[0004] 2. Description of the Related Art

[0005] Generally, a semiconductor memory device may be
classified as either a volatile memory device, such as a
dynamic random access memory (DRAM) device, a static
random access memory (SRAM) device that loses data over
time, or a non-volatile memory device that continuously
stores data over time. Data is rapidly inputted/outputted into/
from the volatile memory device. In contrast, data is slowly
inputted/outputted into/from the non-volatile memory
device. The non-volatile memory device may include an elec-
trically erasable programmable read-only memory (EE-
PROM) device, or a flash EEPROM memory device, capable
of electrically inputting/outputting data. The EEPROM
device and the flash memory device are both currently being
widely used.

[0006] The non-volatile memory device in view of a circuit
aspect may be classified as either a NAND type non-volatile
memory device or a NOR type non-volatile memory device.
The NAND type non-volatile memory device may include
unit strings, which include cell transistors serially connected
with each other, serially connected between a bit line and a
ground line. The NOR type non-volatile memory device may
include cell transistors parallely connected between a bit line
and a ground line.

[0007] Further, the NAND type non-volatile memory
device may include a plurality of gate structures constituting
the cell transistor, ground selection lines, string selection
lines, and common source lines arranged at peripheral regions
of'the gate structures. Each of the gate structures may include
a gate electrode and an active region under the gate electrode.
[0008] A voltage may be applied to the common source
lines at the peripheral region of the cell transistors to move
carriers in the active region. The voltage may be transmitted
into the gate structures of the cell transistors and the active
region to store and/or erase data by moving the carriers in the
active region. However, when there is an increase in the
number of the cell transistors, the voltage applied from the
peripheral region of the cell transistor may not be transmitted
to central cell transistors. As a result, the mobility of the
carriers corresponding to the voltage may be reduced.

SUMMARY OF THE INVENTION

[0009] Exemplary embodiments of the present invention
may provide a semiconductor device having improved mobil-
ity of carriers in a channel region.
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[0010] Exemplary embodiments of the present invention
may also provide a method of manufacturing the above-men-
tioned semiconductor device.

[0011] In accordance with an exemplary embodiment of
the present invention, a semiconductor device is provided.
The semiconductor device includes a first substrate, a plural-
ity of cell transistors and a second substrate. The first sub-
strate has a first surface and a second surface opposite to the
first surface. The plurality of cell transistors is arranged
extending on the first surface of the first substrate in a direc-
tion. The second substrate has an upper surface making con-
tact with the second surface of the first substrate. Further, the
upper surface of the second substrate has a bent structure to
apply tensile stresses to the first substrate in the extending
direction of the plurality of cell transistors.

[0012] According to some exemplary embodiments of the
present invention, the first substrate may include a fringe
substrate having a {100} crystal plane in a growing direction
of'single crystalline silicon. Further, the plurality of cell tran-
sistors may have a string structure extending in the {100}
crystal plane. Alternatively, the first substrate may include a
fringe substrate having a {110} crystal plane in a growing
direction of single crystalline silicon.

[0013] According to some exemplary embodiments of the
present invention, each of the plurality of cell transistors may
include a tunnel oxide layer, a floating gate electrode, a
dielectric layer and an upper electrode. Alternatively, each of
the plurality of cell transistors may include a tunnel oxide
layer, a charge trapping layer pattern, a dielectric layer and an
upper electrode.

[0014] According to some exemplary embodiments of the
present invention, the second substrate may include a printed
circuit board (PCB) having conductive wirings.

[0015] According to some exemplary embodiments of the
present invention, the upper surface of the second substrate
may be convexed in a direction substantially the same as the
extending direction of the cell transistors.

[0016] Alternatively, the upper surface of the second sub-
strate may be convexed in a direction substantially perpen-
dicular to the extending direction of the plurality of cell
transistors.

[0017] Inaccordance with another exemplary embodiment
of the present invention, a method of manufacturing a semi-
conductor device is provided. In the method, a plurality of cell
transistors is formed extending on a first surface of a first
substrate in a direction. A second substrate having a bent
upper surface is prepared. The bent upper surface of the
second substrate is contacted with a second surface of the first
substrate opposite to the first surface to apply tensile stresses
to the first substrate in the extending direction of the plurality
of cell transistors.

[0018] According to some exemplary embodiments of the
present invention, the plurality of cell transistors may be
arranged on a fringe substrate, which has a {100} crystal
plane in a growing direction of single crystalline silicon, in
the {100} crystal plane. Alternatively, the plurality of cell
transistors may be arranged on a fringe substrate, which has a
{110} crystal plane in a growing direction of single crystal-
line silicon, in the {110} crystal plane.

[0019] According to some exemplary embodiments of the
present invention, the forming of each of the plurality of cell
transistors may include sequentially forming a tunnel oxide
layer, a floating gate electrode, a dielectric layer and an upper
electrode. Alternatively, the forming of each of the plurality
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of cell transistors may include sequentially forming a tunnel
oxide layer, a charge trapping layer pattern, a dielectric layer
and an upper electrode.

[0020] According to some exemplary embodiments of the
present invention, the upper surface of the second substrate
may be convexed in a direction substantially the same as the
extending direction of the plurality of cell transistors.

[0021] Alternatively, the upper surface of the second sub-
strate may be convexed in a direction substantially perpen-
dicular to the extending direction of the plurality of cell
transistors.

[0022] According to some exemplary embodiments of the
present invention, the attaching of the first substrate and the
second substrate to each other comprises providing an adhe-
sive between the second surface of the first substrate and the
bent upper surface of the second substrate. For example, the
adhesive includes an epoxy resin.

[0023] According to exemplary embodiments of the
present invention, the semiconductor device may include the
first substrate having the plurality of cell transistors, and the
second substrate having the bent upper surface in the extend-
ing direction of the plurality of cell transistors. Thus, the
mobility of carriers in an active region of the plurality of cell
transistors may be improved by attaching the first substrate to
the bent upper surface of the second substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Exemplary embodiments of the present invention
can be understood in more detail from the following descrip-
tion taken in conjunction with the accompanying drawings, in
which:

[0025] FIG. 1 is a cross-sectional view illustrating a semi-
conductor device in accordance with an exemplary embodi-
ment of the present invention;

[0026] FIG. 2 is an enlarged cross-sectional view of a por-
tion A in FIG. 1;

[0027] FIG. 3 is a partially enlarged cross-sectional view
illustrating a semiconductor device in accordance with an
exemplary embodiment of the present invention;

[0028] FIGS. 4 to 6 are cross-sectional views illustrating a
method of manufacturing the semiconductor device in FIG. 1;
and

[0029] FIGS. 7109 are cross-sectional views illustrating a
method of manufacturing the semiconductor device in FIG. 3.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS OF THE
INVENTION

[0030] The present invention is described more fully here-
inafter with reference to the accompanying drawings, in
which exemplary embodiments of the present invention are
shown. The present invention may, however, be embodied in
many different forms and should not be construed as limited
to the exemplary embodiments set forth herein. In the draw-
ings, the sizes and relative sizes of layers and regions may be
exaggerated for clarity.

[0031] It will be understood that when an element or layer
is referred to as being “on,” “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
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intervening elements or layers present. Like numerals refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0032] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another region, layer or section. Thus, a first element,
component, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the present invention.

[0033] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein for
ease of description to describe one element or feature’s rela-
tionship to another element(s) or feature(s) as illustrated in
the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0034] The terminology used herein is for the purpose of
describing particular exemplary embodiments only and is not
intended to be limiting of the present invention. As used
herein, the singular forms “a,” “an” and “the” are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms “comprises” and/or “comprising,” when used in this
specification, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements, components, and/
or groups thereof.

[0035] Exemplary embodiments of the invention are
described herein with reference to cross-sectional illustra-
tions that are schematic illustrations of idealized exemplary
embodiments (and intermediate structures) of the present
invention. As such, variations from the shapes of the illustra-
tions as a result, for example, of manufacturing techniques
and/or tolerances, are to be expected. Thus, exemplary
embodiments of the present invention should not be con-
strued as limited to the particular shapes of regions illustrated
herein but are to include deviations in shapes that result, for
example, from manufacturing. For example, an implanted
region illustrated as a rectangle will, typically, have rounded
or curved features and/or a gradient of implant concentration
at its edges rather than a binary change from implanted to
non-implanted region. Likewise, a buried region formed by
implantation may result in some implantation in the region
between the buried region and the surface through which the
implantation takes place. Thus, the regions illustrated in the
figures are schematic in nature and their shapes are not
intended to illustrate the actual shape of a region of a device
and are not intended to limit the scope of the present inven-
tion.

29 <.
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[0036] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0037] Hereinafter, the exemplary embodiments of the
present invention will be explained in detail with reference to
the accompanying drawings.

[0038] FIG. 1 is a cross-sectional view illustrating a semi-
conductor device in accordance with a first exemplary
embodiment of the present invention, and FIG. 2 is an
enlarged cross-sectional view of a portion “A” in FIG. 1.
[0039] Referring to FIGS. 1 and 2, a semiconductor device
100 of this exemplary embodiment includes a first substrate
200, a plurality of cell transistors 300 formed on the first
substrate 200 and a second substrate 400 for supporting the
first substrate 200 by fixing the first substrate 200 to a bent
upper surface of the second substrate 400.

[0040] In this exemplary embodiment, the first substrate
200 is prepared. The first substrate 200 may have a first
surface 210, and a second surface 220 opposite to the first
surface 210.

[0041] For example, the first substrate 200 may include a
silicon substrate, a silicon-germanium substrate, and the like.
Further, the first substrate 200 may include a substrate, a
fringe substrate, and the like having a {100} crystal plane in
a growing direction of single crystalline silicon. Here, the
mobility of carriers in the fringe substrate 200 having the
{100} crystal plane may be relatively high so that electron
induction may be improved due to a fringe electric field.
Alternatively, the first substrate 200 may include a fringe
substrate having a {110} crystal plane in a growing direction
of'single crystalline silicon. Here, the growing direction of the
single crystalline silicon in the fringe substrate having the
{110} crystal plane may be perpendicular to a forming direc-
tion of a channel region in the cell transistors 300.

[0042] The cell transistors 300 are formed on the first sur-
face 210 of the first substrate 200. In this exemplary embodi-
ment, the cell transistors 300 may be arranged extending in a
direction to have a string structure. For example, when the
first substrate 200 includes the substrate or the fringe sub-
strate having the {100} crystal plane, the cell transistors 300
may have a string structure arranged in the {100} crystal
plane. Alternatively, when the first substrate 200 includes the
fringe substrate having the {110} crystal plane, the cell tran-
sistors 300 may have a string structure arranged in the {110}
crystal plane.

[0043] Inthis exemplary embodiment, each of the cell tran-
sistors 300 may include a first insulating layer pattern 310, a
charge storing layer pattern 320, a second insulating layer
pattern 330 and a conductive layer pattern 340.

[0044] The first insulating layer pattern 310 may be formed
on the first surface 210 of the first substrate 200. For example,
the first insulating layer pattern 310 may be formed by form-
ing a first insulating layer on the first surface 210 of the first
substrate 200, and by patterning the first insulating layer.
Here, the first insulating layer pattern 310 may correspond to
a tunnel oxide layer pattern. Further, the first insulating layer
pattern 310 may include silicon oxide. Alternatively, the first
insulating layer pattern 310 may include a material having a
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dielectric constant higher than that of the silicon oxide. For
example, the first insulating layer pattern 310 may be formed
by a thermal oxidation process to have a thickness of about 20
A to about 80 A. Alternatively, the first insulating layer pat-
tern 310 may be formed by a chemical vapor deposition
(CVD) process, an atomic layer deposition (ALD) process,
etc.

[0045] The charge storing layer pattern 320 may be formed
on the first insulating layer pattern 310. For example, the
charge storing layer pattern 320 may be formed by forming a
charge trapping layer on the first insulating layer pattern 310,
and by patterning the charge trapping layer.

[0046] In this exemplary embodiment, the charge storing
layer pattern 320 may include, for example, polysilicon,
amorphous silicon, and the like. Further, the charge storing
layer pattern 320 may be formed by a low pressure chemical
vapor deposition (LPCVD) process to have a thickness of
about 20 A to about 120 A. Here, the charge storing layer
pattern 320 may correspond to a floating gate electrode.
[0047] Inotherexemplary embodiments, the charge storing
layer pattern 320 may include silicon nitride, for example,
trisilicon tetranitride (Si;N,). Further, the charge storing
layer pattern 320 may be formed by, for example, an LPCVD
process to have a thickness of about 20 A to about 100 A.
Alternatively, the charge storing layer pattern 320 may
include a material having a dielectric constant higher than that
of' the silicon nitride. The material having the high dielectric
constant may include, for example, metal oxide, metal oxyni-
tride, metal silicon oxide, metal silicon oxynitride, and the
like. For example, the material having the high dielectric
constant may include hafhium, zirconium, tantalum, and the
like. Further, the charge storing layer pattern 320 may
include, for example, a silicon-rich oxide layer, a silicon
nanocrystal layer, and the like. Furthermore, the charge stor-
ing layer pattern 320 may include, for example, a laminate
structure where the silicon-rich oxide layer and the silicon
nano-crystal layer are alternately stacked. Here, the charge
storing layer pattern 320 may correspond to a charge trapping
layer pattern.

[0048] The second insulating layer pattern 330 may be
formed on the charge storing layer pattern 320. In this exem-
plary embodiment, the second insulating layer pattern 330
may be formed by forming a second insulating layer on the
charge storing layer pattern 320, and by patterning the second
insulating layer. Here, the second insulating layer pattern 330
may correspond to a dielectric layer pattern.

[0049] In this exemplary embodiment, the second insulat-
ing layer pattern 330 may include, for example, silicon oxide.
Alternatively, the second insulating layer pattern 330 may
include, for example, a stack structure where a silicon oxide
layer, a silicon nitride layer and a silicon oxide layer are
sequentially stacked. Further, the second insulating layer pat-
tern 330 may include, for example, a metal oxide layer having
a high dielectric constant. Examples of the metal oxide layer
may include but is not limited to a tantalum oxide layer, a
titanium oxide layer, a hafnium oxide layer, a zirconium
oxide layer, a hafnium silicate layer, a zirconium silicate
layer, and the like. These layers may be used alone or in a
combination thereof.

[0050] In some exemplary embodiments, the second insu-
lating layer pattern 330 may serve as to electrically insulate
between the charge storing layer pattern 320 and the conduc-
tive layer pattern 340. For example, the second insulating
layer pattern 330 may include aluminum oxide. Further, the
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second insulating layer pattern 330 may be formed by, for
example, a CVD process, an ALD process, and the like. For
example, the second insulating layer pattern 330 may have a
thickness of about 100 A to about 400 A.

[0051] Alternatively, the second insulating layer pattern
330 may include, for example, silicon oxide, silicon oxyni-
tride, or a material having a dielectric constant higher than
that of the silicon oxide. For example, the second insulating
layer pattern 330 may include metal oxide, metal oxynitride,
metal silicon oxide, metal silicon oxynitride, and the like.
[0052] The conductive layer pattern 340 may be formed on
the second insulating layer pattern 330. In this exemplary
embodiment, the conductive layer pattern 340 may be formed
by forming a conductive layer on the second insulating layer
pattern 330, and by patterning the conductive layer. Here, the
conductive layer pattern 340 may correspond to an upper
electrode.

[0053] Inthisexemplary embodiment, the conductive layer
pattern 340 may include, for example, metal oxide, metal
nitride, metal oxynitride, and the like. Further, the conductive
layer pattern 340 extends in a direction substantially perpen-
dicular to a forming direction of a channel region that will be
illustrated later.

[0054] In some exemplary embodiments, the conductive
layer pattern 340 may be formed by, for example, a CVD
process, an ALD process, a physical vapor deposition (PVD)
process, etc., to have a thickness of about 200 A. For example,
the conductive layer pattern 340 may include metal silicide.
Examples of the metal silicide may include but are not limited
to tungsten silicide, tantalum silicide, cobalt silicide, titanium
silicide, and the like.

[0055] Inthis exemplary embodiment, each of the cell tran-
sistors may further include source/drain regions 350 and the
channel region 360.

[0056] The source/drain regions 350 may be formed at the
first surface 210 of the first substrate 200 adjacent to the first
insulating layer pattern 310, the charge storing layer pattern
320, the second insulating layer pattern 330 and the conduc-
tive layer pattern 340. For example, the source/drain regions
350 may be formed by implanting impurities into the first
surface 210 of the first substrate 200 adjacent to sidewalls of
the above-mentioned structure.

[0057] The channel region 360 is formed between the adja-
cent source/drain regions 350. Thus, when a voltage is
applied to the cell transistor, carriers in the source region may
be moved into the drain region and vice versa. Charges may
be stored/erased in/from the charge storing layer pattern 320
by the movement of the carriers. In this exemplary embodi-
ment, when the semiconductor device 100 includes a NAND
flash memory device, the cell transistors 300 may correspond
to an n-type metal oxide semiconductor (NMOS) transistor so
that the carriers may correspond to an electron.

[0058] As a result, the cell transistors 300, which include
the first insulating layer pattern 310, the charge storing layer
pattern 320, the second insulating layer pattern 330, the con-
ductive layer pattern 340, the source/drain region 350 and the
channel region 360, are formed on the first surface 210 of the
first substrate 200.

[0059] The second substrate 400 is prepared. In this exem-
plary embodiment, the second substrate 400 may include a
printed circuit board (PCB) having conductive wirings. The
conductive wirings of the second substrate may transmit a
voltage, which is applied to the second substrate 400, to the
first substrate 200 and/or the cell transistors 300. Alterna-
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tively, the second substrate 400 may include a die for support-
ing the first substrate 200. That is, the second substrate 400
may only support the first substrate 200 without conductive
wirings.

[0060] Inthis exemplary embodiment, the second substrate
400 may have a bent upper surface 410. For example, a central
portion of the upper surface 410 in the second substrate 400
may have a bent shape such as a convex bow. For example, the
upper surface 410 of the second substrate 400 may be con-
vexed in a direction substantially the same as the extending
direction ofthe cell transistors 300. Here, the extending direc-
tion of the cell transistors 300 may be substantially the same
as the forming direction of the channel region 360. Further,
the extending direction of the cell transistors 300 and the
forming direction of the channel region 360 may correspond
to a string direction of the cell transistors 300. That is, the
central upper surface 410 of the second substrate 400 with
which the first substrate 200 makes contact may have the
convex shape in the forming direction of the channel region
360 or the string direction of the cell transistors 300.

[0061] The bent upper surface 410 of the second substrate
400 makes contact with the second surface 220 of the first
substrate 200 to support the first substrate 200. For example,
the first substrate 200 and the second substrate 400 may be
attached to each other using an adhesive. As a result, the first
substrate 200 may be fixed to the bent upper surface 410 of the
second substrate 400.

[0062] Inthis exemplary embodiment, as the upper surface
410 of the second substrate 400 is bent into a rounded shape,
the first substrate 200 fixed to the second substrate 400 may be
also bent into a rounded shape corresponding to that of the
second substrate 400. For example, a central portion of the
first substrate 200 may have a convex shape corresponding to
the bent central upper surface 410 of the second substrate 400.
That is, the first substrate 200 on the second substrate 400
may have a wholly bent shape having the convex central
portion.

[0063] In this exemplary embodiment, when the second
substrate 400 and/or the first substrate 200 has the bent shape,
tensile stresses may be applied to the first substrate 200 in the
extending direction of the cell transistors 300. For example,
the tensile stresses may be applied to the first substrate 200 in
the forming direction of the channel region 360. As men-
tioned above, when the semiconductor device 100 includes
the NAND flash memory device, the mobility of the carriers
in the channel region 360 may be significantly improved
owing to the tensile stresses applied to the channel region 360.
[0064] For example, when the first substrate 200 is bent in
the forming direction of the channel region 360, the tensile
stresses may be applied in both end directions of the cell
transistors having the string structure. Here, the tensile
stresses may be generated in the channel region 360 of the cell
transistors 300 to widen an interval between lattice structures
of'the first substrate 200. Therefore, the electrons in the chan-
nel region 360 may be readily moved between the lattice
structures of the first substrate 200. Further, the cell transis-
tors 300 may have an increased capacitance due to the
improved mobility of the carriers in the channel region 360.
For example, when the voltage is applied to both ends and/or
one end of the cell transistors 300 serially arranged, the volt-
age may be transmitted to all of the cell transistors 300. Thus,
the mobility of the carriers may be improved to increase cell
currents. As a result, the cell transistors 300 may have
improved operational characteristics.
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[0065] FIG. 3 is a partially enlarged cross-sectional view
illustrating a semiconductor device in accordance with a sec-
ond exemplary embodiment of the present invention. Here,
the semiconductor device of this exemplary embodiment
includes elements substantially the same as those of the semi-
conductor device in FIG. 1 except for a bent direction of the
first substrate and/or the second substrate. Thus, the elements
in the present exemplary embodiment which are the same as
those of the semiconductor device of FIG. 1 will be referred to
using the same reference numerals as used in FIG. 1 and any
further illustrations with respect to those same elements are
omitted herein for brevity.

[0066] Referring to FIG. 3, the semiconductor device of
this exemplary embodiment includes the first substrate 200,
the cell transistors 300 formed on the first substrate 200, and
a second substrate 500 located under the first substrate 200.
[0067] Thefirst substrate 200 is prepared. Inthis exemplary
embodiment, the first substrate 200 may include a fringe
substrate having a {100} crystal plane that may have a high
mobility of electrons.

[0068] The cell transistors 300 are formed on the first sub-
strate 200. In this exemplary embodiment, each of the cell
transistors 300 may include the first insulating layer pattern
310, the charge storing layer pattern 320, the second insulat-
ing layer pattern 330, the conductive layer pattern 340, the
source/drain regions 350 and the channel region 360. Further,
the cell transistors 300 may extend on the first surface 210 of
the first substrate 200 along a direction.

[0069] The second substrate 500 is prepared. In this exem-
plary embodiment, the second substrate 500 may include a
PCB.

[0070] According to this exemplary embodiment, the sec-
ond substrate 500 may have a bent upper surface. For
example, a central portion of the upper surface 510 in the
second substrate 500 may have a bent shape such as a concave
bow. For example, the upper surface 510 of the second sub-
strate 500 may be concaved in a direction substantially the
same as the extending direction of the cell transistors 300.
Here, the extending direction of the cell transistors 300 may
be substantially the same as the forming direction of the
channel region 360. Thus, the central upper surface 510 of the
second substrate 500 may be concaved in a direction substan-
tially perpendicular to the forming direction of the channel
region 360. Further, the forming direction of the channel
region 360 may correspond to a string direction of the cell
transistors 300. Thus, the central upper surface 510 of the
second substrate 500 may have the concave shape in a direc-
tion substantially perpendicular to the string direction of the
cell transistors 300.

[0071] The bent upper surface 510 of the second substrate
500 makes contact with the second surface 220 of the first
substrate 200 to support the first substrate 200. For example,
the first substrate 200 and the second substrate 500 may be
attached to each other using an adhesive. As a result, the first
substrate 200 may be fixed to the bent upper surface 510 of the
second substrate 500.

[0072] Inthis exemplary embodiment, as the upper surface
510 of the second substrate 500 is bent into a rounded shape,
the first substrate 200 fixed to the second substrate 500 may be
also bent into a rounded shape corresponding to that of the
second substrate 500.

[0073] For example, a central portion of the first substrate
200 may have a convex shape corresponding to the bent
central upper surface 510 of the second substrate 500. That is,
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the first substrate 200 on the second substrate 500 may have a
downwardly bent shape having the concave central portion.

[0074] In this exemplary embodiment, when the second
substrate 500 has the concave bent shape, compressive
stresses may be applied to the first substrate 200 in a direction
substantially perpendicular to the extending direction of the
cell transistors 300. For example, the compressive stresses
may be applied to the first substrate 200 in the direction
substantially perpendicular to the forming direction of the
channel region 360. When the compressive stresses are gen-
erated in the first substrate 200 in the direction substantially
perpendicular to the forming direction of the channel region
360, tensile stresses may be generated in the forming direc-
tion of the channel region 360. That is, as the upper surface
510 of the second substrate 500 is concaved in the direction
substantially perpendicular to the forming direction of the
channel region 360, the compressive stresses may be gener-
ated in the direction substantially perpendicular to the form-
ing direction of the channel region 360 and the tensile stresses
may also be generated in the forming direction of the channel
region 360. Therefore, the mobility of the carriers in the
channel region 360 may be significantly improved so that the
cell capacitance of the cell transistors 300 may be increased.

[0075] FIGS. 4 to 6 are cross-sectional views illustrating a
method of manufacturing the semiconductor device in FIG. 1.

[0076] Referring to FIG. 4, the cell transistors 300 are
formed on the first substrate 200.

[0077] In this exemplary embodiment, the first substrate
200 is prepared. The first substrate 200 may include a fringe
substrate having a {100} crystal plane in a growing direction
of'single crystalline silicon. Here, the mobility of the carriers
in the fringe substrate 200 having the {100} crystal plane may
be relatively high so that electron induction may be improved
due to a fringe electric field. Alternatively, the first substrate
200 may include a fringe substrate having a {110} crystal
plane.

[0078] The cell transistors 300 are formed on the first sur-
face 210 of the first substrate 200. In this exemplary embodi-
ment, when the first substrate 200 includes the fringe sub-
strate having the {100} crystal plane, the cell transistors 300
may be arranged in the {100} direction. Alternatively, when
the first substrate 200 includes the fringe substrate having the
{110} crystal plane, the cell transistors 300 may be arranged
in the {110} direction.

[0079] Inthis exemplary embodiment, each of the cell tran-
sistors 300 may include a first insulating layer pattern 310, a
charge storing layer pattern 320, a second insulating layer
pattern 330 and a conductive layer pattern 340.

[0080] A first insulating layer, a charge storing layer, a
second insulating layer and a conductive layer are sequen-
tially formed on the first surface 210 of the first substrate 200.
The first insulating layer, the charge storing layer, the second
insulating layer and the conductive layer are patterned to form
the first insulating layer pattern 310, the charge storing layer
pattern 320, the second insulating layer pattern 330 and the
conductive layer pattern 340.

[0081] Here, the first insulating layer pattern 310 may cor-
respond to the tunnel oxide layer. The charge storing layer
pattern 320 may correspond to the floating gate electrode and
the charge trapping layer pattern. The second insulating layer
pattern 330 may correspond to the dielectric layer. The con-
ductive layer pattern 340 may correspond to the upper elec-
trode.
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[0082] For example, the first insulating layer pattern 310
may be formed by a thermal oxidation process to have a
thickness of about 20 A to about 80 A. Alternatively, the first
insulating layer pattern 310 may be formed by, for example, a
chemical vapor deposition (CVD) process, an atomic layer
deposition (ALD) process, etc. The first insulating layer pat-
tern 310 may include, for example, silicon oxide. Alterna-
tively, the first insulating layer pattern 310 may include a
material having a dielectric constant higher than that of the
silicon oxide.

[0083] Further, the charge storing layer pattern 320 may be
formed by, for example, a low pressure chemical vapor depo-
sition (LPCVD) process to have a thickness of about 20 A to
about 120 A. The charge storing layer pattern 320 may
include, for example, polysilicon, amorphous silicon, and the
like.

[0084] Inother exemplary embodiments, the charge storing
layer pattern 320 may be formed by an LPCVD process to
have a thickness of about 20 A to about 100 A. For example,
the charge storing layer pattern 320 may include silicon
nitride, for example, trisilicon tetranitride (Si;N,). Alterna-
tively, the charge storing layer pattern 320 may include a
material having a dielectric constant higher than that of the
silicon nitride. The material having the high dielectric con-
stant may include, for example, metal oxide, metal oxyni-
tride, metal silicon oxide, metal silicon oxynitride, and the
like. For example, the material having the high dielectric
constant may include hafhium, zirconium, tantalum, and the
like.

[0085] The second insulating layer pattern 330 may be
formed by, for example, a CVD process, an ALD process, and
the like. In this exemplary embodiment, the second insulating
layer pattern 330 may include, for example, silicon oxide.
Alternatively, the second insulating layer pattern 330 may
include, for example, a stack structure where a silicon oxide
layer, a silicon nitride layer and a silicon oxide layer are
sequentially stacked. Further, the second insulating layer pat-
tern 330 may include, for example, a metal oxide layer having
a high dielectric constant.

[0086] In some exemplary embodiments, the second insu-
lating layer pattern 330 may be formed by, for example, a
CVD process, an ALD process, and the like to have a thick-
ness of about 100 A to about 400 A. Further, the second
insulating layer pattern 330 may include, for example, alu-
minum oxide. Alternatively, the second insulating layer pat-
tern 330 may include, for example, silicon oxide, silicon
oxynitride, or a material having a dielectric constant higher
than that of the silicon oxide.

[0087] In some exemplary embodiments, the conductive
layer pattern 340 may be formed on the second insulating
layer pattern 330 by, for example, a CVD process using metal
oxide, metal nitride, metal oxynitride, etc.

[0088] Alternatively, the conductive layer pattern 340 may
be formed by, for example, a CVD process, an ALD process,
a physical vapor deposition (PVD) process, etc., to have a
thickness of about 200 A. For example, the conductive layer
pattern 340 may include metal silicide. Examples of the metal
silicide may include but are not limited to tungsten silicide,
tantalum silicide, cobalt silicide, titanium silicide, and the
like.

[0089] The source/drain regions 350 and the channel region

360 are formed at the upper surface 210 of the first substrate
200.
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[0090] In this exemplary embodiment, the source/drain
regions 350 may be formed at the first surface 210 of the first
substrate 200 adjacent to the first insulating layer pattern 310,
the charge storing layer pattern 320, the second insulating
layer pattern 330 and the conductive layer pattern 340. For
example, the source/drain regions 350 may be formed by
implanting impurities into the first surface 210 of the first
substrate 200 adjacent to sidewalls of the above-mentioned
structure.

[0091] The channel region 360 is formed between the adja-
cent source/drain regions 350. Thus, when a voltage is
applied to the cell transistor, carriers in the source region may
be moved into the drain region and vice versa.

[0092] As a result, the cell transistors 300, which include
the first insulating layer pattern 310, the charge storing layer
pattern 320, the second insulating layer pattern 330, the con-
ductive layer pattern 340, the source/drain region 350 and the
channel region 360, are formed on the first surface 210 of the
first substrate 200.

[0093] Referring to FIG. 5, the second substrate 400 having
the bent upper surface 410 is prepared. In this exemplary
embodiment, the central portion of the upper surface 410 in
the second substrate 400 may have a bent shape such as, for
example, a convex bow. For example, the upper surface 410 of
the second substrate 400 may be convexed in a direction
substantially the same as the extending direction of the cell
transistors 300. Here, the extending direction of the cell tran-
sistors 300, the forming direction of the channel region 360
and the string direction of the cell transistors 300 may be
substantially the same. Thus, the central upper surface 410 of
the second substrate 400 may have the convex shape in the
forming direction of the channel region 360 or the string
direction of the cell transistors 300.

[0094] Inthis exemplary embodiment, the second substrate
400 may be prepared after preparing the first substrate 200
and the cell transistors 300. However, the preparations of the
first substrate 200, the cell transistors 300 and the second
substrate 400 may not be restricted within the above-men-
tioned sequence. Alternatively, the first substrate 200 and the
cell transistors 300 may be prepared after forming the second
substrate 400.

[0095] Referring to FIG. 6, the first substrate 200 and the
second substrate 400 are attached to each other. In this exem-
plary embodiment, the first substrate 200 may be placed on
the upper surface 410 of the second substrate 400. The first
substrate 200 may then be fixed to the upper surface 410 of the
second substrate 400. For example, the second surface 220 of
the first substrate 200 may be attached to the upper surface
410 of the second substrate 400 using an adhesive 600 such
as, for example, an epoxy resin. Alternatively, the first sub-
strate 200 and the second substrate 400 may be attached to
each other using other adhesives as well as the epoxy resin.
[0096] In this exemplary embodiment, when the first sub-
strate 200 is fixed to the bent upper surface 410 of the second
substrate 400, tensile stresses may be applied to the first
substrate 200 in the extending direction of the cell transistors
300. For example, the tensile stresses may be applied in both
forming directions of the channel region 360 in the first sub-
strate 200. Thus, the tensile stresses may be generated in the
channel region 360. As a result, the mobility of the carriers
may be significantly improved due to the tensile stresses
applied to the channel region 360.

[0097] FIGS. 7 to 9 are cross-sectional views illustrating a
method of manufacturing the semiconductor device in FIG. 3.
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[0098] Referring to FIG. 7, the cell transistors 300 are
formed on the first surface 210 of the first substrate 200. In
this exemplary embodiment, each of the cell transistors 300
may include a first insulating layer pattern 310, a charge
storing layer pattern 320, a second insulating layer pattern
330 and a conductive layer pattern 340.

[0099] Referring to FIG. 8, the second substrate 500 having
the bent upper surface 510 is prepared. In this exemplary
embodiment, the central portion of the upper surface 510 in
the second substrate 500 may have a concave shape such as,
for example, a convex bow. For example, the upper surface
510 of the second substrate 500 may be concaved in a direc-
tion substantially perpendicular to the extending direction of
the cell transistors 300. Here, the extending direction of the
cell transistors 300, the forming direction of the channel
region 360 and the string direction of the cell transistors 300
may be substantially the same. Thus, the central upper surface
510 of the second substrate 500 may have the concave shape
in the direction substantially perpendicular to the forming
direction of the channel region 360 or the string direction of
the cell transistors 300.

[0100] Inthisexemplary embodiment, the second substrate
500 may be prepared after preparing the first substrate 200
and the cell transistors 300. However, the preparations of the
first substrate 200, the cell transistors 300 and the second
substrate 500 may not be restricted within the above-men-
tioned sequence. Alternatively, the first substrate 200 and the
cell transistors 300 may be prepared after forming the second
substrate 500.

[0101] Referring to FIG. 9, the first substrate 200 and the
second substrate 400 are attached to each other. In this exem-
plary embodiment, the first substrate 200 may be placed on
the upper surface 510 of the second substrate 500. The first
substrate 200 may then be fixed to the upper surface 510 of the
second substrate 500. For example, the second surface 220 of
the first substrate 200 may be attached to the upper surface
510 of the second substrate 500 using an adhesive 600 such
as, for example, an epoxy resin. Alternatively, the first sub-
strate 200 and the second substrate 400 may be attached to
each other using other adhesives as well as the epoxy resin.
[0102] In this exemplary embodiment, when the first sub-
strate 200 is fixed to the bent upper surface 510 of the second
substrate 500, the compressive stresses may be applied to the
first substrate 200 in the direction substantially perpendicular
to the extending direction of the cell transistors 300. For
example, the compressive stresses may be applied to the first
substrate 200 in the direction substantially perpendicular to
the forming direction of the channel region 360. Thus, as the
compressive stresses may be applied in the direction substan-
tially perpendicular to the forming direction of the channel
region 360, the tensile stresses may be applied in both form-
ing directions of the channel region 360 in the first substrate
200. Thus, the tensile stresses may be generated in the chan-
nel region 360. As a result, the mobility of the carriers may be
significantly improved due to the tensile stresses applied to
the channel region 360.

[0103] According to some exemplary embodiments of the
present invention, the first substrate may be attached to the
convex upper surface of the second substrate in the forming
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direction of the channel region or the concave upper surface
of the second substrate in the direction substantially perpen-
dicular to the forming direction of the channel region. When
the first substrate has the bent shape corresponding to that of
the upper surface of the second substrate, the tensile stresses
may be generated in the channel region of the first substrate.
As a result, the mobility of the carriers in the channel region
may be improved so that the cell current in the cell transistors
may be increased.

[0104] Having described the exemplary embodiments of
the present invention, it is further noted that it is readily
apparent to those of reasonable skill in the art that various
modifications may be made without departing from the spirit
and scope of the invention which is defined by the metes and
bounds of the appended claims.

What is claimed is:

1. A method of manufacturing a semiconductor device, the
method comprising:

forming a plurality of cell transistors extending on a first

surface of a first substrate in a direction;

preparing a second substrate having a bent upper surface;

and

contacting the bent upper surface of the second substrate to

a second surface of the first substrate opposite to the first
surface to apply tensile stresses to the first substrate in
the extending direction of the plurality of cell transistors.

2. The method of claim 1, wherein the plurality of cell
transistors are arranged on a fringe substrate having a {110}
crystal plane in a growing direction of single crystalline sili-
con to extend in the {110} crystal plane.

3. The method of claim 1, wherein the plurality of cell
transistors are arranged on a fringe substrate having a {100}
crystal plane in a growing direction of single crystalline sili-
con to extend in the {100} crystal plane.

4. The method of claim 1, wherein forming of each of the
plurality of cell transistors comprises sequentially forming a
tunnel oxide layer, a floating gate electrode, a dielectric layer
and an upper electrode on the first surface of the first sub-
strate.

5. The method of claim 1, wherein forming of each of the
plurality of cell transistors comprises sequentially forming a
tunnel oxide layer, a charge trapping layer pattern, a dielectric
layer and an upper electrode on the first surface of the first
substrate.

6. The method of claim 1, wherein the bent upper surface of
the second substrate has a convex shape in a direction sub-
stantially the same as the extending direction of the plurality
of cell transistors.

7. The method of claim 1, wherein the bent upper surface of
the second substrate has a concave shape in a direction sub-
stantially perpendicular to the extending direction of the plu-
rality of cell transistors.

8. The method of claim 1, wherein attaching of the first
substrate and the second substrate to each other comprises
providing an adhesive between the second surface of the first
substrate and the bent upper surface of the second substrate.

9. The method of claim 8, wherein the adhesive comprises
an epoxy resin.



