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(57) Summary

A nonvolatile memory device of a tertiary structure according to one embodiment of the present invention comprises a
substrate, at least one semiconductor pillar extending upwardly from the substrate and doped an impurity of a first conductive
type, and at least one NAND string having a plurality of memory cells connected in series along the at least one semiconductor
pillar. The substrate comprises an LDD region, which is in contact with at least one semiconductor pillar and is doped with
an impurity of a second conductive type opposite to the first conductive type; and a source region, which surrounds a portion
of the LDD region and is spaced apart from the semiconductor pillar so as not to be in contact with the semiconductor pillar
and is doped with an impurity of a second conductive type; wherein the concentration of the impurity of the second conductive
type in the LDD region is lower than the concentration of the impurity of the second conductive type in the source region.
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Scope of Claim

Claim 1

A nonvolatile memory device having a tertiary structure, comprising a substrate, at least one NAND string having at least
one semiconductor pillar extending upwardly above

the substrate and doped with an impurity with a first conductivity type and a plurality of memory cells connected in series
along the at least one semiconductor pillar; wherein the at least one semiconductor pillar includes at least one lateral extension
within each NAND string, the plurality of memory cells in each NAND string are stacked in a plurality of layers on the
substrate and include a plurality of control gate electrodes surrounding the at least one semiconductor pillar and at least one
charge storage layer between the at least one semiconductor pillar and the control gate electrodes, the substrate includes a
Lightly Doped Drain (LDD) region, which is doped with an impurity of a second conductivity type opposite to the first
conductivity type and which is coupled to the at least one semiconductor pillar and a source region, which surrounds a portion
of the LDD region and is spaced apart from the semiconductor pillar so as not to couple to the semiconductor pillar and is
doped with an impurity of the second conductivity type; and wherein the concentration of the impurity of the second
conductivity type in the LDD region is lower than the concentration of the impurity of the second conductivity type in the
source region.

Claim 2

The nonvolatile memory device having a tertiary structure according to Claim 1,

wherein the at least one semiconductor pillar comprises single crystal silicon formed by selective epitaxial growth from a
surface of the substrate.

Claim 3

The nonvolatile memory device having a tertiary structure according to Claim 1,

wherein the at least one semiconductor pillar extends vertically to the substrate.

Claim 4

The nonvolatile memory device having a tertiary structure according to Claim 1, further comprising at least one bit line
connected to an end of the at least one NAND string,

the at least one NAND string further comprising a string select transistor between the plurality of memory cells and the at
least one-bit line.

Claim 5

A method for manufacturing a nonvolatile memory device having a tertiary structure, comprising: a step for preparing a
substrate having an LDD (Lightly Doped Drain) region doped with an impurity of a second conductive type opposite to a
first conductive type and a source region doped with an impurity of a second conductive type surrounding a part of the LDD
region,

wherein the concentration of the impurity of

the second conductive type in the LDD region is lower than the concentration of the impurity of the second conductive type
in the source region,
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a step for stacking a plurality of first conductive layers on the substrate, a step for forming at least one first through hole
penetrating the plurality of first conductive layers so that the LDD region is exposed while the source region is not exposed,
a step for forming at least one first charge storage layer on an inner surface of the at least one first through hole; a step of
forming at least one first semiconductor pillar, doped with an impurity of the first conductive type, on the at least one first
charge storage layer within the at least one first through hole, and not in contact with the source region but in contact with
the LDD region; forming at least one first lateral extension connected to an end of the at least one first semiconductor pillar
on the plurality of first conductive layers,
a step of depositing a plurality of second conductive layers on the at least one first lateral extension
and a
step of forming at least one second semiconductor pillar through the plurality of second conductive layers and connected to
the at least one first lateral extension;
Claim 6
The method for manufacturing a tertiary structure nonvolatile memory device according to Claim 5, comprising a step of
forming at least one second through hole through the plurality of second conductive layers, exposing the at least one first
lateral extension layer; and a step of forming at least one second charge storage layer on an inner surface of the at least one
second through hole before forming the at least one second semiconductor pillar, wherein the at least one second
semiconductor pillar is formed on the at least one second charge storage layer within the at least one second through hole so
as to be connected to the at least one first lateral extension layer.
Claim 7
The method for manufacturing a nonvolatile memory device having a tertiary structure according to Claim 5
, wherein the at least one first semiconductor pillar comprises single crystal silicon formed from a surface of the substrate
using a selective epitaxial growth method.
Claim 8
The method for manufacturing a nonvolatile memory device having a tertiary structure according to Claim 5,
wherein the at least one first lateral extension is formed into a single crystal structure using a selective epitaxial growth
method from a surface of the at least one first semiconductor pillar.
Claim 9
A memory chip comprising a memory cell array including a nonvolatile memory device having a tertiary structure
according to any one of Claims 1 to 4,
a row decoder coupled to word lines of the memory sensor array,
a column decoder coupled to bit lines of the memory sensor array,
and a control logic coupled to the row decoder and the column decoder.
Specification
Technical Field

[0001] The present invention relates to semiconductor devices, and particularly to nonvolatile memory devices having a tertiary
structure and memory chips utilizing the same.
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Prior Art

[0002] Electronic products are becoming increasingly smaller while requiring high-capacity data processing. Accordingly, it is
necessary to reduce the volume of memory chips used in such electronic products while increasing their density. In this
regard, nonvolatile memory devices having a tertiary structure that stack memory cells vertically on a substrate instead of
a conventional flat structure are being considered for such a highly integrated memorial chip. In this regard, a nonvolatile
memory device having a tertiary structure that vertically stacks memory cells on a substrate instead of the conventional
planar structure is being considered for such high-density memory chips.

Correspondence of Invention
Problem to be Solved

[0003] However, as the number of stacks of memory cells in nonvolatile memory devices having a tertiary structure increase, the
aspect ratio increases, making the manufacturing process difficult. Thus, the reliability of nonvolatile memory devices
having tertiary structures is decreasing.

[0004] Accordingly, the present invention is provided to address the above-described problems, providing nonvolatile memory
devices and methods of manufacturing thereof that can increase the reliability of the manufacturing process in a tertiary
structure. In addition, the present invention provides memory chips utilizing nonvolatile memory devices with such tertiary
structures.

[0005] However, the technical problems described above have been provided by way of example, and the technical problems the
present invention seeks to solve are not limited by the examples described above.
Solution to the Problem

[0006] A nonvolatile memory device having a tertiary structure according to one form of the present invention is provided. The
nonvolatile memory device having a tertiary structure includes a substrate, at least one semiconductor pillar extending
upwardly from the substrate and doped an impurity having a first conductivity type, and at least one NAND string having
a plurality of memory cells connected in a row along the at least one semiconductor pillar. The at least one semiconductor
pillar includes at least one lateral extension within each NAND string, and the plurality of memory cells within each NAND
string include a plurality of control gate electrodes stacked in a plurality of layers on the substrate and surrounding the at
least one semiconductor pillar, and at least one charge storage layer between the at least one semiconductor pillar and the
control gate electrodes. The substrate includes an LDD (Lightly Doped Drain) region, which is in contact with the at least
one semiconductor pillar and is doped with an impurity of a second conductive type opposite to the first conductive type,
and a source region, which surrounds a portion of the LDD region and is spaced apart from the semiconductor pillar so as
not to be in contact with the semiconductor pillar and is doped with an impurity of the second conductive type; wherein
the concentration of the impurity of the second conductive type in the LDD region is lower than the concentration of the
impurity of the second conductive type in the source region.

[0007] In the nonvolatile memory device of the tertiary structure, the at least one semiconductor column may comprise a single-
crystal silicon formed by linear epitaxial growth from the surface of the substrate (e.g., selective epitaxial growth).

[0008] In the nonvolatile memory device having a tertiary structure, the at least one semiconductor pillar may extend vertically to
the
substrate.

[0009] The nonvolatile memory device of the above tertiary structure further includes at least one bit line connected to an end of

the at least one NAND string, and the at least one NAND string may further include a string selection transistor between
the plurality of memory cells and the at least one bit line.

[0010] A method of manufacturing a nonvolatile memory device having a tertiary structure according to another form of the
present invention is provided. The method for manufacturing a nonvolatile memory device having a three-dimensional
structure comprises the steps of: preparing a substrate having an LDD (Lightly Doped Drain) region doped with an impurity
of a second conductive type opposite to a first conductive type and a source region doped with an impurity of a second
conductive type surrounding a part of the LDD region, wherein the concentration of the impurity of the second conductive
type in the LDD region is lower than the concentration of the impurity of the second conductive type in the source region;
a step of stacking a plurality of first conductive layers on the substrate, a step of forming at least one first through hole
penetrating the plurality of first conductive layers so that the source region is not exposed while the LDD region is exposed,
a step of forming at least one first charge storage layer on the inner surface of the at least one first through hole, wherein
the method comprises: forming at least one first semiconductor pillar, doped with an impurity of the first conductive type,
on the at least one first charge storage layer in the at least one first through hole, and not in contact with the source region
but in contact with the LDD region, a step of forming at least one first lateral extension connected to an end of the at least
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one first semiconductor pillar on the plurality of first conductive layers, a step of stacking a plurality of second conductive
layers on the at least one first lateral extension, and a step of forming at least one second semiconductor pillar connected
to the at least one first lateral extension through the plurality of second conductive layers.

[0011] The method for manufacturing a nonvolatile memory device having a tertiary structure includes, before forming the at least
one second semiconductor pillar, a step of forming at least one second through hole through the plurality of second
conductive layers to expose the at least one first lateral extension layer; and a step of forming at least one second charge
storage layer on an inner surface of the at least one second through hole; wherein the at least one second semiconductor
pillar can be formed on the at least one second charge storage layer within the at least one second through hole to be
connected to the at least one first lateral extension layer.

[0012] In the method of manufacturing a nonvolatile memory device of the tertiary structure, the at least one first semiconductor
column may comprise a single-crystal silicon formed from the surface of the substrate using selective epitaxial growth.

[0013] In the method of manufacturing a nonvolatile memory device of the tertiary structure, the at least one first lateral expansion
may be formed into a single crystal structure using selective epitaxial growth method from the surface of the at least one
first semiconductor column .

[0014] A memory chip according to yet another form of the invention is provided. The memory chip comprises a memory cell
array comprising a nonvolatile memory device having a tertiary structure described above; a low decoder coupled to word
lines of the memory cell array; a column decoder coupled to bit lines of the memory cell array; and control logic coupled
to the low decoder and the column decoder.

Effects of the Invention

[0015] According to the nonvolatile memory device having a tertiary structure and its manufacturing method according to the
embodiments of the present invention, it is possible to overcome the stacking limit of vertical structure channels with
low manufacturing cost (cost/bit) and expand to ultra-high layers, and to provide an ultra-high-density nonvolatile
memory device having a tertiary structure and its manufacturing method that can greatly improve device characteristics
such as Ion and Ion/loff and lower the operating voltage. Of course, the scope of the present invention is not limited by
these effects.

Brief Explanation of the Drawings

[0016] FIG. 1 is a schematic perspective view showing a nonvolatile memory device according to an embodiment of the present
invention.
FIG. 2 is a cross-sectional view taken from line II-II' of FIG. 1.
FIG. 3 is a cross-sectional view showing a nonvolatile memory device in accordance with another embodiment of the
present invention.
FIG. 4 is an equivalent circuit diagram of a part of the nonvolatile memory element according to embodiments of the
present invention.
FIGS. 5-14 are cross-sectional views showing a method of making a nonvolatile memory device in accordance with
embodiments of the present invention.
and
FIG. 15 is a schematic block diagram showing a memory chip in accordance with yet another embodiment of the present
invention.
Specific details for implementing the invention

[0017] Hereinafter, the present invention will be described in detail by explaining a preferred embodiment according to the present
invention with reference to the accompanying drawings.However, the present invention will be implemented in various
different forms, not limited to the embodiments disclosed below, and only this embodiment is provided to ensure that the
disclosure of the invention is complete and to fully inform those of ordinary skill in the art of the scope of the invention.
In the drawings, the sizes of the components may be exaggerated for convenience of explanation.

[0018] The first conductive type mentioned in the specification may be, for example, p-type and the second conductive type may
be, for example, n-type, but in some cases, on the contrary, the first conductive type may be n-type and the second
conductive type may be p-type.

[0019] FIG. 1 is a schematic perspective view showing a nonvolatile memory device according to an embodiment of the present
invention. FIG. 2 is a cross-sectional view taken from line II-1I' of FIG. 1.
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[0020] Referring to FIGS. 1 and 2, a memory-centered array of vertical structures may be provided on the substrate (105). The
substrate (105) may include a semiconductor material, such as a group IV semiconductor, a group III-V compound
semiconductor, or a group II-VI oxide semiconductor. For example, the group IV semiconductor may include silicon,
germanium, or silicon-germanium. The substrate (105) may be provided as a bulk wafer or epitaxial layer. For example,
a portion of the bulk wafer or epitaxial layer may be doped with impurities, and the doped region may be used as a
common source line (see CSL in FIG. 4).

[0021] The semiconductor pillars (130) may be arranged to extend upwardly onto the substrate (105). For example, the
semiconductor pillars (130) may extend vertically to the substrate (105). The semiconductor pillars (130) may have a
cylindrical or polygonal pillar shape. The number of semiconductor pillars (130) may be appropriately selected according
to the capacity of the nonvolatile memory device, and does not limit the scope of this embodiment. The semiconductor
pillars (130) may include a semiconductor material, for example, a group IV semiconductor material such as silicon,
germanium, or silicon-germanium. For a specific example, the semiconductor pillars (130) may include single crystal
silicon formed by selective epitaxial growth from the surface of the substrate (105).

[0022] For example, each semiconductor pillar (130) may include first and second semiconductor pillars (130a, 130b) of a vertical
structure and at least one lateral extension portion (135). The lateral extension portion (135) may be arranged between the
first and second semiconductor pillars (130a, 130b). For example, the first semiconductor pillar (130a) may be vertically
arranged on the substrate (105), the lateral extension (135) may be arranged on the first semiconductor pillar (130a), and
the second semiconductor pillar (130b) may be vertically arranged on the substrate (105) above the lateral extension portion
(135).

[0023] The lateral extension portion (135) may have a larger cross-sectional area than the first and second semiconductor pillars
(130a, 130b) based on a cross-section parallel to the substrate (105). For example, the lateral extension portion (135) may
substantially cover the entire upper surface of the first semiconductor pillar (130a) and may extend laterally. The lower end
of the second semiconductor pillar (130b) may be entirely or at least partially in contact with the lateral extension portion
(135).

[0024] The lateral extension portion (135) may be formed of the same semiconductor material as the first and second
semiconductor pillars (130a, 130b) or may be formed of different semiconductor materials. For example, the first and
second semiconductor pillars (130a, 130b) and the lateral extension portion (135) may be formed of the same
semiconductor material having a substantially single crystal structure. However, in a modified example of this embodiment,
some or all of the first and second semiconductor pillars (130a, 130b) and the lateral extension portion (135) may be formed
of a semiconductor material having a multi-crystalline structure. The semiconductor pillar (130) and the lateral extension
portion (135) may be doped with impurities of the first conductive type.

[0025] The inventors of the present invention have confirmed that device characteristics such as I, and I,/Iogr can be improved by
providing a semiconductor pillar (130) including single crystal silicon formed by selective epitaxial growth from the surface
of a substrate (105). Accordingly, it is expected that there will be an effect of being able to expand a tertiary structured
high-layer device to an ultra-high layer.

[0026] According to the comparative example of the present invention assuming a semiconductor pillar (130) including polysilicon
formed by chemical vapor deposition, in a nonvolatile memory device having a tertiary structure with a polycrystalline
polysilicon channel, the device characteristic values such as I, and I,/I.¢ are low, which reduces the operating speed of
the device and increases the error rate of memory operation. This causes the problem of having to widen the channel
diameter, which hinders three-dimensional integration and limits the expansion of high-layer devices to ultra-high layers.

[0027] In the present invention, by replacing the polysilicon vertical channel with single-crystal episilicon, the device characteristic
values such as I, and /I, can be increased, thereby enabling the high-layer expansion of a tertiary structured high-layer
device, and at the same time, there is no need to further expand the channel diameter to form a vertical channel, and rather,
the channel diameter can be narrowed, thereby further increasing the integration, and an additional effect of significantly
lowering the operating voltage due to the electric field effect concentrated at a diameter of 100 nm or less can be expected.
When manufacturing a nonvolatile memory device having a tertiary structure according to the present invention, the vertical
through-type tertiary structured nonvolatile memory device can be expanded to a high layer, thereby greatly increasing the
integration of the three-dimensional nonvolatile memory device with the same manufacturing cost (cost/bit). Not only that,
but the reliability of semiconductor devices can be greatly improved by increasing the operating speed of the device and
reducing the error rate of memory device operation that occurs during the operation of non-memory devices [sic].

[0028] Meanwhile, device performance may be degraded due to the autodoping phenomenon of the single crystal silicon channel
grown vertically in the source region of the silicon substrate. For example, in order to impart electrical resistance
characteristics to the vertically grown single crystal silicon channel, an impurity of the first conductive type (e.g., boron
(B)) may be supplied in very small quantities to have the desired resistance value, during which a flow phenomenon occurs
in which the impurity diffuses from the sodium region of the silicon substrate to the vertically grown single crystal silicon
channel. This causes the channel to have an inconsistent distribution of resistance values . The diffusion phenomenon of
impurities that causes an inconsistent resistance value distribution as described above must be removed from the process ,
and this unintended doping phenomenon is called autodoping .
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[0029] The present inventors have confirmed that this problem can be overcome by forming a substrate (105) including an LDD
(Lightly Doped Drain) region (170) doped with a second conductive type impurity opposite to the first conductive type and
surrounding a portion of the LDD region (170) so as not to contact the semiconductor pillar (130) and spaced apart from
the semiconductor pillar (130), and doped with a second conductive type impurity, wherein the concentration of the second
conductive type impurity in the LDD region (170) is lower than the concentration of the second conductive type impurity
in the source region (180). By adding the LDD ion implantation process to the source region formation in the silicon
substrate of the nonvolatile memory device having a tertiary structure, the performance improvement and manufacturing
cost (cost/bit) reduction were secured simultaneously with the minimum additional process.

[0030] The upper ends of the semiconductor pillars (130) can be connected to the bit lines (155, BL). For example, when
semiconductor pillars (130) are arranged in a matrix, semiconductor pillars (130) arranged in the same row can be connected
to the same bit line (155). Such an arrangement can reduce the number of bit lines (155), thereby simplifying the structure
of the nonvolatile memory device.

[0031] The control gate electrodes (140) can be laminated in multiple layers on the substrate (105) while surrounding the
semiconductor pillars (130).Interlayer insulating layers (110) may be interposed between the control gate electrodes (140).
The number of the control gate electrodes (140) above and below the lateral extension portion (135) may or may not be the
same. In FIG. 1, a structure is illustrated in which four control gate electrodes (140) are arranged under a lateral extension
portion (135) and four control gate electrodes (140) are arranged on top of the lateral extension portion. This number of
stacks of control gate electrodes (140) may be selected appropriately depending on the capacity of the nonvolatile memory
device and does not limit the scope of this embodiment.

[0032] The control gate electrodes (140) may be connected to the word lines (160, WL) through the via plugs (150). For example,
the control gate electrodes (140) may be arranged in a line pattern within each plane, and the control gate electrodes (140)
of the same layer may be connected to the same word line electrode (160). For the placement of the via plugs (150), the
control gate electrodes (140) may be disposed in a narrower step shape as they move away from the substrate (105).

[0033] The word lines (160) may extend perpendicular to the control gate electrodes (140) and parallel to the bit lines (155). In a
modified example of this embodiment, the control gate electrodes (140) may be provided in a flat type, in which case one
word line (160) may be connected to each flat plate.

[0034] The first and second charge storage layers (125a, 125b) may be arranged at least between the control gate electrodes (140)
and the semiconductor pillars (130). For example, the first charge storage layer (125a) may be provided between the first
semiconductor pillar (130a) and the control gate electrodes (140) below the lateral extension portion (135), and the second
charge storage layer (125b) may be provided between the second semiconductor pillar (130b) and the control gate
electrodes (140) above the lateral extension portion (135). Optionally, a portion of the first charge storage layer (125a) may
be further extended onto the control gate electrode (140) below the lateral extension portion (135).

[0035] The first and second charge storage layers (125a, 125b) can be used as data storage layers of memory cells (see TMc in
FIG. 4) configured with a stacked structure between semiconductor pillars (130) and control gate electrodes (140). For
example, the first and second charge storage layers (125a, 125b) can include a stacked structure of a tunneling insulating
layer (124a)/charge trap layer (123a)/blocking insulating layer (122a) between the semiconductor pillars (130) and the
control gate electrodes (140). The charge trap layer has charge storage capability, the tunneling insulating layer is used as
a tunneling path for charges, and the blocking insulating layer can play a role in suppressing reverse tunneling of charges.

[0036] For example, the charge trap layer may be a silicon nitride layer or may comprise an insulating layer comprising quantum
dots or nanoparticles. The quantum dots or nanoparticles can be composed of fine particles of an electrical conductor, such
as a metal or semiconductor. The tunneling insulating layers and the blocking insulating layers may include any suitable
insulating film, such as an oxide film, a nitride film, or a high-k film. The high-k film may refer to a dielectric film having
a higher dielectric constant than the oxide film and the nitride film.

[0037] The string selection lines (145) may be arranged to surround the semiconductor pillar (130) between the bit lines (155) and
the uppermost control gate electrode (140). The second charge storage layer (125b) may be arranged to extend between the
string selection lines (145) and the second semiconductor pillars (130b) and may function as a gate insulating layer. In a
modified example of this embodiment, a single-layer jet insulation layer (not shown) may be interposed between the string
selection lines (145) and the second semiconductor pillars (130b) instead of the second charge storage layer (125b).

[0038] The string selection lines (145) may be stretched perpendicular to the bit lines (155) and provided in a line pattern.
Accordingly, semiconductor pillars (130) disposed in the same row may be each surrounded by the same string selection
line (145). Meanwhile, a source/drain region may be formed in the semiconductor pillars (130) on both sides of the string
selection lines (145).
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[0039] The stacked structure between the semiconductor pillar (130) and the string selection lines (145) may form string selection
transistors (T of FIG. 4). In this embodiment, the string selection lines (145) may serve as gate electrodes of the string
selection transistors (Tss of FIG. 4). In a modified example of this embodiment, the string selection gate electrodes may be
provided to surround the semiconductor pillar (130), and the string selection lines may additionally be provided to be
connected to the gate electrodes.

[0040] FIG. 3 is a cross-sectional view showing a nonvolatile memory device according to another embodiment of the present
invention. The nonvolatile memory device according to this embodiment may refer to the nonvolatile memory devices of
FIGS. 1 and 2, and therefore, duplicate descriptions in the two embodiments are omitted.

[0041] Referring to FIG. 3, a ground selection line (147) may be further arranged between the substrate (105) and the lowermost
control gate electrode (140). The ground selection line (147) may be arranged to surround the semiconductor pillar (130)
on the substrate (105). The first charge storage layer (125a) may be arranged to extend further between the ground selection
line (147) and the first semiconductor pillar (130a) and may function as a gate insulating layer.

[0042] In a modified example of this embodiment, between the ground selection line (147) and the first semiconductor column
(130a), a single layer of gate insulation layer (not shown) may be interposed in place of the first charge storage layer
(125a). For example, the ground selection line (147) may extend perpendicular to the bit line (155) and provided in a line
pattern . In another example, the ground selection line (147) may be provided in one plate -like configuration.

[0043] The stacked structure between the semiconductor pillar (130) and the ground selection line (147) may form a ground
selection transistor (Tgs of FIG. 4). In this embodiment, the ground selection line (147) may serve as a gate electrode of
the ground selection transistor (Tgs of FIG . 4). In a modified example of this embodiment, a ground selection gate electrode
may be provided to surround the semiconductor column (130), and a ground selection line may additionally be provided to
connect to the ground selection gate electrode.

[0044] The first lateral extension portion (135a) may be provided on the first semiconductor pillar (130a), and the second lateral
extension portion (135b) may be provided on the second semiconductor pillar (130b). For example, the first lateral
extension portion (135a) may be provided to cover the upper surface of the first semiconductor pillar (130a), and the second
lateral extension portion (135b) may be provided to cover the upper surface of the second semiconductor pillar (130b).

[0045] The third semiconductor pillar (130c) may be provided on the second lateral extension portion (135b). The cross-sectional
area of the first and second lateral extension portions (135a, 135b) in a direction parallel to the substrate (105) may be
larger than the cross-sectional area of the first to third semiconductor pillars (130a, 130b, 130c) in a direction parallel to
the substrate (105). The bit lines (155) may be connected to the upper surface of the semiconductor pillar (130), that is, the
upper surface of the third semiconductor pillar (130c).

[0046] The control gate electrodes (140) may be provided to surround the first to third semiconductor pillars (130a, 130b, 130c).
The first to third charge storage layers (125a, 125b, 125¢) may be respectively arranged between the first to third
semiconductor pillars (130a, 130b, 130c) and the control gate electrodes (140). Optionally, the first charge storage layer
(125a) may be further extended onto the control gate electrode (140) directly below the first lateral extension portion (135a),
and the second charge storage layer (125b) may be further extended onto the control gate electrode (140) directly below
the second lateral extension portion (135b).

[0047] The number of control gate electrodes (140) between the first and second lateral extension portions (135a, 135b) can be
appropriately selected.FIG. 3 illustrates a structure in which two control gate electrodes (140) are arranged under the first
lateral extension portion (135a), three control gate electrodes (140) are arranged between the first and second lateral
extension portions (135a, 135b), and three control gate electrodes (140) are arranged on the second lateral extension (135b).

[0048] In yet another embodiment of the invention, the lateral extension portions are provided in one or more, and the control gate
electrodes can be grouped into a plurality of groups by the lateral extension portions. For example, the number of control
gate electrodes in each group may be 2 to 6, but this embodiment is not limited thereto. Grouping control gate electrodes
into multiple groups can increase the manufacturing reliability of a memory cell array with a vertically stacked structure,
as will be described later.

[0049] FIG. 4 is an equivalent circuit diagram for a portion of nonvolatile memory devices according to embodiments of the
present invention. In this circuit diagram, the number of bit lines and NAND strings is shown as an example.

[0050] Referring to FIG. 4, a memory-cell array of vertical structures may include a band string (N'S1, NS2) disposed in a vertical
structure on a substrate (FIGS. 1-3, 105). Each of the NAND strings (NSI, NS2) may comprise a plurality of memory cells
(Tmcs) in series perpendicularly connected to the substrate (105). A set of NAND trunks (NSI, NS2) is connected to a bit
line (BL), and the other end is connected to a common soot line (CSL).
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[0051] Between the bit line (BL) and the memory cells (Tyc ) there may be string select transistors (T, ), and between the common
source line (CSL) and the memory cells (Tyc ) there may be ground select transistors (Tgs ). Optionally, for the nonvolatile
memory devices of FIGS. 1 and 2, ground select transistors (Tgs) may be omitted.

[0052] Word lines (WLO1 to WLn) are disposed in multiple layers and may be defective in sharing in memory cells (Tycs) of
that layer. Word lines (WLO1 to WLn) may be selected appropriately and do not limit the scope of this embodiment.
Word lines (WL01-WLn) may control control gate electrodes (see 140 in FIGS. 1-3) of memory cells (Tucs), thereby
controlling the probe , erasing and reading operation of memory cells (Tycs). For example, program operation may be
performed by selecting one of the word lines (WLO1 to WLn) to apply a program voltage, and may also be read by
applying a read voltage.

[0053] The ground selection line (GSL) can be shared with the ground selection transistor (Tgs). For the nonvolatile memory
device of FIGS. 1 and 2, a ground selection line (GSL) may be omitted. Since the ground selection line (GSL) is covalently
coupled to the NAND strings (NSI, NS2), a signal of a common soot line (CSL), such as a ground voltage, may be applied
simultaneously to the NAND strings (NSI, NS2). During the program and read operations of the memory cells (Tyc), a
turn-on voltage may be applied to the ground select line (GSL) to turn on the ground select transistors (Tgs), and during
the program prevention operation, a turn-off voltage may be applied to turn off the ground select transistors (Tgs).

[0054] The string selection lines (SSL1, SSL2) can be connected to the string select transistors (Tss), respectively. In order to
separate the signals of the NAND strings (NS1, NS2) sharing the bit line (BL), the string select lines (SSL1, SSL2) can be
connected to the string select transistors (Tss), respectively. However, if the NAND strings (NSI, NS2) are disposed in an
array as in the case of FIG . 1, the string selection lines (SSLI, SSL2) may be covalently coupled to the string selection
transistors (Tss) disposed in the same row.

[0055] For example, to select a NAND string (NSI), the string selection line (SSLI) may be subjected to a turn-on voltage for
turning on the string selection transistors (Tss) and the string selection line (SSL2) may be subjected to a turn-off voltage
for turning them off . By this, a signal of the bit line (BL) may be selectively applied to memory cells (Tyc ) in the NAND
string (NSI). Similarly, in order to select a NAND string (NS2), a turn-on voltage may be applied to the string selection
line (SSL2) to turn on the string selection transistors (Tss) and a turn -off voltage to turn off the string selection transistors
(Tss) to the string selection line (SSLI). Accordingly, the signal of the memory line (BL) can be selectively applied to the
memory cells (Tyc) in the NAND string (NS2).

[0056] FIGS. 5-11 are cross-sectional views showing a method of making a nonvolatile memory device in accordance with
embodiments of the present invention.
0057 Referring to FIG. 5, a substrate (105) is prepared, which has an LDD region (170) doped with an impurity of a second
2 prep g P! purity

conductive type opposite to the first conductive type and a source region (180) doped with an impurity of a second
conductive type surrounding a part of the LDD region (170), but the concentration of the impurity of the second conductive
type in the LDD region (170) is lower than the concentration of the impurity of the second conductive type in the source
region (180).

[0058] The first electrically conductive layer (115a) may be disposed on the substrate (105). For example, the step of forming a
first insulating layer (110a) on the substrate (105) and forming a first electrically conductive layer (115a) on the first
insulating layer (110a) may be repeated to form a repeat stacked structure of the first insulating layer (110a)/first electrically
conductive layer (115a).

[0059] For example, the first insulating layer (110a) can be formed using any insulating material, such as an oxide, by an
appropriate deposition method. The first conductive layer (115a) can be formed of an appropriate conductive material,
such as polysilicon, by an appropriate deposition method. For example, the first conductive layer (115a) can be formed as
a polysilicon layer using a chemical vapor deposition (CVD) method, and can be formed by doping impurities at the same
time as the deposition. Or, it can be formed by doping impurities after the final deposition is completed.

[0060] The first through-holes (120a) may then be formed through the first insulating layer (110a) and the first electrically
conductive layer (115a). The first through-hole (120a) may be formed such that the source region (180) is exposed while
the LDD region (170) is not exposed .

-10 -

Micron Ex. 1023, p. 10
Micron v. YMTC
IPR2025-00294



Registered Patent10-1487746

[0061] In a modified embodiment of the present invention, a first insulating layer (110a) and a first through-hole (120a) may be
formed disposed on a substrate (105) with a source region (180), followed by a LDD region (170) to the substrate (105)
exposed by the first through-hole (120a). In this case, the LDD region (170) and the first semiconductor pillars (130a) may
be misaligned to effectively prevent a configuration in which the first semiconductor pillars (130a) and the source region
(180) are in direct contact.

[0062] The number of first through-holes (120a) may be appropriately selected and does not limit the scope of this embodiment.
For example, photo lithography techniques may be used to form a photoresist mask (not shown), and the first through-
holes (120a) may be formed by etching the first insulating layer (110a) and the first conductive layer (115a) with the mask
as a protective film.

[0063] Referring to FIG. 6A, the first charge storage layers (125a) may be formed on the sidewalls of the first through-holes
(120a). The region comprising the inner surface and the surface of the periphery of the first through-holes (120A) shown
in FIGS. 6a- 8 corresponds to an enlarged portion of the A region of FIG. 5.

[0064] Furthermore, the first charge storage layers (125a) may be further extended on the bottom surface of the first through-holes
(120a) and the topmost first conductive layer (115a). For example, first charge storage layers (125a) including a stacked
structure of a blocking insulating layer (122a)/charge trap layer (123a)/tunneling insulating layer (124a) may be formed on
a resultant in which first through holes (120a) are formed. The result of the formation of the first through hole (120a) may
include the inner (side wall and bottom) surface of the first through hole (120a) and the surface of the peripheral portion of
the first through hole (120a). The blocking insulating layer (122a)/charge trap layer (123a)/tunneling insulating layer (124a)
may each comprise, for example, a first oxide layer, a nitride layer and a second oxide layer.

[0065] Referring to FIG. 6B, a subsequent process may be carried out such that the first charge storage layers (125a) may be
formed only on the side walls of the first through-holes (120a). For example, the first charge storage layers (125a) formed
on the inner (side wall and bottom) surface of the first through-holes (120a) and the surface of the peripheral portion of the
first through-holes (120a) may be anisotropically etched to form the first charge storage layers (125a) only on the sidewalls
of the first through-holes (120a). That is, upon anisotropically etching the first charge storage layers (125a), the first charge
storage layers (125a) formed on the bottom surface of the first through-holes (120a) and the surface of the periphery of the
first through-holes (120a) may be removed. In this case, the tunneling insulation layer (124a) containing the second oxide
layer located on the side wall of the first through-holes (120a) during an anisotropic etching process is subject to etching
damage, which may be a direct factor that degrades the variation and reliability of device characteristics.

[0066] A protective layer (126a) may be formed on the blocking insulating layer (122a)/charge trap layer (123a)/tunneling
insulating layer (124a) to prevent this problem. The protective layer (126a) serves as an etch protection pattern to prevent
etch damage of the first charge storage layers (125a), in particular the tunneling insulating layer (124a), disposed on the
side walls of the first through hole (120a) in the process of anisotropically etching the first charge storage layers (125a).
The protective layer (126a) may be, for example, an amorphous silicon, polycrystalline silicon, a thin film comprising an
oxide or nitride with a fast etch rate.

[0067] Referring to FIG. 8, the first charge storage layers (125a) are anisotropically etched and then the remaining protective layer
(126a) is removed. For example, if the protective layer (126a) comprises a nitride, the protective layer (126a) may be
removed by an isotropic dry-etch or wet-etch using a phosphoric acid solution. In addition, if the protective layer (126a)
comprises amorphous silicon or polycrystalline silicon, the protective layer (126a) may be removed by an isotropic dry-
etch.

[0068] On the other hand, optionally, the top layer of the laminate structure of the first insulating layer (110a) and the first
conductive layer (115a) may be the first insulating layer (110a), in which case the first charge storage layers (125a) may
be disposed in spacer form within the first through-holes (120a) and not stretched onto the first insulating layer (110a) and
the first conductive layer (115a) using deposition and dry etching techniques.

[0069] In a modified embodiment of the present invention, the tunneling insulating layer (124a) may also serve as the protective
layer in anisotropic etching, after thicker deposition of the tunneling insulating layer (124a) without forming a separate
protective layer (126a) for forming the first charge storage layers (125a) on the sidewalls of the first through-holes (120a).
The area comprising the inner surface and the surface of the periphery of the first through-holes (120a) shown in FIGS.
7A-7B corresponds to an enlarged portion of the A region of FIG. 5.

[0070] Referring to FIG. 7A, the first charge storage layers (125a) may be further extended onto the bottom surface of the first
through-holes (120a) and onto the first conductive layer (115a) of the top. For example, first charge storage layers (125a)
comprising a stacked structure of a blocking insulating layer (122a)/charge trap layer (123a)/tunneling insulating layer
(124a) may be formed on the result in which the first through-holes (120a) are formed. The result of the formation of the
first through-hole (120a) may include the inner (side wall and bottom) surface of the first through-hole (120a) and the
surface of the periphery of the first through-hole (120a). The blocking insulating layer (122a)/charge trap layer
(123a)/tunneling insulating layer (124a) may each comprise, for example, a first oxide layer, a nitride layer and a second
oxide layer. Meanwhile, unlike FIGS. 6a and 6b, in a modified embodiment of the present invention, the tunneling
insulating layer (124a) can be formed relatively thicker without forming a separate protective layer (126a).
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[0071] Instead of the protective layer (126a), the thickness of the tunneling insulating layer formed on the sidewall of the vertical
channel is deposited thicker than the target thickness (the thickness of 124a in FIG. 8) so that the thick additionally
deposited thickness protects the inside, which is the target thickness. The additional deposited thickness can be easily
removed at the pre-cleaning step which is performed immediately before receiving the plasma and etching or forming the
subsequent channel layer instead of the film thickness of the tunneling insulating layer inside upon subsequent anisotropic
etching.

[0072] Referring to FIG. 7B, a subsequent process may be carried out such that the first charge storage layers (125a) may be
formed only on the side walls of the first through-holes (120a). For example, the first charge storage layers (125a) formed
on the inner (side wall and bottom) surface of the first through-holes (120a) and the surface of the peripheral portion of the
first through-holes (120a) may be anisotropically etched to form the first charge storage layers (125a) only on the sidewalls
of the first through-holes (120a). That is, upon anisotropically etching the first charge storage layers (125a), the first charge
storage layers (125a) formed on the bottom surface of the first through-holes (120a) and the surface of the periphery of the
first through-holes (120a) may be removed. In this case, the surface portion of the tunneling insulating layer (124a)
comprising a second oxide layer located on the side walls of the first through-holes (120a) during an anisotropic etching
process may be subjected to etching damage. The surface portion of the tunneling insulation layer (124a) subjected to
etching damage may be removed in a subsequent cleaning step. The subsequent cleaning step is a pre-cleaning step
performed prior to forming the first semiconductor pillars (130a), and the solution used may use red hydrofluoric acid (HF,
50:1 or less), red BOE, phosphoric acid (H;PO,, 140°C or more), SHNO;+126NH,F +(60-120)H,O, and
tetramethylammonium hydroxide (TMAH). Accordingly , according to the modified embodiment of the invention
described with reference to FIGS. 7A and 7B, it can be expected that the structure shown in FIG . 8 can be implemented
without forming a separate protective layer (126a), thereby providing a significantly advantageous effect that the process
can be simplified.

[0073] Referring then to FIG. 9, the first semiconductor pillar (130a) can be formed with the first conductive type of impurities
doped on the first charge storage layers (125a) in the first through-holes (120a). The first semiconductor pillars (130a) can
be formed to fill the first through holes (120a). The first semiconductor pillars (130a) can be formed to contact the LDD
region (170) without contacting the source region (180). That is, the first semiconductor pillars (130a) can be formed spaced
apart from the source region (180). In a modified example of this embodiment, the thickness of the first semiconductor
pillars (130a) may be adjusted so as not to completely fill the first through holes (120a). The first semiconductor pillars
(130a) may be used as a channel layer of memory cells (TMC of FIG. 4).

[0074] For example, a selective epitaxial growth (SEG) method may be used to form a pillar-shaped semiconductor layer on a
substrate (105), and the first semiconductor pillars (130a) may be formed by flattening the semiconductor layer. In this
case, if the substrate (105) is a single crystal, the first semiconductor pillars (130a) can be formed with a single crystal
structure. Furthermore, the SEG condition when forming the first semiconductor pillars (130a) can be a vertical growth
condition based on the substrate (105). For example, the semiconductor layer can include silicon, germanium, or silicon-
germanium.

[0075] As another example, an amorphous semiconductor layer may be formed within the first through holes (120a), and the first
semiconductor pillars (130a) may be formed by flattening and heat-treating the same. In this case, the amorphous
semiconductor layer may be substantially re-crystallized into a single crystal structure during the heat treatment step
because the width of the first through holes (120a) is small. As another example, the first semiconductor pillars (130a)
may be formed into a polycrystalline structure by forming a polycrystalline semiconductor layer within the first through
holes (120a), and flattening the same.

[0076] Referring to FIG. 10, a lateral extension layer (135) may be formed on the first semiconductor pillars For example, the
lateral extension layer (135) can be formed into a single crystal structure from the first semiconductor pillars (130a) using
a selective epitaxial growth (SEG) method. When forming the lateral extension layer (135), the SEG condition may be a
lateral growth condition in which the horizontal direction is preferentially grown with respect to the substrate (105), unlike
when forming the first semiconductor pillar (130a). In this case, by controlling the SEG time, the lateral extension layer
(135) can be formed only by the SEG method without an additional patterning process. However, in a modified example
of this embodiment, a patterning process may be added after the SEG growth.

[0077] As another example, the lateral extension layer (135) may be formed by depositing an amorphous semiconductor layer
and then performing a patterning and heat treatment process. Since the size of the lateral extension layer (135) is not large,
the amorphous semiconductor layer may be recrystallized into a single crystal structure by heat treatment. The patterning
process may utilize photolithography and etching techniques. In another example, the lateral expansion layer (135) may
form a polycrystalline semiconductor layer, which may be flattened and patterned to form a polycrystalline structure.

Referring to FIG. 11, a stacked structure of the second insulating layer (110b ) and the second conductive layer (115b ) can

be formed on the result in which the lateral expansion layer (135) is formed . A description of this lamination structure may

refer to the description of the lamination structure of the first insulating layer (110a) and the first electrically conductive
[0078] layer (115a) of FIG. 5.
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[0079] Referring to FIG. 12, second through-holes (120b) may be formed through the second insulating layer (110b) and the second
conductive layer (115b). The second through-holes (120b) may expose some or all of the top surface of the lateral expansion
layer (135). The second through-holes (120 B) may be formed using photolithography and etching techniques, as can the
first through-holes (120a in FIG. 5).

[0080] In the photolithography step, the second through-holes (120b) may be formed to align with the lateral expansion layers
(135). Since the lateral expansion layers (135) have a wider cross-sectional area than the first semiconductor pillar (130a),
aligning the second through-holes (120b) to the lateral expansion layers (135) is advantageous over aligning the first
semiconductor pillar (130a). Accordingly, the alignment margin of the second through holes (120b) can be improved by
arranging the lateral expansion layers (135).

[0081] Referring to FIG. 13, the second charge storage layer (125b) and the second semiconductor pillars (130b) may be formed
sequentially within the second through-holes (120b). The method of forming the second charge storage layer (125b) and
the second semiconductor pillars (130b) may refer to the description of the first charge storage layer (125a) and the first
semiconductor pillars (130a) of FIG. 6A.

[0082] Referring to FIG. 14, the first and second conductive layers (115a, 115b) may be patterned to form control gate electrodes
(140) and string selection lines (145). The control gate electrodes (140) may be patterned in a stepwise manner. Afterwards,
a third insulating layer (not shown) is filled to form an insulating layer (110), and via holes (not shown) penetrating the
insulating layer can be formed, and via plugs (150) can be formed in the via holes.

[0083] Subsequently, bit lines (155) can be formed on the semiconductor pillars (130), and word lines (160) can be formed on the
via plugs (150). The bit lines (155) and word lines (160) may be disposed on the same plane or on different planes.

[0084] According to the manufacturing method according to this embodiment, the semiconductor pillar (130) may be formed by
dividing it into a first semiconductor pillar (130a), a lateral extension layer (135), and a second semiconductor pillar (130b)
instead of forming it all at once. If the semiconductor pillar (130) is formed all at once, the aspect ratio of the through hole
increases, making it difficult to form the through hole, and it also becomes difficult to fill the semiconductor material in the
through hole. This difficulty limits the height of the semiconductor pillar (130), which limits the number of memory cells
(TMc) in the vertical NAND strings (NS1, NS2 in FIG. 4).

[0085] However, by dividing the semiconductor pillars (130) into the first semiconductor pillars (130a) and the second
semiconductor pillars (130b), the aspect ratio of the first through holes (120a) and the second through holes (120b) can be
significantly reduced. Accordingly, not only the formation of the first and second through holes (120a, 120b), but also the
formation of the first and second semiconductor pillars (130a, 130b) that fill them becomes easier.

[0086] In addition, by arranging the lateral extension portion (135) between the first semiconductor pillar (130a) and the second
semiconductor pillar (130b), the alignment margin is increased when the second through holes (120b) are formed, thereby
increasing the connection reliability between the first semiconductor pillar (130a) and the second semiconductor pillar
(130b). In this regard, the number of lateral extension portions (135) can be appropriately selected in consideration of the
aspect ratio of the first and second through holes (120a, 120b). For example, a plurality of lateral extensions (135) can be
provided between two and six control gate electrodes (140).

[0087] Accordingly, by using the manufacturing method according to this embodiment, the length of the vertical semiconductor
pillar (130) can be increased, and accordingly, the number of stacked control gate electrodes (140) can be increased. As a
result, the number of memory cells stacked in each NAND string may be increased, increasing the capacity of the
nonvolatile memory device.

[0088] With reference to the above-described manufacturing methods, the nonvolatile memory device of FIG. 3 can also be
manufactured. For example, the nonvolatile memory device of FIG. 3 may be manufactured by repeating the steps of FIGS.
11-13 on the output of FIG. 13, and then proceeding with the steps of FIG. 14.

[0089] Furthermore, by repeating the steps of FIGS. 11 - 13 as appropriate number of times, nonvolatile memory devices with
four or more lateral extension portions can also be manufactured.

[0090] FIG. 15 is a schematic block diagram showing a memory chip (300) according to an embodiment of the present invention.

[0091] Referring to FIG. 15, the memory-cell array (310) may comprise at least one of the nonvolatile memory elements of the
tertiary structure described above. The memory cell array (310) may be coupled with an X-buffer/row decoder (320) and a
Y-buffer/column decoder (330). For example, word lines (WL) of the memory cell array (310) may be coupled to the X-
buffer/row decoder (320).The bit lines (BLs) of the memory cell array (310) may be connected to the Y-buffer/column
decoder (330). The control logic (340) may be coupled to and controlled by X-buffer/row decoder (320) and Y-
buffer/column decoder (330).
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[0092] For example, looking at the transmission process of the address signal, the control logic (340) transmits the row address
signal to the X-buffer/row decoder (320), and the X-buffer/row decoder (320) can decode these signals and transmit the
row address signal to the memory cell array (310). Further, the control logic (340) communicates the column address signal
to the Y-buffer/column decoder (330), and the Y-buffer/column decoder (330) can decode the signal to communicate the
column address signal to the memory cell array (310) via bit lines (BLs).

[0093] The nonvolatile memory devices of the tertiary structure according to embodiments of the present invention, methods of
making them, and memory chips have been described in detail so far.

[0094] According to a nonvolatile memory element having a tertiary structure according to embodiments of the invention, at least
one NAND string is manufactured on the substrate. The above at least one NAND string includes a high-concentration
source and LDD (Lightly Doped Drain) region formed on the substrate, at least one epi semiconductor pillar extending
vertically upward, and a plurality of memory cells having a charge storage layer surrounding the semiconductor pillar along
the vertical direction of the at least one epi semiconductor pillar, and insulating layers (oxide film/nitride film/oxide film).
The high-concentration source region formed on the above substrate secures a predetermined distance from the bottom
surface position where the epi semiconductor pillar is vertically extended, and forms an LDD region at the bottom surface
position where the epi semiconductor pillar is vertically extended, thereby preventing impurities in the high-concentration
source region from diffusing into the vertical channel. Accordingly, a nonvolatile memory device with a vertical tertiary
structure can be expanded to a high stacking level, and high integration, high performance, low power consumption, and
low manufacturing cost can be expected.For example, in the nonvolatile memory device of the three-dimensional structure
according to the present invention, it was confirmed that the device characteristics such as I/Io were increased by more
than 500 times compared to the conventional ones and that low-voltage operation of 1V or less was possible.

[0095] According to the present invention, the device performance limitation due to auto-doping of the silicon channel in
nonvolatile memory device having a tertiary structure was overcome by adding an LDD ion implantation process to the
silicon substrate source region formation and vertically growing a single crystal epi-silicon channel. This enables
simultaneous performance improvement and manufacturing cost (cost/bit) reduction with minimal additional processes, and
also resolves channel characteristic deterioration, deviation, and distribution that occur when expanding tertiary structures
to high layers by manufacturing using epitaxial single crystal channel materials. This is an innovation and foundation for
continuous technological advancement by removing the major obstacles to technological development that have been
inherently associated with high integration. In addition, nonvolatile memory devices of tertiary structures can be
manufactured with lower power consumption, better performance, and lower error rates of device behavior than current
nonvolatile memory devices having a tertiary structure.

[0096] The above description of specific embodiments of the invention has been provided for purposes of illustration and
description. Thus, it is clear that the invention is not limited to the above embodiments, and that many modifications and
changes are possible, such as combining the above embodiments by a person of ordinary skill in the art within the technical
spirit of the invention.
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[Examiner's Ex Officio Correction]
[Correction Item 1]

[Correction Item] Scope of claims
[Correction details] Claim 1
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[Before change]

the at least one NAND string
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Z JE 2EY ] A7) 549 wRAES, 7] V1R A 55 2oz HAZFHI FY] Aok s b
EA 715E ERAe BFY Al ACE HAFE ® V] AR v BEA 71F ® 7] Aol AelE A
FE Aol Holx gt Ast AgFE EIsk,

&7 71,

B71 Aoz shvel WEA ZlEd Fee, A7 A 1 2R vadHe A 2 2499 BB =34,
LDD(Lightly Doped Drain) 4<; % 7] ¥=x] 7|53 AR FEF 7] B=A 753 o|FHHA, 47|
LDD 4] dF-& EuMn, Al 2 2189 BEEe] 2349, 202 49§ s,

A71 LD dgoxe] A7) Al 2 =AY BBy FEE AV 208 A Y] A 2 =48 BEE
9] FERT § W,

3490 T2 AW FlwY &,
A7 2
A 1ol oA,

A7 Aodm ghue] wxA 7Fe ] vHe] FuoRRE AeA Jued AA(selective epitaxial
growth)ol]l 9Jste] PAdx G4y HAe2s ¢, 33 F+x9 v =

A7 3

&7 A E shue HiEA] 7)FS A7) 71wl FARoR AgE, 33k T2

Aot
)
ox
Z
P
)
B
_}L

A1 gl gloiA,
A7) HolE shtel WE 2EYY BYo) AdE Holk shie] HE Hele o Ega

A7) Holx shpe] B 2EFE Yy] B AR AE R 4] HolE shte WE el Apole] 2EY A
Y EdAsEE o 23

A7E5

Al 1 =AY dEe A 2 28 BBl =349 LDD(Lightly Doped Drain) 99 2 7] LDD 49 o
FE S8 A 2 =AY EEEe] =HE A2 99E H|ety, Av] LD 99dAM e 4] Al 2 =H4E
o] BEEY FRE Y] A28 d9oAe Y] Al 2 =AY BEEEY TRET O W&, VRS £Y)dhe
A,
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Holx st A 1 BE & s 9,
A7 Holm duhe A 1 BE 29 FE ZW A Hoj= v A 1 As AFES FAdse Bl
A7 Aoz shuhe] Al 1 #E E U9 Y] Holm Fute] Al 1 A AT Ao, V] A% JA HeA
gromA A7) LD GHFE Fete, 47 Al 1 24389 BEeE =35, ok vy A 1 BxA J)FS
AAst= B,
A7 B4 Al 1 2 FE Aol Y] Hojm sy Al 1 wtEA v)Fy i ddd Hojm s A 1
ek gAREs YAske aA);
A7 Hol= st A 1 Suak SR Ao B A 2 EAESES AEsle v B
A7 B Al 2 EAEFES BE5E AV Hox vy A 1S9 e d4E Hojx vy A 2
REA V)5 FAshe @A E T,
33 22 HFEA W 2xte] Az
373 6
A 5 ol dojA,
A7) Hojm sy Al 2 HEA 715S gAEy) A, 7] B9 A 2 2AFES B89, AV Fojx
st Al 1 E9E SAES wEE Hok s Al 2 #F S A 9A 2
A7 Holm sy Al 2 BE & WF ®ZY Aol Hok Y A 2 As AREE s A E 2F
6]—3/_,
A7) Aol el Al 2 WA V)5S V] Hojk sty Al 2 AF E WY AV Ho= sy Al 2 [d3)
AR o A7) Bolx vy A 1 9% F35Y AdEA FA-eE,
3 Tzl WA wny Ao Az,
A+ 7
Al 5 &gl lofA],
A7) AHolx sl Al 1 HkEA 7)Ee Ay] 7w FHorRE AMud oudd AANg o|gste] AW
924 AgES Tk, 339 79 RIS wie] Axe] A Z2EE .
A7 8
Al 5 &l glojA]
A7 Holm vt Al 1 EWF BN, Y] Holm: e Al 1 uEA V5 EHoERE HER 4
g9d NS olgsted dAA TRE PAHE, 3AY T2 NI vy 2AY Az
A7 9
A 13 WA A 4 e ol & &) urE 3A F-F] H|FEA wRy AxE EIete wRgA ool
A7) dEg A ojgel = FglEd 2E" B¢ fIn;
A7) dEmgA olgelg HE s AFH 29 vy, %
A7 29 dzd 2 A7) 29 dadd 2439 Ao 2AS ek, dWxg 3.
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o2 ¢ AAFH HxH AE d Fo AL T F ). o] AAlde WA dor, 2EY M g}
1(145)F % Al 2 WA 7] (130b) Atolell A 2 3} AF5(125h) thale] @5 AolE A|F(H==A])o
MAE Fx Q.
[0038] 2EY AY gH2(145)E2 HE FA(155) 53 FAA A3E 4 dn, 32 Aoz AFE = vk, old
— 8 —
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wheh, B Aol WA HEA (130T FAF 22U A FA(1s)e] K 22 EHAY 5 9T
S, 2EY A FA(145)T FEe) WA 71F(130) FRolE 224/E9) 9o @4 F 9l
[0039] WEA] F15(130) % 229 A &

A #R1(145)F Alole] AT T £EY A ERALE(E 49 TwES T
Y gAY EJAZEH(E 49 To)EY AClE A5

EY AH AolE HFEe] WA 7F(130)& EME

i

m&}\_ﬂ
+
3o
o
o

>
>
2
T
E
o
i
2,
B
B

ol

g
ki

w
flo

2 A
[0040] A W= AAE BRYFE gduke|ty. o] Al uE HM
VS % [oi3

]
T U3, wEA T A BN FE

)
z
o
i o
o
— I
it
>
2
=2
a
]
hus)

oH ox Hi

flo 5
i

B O
B
by
mi ruEE

oz
r-
*

{0041]

w
tlo
2
. B
X o
)

, 71B(105)3 Hsw Ao} AClE AF(140) Abel] A A gel(ne] ¢ wWHE F
AL AB105) A WA 71F(130S EARES WA" $ Aok A 1 A A
@ epel(147) 2 Al 1 HEA 715(130a) AP0l © AlFEO] WA H o] AolE A Feo

m :g

el ol ¥ i
Mo =
ST
g
rlo
30 o
18

[0042] of AAdle) WA dlolN, WA AW 2AA(147) R A 1 WA 7)15(130a) Abelel Al 1 Ash ARE(125)
AAZ(EA)e] AAD $5 Atk ol Bof, B AY FAUNE HE el(155)
S glm, del dHes AT S vk BE d2, A4 A9 el une shie @
o}

[0043] WA 715 (130) 7 FA) g 2421(147) Apole] AF TRy A AY ERAAZE(E 49 Te)E 74T &
t}. o] AAdelA, HA] e Z1(147) S FHA] M8 EWAALE(E 49 T) ] AlC|E AF9 & & F
th. o] AAloe] WaEH , AA A" AE AFe] WAl V]F(130)S EMES AFEHZ, FHA A
g}

ol
A& HA He SfelE Xd—%%ﬂ ARHES $rlHen ATE £E U,
3

32

>
BuS A

[0044] A 1 ek g (135a) = A 3, Al 2 S (1350 = ] L=
] =4 7]5(130a) 9] AHS

Al 2 WA 71%( SOb)«] FHE HES ATE 7 ‘}lE‘r.

klflé

[0045] A 3 ¥EA 715 (1300) S A 2 SHaE BAR(135h) Al AFTE ¢ Aok Al 1R A 2 S9ek #1365,
135b) &9 719(105) 7 Hag wEe] dAe Al 1 WA Al 3 §=A 7]%F(130a, 130b, 130c)E9 7]¥(10
5)7 Hadk e duFBg & 4 Qdvk. HE 22(155) 5 A 7513009 AW, F A 3 WA 7]
T (130c) 9 AH Ao 24 = A},

{0046} Aol AolE AF(140)ES Al 1 WA Al 3 ¥+=A] 7]5(130a, 130b, 130c)EE EHALEE AlFd = Avh. A
1 WA A 3 A8k A&E=(125a, 125b, 125c) &> Al 1 WA A 3 9k=A] 7]%5(130a, 130b, 130c)E % Ao 7
O|E AF(140)F Aleld] Zhzb wixd = vk, Adedoz, A 1 As AFF(1252) A 1 F4F g5
(135a) BFZ off9] Ao} AC|E AF(140) 4o 2 o 2" & Un, A 2 dsf A5 (1250)2 A 2 I
SA-52(135h) vlR ol Ao AelE HdF(140) o2 ¢ AFdE & v},

[0047] A1 E A 2 FueF 35 (135a, 135b)E Alolo] Ao AlolE AZF(140)EY & HAsA AE
= 3o dAHeR, A 1 Wk Fg5(135a) ot 2719 Alo] AlE AF(140)E°] X
Al 2 EZ3F FFE-(135a, 135h)E AReldle 3719 #lo] AlE AF(140)E°] HiAH L, A| 2 S5

o

_I

(135b) 1ol 3709 Ao} AClE AF(140) 8] HIXE Fx7} =AH o) i},
{0048] 2 H“ﬂg} E T dAeolA, U FFREL v Be EFNE AFEHL, Ao AE AFELE FUF
FARE o] the Tor 2Fd B F k. dF B9, 2 TY Ao AolE AFEL 2 WA 671 ¥
= X%M AGlE AFEL T4 For aFFHsE AL T

1

& ;,104 o] AAd7} olef AFHE AL OP
3t vkel Zol, 7 HF: xR

[0049] T 4 B oo AAdEd wE u)3dd wE
HE ¢ B dE 2EYEY = dqrFHoes E/\]Q;’ir/},

[0050] E 45 FxEW, 77 729 WEzg A ool 7R(E 1 WA = 39 105) Aol 7 FRE HjAE HdE
2EHENST, st)% ¥3g 5 om} »nt 2~EHENSL, NS2) ZHze 719(105) 4ol Aoz Ad 49
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2o mng A5 (TS 8T 5 . J= 2EYENST, NS2)9] de-& n|E gel(BL)o dZ25x, g

S T 29 BRI AT
[0051] HE 2iIBL)# #WEe] dE(Te) Abelole £EY A EIALHE(Tg)O] MAHL, 5 222 210
L# dxe] 45T Ateldle A MY EMAEHE(Tg ol WAE = 3o, Aoz, = 1 3 = 29

R ARy Ao A, HA AdY ERALEHE(Te) ] AFE 7 AUt

[0052] A= FAEWLOL ~ WLn)& HZFo

2
W
=

LA B9 dwd 4B FHE 2¥E 5 A% A= @

3, o] Arlee] HYE AReA $=rh 9= 1S (WL01 ~ Wln)
E(E 1 9A = 39 140 Fx)& Aojsted, mine] 4E(Me)o] T2

2, g Ao % k. dF Bol, AT BABWLOL ~ Wn) F S Heste] TR
A AporA o g FYT S A, ok ¥ AYe Widers Zzay g ws
# 5= v
[0053] A A8 G BA HY ERNLE(T0] FHE AT 4 Atk E 1L E 29 WAy ww
axte] A, FH e eplGsl)e]l AEd 5 k. A4 A gel(esl)e i= é—E%“:( NSL, Ns2)ol F
2 AT Q7] WOl FE £0n FRACSLIS AE, A7 A7 A WE AdE
S

H
o A7k £ Ark. WEY dE(Ne)d TEIY 3 A5 F2 A HA Ad™ BHAGSL)ol= @Xl /ﬂ‘é‘i Edxs
HE(Tw) & A7 918 ©-2(turn-on) HAske]l I7k¥a, ZTras WA F

(Tes) & 117] gk B-2Z(turn-off) ko] A7kd 4 U,

[0054] 2E" A" #2E(SSL1, SSl2)& ~E

ot
FZ:
&
2
I
.EE
il
m’*
é
XN
i)
N
<1>_L

4E 5 Ao WE #ABLES
o8 BHEs7] Hate], 2EY M8 HAS(SSLL, SSL2)S 2EY A9

oft

frote W= 2E™HENS], NS2)9] 215E &£ E
WA AHE (T 22 45" 4 o). ohk, & 19 A9 o] & AEZE(NSI, NS2)o] oj#eo|&2 vjx4
A9, 2EY MY 2}1E(SSL1, SSL2)& FY o i E 2EY AMY EAANAHE(Tg)) THE d84E +
oh;]._

[0055] & S0}, Y& ZEH(NSDH)ES Helsty] 9six, 2EF e g2(SSLl)oE 2EY Hd EAAAEE(Tg)S

g Qleln 2EY A8 BRASIL2)AE o5S 117] 98 V0¥
o olol whe}, HIE RIBLIO) AErt HEHoR WE AENSD) W WEd AS(Td ANHEZR &

Ak, FARSHAl, W= 2EYNS2)E AdEE] A, 2ER A #R1(Ssl2)de 2EY MY ERX A
E(Tw)& A7 98 -2 dkE ‘17}% 1l éE%‘ g FAGsLD e 2EY A8 ERAEHE(Ts) S 117
A H-0F AgE AR vk ol whet, BIE #RI(BL) Y st MgHoer We 2EYNNS2) e

e A5 d d7HEES & 5 gl

[0056] 5 A = 118 B wye) A

[0057]

ﬁ
BN
_O‘L
s
>
il
R

E¢Eo] =3% LD 49(170) B LD 49(170)9
(180)% B8+, LDD G (170)o01 X&) A7) A 2
| 2 Ex3e B4&EY FEHY o] W, 7]9(105)

of M

= M

to H1 S Hi
FEXJJ_{EO‘I
oo
T x

)
=z
o

[0058] 7181

o
&
<
o3
2
2

1 4% (1152) S 25T 5 Uk, dlE o1, 719(105) Ao Al 1 4 F(110a
( Z(1152)& Aste 9AE BEsted, A 1 "2 =(110a)/A)

<
— m10

JN
=
(2]
&
lo
TRt
o2

{0059] g 5o, A 1 dd F(110a)2 959 HAE, oAd AgES -3 FHez JAL 5 Uk, A
AF(1152) & AE% =dE, Az ZdelE2s 24% SaHe= & 59, A
(1152) & 3}e+7] 452 (chemical vapor deposition; CVD)HES o]&sle] Z|del&E ZFo g dAsxw, o2 F3
]

3 B BEBS st T S At FE FHo| dRE olFd BEES =3sel 4T + Atk

[0060] olojA, Al 1 AEZE(110a)E 2 A 1 EAZ(1152) 5L #Es= A 1 #
— ‘]O —
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T E(1200) ES A0 99(180)2 wEHA ZFowA LD I9(170)2 =25 =5 FAd 5 U

[0061] 2 ool WMy AAdoAE, A0 F9(180)S RS 7] (105) A HEH A 1 ddE(110a)E 2
A1 2AF(1150) 58S 58 A 1 #5E(1202) 82 dAsta, oA, A 1 BE5E(120a)9] gt =&d
715(105) ] LDD 4 H(170)S dAE = At} o] A9, LDD Q(wo)ﬂr 2l 1 jk=A] 715 E5(130a)0] 244
ol A 1 ¥=EA 7]5E5(130a) 3 222 A9 (180)0] AF Hole AL adrgoew WA 4 v},

[0062] A1 BEE(1202)EY FE FES AEd F A3z, o] A HYE AFsA FErh. odF o, XE
iy V&S o)gste] EEHALE wpAaIA (W EADE FAStR, ©] vhadE BIToR ste Al 1 Ed
Z(110a) 2 A 1 =42(115a0) S A4 o =24 A 1 #5E(1200) 5 AT F A

[0063] = 65 FEEW, Al 1 BEE(1202)FY ¥ Ao A 1 A8 AFEFE(12Ba)S AT & AP, = 6a WA
= 8 =AE Al 1 BEE(1200) 5 WEF B9 E FHEY ¥US T G9S = 59 A 998 Fog

F2o] &t
[0064] wolzk, Al 1 ek AFFE(1250) A 1 BEE(120a) €] HIEE A3 HA4He A 1 =1F(115a) ez
o 2A4E ¢ dn. dE 5o, EE7 HAF(122a)/As ERS(123a)/E19Y HAZF(1242)9 A5 F+2E X
el Al 1 Ask AFFE(25a)0] A 1 BEE(1200) 8] FAE g Ao I £ dvk. A 1 BEE
A1 BEE(1200)FS] W (EH 2 oeigd) 987G A 1 1%%(120a)%91 il

(1200%°] P49 d5g
3o 9 3

Y
OlN'

(123a)/E1¥E ™ AAZF(124a)& 247}, <&

5
A=
ol
S
i
2

[0065]

o N
o
jutl

o2

n —_
=
ol
24
o
OIN'
i
RN
Do
ol
&
2
o

A1 BEE(1202) 59 ST IAE F UEE FT& TH
At & B, A 1 AFE(1202)FY W (EY % nigd) ¥9G A 1 #E5E(1200) 59 F
A & A% J A2kl Al 1 BEE(1202) Y =k 7
gAg 4 %M. = A 1 Ast AF2E(1260)S v|ELA AZsH, A 1
FEE(1200) S FHF ®9W ol FHH Al 1 AsF AFSE(1252)2 Al
oA Al 1 BHEE(120) 59 FH Aol X A 2 EES
& B Hed 254 HE AL daArle A4

o
i
A

>
ol
ofj
i
=
N
&
&

ok

2

O

ofje

it

=

o

[

e

o

I

ol

o

o

ot o g
& 9% o
\
30 i
T
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oM R

0Ol
of
15)
=
i
O
il
it

Ty
)
e
o,
iy
2
ol
JN
[N}
g
e
rlo
1>
AN
b
o

i
50
+

(00661 oY% EANE WAHY] Aste] BER AAF(1222)/7
A BEBOOE A 1 A3 A4S

OIN'
ﬂllﬂ S
=
IS
joal
&
tlo
R
ol
oL
o
A
N
ol
ol
s
&
ox
=2
2
2,

xE A 1 A AZEE(1252), —S—%l BHEy 2dE(124a) 9 22 &45 1A
R J&E k. BEE(1262)S, & B, A HE, 444

. O

S =

[0067] = 8% FxaH, Al 1 Ask AFFTE(0)S T HAd Fo AEde BEF(1260)S AATH.

[0068] S, A 1 2AZ(110a)F % Al 1 =1F(115a)E9] AZ 729 43
o] A Al 1 A3k XW% (1252)2 F& 3 A2 27} 7]&& o83t
A

Alolx ez WA Eo] Al 1 2d F(110a) B Al 1 =4F(115)

[0069] o] Mg @AMMW%, A1 BBE( 120254 =4 4ol A

i
o
i
%01'
OIN'
~—~ p—t
Do
I
[i}(e3
oflt
o,
_O|_
N
o
r
_V‘.l
X‘i
[T
re
of
-
Do
g
oy
o
o
40 =
i)
oy

[0070] = 7a® FxIH, A

o
ofj
i
(Eﬂ
&
rlo
e
of
fifor
=
(=)
&
il
1o
=
v
e
ox
i3
i
ox
o <z

(120a)7=_-‘«1 Z“*‘j/] s

PN J = o
T M < h
Zzk, og B, Al 1 AstE &, dstE T 2 A 2 Aske & 2FE 9,13}. @A, = 6a B = 6bet &
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g, B 2y WY Ao, REZ(1260)S BER FAA 2n, HYY FA3(1240) S AHOR
o FHA #A4T F sl
[0071] BHEE(126a) viAld Ao SHd P4
FAYRY FAA FAS FAA Fb T
B0 u)Eula 217k otz Bldy Aoz wRr thald ZekzutE gtn Az e A _‘F;é‘:g] Ad &
x T

GAslr] Aol xPste A GAdA DA AAE = Ao,
[0072] = 7hE Fxsd, A1 #E2

A9d 4+ 9 : o F9

wol E9 49 FAE A 1 As AFFEABOE NEPY H7sel A 1 HEE00F] SHE A 1

A% AFBE(B)S AT F Ak F, A 1 A% AYSEQB0S NS AZsw, A 1 BEE

(120089 byl Eosh A 1 $BE200)FS) FUP9 A 4o Y8 A 1 A8k AFFF(1252) & A

B 5 vk ol A% WEHA A2 BN A 1 BEE1200F) =9 Ao ek Al 2 MeEFe 29

e FNY AGRM0S WRRE 4% £4E UE ¢ . 43 £4E e A9 LA 3
)\ Q

Aol F3Yst= %ﬂkﬂzé(precleanmg) Ao, AFgEE fHNe F& EAHF, 50:1 o]3}), &< BOE, <Xk
(HsP0,, 140°C ©]AF), SHNOs+126NHF+(60~120)H,0, TMAH(tetramethylammonium hydroxide)E A& 4 v}, o}
A, = Ta R = TbE Fxste] Ane 2 we) wgE Arde] mey, Wxe] BuF(1260)& B3
%0 T 89 EANH TERAE FEE ¢ geong, jolzé% ‘i"%ﬂé T Atk dAsHA FEd anE JuE

(<3}
A

&

[0073]

2
2
R

o,

98 =Sk, Al 1 FEE1200)F WY Al 1 dat A4FE(1252) Bl Al 1 =dF 9] E¢
HEA 7)E(1300)5S 84T 5 Utk A 1 9EA 71513005 A 1 BHEE(1200) 5%
F otk Al 1 HEA] 7)5(130a)S A2 4A(180)F H3kA oW LDD oA (170)FHE
F ol F, Al 1 HEA 7)F(130a) 5 222 99(180)9 o|AH FAE $ Urh. o
] AT E(1200) 52 &H3] AR E=F 21 FA7T
== 4 Te)d AY oz o)™ F r}.

2L

= 1y

—
o

B o e
> o
—_— T

ot it

A
1 9heA] 715 (130a) & Zﬂ
A1 HEEA] 7]5(130a) S WEE Al

it 2 oMo
L)

o off o oX

ﬂ?—‘rl

%0
=

[0074] o o], AMelz o|xjeld A (selective epitaxial growth; SEG)HS o] &3te], 7]¥(105) Aol 7]
S FAsta, olE Bekgste] Al 1 WA VF(130a)ES FAT 5 AUk o] A, 7]

A A 1 WMEA 7)%(1830a)5S A4 722 FA49 5 Utk Yolrt, Al 1 wiEA 71%5(130

SEG &AL 7]9( 05)° 7Eeg A A 2Ad AT, dE B, BxA F& HYE, 7

5
#+(105)

[0075]

i
2
o
)
r:i
K;
s
i
E=
>
=

o

>,
?ﬁ

= b

, d HEA S FAea, ol& Bwst 3l dAHste] A 1
} Iz A) 71%(130a)‘:% FHE 7 U, °l 75‘%’—, T H 1 #E&120a)59] Fo] 27
ZE AZAZE F Avk. E 0E 42, Al 1 8EA 7151800 E

Al S& FAstn, o8 BuEstd vag T2 IHE F

M
9
1R
R
i
v
%
E
it
)
)
o
Hu
(i
N
ol

[0076]

ol
ofj

)
o =1
. EWeE 393(135) 83*3 "] SEG 7‘7‘10 ?ﬂ 1 ¥=A 7% (L’%Oa) gA Aok 28] 7]19(105)
g #eke] MK ow MgAste W A (lateral growth) 27U F Avt. o] H
=1 1 2=
H T

og Zl:ﬂ—%g: Q‘Lz]—zugg))% 33
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[0077]
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R URGET
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X o,
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[0078] S 35(135)0] FAE AdE Aol Al 2 HAFUIME B Al 2 =HF(115h)EY
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A% 728 34T F 4 g 2w = 59 A 1 24F(110a)E R A 1 =4F

A I
(115) &9 A% T2 ﬂh& A9E F=2T o

[0079] = 128 #Fx3W, A 2 2ASAI)E B Al 2 ZAF(1I5h)ES BEsE A 2 BEE(1200)ES IS
ATk, Al 2 FFE(120b)ES S0 SFFH(135)9 A4 4 =& 3l
hES A 1 BEE(XE 59 1200 EH vB7iR R, £ELTgY] &

=
gaads gANA, A 2 BEEB(1200)ES 03 F4E(135)50 A4Y
Ag 7

[0080] xE HES ZA4E 5 Ak SUF
FA45(135) 82 Al 1 ¥=A 715 (1302) R} 53% SuAS by Wi, A 2 BEI(1200)5S =ueF 3
AE(135) 89 AEste Aol Al 1 ¥iEA 7]1%5(130a) 50 AEsle ARG st o) wal, Zuak 24
F(135) 8L X2 A 2 BE5E(1200) 52 4E mixle] &4 5 o).

[0081] = 13& FzsY, A 2 BEE(1200)E Wl A 2 At AT (1250)F B Al 2 ¥=A 715 (130h) S A2
FAE F A xn st AdZ(1250)F B Al 2 9EA 715(130b) 9 FAALHES & 62 Al 1 Ast AGE
(125a) 2 A 1 ¥k=a)] 7]15(130a) 9 A9E Iz 4 Ur}.

{0082} = 148 FzsH, A 1 2 Al 2 =A3E(115a, 1150)ES HEGsted, Ao AolE AF(140)E 2 £EY g
F(145) 5 AT F= k. Ao} AE AF(140) 52 Aoz deyd @ 4 v, o] T A 3 44 F
(M=ADE A Ad F(110)& PAsR, ol FFsE vl ZE(RADE FAsta, o] Hlo] ZE W9
o] Y A(150) 58 AT 5 Ut

o]
[0083] oloj A, Wt=A 7]%5(130) Aol HE FQI(155)ES 3
A k. HE #21(155)F 2 9= 2el(160)Ee

=)

o_>L
o
o 2
=
FEL_Q

B0 40 H= AT
Fol] MR HAY T2 A2 02 Hd A

g = 9k

[0084] o] AAdle] we Az W] wEd, wE 7)5(130)S ) A @1 A 1 WEA 715 (130a), &
ek B2(135) 2 A 2 WHEA] 7)1 (130b) o2 F-date] FAE 4 g, wkEA] 715 (130)8 el At
B AS, #5EY o2HAE nyt AX BEES FASIE AAP1, o¥F BEE U B=A) EZS A9
= oY}, ol¢} e oYL WA 7]1F(130)8 EolE AFEA Ha, oy 7 W= AEHE(E
2] NS1, NS2) Wi Wixg] AE(Tye)2 +8 Ags 9o

[0085] AN, WA 715(130)& £FE] Al 1 WEA 7]%5(130a) B Al 2 WEA 7]15(130h) o2 BEFo A,
A1 #HEE(1200) 2 A 2 BEE(1200)Y of=HENE A @E F Ak, oo weh, A 1 R} A 2 BEE
(120a, 1200)E9 AW olyel, ol& Ave Al 1 2 A 2 B=4 7]F5(1830a, 1300HEY IAH=
Go) 8 zlt}.

[0086] obe-e), Al 1 WhEA 71%(130a) R Al 2 WEA 715 (130b) Alolo] SWEF FAAR(135)E MAFoRA, A 2
ATE(1200)F FA A AE RS FYo=A A 1 WA 7lv(130a)ﬁr A 2 ¥=A 715 (1300) 2 94 Al
AL Y F vk o3 Mo, Sk FAR(135)9 e A 1 H A 2 AFE(120a, 120h)E 2] o=

EnNE 1335ty @Zéébﬂ AeE 5 k. o & Bof, B9 %c}fz} S5-(135)80°] 2 WA 6 /M Aol 7

OlE HF(140)F Alold AFE 4= 9

[0087] olo upg}, o] HAAlde] whE Az WS ol&EH, F7F Fxo WA 715(130)9 Helg 'Y & Uz, 9
of @& Ao AClE AF(14OEY HE 8 2 & A, 2 47, 7 s 2EH Yo FAZHE o5

S %

s
AE 71 S7hEo, B IEA s
2

[0085] AE® Az PAS Bxse], = 39 MR Wwe £4E Azd 5 Avh o Bof, E 139 24
11 WA = 139 BAE wEsa, oofy E 149 BAE Ao A E 34 BERCIE A EENE

[0089] o7k, & 11 WA = 139 SAIE Ade 3awg wago2n, 47)] o) ek 455 Zke uFeA
Wrg AxE A Z2F 5 Qv

[0090] = 156 2 2] d AAdd upe d5E H(300)& BoFE NEFHd EFxely).

[0091] = 168 Fxiy, dR2yg 4 of#Hol(310)w Hed 3Ad T2 BFIA wWEY 2xE el AR sy
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