SEMICONDUCTOR DEVICE

TECHNICAL FIELD
[0001] The present invention relates to a semiconductor device.

BACKGROUND

[0002] As semiconductor elements become highly integrated, individual circuit patterns are
further miniaturized to integrate more semiconductor elements in a small area. As a result,
there is a sharp decrease in design rules of the semiconductor elements recently.

[0003] In highly scaled semiconductor elements, a process of forming a plurality of wiring lines
and a plurality of buried contacts (BC) interposed between the plurality of wiring lines becomes
increasingly complicated and difficult. Accordingly, proper structure configurations and finely
adjusted processes may be needed to ensure that the semiconductor elements fabricated have

reliable structures.

SUMMARY

[0004] Embodiments of the present invention provide a semiconductor device capable of
enhancing reliability and performance.

[0005] According to an embodiment of the present invention, there is provided a semiconductor
device including a substrate which includes a cell region and a core region, a boundary element
separation film which is placed inside the substrate, and separates the cell region and the core
region, and a bit line which is placed on the cell region and the boundary element separation film
and extends along a first direction, in which the boundary element separation film includes a first
region and a second region, a height of an upper side of the first region of the boundary element
separation film is different from a height of an upper side of the second region of the boundary
element separation film, on a basis of a bottom side of the boundary element separation film, and
the bit line is placed over the first region of the boundary element separation film and the second
region of the boundary element separation film.

[0006] According to an embodiment of the present invention, there is provided a semiconductor
device including a substrate which includes a cell region and a core region, a boundary element
separation film which is placed inside the substrate, and separates the cell region and the core
region, a separation region capping film which is placed on the boundary element separation film,
and a bit line which is placed on the cell region and the boundary element separation film and

extends along a first direction, in which the boundary element separation film includes a first



region and a second region, the separation region capping film is placed on the second region of
the boundary element separation film, and is not placed on the first region of the boundary
element separation film, an upper side of the first region of the boundary element separation film
is placed on a plane the same as that of an upper side of the separation region capping film, and
the bit line is placed over the first region of the boundary element separation film and the second
region of the boundary element separation film.

[0007] According to an embodiment of the present invention, there is provided a semiconductor
device including a substrate which includes a cell region and a core region, a boundary element
separation film which is placed inside the substrate, separates the cell region and the core region,
and includes a first region and a second region, a bit line structure which is placed on the cell
region and the boundary element separation film, and includes a bit line extending along a first
direction and a bit line capping film placed on the bit line, a gate electrode which is placed inside
the substrate of the cell region and intersects the bit line, and a buffer layer which is placed on
the boundary element separation film and extends along the first direction, in which the bit line is
placed over the first region of the boundary element separation film and the second region of the
boundary element separation film, the buffer layer is placed between the boundary element
separation film and the bit line on the first region of the boundary element separation film, and is
not placed on the second region of the boundary element separation film, and a lower side of the
bit line comes into contact with an upper side of the buffer layer in the first region and comes
into contact with an upper side of the boundary element separation film in the second region.
[0008] However, embodiments of the present invention are not restricted to the ones set forth
herein. The above and other aspects of the present invention will become more apparent to one
of ordinary skill in the art to which the present invention pertains by referencing the detailed
description of the present invention given below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Embodiments of the present invention will be more clearly understood from the
following detailed description taken in conjunction with the accompanying drawings in which:

[0010] FIGS. 1 and 2 are layout diagrams for explaining a semiconductor device according to an
embodiment of the present invention;

[0011] FIG. 3 is a cross-sectional view taken along I-1 of FIG. 2;

[0012] FIG. 4 is a cross-sectional view taken along Il-11 of FIG. 2 to explain a semiconductor
device according to an embodiment of the present invention;

[0013] FIGS. 5A and 5B are cross-sectional views each taken along 1I-11 of FIG. 2 to explain a

semiconductor device according to an embodiment of the present invention;
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[0014] FIGS. 6A and 6B are cross-sectional views each taken along II-11 of FIG. 2 to explain a
semiconductor device according to an embodiment of the present invention;

[0015] FIGS. 7 to 13 are intermediate stage diagrams for explaining a method of fabricating the
semiconductor device according to an embodiment of the present invention;

[0016] FIGS. 14 to 18 are intermediate stage diagrams for explaining a method of fabricating
the semiconductor device according to an embodiment of the present invention; and

[0017] FIGS. 19 to 24 are intermediate stage diagrams for explaining a method of fabricating
the semiconductor device according to an embodiment of the present invention.

[0018] Since the drawings in FIGS. 1-24 are intended for illustrative purposes, the elements in
the drawings are not necessarily drawn to scale. For example, some of the elements may be

enlarged or exaggerated for clarity purpose.

DETAILED DESCRIPTION OF THE EMBODIMENTS
[0019] Hereinafter, embodiments of the present invention will be described in detail referring to
the accompanying drawings. The same components on the drawings are denoted by same
reference numerals, and repeated description thereof will not be provided.
[0020] In the drawings of a semiconductor device according to an embodiment of the present
invention, although a Dynamic Random Access Memory (DRAM) device is shown as an
example, the present invention is not limited thereto. For example, the semiconductor device
may be a static RAM (SRAM) device, a phase-change RAM (PRAM) device, a magnetic RAM
(MRAM) device, or a ferroelectric RAM (FRAM) device. Alternatively, the semiconductor
device may be a logic semiconductor device, such as, for example, a central processing unit
(CPU), a microprocessing unit (MPU), a graphics processing unit (GPU), or an application
processor (AP).
[0021] Hereinafter, the semiconductor device according to an embodiment of the present
invention will be described referring to FIGS. 1 to 3.
[0022] FIGS. 1 and 2 are layout diagrams for explaining a semiconductor device according to an
embodiment of the present invention. FIG. 3 is a cross-sectional view taken along I-1 of FIG. 2.
[0023] Referring to FIG. 1, the semiconductor device according to an embodiment of the present
invention includes a cell region CELL, a core region CORE, and a boundary region
INTERFACE. For example, a substrate of the semiconductor device includes the cell region
CELL, the core region CORE, and the boundary region INTERFACE.



[0024] Semiconductor cells may be placed in the cell region CELL while forming an array.
For example, when the semiconductor device to be formed is a semiconductor memory device,
the semiconductor memory cells may be placed in the cell region CELL while forming an array.
[0025] The core region CORE may be placed around the cell region CELL, or may be placed in
a separate region different from the cell region CELL. Some control elements and dummy
elements may be formed in the core region CORE. Therefore, circuits required for controlling
the semiconductor cells formed in the cell region CELL may be placed in the core region CORE.
[0026] The boundary region INTERFACE may be placed between the cell region CELL and the
core region CORE. For example, the boundary region INTERFACE may be placed to be
adjacent to the cell region CELL and the core region CORE, between the cell region CELL and
the core region CORE. For example, as shown in FIG. 1, the boundary region INTERFACE
may be placed between the cell region CELL and the core region CORE, and placed around the
cell region CELL. Therefore, the boundary region INTERFACE may surround the cell region
CELL. Also, the core region CORE may surround the boundary region INTERFACE and the
cell region CELL.

[0027] A boundary element separation film (110a of FIG. 4) may be placed in the boundary
region INTERFACE. The boundary element separation film 110a may be placed inside the
substrate 100. Therefore, the boundary element separation film 110a may separate the cell
region CELL and the core region CORE.

[0028] For reference, FIG. 2 is a diagram showing region R of FIG. 1 in detail.

[0029] Referring to FIG. 2, the semiconductor device according to an embodiment of the present
invention may include a plurality of active regions ACT. The active regions ACT may be
defined by a cell element separation film (110 of FIG. 4) formed inside the substrate (100 of FIG.
3).

[0030] With the reduction of design rules of the semiconductor device, the active region ACT
may be placed in the form of a bar of a diagonal line or oblique line, as shown. For example, a
plurality of bars may extend in parallel with each other in an arbitrary direction other than a first
direction X and a second direction Y, on the plane in which the first direction X and the second
direction Y extend.

[0031] A plurality of gate electrodes may be placed on the active region ACT and extending in
the first direction X across the active region ACT. The plurality of gate electrodes may extend
to be parallel to each other. The plurality of gate electrodes may be, for example, a plurality of

word lines WL.



[0032] The word lines WL may be placed at equal intervals in the second direction Y, and
buried in the substrate 100. A width of the word line WL and an interval between the word
lines WL may be determined in accordance with the design rules.

[0033] A plurality of bit lines BL extending in the second direction Y orthogonal to the word
line WL may be placed on the word line WL. Therefore, the bit lines BL may obliquely
intersect the active regions ACT and may perpendicularly intersect the word lines WL. The bit
lines BL may be placed on the cell region CELL and the boundary element separation film (110a
of FIG. 4). The plurality of bit lines BL may extend to be parallel to each other.

[0034] The bit lines BL may be placed at equal intervals. The width of the bit lines BL or the
interval between the bit lines BL may be determined in accordance with design rules.

[0035] The semiconductor device according to an embodiment of the present invention may
include various contact arrangements formed on the active region ACT. Various contact
arrangements may include, for example, a direct contact DC, a buried contact BC, a landing pad
LP, and the like.

[0036] Here, the direct contact DC may mean a contact that electrically connects the active
region ACT to the bit line BL. The buried contact BC may mean a contact that connects the
active region ACT to a lower electrode (191 of FIG. 3) of the capacitor.

[0037] In view of the arrangement structure, a contact area between the buried contact BC and
the cell active region ACT may be small. Accordingly, the conductive landing pad LP may be
introduced to increase a contact area with the active region ACT and increase a contact area with
a lower electrode (191 of FIG. 3) of the capacitor. A plurality of buried contacts BC may each
be formed between two adjacent bit lines BL from among the plurality of bit lines BL, and
between two adjacent word lines WL from among the plurality of word lines WL. The plurality
of buried contacts BC may be arranged in a matrix in the first direction X and the second
direction Y.

[0038] The landing pad LP may be placed between the active region ACT and the buried contact
BC, and may be placed between the buried contact BC and the lower electrode (191 of FIG. 3) of
the capacitor. In the semiconductor device according to an embodiment of the present
invention, the landing pad LP may be placed between the buried contact BC and the lower
electrode of the capacitor. By increasing the contact area through introduction of the landing
pad LP, the contact resistance between the active region ACT and the lower electrode of the
capacitor may be reduced.

[0039] In the semiconductor device according to an embodiment of the present invention, the

direct contact DC may be placed in a central portion of the active region ACT. Since the direct



contact DC may be electrically connected to the bit line BL, the central portion of the active
region ACT may be electrically connected to the bit line BL through the direct contact DC. The
buried contact BC may be placed at both end portions of the active region ACT.

[0040] As the buried contacts BC are placed at both end portions of the active region ACT, the
landing pad LP may be placed to be adjacent to both end portions of the active region ACT and
to partially overlap the buried contact BC.

[0041] Alternatively, the buried contact BC may be formed to overlap the active region ACT
and the cell element separation film (110 of FIGS. 3 and 4) located between adjacent word lines
WL and between adjacent bit lines BL.

[0042] The word line WL may be formed as a buried structure inside the substrate 100. The
word line WL may be placed across the active region ACT between the direct contact DC and
the buried contact BC.

[0043] As shown, two word lines WL may be placed to cross a single active region ACT.
Since the active region ACT is diagonally placed, the word line WL may have an angle of less
than 90 degrees with the active region ACT.

[0044] The buried contacts BC may be placed symmetrically. Therefore, the buried contacts
BC may be placed on a straight line along the first direction X and the second direction Y.

[0045] Unlike the buried contacts BC, the landing pads LP may be placed in a zigzag manner in
the second direction Y along which the bit line BL extends. Further, the landing pad LP may be
placed to overlap the same side surface portion of each bit line BL in the first direction X along
which the word line WL extends.

[0046] When a first line of the landing pads LP extending in the first direction X is arranged
next to a second line of the landing pads LP extending in the first direction, each of the landing
pads LP of the first line may overlap a left side of the corresponding bit line BL, and each of the
landing pads LP of the second line may overlap a right side of the corresponding bit line BL.
[0047] The direct contact DC, the buried contact BC and the landing pad LP may each include a
conductive material, and may each be a single layer made up of one type of conductive material,
or multiple layers made up of combinations of various types of conductive materials. The
direct contact DC, the buried contact BC and the landing pad LP may include, for example, at
least one of an impurity-doped semiconductor material, a conductive silicide compound, a
conductive metal nitride, or a metal.

[0048] Referring to FIG. 3, the semiconductor device according to an embodiment of the present
invention may include a cell element separation film 110, a plurality of gate structures 130, a

storage contact 120, and an information storage unit 190.



[0049] The substrate 100 may be bulk silicon (Si) or an SOI (silicon-on-insulator). In contrast,
the substrate 100 may be a silicon (Si) substrate or may include, but is not limited to, silicon
germanium (SiGe), SGOI (silicon germanium on insulator), indium antimonide (InSb), lead
tellurium (PbTe) compounds, indium arsenide (InAs), indium phosphide (InP), gallium arsenide
(GaAs), gallium phosphide (GaP), or gallium antimonide (GaSb). Also, the semiconductor
substrate 100 may include one or more semiconductor layers or structures and may include
active or operable portions of semiconductor devices. Hereinafter, the substrate 100 will be
described as a silicon (Si) substrate.

[0050] The cell element separation film 110 may be formed inside the substrate 100. The cell
element separation film 110 may have an STI (shallow trench isolation) structure having
excellent element separation characteristics. In an embodiment of the present invention, a
shallow isolation trench may be formed by removing an upper portion of the substrate 100
through an anisotropic etching process, and then an insulating film may be provided to fill the
shallow isolation trench to form the cell element separation film 110. The cell element
separation film 110 may define an active region ACT inside the substrate 100.

[0051] The active region ACT defined by the cell element separation film 110 may have a long
island shape including a short axis and a long axis, as shown in FIG. 1. The active region ACT
may have an oblique line shape to have an angle of less than 90 degrees with respect to the word
line WL formed inside the cell element separation film 110. Further, the active region ACT
may have an oblique line shape to have an angle of less than 90 degrees with respect to the bit
line BL formed on the cell element separation film 110. That is, the active region ACT may
extend in a direction having a predetermined angle with respect to the first direction X and the
second direction Y.

[0052] The cell element separation film 110 may include, but is not limited to, at least one of,
for example, a silicon oxide (SiO2) film, a silicon nitride (SisN4) film or a silicon oxynitride
(SION) film. In the semiconductor device according to an embodiment of the present invention,
the cell element separation film 110 will be described as including a silicon oxide (SiO2) film.
[0053] In FIG. 3, although the cell element separation film 110 is described as being formed of a
single insulating film, this is only for convenience of explanation, and the present invention is
not limited thereto. For example, the cell element separation film 110 may be a double layer
including two kinds of insulating layers, or a multiple layer including a combination of at least
three kinds of insulating layers. For example, the cell element separation film 110 may include
two different kinds of insulating layers such as, for example, a silicon oxide (SiO2) layer and a

silicon nitride (SisNa) layer.



[0054] In FIG. 3, an upper side of the cell element separation film 110 and an upper side of the
substrate 100 are shown to be placed on the same plane, this is only for convenience of
explanation, and the present invention is not limited thereto.

[0055] The gate structure 130 may be formed inside the substrate 100 and the cell element
separation film 110. The gate structure 130 may be formed across the cell element separation
film 110 and the active region ACT defined by the cell element separation film 110. That is,
the single gate structure 130 may be formed inside the substrate 100 and the cell element
separation film 110 located in the direction along which the gate structure 130 extends.

[0056] In FIG. 3, one of adjacent first and second gate structures 130 _1 and 130 _2 may be
formed inside the cell element separation film 110, and the other one may be formed inside the
substrate 100. For example, as shown in FIG. 3, the first gate structure 130_1 is formed inside
the substrate 100, and the second gate structure 130 _2 is formed inside the cell element
separation film 110. However, at one other location, the first gate structure 130_1 may be
formed inside the cell element separation film 110, and the second gate structure 130_2 may be
formed inside the substrate 100.

[0057] The gate structure 130 may include a gate trench 135, a gate insulating film 131, a gate
electrode 132, a first gate capping pattern 133 and a second gate capping pattern 134 that are
formed inside the substrate 100 and the cell element separation film 110.

[0058] The gate structure 130 may intersect a cell conductive line 220, and may be placed inside
the substrate 100 of the cell region CELL. The gate structure 130 may extend along the first
direction X. Here, the gate electrode 132 may correspond to the word line WL. The cell
conductive line 220 may correspond to the bit line BL.

[0059] The gate insulating film 131 may extend along the side walls and bottom side of the gate
trench 135. The gate insulating film 131 may extend along a profile of at least a part of the gate
trench 135.

[0060] The gate insulating film 131 may include silicon oxide (SiO2), silicon nitride (SisNa),
silicon oxynitride (SiON) or a high dielectric constant material having a dielectric constant
higher than that of silicon oxide (SiO.). For example, the gate insulating film 131 may be
formed of, for example, hafnium oxide (HfO2), aluminum oxide (Al203), hafnium aluminum
oxide (HfAIO3), tantalum oxide (Ta20s), or titanium oxide (TiO2).

[0061] The gate electrode 132 may be formed on the gate insulating film 131, and may fill a part
of the gate trench 135. The gate electrode 132 may intersect the cell conductive line 220.

[0062] The gate electrode 132 may include, for example, a conductive metal oxide, a conductive

metal oxynitride, or the like, and may also include an oxidized form of metallic materials.



[0063] The first gate capping pattern 133 may be formed on the gate electrode 132. The
second gate capping pattern 134 may be formed on the first gate capping pattern 133. The first
gate capping pattern 133 and the second gate capping pattern 134 may fill the remaining gate
trench 135 in which the gate electrode 132 is formed. The first gate capping pattern 133 may
extend along the top surface of the gate electrode 132. In an embodiment of the present
invention, the end of the first gate capping pattern 133 may be aligned with the end of the gate
electrode 132.

[0064] The first gate capping pattern 133 may include, for example, at least one of silicon
nitride (SisNa4), silicon oxynitride (SION), silicon oxide (SiO.), silicon carbonitride (SiCN),
silicon oxycarbonitride (SIOCN), or a combination thereof.

[0065] The second gate capping pattern 134 may include, for example, at least one of silicon
nitride (SisNa4), silicon oxynitride (SION), silicon oxide (SiO.), silicon carbonitride (SiCN),
silicon oxycarbonitride (SIOCN), or a combination thereof.

[0066] Although FIGS. 4 to 6B show that the upper side of the second gate capping pattern 134,
the upper side of the cell element separation film 110, and the upper side of the substrate 100 are
shown as being placed on the same plane, this is only for convenience of explanation, and the
present invention is not limited thereto.

[0067] Although the gate insulating film 131 is shown as extending along the side walls of the
first gate capping pattern 133 and the side walls of the second gate capping pattern 134, the
present invention is not limited thereto. For example, the gate insulating film 131 extends along
the side walls of the gate electrode 132, but may not extend along the side walls of the first gate
capping pattern 133 and the side walls of the second gate capping pattern 134. For example, the
top surface of the gate insulating film 131 may be covered by the first gate capping pattern 133.
[0068] In FIG. 3, a position of a lowermost part of the first gate structure 130_1 formed in the
substrate 100 may be different from a position of a lowermost part of the second gate structure
130_2 formed in the cell element separation film 110. For example, a distance from the first
interlayer insulating film 170 to the lowermost part of the first gate structure 130 _1 may be
smaller than a distance from the first interlayer insulating film 170 to the lowermost part of the
second gate structure 130_2.

[0069] In a process of forming the gate trench 135, because an etching rate of the substrate 100
and an etching rate of the cell element separation film 110 are different from each other, the
position of the lowermost part of the first gate structure 130_1 formed in the substrate 100 may
differ from the position of the lowermost part of the second gate structure 130_2 formed in the

cell element separation film 110. Also, with a different etching process being used and/or the



cell element separation film 110 including a different material, the maximum width of the first
gate structure 130_1 in the second direction Y may be different from the maximum width of the
second gate structure 130_2 in the second direction Y.

[0070] An impurity doping region may be formed on at least one side of the gate structure 130.
The impurity doping region may be a source/drain region of the transistor.

[0071] The storage contact 120 may be formed on the substrate 100, and may be placed between
the first gate structure 130_1 and the second gate structure 130_2. The storage contact 120 may
include a portion extending along the side walls of the first interlayer insulating film 170. The
storage contact 120 may correspond to the buried contact BC.

[0072] The storage contact 120 may fill a storage contact recess 125. The storage contact
recess 125 may be a recess formed inside the substrate 100 and the cell element separation film
110.

[0073] The storage contact 120 may include a lower part 121 and an upper part 122. The lower
part 121 of the storage contact 120 may fill the storage contact recess 125. For example, the
lower part 121 of the storage contact may be formed inside the substrate 100 and the cell element
separation film 110. The upper part 122 of the storage contact is formed on the lower part 121
of the storage contact. The upper part 122 of the storage contact may extend along the side
walls of the first interlayer insulating film 170.

[0074] The storage contact 120 may be connected to the source/drain region. The storage
contact 120 may include, for example, at least one of an impurity-doped semiconductor material,
a conductive silicide compound, a conductive metal nitride, or a metal. For example, in an
embodiment of the present invention, the storage contact 120 may include impurity-doped
polysilicon (p-Si).

[0075] The storage pad 160 may be formed on the storage contact 120, and may be electrically
connected to the storage contact 120. Here, the storage pad 160 may correspond to the landing
pad LP.

[0076] The storage pad 160 may include, for example, at least one of an impurity-doped
semiconductor material, a conductive silicide compound, a conductive metal nitride, or a metal.
For example, in an embodiment of the present invention, the storage pad 160 may be formed of a
material that contains a metal such as, for example, tungsten (W).

[0077] The second interlayer insulating film 180 may be formed on the storage pad 160 and the
first interlayer insulating film 170. The second interlayer insulating film 180 may define a

region of the storage pad 160 that forms a plurality of isolation regions. Further, the second
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interlayer insulating film 180 may be patterned to expose a part of the upper side of the storage
pad 160.

[0078] The second interlayer insulating film 180 may include an insulating material to
electrically separate a plurality of storage pads 160 from each other. For example, the second
interlayer insulating film 180 may include, but is not limited to, a silicon oxide (SiOy) film, a
silicon nitride (SisN4) film, a silicon oxynitride (SiON) film, or a combination thereof.

[0079] An etching stop film 185 may be placed on the upper side of the second interlayer
insulating film 180 and the upper side of the storage pad 160. The etching stop film 185 may
extend along the upper side of the second interlayer insulating film 180 and the upper side of the
storage pad 160.

[0080] The information storage unit 190 may be formed on the second interlayer insulating film
180, and may be electrically connected to the storage pad 160. Therefore, the information
storage unit 190 may be electrically connected to the storage contact 120 through the storage pad
160.

[0081] The information storage unit 190 may include, for example, but is not limited to, a
capacitor. The information storage unit 190 includes a lower electrode 191, a capacitor
insulating film 192, and an upper electrode 193.

[0082] The lower electrode 191 may have, for example, a cylinder shape. The storage contact
120 and the storage pad 160 may be used to connect the active region ACT to the lower electrode
191 of the information storage unit 190. For example, the plurality of storage pads 160 may
each be arranged to partially overlap the storage contact 120 along the direction (e.g., the third
direction Z) orthogonal to the upper surface of the substrate 100 so as to connect the active
region ACT to the lower electrode 191.

[0083] The capacitor insulating film 192 is formed on the lower electrode 191, and may be
formed along the upper side and a part of the side surfaces of the lower electrode 191. The
capacitor insulating film 192 may be formed along the upper side of the etching stop film 185.
[0084] The upper electrode 193 is formed on the capacitor insulating film 192. The upper
electrode 193 may surround the side walls of the lower electrode 191.

[0085] The lower electrode 191 may include, for example, but is not limited to, a doped
semiconductor material, a conductive metal nitride (e.g., titanium nitride (TiN), tantalum nitride
(TaN), or tungsten nitride (WN), etc.), a metal (e.g., ruthenium (Ru), iridium (Ir), titanium (Ti),
or tantalum (Ta), etc.), a conductive metal oxide (e.g., iridium oxide (IrO>), etc.), or the like.
[0086] The capacitor insulating film 192 may include, for example, but is not limited to, silicon
oxide (SiO»), silicon nitride (SizNa), silicon oxynitride (SiON), hafnium oxide (HfO2), hafnium
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silicon oxide (HfSixOy), lanthanum oxide (La203), lanthanum aluminum oxide (LaAlxOy),
zirconium oxide (Zr0O.), zirconium silicon oxide (ZrSixOy), tantalum oxide (Ta2Os), titanium
oxide (TiO2), barium strontium titanium oxide (BaSrxTiyO;), barium titanium oxide (BaTixOy),
strontium titanium oxide (SrTixOy), yttrium oxide (Y203), aluminum oxide (Al203), lead
scandium tantalum oxide (Pb(Sc,Ta)Os), lead zinc niobate [Pb(Zn13Nb23)O3], or a combination
thereof.

[0087] The upper electrode 193 may include, for example, at least one of a doped semiconductor
material, a metal, a conductive metal nitride, or a metal silicide.

[0088] FIG. 4 is a cross-sectional view taken along Il-11 of FIG. 2 to explain a semiconductor
device according to an embodiment of the present invention.

[0089] For convenience of explanation, repeated parts of contents explained with reference to
FIGS. 1 to 3 will be omitted or simplified.

[0090] Referring to FIG. 4, the semiconductor device according to an embodiment of the present
invention may further include a buffer layer 202, a bit line structure, a bit line contact 210, a first
interlayer insulating film 170, and a second interlayer insulating film 180.

[0091] The buffer layer 202 may be formed on the substrate 100, the cell element separation
film 110, the gate structure 130 and the boundary element separation film 110a. On the
boundary element separation film 110a, the buffer layer 202 may extend along the profile of an
upper side of a first region Al and the profile of an upper side of a second region A2 of the
boundary element separation film 110a.

[0092] The buffer layer 202 may extend in the second direction Y along the upper side of the
substrate 100, the upper side of the cell element separation film 110, the upper side of the gate
structure 130 and the upper side of the boundary element separation film 110a. The buffer layer
202 may come into contact with the side surfaces of the bit line contact 210. The buffer layer
202 may be placed below the cell conductive line 220.

[0093] The buffer layer 202 may be a single film as shown, but the present invention is not
limited thereto. For example, the buffer layer 202 may be multiple films including a first buffer
layer and a second buffer layer. For example, although the first buffer layer may include a
silicon oxide (SiOy) film and the second buffer layer may include a silicon nitride (SizNa) film,
the present invention is not limited thereto.

[0094] The bit line structure may be placed on the buffer layer 202, and may extend in the
second direction Y. The bit line structure may come into contact with the bit line contact 210.
[0095] The bit line structure may include a cell conductive line 220, a cell line capping film 230,

a cell line spacer 240, and a second etching stop film 250.
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[0096] The cell conductive line 220 may be formed on the cell region CELL of the substrate 100
on which the gate structure 130 is formed, and on the cell element separation film 110. The bit
line contact 210 may be disposed on the cell region CELL of the substrate 100, and may be
electrically connected to the cell conductive line 220. As a result, the substrate 100 disposed
below the bit line contact 210 may be electrically connected to the cell conductive line 220.
The cell conductive line 220 may be placed over the first region Al and the second region A2 of
the boundary element separation film 110a. The cell conductive line 220 may extend along the
second direction Y.

[0097] The cell conductive line 220 may intersect the cell element separation film 110, and the
active region ACT defined by the cell element separation film 110. The cell conductive line
220 may be formed to intersect the gate structure 130. Here, the cell conductive line 220 may
correspond to the bit line BL.  In other words, the bit line BL may be placed over the first
region Al of the boundary element separation film 110a and the second region A2 of the
boundary element separation film 110a.

[0098] The cell conductive line 220 may be multiple films. The cell conductive line 220 may
include, for example, a first cell conductive film 221, a second cell conductive film 222, and a
third cell conductive film 223. The first to third cell conductive films 221, 222 and 223 may be
sequentially stacked on the substrate 100 and the cell element separation film 110. Although
the cell conductive line 220 is shown as a triple film, the present invention is not limited thereto.
[0099] The first to third cell conductive films 221, 222 and 223 may each include, for example,
at least one of an impurity-doped semiconductor material, a conductive silicide compound, a
conductive metal nitride, a metal, or a metal alloy. For example, the first cell conductive film
221 may include a doped semiconductor material, the second cell conductive film 222 may
include at least one of a conductive silicide compound or a conductive metal nitride, and the third
cell conductive film 223 may include at least one of a metal or a metal alloy. For example, in
an embodiment of the present invention, the first cell conductive film 221 may include doped
polysilicon (p-Si), the second cell conductive film 222 may include titanium silicon nitride
(TiSIN), and the third cell conductive film 223 may include tungsten (W). However, the
present invention is not limited thereto.

[00100] The cell line capping film 230 may be placed on the cell conductive line 220. The cell
line capping film 230 may extend in the second direction Y along the upper side of the cell
conductive line 220. Since the cell conductive line 220 may correspond to the bit line BL, the

cell line capping film 230 may also be referred to as a bit line capping film.
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[00101] The upper side of the cell line capping film 230 on the first region Al and the upper
side of the cell line capping film 230 on the second region A2 may be placed on the same plane.
[00102] The cell line capping film 230 may include, for example, at least one of silicon nitride
(SisNa4) film, silicon oxynitride (SION), silicon carbonitride (SiCN) or silicon oxycarbonitride
(SIOCN). In the semiconductor memory device according to an embodiment of the present
invention, the cell line capping film 230 may include, for example, a silicon nitride (SizNa) film.
[00103] Although the cell line capping film 230 is shown as a single film, the present invention
is not limited thereto. That is, for example, the cell line capping film 230 may be multiple films.
However, when each film that constitutes the multiple films is the same material, the cell line
capping film 230 may be seen as a single film.

[00104] The cell line spacer 240 may be placed on the side walls of the buffer layer 202, the cell
conductive line 220, and the cell line capping film 230. The cell line spacer 240 may extend
from the upper side of the boundary element separation film 110a in the third direction Z that
intersects the first direction X and the second direction Y. For example, the cell line spacer 240
may be placed over the second region A2 of the boundary element separation film 110a.

[00105] The cell line spacer 240 may be a single film as shown, but the present invention is not
limited thereto. For example, the cell line spacer 240 may be multiple films including first to
fourth cell line spacers. For example, the first to fourth cell line spacers may each include, but
is not limited to, silicon oxide (SiO2) film, silicon nitride (SisNas) film, silicon oxynitride (SiON)
film, silicon oxycarbonitride (SIOCN) film, air, or a combination thereof.

[00106] The second etching stop film 250 may be placed on the substrate 100. The second
etching stop film 250 may be formed along the profile of the cell line capping film 230 and the
profile of the cell line spacer 240. The second etching stop film 250 may surround the cell line
capping film 230 and the cell line spacer 240. In addition, the second etching stop film 250
may also be formed along the profile of top surfaces of the boundary element separation film
110a and the substrate 100 not covered by the cell line spacer 240 and the buffer layer 202 in the
boundary region INTERFACE and the core region CORE.

[00107] The second etching stop film 250 may include, for example, at least one of silicon
nitride (SisN4) film, silicon oxynitride (SION) , silicon carbonitride (SiCN), or silicon
oxycarbonitride (SiOCN).

[00108] The bit line contact 210 may electrically connect the cell conductive line 220 and the
substrate 100. Here, the bit line contact 210 may correspond to a direct contact DC.

[00109] A lower part of the bit line contact 210 may be formed inside the substrate 100. The
upper side of the bit line contact 210 may be placed inside the bit line structure. For example,
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the upper side of the bit line contact 210 may come into contact with the second cell conductive
film 222.

[00110] In FIG. 4, in a region that overlaps the upper side of the bit line contact 210, the cell
conductive line 220 may include a second cell conductive film 222 and a third cell conductive
film 223. In a region that does not overlap the upper side of the bit line contact 210, the cell
conductive line 220 may include first to third cell conductive films 221, 222 and 223. For
example, the upper side of the first cell conductive film 221 and the upper side of the bit line
contact 210 may be placed on the same plane.

[00111] The bit line contact 210 may include, for example, at least one of an impurity-doped
semiconductor material, a conductive silicide compound, a conductive metal nitride, or a metal.
[00112] A cell interlayer insulating film 295 may be formed on the substrate 100 and the
boundary element separation film 110a, and may be placed inside the boundary region
INTERFACE. A portion of the cell interlayer insulating film 295 may also be formed in the
core region CORE. The cell interlayer insulating film 295 may be formed on the side wall of
the bit line structure. For example, the cell interlayer insulating film 295 may be placed on the
second etching stop film 250.

[00113] The cell interlayer insulating film 295 may include, for example, an oxide-based
insulating material. For example, in an embodiment of the present invention, the cell interlayer
insulating film 295 may include silicon oxide (SiO2).

[00114] An insertion interlayer insulating film 291 may be formed on the substrate 100. The
insertion interlayer insulating film 291 may be formed on the bit line structure and the cell
interlayer insulating film 295. The insertion interlayer insulating film 291 may cover the bit
line structure and the cell interlayer insulating film 295.

[00115] The insertion interlayer insulating film 291 may include, for example, a nitride-based
insulating material.

[00116] Referring to FIG. 4, in the semiconductor device according to an embodiment of the
present invention, the boundary element separation film 110a may include a first region Al and a
second region A2.

[00117] The first region ALl may be a region that is nearer to the cell region CELL than the
second region A2. The boundary element separation film 110a may include a trench 110T
inside the second region A2.

[00118] A height H1 of the upper side of the first region Al of the boundary element separation
film 110a may be different from a height H2 of the upper side of the second region A2 of the
boundary element separation film 110a, on the basis of the bottom side of the boundary element
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separation film 110a. When the height H1 of the upper side of the first region Al of the
boundary element separation film 110a and the height H2 of the upper side of the second region
A2 of the boundary element separation film 110a are compared based on the basis of the bottom
side of the boundary element separation film 110a, each of the height H1 and the height H2 is
measured from the bottom side of the boundary element separation film 110a. For example, the
height H1 of the upper side of the first region Al of the boundary element separation film 110a
may be higher than the height H2 of the upper side of the second region A2 of the boundary
element separation film 110a, on the basis of the bottom side of the boundary element separation
film 110a.

[00119] The boundary element separation film 110a may further include a third region A3.
The third region A3 may be a region that is nearer to the core region CORE than the second
region A2. The second region A2 may be placed between the first region Al and the third
region A3.

[00120] A height H3 of the upper side of the third region A3 of the boundary element separation
film 110a may be different from the height H2 of the upper side of the second region A2 of the
boundary element separation film 110a, on the basis of the bottom side of the boundary element
separation film 110a. For example, the height H3 of the upper side of the third region A3 of the
boundary element separation film 110a may be higher than the height H2 of the upper side of the
second region A2 of the boundary element separation film 110a, on the basis of the bottom side
of the boundary element separation film 110a. In an embodiment of the present invention, the
height H3 of the upper side of the third region A3 of the boundary element separation film 110a
may be the same as the height H1 of the upper side of the first region Al of the boundary
element separation film 110a, but the present invention is not limited thereto.

[00121] A thickness D1 of the cell line capping film 230 in the first region Al of the boundary
element separation film 110a may be smaller than a thickness D2 of the cell line capping film
230 in the second region A2 of the boundary element separation film 110a.

[00122] FIGS. 5A and 5B are cross-sectional views each taken along 1I-11 of FIG. 2 to explain a
semiconductor device according to an embodiment of the present invention. For reference,
points different from those described with reference to FIG. 4 will be mainly described.

[00123] For convenience of explanation, the points different from those described with
reference to FIG. 3 will be mainly described.

[00124] Referring to FIG. 5A, the semiconductor device according to an embodiment of the

present invention may further include a separation region capping film 300.
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[00125] The separation region capping film 300 may be placed on the second region A2 of the
boundary element separation film 110a. The separation region capping film 300 may not be
placed on the first region Al of the boundary element separation film 110a. For example, the
separation region capping film 300 may not extend to the first region Al of the boundary
element separation film 110a. The region of the boundary element separation film 110a
overlapped by the separation region capping film 300 in the third direction Z may be defined as
the second region A2. The separation region capping film 300 may include, for example, at
least one of silicon nitride (SisN4), silicon oxynitride (SiON), silicon oxide (SiOy), silicon
carbonitride (SiCN), silicon oxycarbonitride (SIOCN), or a combination thereof. In an
embodiment of the present invention, the separation region capping film 300 and the second gate
capping pattern 134 may be formed of the same material.

[00126] The separation region capping film 300 may be placed between the upper side of the
boundary element separation film 110a and the bit line structure. For example, the separation
region capping film 300 may be placed between the upper side of the boundary element
separation film 110a and the buffer layer 202.

[00127] The height H1 of the upper side of the first region Al of the boundary element
separation film 110a may be different from the height H2 of the upper side of the second region
A2 of the boundary element separation film 110a, on the basis of the bottom side of the boundary
element separation film 110a. For example, the height H1 of the upper side of the first region
Al of the boundary element separation film 110a may be higher than the height H2 of the upper
side of the second region A2 of the boundary element separation film 110a, on the basis of the
bottom side of the boundary element separation film 110a. For example, the height H1 of the
upper side of the first region Al and the upper side of the third region A3 of the boundary
element separation film 110a may be higher than the height H2 of the upper side of the second
region A2 of the boundary element separation film 110a. Here, the upper side of the first region
Al of the boundary element separation film 110a and the upper side of the third region A3 of the
boundary element separation film 110a have the same height H1.

[00128] The height H1 of the upper side of the first region Al of the boundary element
separation film 110a may be the same as the height of the upper side of the separation region
capping film 300 on the second region A2 of the boundary element separation film 110a, on the
basis of the bottom side of the boundary element separation film 110a. For example, the upper
side of the first region Al of the boundary element separation film 110a may be located on a
plane the same as that of the upper side of the separation region capping film 300 on the second

region A2 of the boundary element separation film 110a.
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[00129] The upper side of the separation region capping film 300 may have a plate shape, as
shown in FIG. 5B. However, this is merely an example, and the present invention is not limited
thereto. For example, as shown in FIG. 5A, the upper side of the separation region capping film
300 may have a groove that is recessed in the third direction Z toward the substrate 100.

[00130] On the boundary element separation film 110a, the buffer layer 202 may extend along
the profiles of the upper side of the first region Al of the boundary element separation film 110a
and the upper side of the separation region capping film 300 on the second region A2. The cell
line spacer 240 may overlap the separation region capping film 300 in the third direction Z, but
the present invention is not limited thereto. A portion of the separation region capping film 300
may be in direct contact with the second etching stop film 250, but the present invention is not
limited thereto.

[00131] FIGS. 6A and 6B are cross-sectional views each taken along I1-11 of FIG. 2 to explain a
semiconductor device according to an embodiment of the present invention. For reference,
points different from those described with reference to FIGS. 4, 5A and 5B will be mainly
described.

[00132] Referring to FIGS. 6A and 6B, in the semiconductor device according to an
embodiment of the present invention, the boundary element separation film 110a may include a
fourth region A4 and a fifth region Ab5.

[00133] The fourth region A4 may be a region that is nearer to the cell region CELL than the
fifth region A5.

[00134] In the semiconductor device according to an embodiment of the present invention, the
buffer layer 202 may be placed on the boundary element separation film 110a, and may extend
along the second direction Y.

[00135] The buffer layer 202 may be placed on the fourth region A4 of the boundary element
separation film 110a. On the fourth region A4, the buffer layer 202 may be placed between the
boundary element separation film 110a and the cell conductive line 220. The buffer layer 202
may extend along the second direction Y from the cell region CELL to the boundary region
INTERFACE.

[00136] The buffer layer 202 may not be placed on the fifth region A5 of the boundary element
separation film 110a. The buffer layer 202 may not be placed between the boundary element
separation film 110a and the cell conductive line 220 in the fifth region A5.

[00137] A thickness D3 of the cell line capping film 230 in the fourth region A4 of the boundary
element separation film 110a may be smaller than a thickness D4 of the cell line capping film

230 in the fifth region A5 of the boundary element separation film 110a.
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[00138] The cell conductive line 220 may be placed over the fourth region A4 of the boundary
element separation film 110a and the fifth region A5 of the boundary element separation film
110a. In the fourth region A4, the lower side of the cell conductive line 220 may come into
contact with the upper side of the buffer layer 202. In the fifth region A5, the lower side of the
cell conductive line 220 may come into contact with the upper side of the boundary element
separation film 110a.

[00139] A height H4 of the upper side of the fourth region A4 of the boundary element
separation film 110a may be different from a height H5 of the upper side of the fifth region A5 of
the boundary element separation film 110a, on the basis of the bottom side of the boundary
element separation film 110a. For example, the height H4 of the upper side of the fourth region
A4 of the boundary element separation film 110a may be higher than the height H5 of the upper
side of the fifth region A5 of the boundary element separation film 110a, on the basis of the
bottom side of the boundary element separation film 110a.

[00140] The boundary element separation film 110a may include a trench 110T inside the fifth
region A5. The trench 110T may come into contact with the side walls of the boundary element
separation film 110a, as shown in FIG. 6A. That is, the core region CORE of the substrate 100
may be immediately adjacent to the fifth region A5 of the boundary element separation film 110a.
However, this is merely an example, and the present invention is not limited thereto.

[00141] The trench 110T may not come into contact with the side walls of the boundary element
separation film 110a, as shown in FIG. 6B. That is, the core region CORE of the substrate 100
may not be immediately adjacent to the fifth region A5 of the boundary element separation film
110a.

[00142] The boundary element separation film 110a may further include a six region A6. The
fifth region A5 of the boundary element separation film 110a may be placed between the fourth
region A4 of the boundary element separation film 110a and the sixth region A6 of the boundary
element separation film 110a, and the height H4 of an upper side of the sixth region A6 of the
boundary element separation film 110a may be higher than the height H5 of the upper side of the
fifth region A5 of the boundary element separation film 110a. Here, the upper side of the sixth
region A6 of the boundary element separation film 110a and the upper side of the fourth region
A4 of the boundary element separation film 110a may have the same height H4, but the present
invention is not limited thereto.

[00143] FIGS. 7 to 13 are intermediate stage diagrams for explaining a method of fabricating

the semiconductor device according to an embodiment of the present invention.
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[00144] Referring to FIG. 7, a part of the gate structure 130, the cell element separation film 110,
and a boundary element separation film 110a may be formed on the substrate 100. For
convenience of explanation, repeated parts of contents explained with reference to FIG. 4 will be
omitted or simplified.

[00145] The gate structure 130 may be formed except for the second gate capping pattern (134
of FIG. 4). The second gate capping pattern 134 may be formed by a future process.

[00146] A first mask 310 may be formed on the substrate 100, the cell element separation film
110 and the boundary element separation film 110a. The first mask 310 may also be formed on
the gate insulating film 131.

[00147] The first mask 310 may expose the first gate capping pattern 133.

[00148] A second mask 320 may be formed on the first mask 310 and the first gate capping
pattern 133, and may fill a recessed region on the first gate capping pattern 133 exposed by the
first mask 310.

[00149] Referring to FIGS. 8 and 9, the second mask 320 may be partially etched. The etched
second mask 320 may expose a part of the first mask 310 placed on the boundary element
separation film 110a.

[00150] A part of the first mask 310 exposed by the second mask 320 may be etched using the
second mask 320 as an etch mask. The etched first mask 310a may expose a part of the
boundary element separation film 110a. The second mask 320 may then be removed.

[00151] Referring to FIGS. 10 and 11, an insulating pattern 330 may be formed on the first
mask 310a. The insulating pattern 330 may fill the recessed region on the first gate capping
pattern 133 exposed by the first mask 310a, and the recessed region on the boundary element
separation film 110a exposed by the first mask 310a.

[00152] Although FIG. 10 shows that the upper side of the insulating pattern 330 located above
the boundary element separation film 110a has a groove, the present invention is not limited
thereto. For example, the upper side of the insulating pattern 330 may be flat.

[00153] After that, the insulating pattern 330 may be removed except for a part placed on the
first gate capping pattern 133. The part of the insulating pattern 330 placed on the first gate
capping pattern 133 may correspond to the second gate capping pattern 134.

[00154] An upper side of the part of the insulating pattern 330 placed on the first gate capping
pattern 133 may be placed on a plane the same as that of the upper side of the substrate 100, the
upper side of the cell element separation film 110, and the upper side of the boundary element

separation film 110a. For example, the upper side of the second gate capping pattern 134, the
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upper side of the substrate 100, the upper side of the cell element separation film 110, and the
upper side of the boundary element separation film 110a may be placed on the same plane.
[00155] Referring to FIGS. 12 and 13, a part of the upper side of the boundary element
separation film 110a exposed by the first mask 310a may be etched. For example, a part of the
upper side of the boundary element separation film 110a may be etched to form a boundary
element separation film trench 110T.

[00156] After that, the buffer layer 202 may be placed on the boundary element separation film
trench 110T. The buffer layer 202 may extend along the profile of the upper side of the
boundary element separation film 110a. Therefore, the buffer layer 202 may have a bent shape
along the upper side of the boundary element separation film 110a.

[00157] A cell conductive line 220 may be placed on the buffer layer 202, and may extend along
the profile of the upper side of the buffer layer 202. Therefore, since the buffer layer 202 has a
bent shape, the cell conductive line 220 may have a bent shape along the upper side of the buffer
layer 202. For example, the cell conductive line 220 may bend down to a lower level in an area
inside and/or over the boundary element separation film trench 110T. However, the shape of
the cell conductive line 220 is merely an example, and the present invention is not limited thereto.
For example, although the lower side of the cell conductive line 220 has a bent shape along the
upper side of the buffer layer 202, the upper side of the cell conductive line 220 may be flat.
[00158] FIGS. 14 to 18 are intermediate stage diagrams for explaining a method of fabricating
the semiconductor device according to an embodiment of the present invention.

[00159] For convenience of explanation, the points different from those described with
reference to FIGS. 7 to 13 will be mainly described.

[00160] For reference, FIG. 14 may be a drawing after a part of the first mask 310 is etched by
FIGS. 7 and 8.

[00161] Referring to FIG. 14, a part of the boundary element separation film 110a may be
etched at a position where a part of the first mask 310 is etched, as compared with FIG. 12.
Also, the second gate capping pattern 134 is not formed yet, as compared with FIG. 12.

[00162] A part of the upper side of the boundary element separation film 110a may be etched to
form the boundary element separation film trench 110T.

[00163] Referring to FIGS. 15 to 16B, an insulating pattern 330 may be formed on the first
mask 310a. The insulating pattern 330 may fill the recessed region on the first gate capping
pattern 133 exposed by the first mask 310a and the boundary element separation film trench
110T on the boundary element separation film 110a exposed by the first mask 310a.
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[00164] After that, the insulating pattern 330 may be removed except for a part placed on the
first gate capping pattern 133, and a part that fills the boundary element separation film trench
110T.

[00165] The part of the insulating pattern 330 placed on the first gate capping pattern 133 may
correspond to the second gate capping pattern 134. The part of the insulating pattern 330 that
fills the boundary element separation film trench 110T may correspond to the separation region
capping film 300. Therefore, the separation region capping film 300 and the second gate
capping pattern 134 may be formed of the same material.

[00166] The upper side of the second gate capping pattern 134 may be placed on a plane the
same as that of the upper side of the substrate 100 and the upper side of the cell element
separation film 110. The upper side of the separation region capping film 300 may be placed
on a plane the same as that of the upper side of the substrate 100 and the upper side of the cell
element separation film 110.

[00167] The upper side of the separation region capping film 300 may have a groove that is
recessed in the third direction Z toward the substrate 100. However, this is merely an example,
and the present invention is not limited thereto. For example, as shown in FIG. 16B, the upper
side of the separation region capping film 300 may be flat.

[00168] Referring to FIG. 17, the etched first mask 310a may be removed.

[00169] Referring to FIG. 18, the buffer layer 202 may be placed on the boundary element
separation film 110a and the separation region capping film 300. The buffer layer 202 may
extend along the profile of the upper side of the boundary element separation film 110a and the
upper side of the separation region capping film 300.

[00170] A cell conductive line 220 may be placed on the buffer layer 202. The cell conductive
line 220 may extend along the profile of the upper side of the buffer layer 202.

[00171] FIGS. 19 to 24 are intermediate stage diagrams for explaining a method of fabricating
the semiconductor device according to an embodiment of the present invention.

[00172] For convenience of explanation, the points different from those described with
reference to FIGS. 7 to 18 will be mainly described.

[00173] For reference, FIG. 19 may be a diagram showing an intermediate step that is
performed without etching a part of the boundary element separation film 110a in the processes
of FIGS. 7 to 12.

[00174] Referring to FIG. 19, the buffer layer 202 may be formed on the substrate 100, the gate
structure 130, the cell element separation film 110 and the boundary element separation film

110a, and may extend along the second direction Y.
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[00175] Referring to FIG. 20, a third mask 340 may be placed on the buffer layer 202. The
third mask 340 may expose a part of the boundary element separation film 110a inside the
boundary region INTERFACE.

[00176] Referring to FIGS. 21 and 22, the buffer layer 202 exposed by the third mask 340 may
be etched using the third mask 340 as an etch mask. The etching process may be performed,
using a wet etching method. The etched buffer layer 202 may expose a part of the boundary
element separation film 110a inside the boundary region INTERFACE.

[00177] At this time, a part of the boundary element separation film 110a may also be etched.
A part of the upper side of the boundary element separation film 110a exposed by the buffer
layer 202 may be etched. A part of the upper side of the boundary element separation film 110a
under the buffer layer 202 may be further etched. Thus, the part of the boundary element
separation film 110a etched may then form the boundary element separation film trench 110T.
[00178] Accordingly, the buffer layer 202 may have an overhanging portion protruding in the
second direction Y, for example, protruding in a direction from the boundary element separation
film 110a toward the core region CORE.

[00179] After that, the protruding portion of the buffer layer 202 may be etched.

[00180] However, the etching method of the buffer layer 202 is merely an example, and the
present invention is not limited thereto.

[00181] The etching process of the buffer layer 202 may be performed, using a dry etching
method instead of the wet etching process described above. In this case, a part of the upper side
of the boundary element separation film 110a may not be further etched under the buffer layer
202. That is, the buffer layer 202 may not have an overhanging portion protruding from the
boundary element separation film 110a in the second direction Y. Accordingly, after etching
the buffer layer 202, the intermediate step of the form shown in FIG. 21 is omitted, and the
intermediate step of the form shown in FIG. 22 may be immediately formed.

[00182] After that, a process of forming the bit line structure may be performed. For example,
as shown in FIG. 23, the first cell conductive film 221 may be formed on the buffer layer 202
and the boundary element separation film 110a.

[00183] Since the first cell conductive film 221 extends along the upper side of the buffer layer
202 and the upper side of the boundary element separation film 110a, the first cell conductive
film 221 may have a bent shape.

[00184] Referring to FIG. 24, the second cell conductive film 222 and the third cell conductive

film 223 may be sequentially formed on the first cell conductive film 221.
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[00185] The second cell conductive film 222 and the third cell conductive film 223 may extend
along the profile of the upper side of the first cell conductive film 221. Therefore, since the
first cell conductive film 221 has a bent shape, the second cell conductive film 222 and the third
cell conductive film 223 may also have a bent shape. That is, the cell conductive line 220 may
have a bent shape. For example, the cell conductive line 220 may bend down to a lower level in
an area inside and/or over the boundary element separation film trench 110T.

[00186] Further, the cell line capping film 230 may be formed on the cell conductive line 220.
[00187] The cell conductive line 220 and the cell line capping film 230 may be partially etched.
For example, the cell conductive line 220 and the cell line capping film 230 on the fifth region
A5 may be partially etched.

[00188] The cell line spacer 240 and the second etching stop film 250 may be formed at a
position where the cell conductive line 220 and the cell line capping film 230 are etched.

[00189] The cell line spacer 240 may be formed on the side walls of the buffer layer 202, the
cell conductive line 220, and the cell line capping film 230. The second etching stop film 250
may be formed along the profile of the cell line capping film 230 and the profile of the cell line
spacer 240. In addition, the second etching stop film 250 may also be formed along the profile
of top surfaces of the boundary element separation film 110a and the substrate 100 not covered
by the cell line spacer 240 and the first cell conductive film 221 in the boundary region
INTERFACE and the core region CORE.

[00190] The cell interlayer insulating film 295 may be formed on the side walls of the bit line
structure. For example, the cell interlayer insulating film 295 may be placed on the second
etching stop film 250. The insertion interlayer insulating film 291 may be formed on the bit
line structure and the cell interlayer insulating film 295.

[00191] In concluding the detailed description, those skilled in the art will appreciate that many
variations and modifications may be made to the specific embodiments set forth herein without
departing from the spirit and scope of the present invention. Therefore, the disclosed
embodiments of the present invention are used in a generic and descriptive sense only and not for

purposes of limitation.
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CLAIMS
What is claimed is:

1. A semiconductor device comprising:

a substrate which includes a cell region and a core region;

a boundary element separation film which is placed inside the substrate, and separates the
cell region and the core region; and

a bit line which is placed on the cell region and the boundary element separation film and
extends along a first direction,

wherein the boundary element separation film includes a first region and a second region,

a height of an upper side of the first region of the boundary element separation film is
different from a height of an upper side of the second region of the boundary element separation
film, on a basis of a bottom side of the boundary element separation film, and

the bit line is placed over the first region of the boundary element separation film and the

second region of the boundary element separation film.

2. The semiconductor device of claim 1, wherein the first region of the boundary
element separation film is nearer to the cell region than the second region of the boundary
element separation film, and

the height of the upper side of the first region of the boundary element separation film is
higher than the height of the upper side of the second region of the boundary element separation

film.

3. The semiconductor device of claim 1 or claim 2, wherein the boundary element
separation film further includes a third region,

the second region of the boundary element separation film is placed between the first
region of the boundary element separation film and the third region of the boundary element
separation film, and

a height of an upper side of the third region of the boundary element separation film is
higher than the height of the upper side of the second region of the boundary element separation

film, on the basis of the bottom side of the boundary element separation film.

4. The semiconductor device of claim 1 or claim 2, wherein the core region of the

substrate is immediately adjacent to the second region of the boundary element separation film.
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5. The semiconductor device of any one of claims 1 to 3, further comprising:

a separation region capping film which is placed on the second region of the boundary
element separation film,

wherein the separation region capping film does not extend to the first region of the

boundary element separation film.

6. The semiconductor device of any one of claims 1 to 4, further comprising:

a bit line capping film which extends along the first direction, on the bit line,

wherein a thickness of the bit line capping film in the first region of the boundary element
separation film is smaller than a thickness of the bit line capping film in the second region of the
boundary element separation film.

7. The semiconductor device of claim 6, wherein an upper side of the bit line
capping film in the first region and an upper side of the bit line capping film in the second region

are placed on a same plane.

8. The semiconductor device of any one of claims 1 to 3, further comprising:

a buffer layer extending along the first direction, below the bit line,

wherein on the boundary element separation film, the buffer layer extends along profiles
of the upper side of the first region and the upper side of the second region of the boundary

element separation film.

9. A semiconductor device comprising:

a substrate which includes a cell region and a core region;

a boundary element separation film which is placed inside the substrate, and separates the
cell region and the core region;

a separation region capping film which is placed on the boundary element separation
film; and

a bit line which is placed on the cell region and the boundary element separation film and
extends along a first direction,

wherein the boundary element separation film includes a first region and a second region,

26



the separation region capping film is placed on the second region of the boundary
element separation film, and is not placed on the first region of the boundary element separation
film,

an upper side of the first region of the boundary element separation film is placed on a
plane the same as that of an upper side of the separation region capping film, and

the bit line is placed over the first region of the boundary element separation film and the

second region of the boundary element separation film.

10.  The semiconductor device of claim 9, wherein the first region of the boundary
element separation film is nearer to the cell region than the second region of the boundary

element separation film.

11.  The semiconductor device of claim 9 or claim 10, wherein the boundary element
separation film further includes a third region,

the second region of the boundary element separation film is placed between the first
region of the boundary element separation film and the third region of the boundary element
separation film, and

a height of the upper side of the first region and an upper side of the third region of the
boundary element separation film is higher than a height of an upper side of the second region of

the boundary element separation film.

12.  The semiconductor device of any one of claims 9 to 11, further comprising:

a buffer layer extending along the first direction, below the bit line,

wherein on the boundary element separation film, the buffer layer extends along profiles
of the upper side of the first region of the boundary element separation film and the upper side of

the separation region capping film on the second region.

13.  The semiconductor device of any one of claims 9 to 12, further comprising:

a bit line capping film which extends along the first direction on the bit line, and is placed
over the first region of the boundary element separation film and the second region of the
boundary element separation film,

wherein an upper side of the bit line capping film on the first region and an upper side of

the bit line capping film on the second region are located on a same plane.
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14. A semiconductor device comprising:

a substrate which includes a cell region and a core region;

a boundary element separation film which is placed inside the substrate, separates the cell
region and the core region, and includes a first region and a second region;

a bit line structure which is placed on the cell region and the boundary element separation
film, and includes a bit line extending along a first direction and a bit line capping film placed on
the bit line;

a gate electrode which is placed inside the substrate of the cell region and intersects the
bit line; and

a buffer layer which is placed on the boundary element separation film and extends along
the first direction,

wherein the bit line is placed over the first region of the boundary element separation film
and the second region of the boundary element separation film,

the buffer layer is placed between the boundary element separation film and the bit line
on the first region of the boundary element separation film, and is not placed on the second
region of the boundary element separation film, and

a lower side of the bit line comes into contact with an upper side of the buffer layer in the
first region and comes into contact with an upper side of the boundary element separation film in

the second region.

15.  The semiconductor device of claim 14, wherein a height of an upper side of the
first region of the boundary element separation film is different from a height of an upper side of
the second region of the boundary element separation film, on a basis of a bottom side of the
boundary element separation film.

16.  The semiconductor device of claim 14 or claim 15, wherein the bit line capping
film extends along the first direction on the bit line, and

a thickness of the bit line capping film in the first region of the boundary element
separation film is smaller than a thickness of the bit line capping film in the second region of the

boundary element separation film.

17. The semiconductor device of claim 16, wherein an upper side of the bit line
capping film in the first region and an upper side of the bit line capping film in the second region

are placed on a same plane.
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18.  The semiconductor device of any one of claims 14 to 17, wherein the first region
of the boundary element separation film is nearer to the cell region than the second region of the

boundary element separation film.

19.  The semiconductor device of claim 14, wherein the boundary element separation
film further includes a third region,

the second region of the boundary element separation film is placed between the first
region of the boundary element separation film and the third region of the boundary element
separation film, and

a height of an upper side of the third region of the boundary element separation film is
higher than a height of an upper side of the second region of the boundary element separation

film.
20.  The semiconductor device of any one of claims 14 to 18, wherein the core region

of the substrate is immediately adjacent to the second region of the boundary element separation

film.
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