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SEMICONDUCTOR DEVICE WITH STORAGE NODE AND

METHOD OF FABRICATING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims priority under 35 U.S.C §119(a)
to Korean Application No. 10-2024-0202641, filed on December 31,

2024, the entire content of which is incorporated herein by reference.

BACKGROUND
1. Technical Field
[0002] The present disclosure generally relates to an integrated circuit
device and, more particularly, to a semiconductor device with a
storage node and a method of fabricating the same.
2. Related Art
[0003] As semiconductor devices become more highly integrated,
circuit patterns that make up the semiconductor devices are becoming
increasingly smaller. Concurrently, research is being directed at
increasing the capacitance of capacitors among circuit elements that

make up the semiconductor devices.

SUMMARY
[0004] Embodiments of the present disclosure provide a
semiconductor device that includes a storage node of a capacitor and

a method of fabricating the same.
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[0005] According to an embodiment, a method of fabricating a
semiconductor device may include forming an insulation layer over a
substrate, forming a first hole and a second hole that penetrate the
insulation layer, forming a recess in the insulation layer that overlaps
the first hole, forming a first conductive pattern that fills the first hole
and the recess and a second conductive pattern that fills the second
hole, and forming a third conductive pattern connected to the second
conductive pattern.

[0006] According to another embodiment, a method of fabricating a
semiconductor device may include forming an insulation layer over a
substrate, forming a first hole, a trench, and a second hole to
penetrate the insulation layer, the trench dividing the insulation layer
into a first portion and a second portion, forming a first conductive
pattern that fills the first hole, a fifth conductive pattern that fills the
trench and a second conductive pattern that fills the second hole,
forming a third conductive pattern connected to the second conductive
pattern, and removing the second portion of the insulation layer to
expose a first side surface of the second conductive pattern.

[0007] According to another embodiment, a semiconductor device
may include an insulation layer disposed over a first region of a
substrate. The substrate may include the first region and a second
region. The semiconductor device may include a first conductive
pattern that penetrates the insulation layer, a second conductive

pattern formed over the second region, a third conductive pattern



10

15

20

connected to the second conductive pattern, and a binding layer
covering the first conductive pattern and the insulation layer and

connected to the third conductive pattern.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] FIG. 1 is a schematic cross-sectional view illustrating a
structure in which a protection layer of a semiconductor device is

formed according to an embodiment of the present disclosure.

[0009] FIG. 2 is a schematic cross-sectional view illustrating a
structure in which an insulation layer is formed on a protection layer
of a semiconductor device according to an embodiment of the present

disclosure.

[0010] FIG. 3 and FIG 4 are schematic cross-sectional view and plan
view, respectively, illustrating a structure in which holes and a trench
are formed in an insulation layer of a semiconductor device according

to an embodiment of the present disclosure.

[0011] FIG. 5 and FIG 6 are schematic cross-sectional view and plan
view, respectively, illustrating a structure in which recesses are formed
in an insulation layer of a semiconductor device according to an

embodiment of the present disclosure.

[0012] FIG. 7 is a schematic cross-sectional view illustrating a
structure in which a conductive layer is formed in an insulation layer

of a semiconductor device according to an embodiment of the present
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disclosure.

[0013] FIG. 8 is a schematic cross-sectional view illustrating a
structure in which conductive patterns of a semiconductor device are

separated according to an embodiment of the present disclosure.

[0014] FIG. 9 is a schematic cross-sectional view illustrating a
structure in which a binding layer of a semiconductor device is formed

according to an embodiment of the present disclosure.

[0015] FIG. 10 is a schematic cross-sectional view illustrating a
structure in which openings are formed in a binding layer of a
semiconductor device according to an embodiment of the present

disclosure.

[0016] FIG. 11 is a schematic cross-sectional view illustrating a
structure in which a mold layer of a semiconductor device is formed

according to an embodiment of the present disclosure.

[0017] FIG. 12 is a schematic cross-sectional view illustrating a
structure in which holes are formed in a mold layer of a semiconductor

device according to an embodiment of the present disclosure.

[0018] FIG. 13 is a schematic cross-sectional view illustrating a
structure in which a conductive pattern is formed in a mold layer of a
semiconductor device according to an embodiment of the present

disclosure.

[0019] FIG. 14 is a schematic cross-sectional view illustrating a
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structure in which an opening is formed in another binding layer of a
semiconductor device according to an embodiment of the present

disclosure.

[0020] FIG. 15 is a schematic cross-sectional view illustrating a
structure in which a portion of a mold layer of a semiconductor device

according to an embodiment of the present disclosure.

[0021] FIG. 16 is a schematic cross-sectional view illustrating a
structure in which an opening is formed in another binding layer of a
semiconductor device according to an embodiment of the present

disclosure.

[0022] FIG. 17 is a schematic cross-sectional view illustrating a
structure in which a mold layer of a semiconductor device is removed

according to an embodiment of the present disclosure.

[0023] FIG. 18 is a schematic cross-sectional view illustrating a
structure in which a portion of an insulation layer of a semiconductor
device according to an embodiment of the present disclosure is

removed.

[0024] FIG. 19 is a schematic cross-sectional view illustrating a
structure in which a capacitor dielectric layer of a semiconductor

device is formed according to an embodiment of the present disclosure.

[0025] FIG. 20 is a schematic cross-sectional view illustrating a

structure in which another conductive pattern of a semiconductor
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device is formed according to an embodiment of the present disclosure.

DETAILED DESCRIPTION
[0026] Hereinafter, embodiments of the present disclosure will be
described in detail with reference to the accompanying drawings. In
the drawings, in order to clearly express the components of each
device, the sizes of the components, such as width and thickness of
the components, may be enlarged. The cross-hatching throughout the
figures illustrates corresponding or similar areas between the figures

rather than indicating the materials associated with the areas.

[0027] The terms used herein may correspond to words selected in
consideration of their functions in the embodiments, and the meanings
of the terms may be construed to be different according to the ordinary
skill in the art to which the embodiments belong. If expressly defined
in detail, the terms may be construed according to the definitions.
Unless otherwise defined, the terms (including technical and scientific
terms) used herein have the same meaning as commonly understood

by one of ordinary skill in the art to which the embodiments belong.

[0028] In the description of the present disclosure, terms such as
“first,” “second,” etc. are used to distinguish components, and are not
used to limit the components themselves or to imply a specific order.
In the description of the present disclosure, terms such as "“top

"\

surface,” “bottom surface,” “side,” etc. do not limit a specific direction,

location, or component. Terms such as “below,” “beneath,” “lower,”
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“above,” “over”, and “upper” can be used to describe the spatial

relative positions between components.

[0029] Embodiments of the present disclosure can be applied to a
technical field of implementing integrated circuit devices such as
Dynamic Random Access Memory (DRAM), Phase-change random
access memory (PcRAM), or Resistive Random-Access Memory
(ReRAM) devices. In addition, embodiments of the present disclosure
can be applied to a technical field of implementing a memory device
that stores data or a logic device that performs logical operations.
Embodiments of the present disclosure can be applied to a technical
field of implementing various products that include fine-sized

conductive patterns.

[0030] Terms used in the specification of the present application are
terms selected in consideration of functions in the presented
embodiments, and the meaning of the terms may vary depending on
the intention or custom of a user or operator in the technical field. The
meanings of the terms used follow the definitions defined when
specifically defined herein, and may be interpreted as meanings
generally recognized by those skilled in the art in the absence of

specific definitions.

[0031] FIG. 1 to FIG. 20 are schematic views illustrating
semiconductor devices and methods of fabricating semiconductor

devices according to embodiments of the present disclosure.



10

15

20

[0032] FIG. 1 illustrates a schematic cross-sectional structure in which
a protection layer 410 is formed over a substrate 100. The substrate
100 includes a surface extending in a first direction D1 and a second
direction D2. The protection layer 410 is formed while being spaced
apart from the surface of the substrate 100 in a third direction D3.
The first direction D1 intersects the second direction D2, and the third
direction D3 is perpendicular to the first direction D1 and the second
direction D2. The first direction D1, the second direction D2, and the
third direction D3 may indicate the X-axis, Y-axis, and Z-axis in the X-
Y-Z coordinate system, respectively, in this example, and the present

disclosure is not limited to this example.

[0033] The substrate 100 includes a semiconductor material such as
silicon (Si). Integrated circuits such as transistors may be integrated
on the substrate 100. The substrate 100 may include silicon
germanium (SiGe). The substrate 100 may include a compound
semiconductor material such as silicon carbide (SiC), gallium arsenide

(GaAs), indium arsenide (InAs), or indium phosphorus (InP).

[0034] The substrate 100 includes an isolation layer 103 that defines
active regions 101. The active regions 101 are doped with impurities.
The active regions 101 may be used as source regions, drain regions,
or channels of transistors. The isolation layer 103 includes a field oxide
layer. The isolation layer 103 includes silicon oxide including silicon

dioxide (SiOz) or silicon nitride such as trisilicon tetranitride (SizNa).
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[0035] The substrate 100 includes a first region 100P and a second
region 100C. The first region 100P of the substrate 100 may be a
peripheral region, and the second region 100C of the substrate 100
may be a cell region. The first region 100P of the substrate 100 is a
region surrounding the second region 100C. Memory cells are
disposed in the second region 100C of the substrate 100, and
peripheral circuits are disposed in the first region 100P of the substrate
100. The memory cells include elements that store data, such as
transistors and/or capacitors. The peripheral circuits include circuits
that control the operations of the memory cells, such as a sense

amplifier (SA) or a sub-word line driver (SWD).

[0036] Various substructures may be formed between the substrate
100 and the protection layer 410. The substructures may include
various insulation layers and conductive layers. In an embodiment, a
first insulation layer 310 is formed on the substrate 100, and a first
contact 210P, second contacts 210C, and a third contact 210G are
disposed that substantially penetrate the first insulation layer 310.
The first contact 210P and the second contact 210C are connection
elements electrically connected to the active regions 101 of the
substrate 100. The connection elements may be conductive plugs or
conductive vias. The first contact 210P is disposed on the first region
100P of the substrate, and the second contacts 210C are disposed on
the second region 100C of the substrate. The third contact 210G is

disposed at a boundary between the first region 100P of the substrate
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and the second region 100C of the substrate. The third contact 210G
is formed of a conductive material, but may be a dummy pattern

connected to the device isolation layer 103 of the substrate 100.

[0037] Each of the first contact 210P, the second contact 210C, and
the third contact 210G includes a conductive material. Each of the
first contact 210P, the second contact 210C, and the third contact
210G includes tungsten (W), titanium nitride (TiN), tungsten nitride
(WN), titanium tungsten nitride (TiWN), tungsten silicon nitride (WSiN),
or a composite layer thereof. Each of the first contact 210P, the
second contact 210C, and the third contact 210G also includes a
polycrystalline silicon layer doped with impurities. The first insulation

layer 310 includes a dielectric material such as silicon oxide.

[0038] The protection layer 410 covers (and may be disposed in a
manner to protect or shield) an underlaying substructure including the
first insulation layer 310, the first contact 210P, the second contacts
210C, and the third contact 210G. The protection layer 410 may
include a different dielectric material from the first insulation layer 310.

In an embodiment, the protection layer 310 includes silicon nitride.

[0039] FIG. 2 illustrates a schematic cross-sectional structure in which
a second insulation layer 330 is formed on the protection layer 410.
The second insulation layer 330, including a different insulating
material or a different dielectric material from the protection layer 410,

is formed on the protection layer 410. The second insulation layer 330

10
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may include a different dielectric material from the protection layer
410. In an embodiment, the second insulation layer 330 includes

silicon oxide.

[0040] FIG. 3 illustrates a schematic cross-sectional structure in which
first holes 510P, a trench 510G, and second holes 510C are formed in
the second insulation layer 330. FIG. 4 illustrates a schematic planar
structure in which the first holes 510P, the trench 510G, and the
second holes 510C are formed in the second insulation layer 330. FIG.
3 illustrates a cross-sectional shape taken along line A1-A2 in FIG. 4.
Some portions of the second insulation layer 330 may be removed to
form the first holes 510P, the trench 510G, and the second holes 510C.
The first holes 510P, the trench 510G, and the second holes 510C
substantially penetrate the second insulation layer 330 in the third

direction D3.

[0041] A plurality of first holes 510P are disposed over the first region
100P of the substrate 100. A plurality of second holes 510C are
arranged over the second region 100C of the substrate 100. The
trench 510G is formed at a boundary between the first region 100P
and the second region 100C of the substrate 100. The trench 510G
extends along the boundary between the first region 100P and the
second region 100C of the substrate 100. The trench 510G is formed
in a line shape that extends long in one direction. The trench 510G
extends to surround the second holes 510C or surround an array of

the second holes 510C. The trench 510G is formed in a closed form,

11
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such as a ring shape, a rectangular shape, or a loop shape.

[0042] The trench 510G divides the second insulation layer 330 into a
first portion 330P and a second portion 330C. The first portion 330P
of the second insulation layer 330 overlaps with the first region 100P
of the substrate 100, and the second portion 330C of the second
insulation layer 330 overlaps with the second region 100C of the
substrate 100. The first holes 510P extend along the third direction
D3 to substantially penetrate the first portion 330P of the second
insulation layer 330. The second holes 510C extend along the third
direction D3 to substantially penetrate the second portion 330C of the
second insulation layer 330. The first holes 510P, the trench 510G,
and the second holes 510C further extend along the third direction D3
to substantially penetrate the protection layer 410 under the second
insulation layer 330. The first holes 510P are formed to expose some
portions of the underlying first contacts 210P. The trench 510G is
formed to expose a portion of the underlying third contact 210G. The
second holes 510C are formed to expose some portions of the

underlying second contacts 210C.

[0043] The first holes 510P, the trench 510G, and the second holes
510C may be formed simultaneously. The first holes 510P, the trench
510G, and the second holes 510C may be formed in one and the same
first patterning process. In an embodiment, a first etch mask (not
shown) is formed on the second insulation layer 330 using a first

photolithography process, and some portions of the second insulation

12
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layer 330 exposed by the first etch mask are etched to form the first
holes 510P, the trench 510G, and the second holes 510C. The first
etch mask may include a first photoresist pattern or may further
include a first hard mask having a pattern shape substantially the

same as that of the first photoresist pattern.

[0044] The first photoresist pattern implemented on the second
insulation layer 330 by the first photolithography process has a planar
pattern shape that is substantially the same as the planar pattern
shape on a surface of the second insulation layer 330 shown in FIG. 4.
Because the first holes 510P, the trench 510G, and the second holes
510C may have different sizes, widths, or shapes, the first photoresist
pattern for implementing the first holes 510P, the trench 510G, and
the second holes 510C may be formed using a high numerical aperture

extreme ultraviolet lithography tool.

[0045] FIG. 5 illustrates a schematic cross-sectional structure in which
recesses 510PD and 510GD are formed in the second insulation layer
330. FIG. 6 illustrates a schematic planar structure in which the
recesses 510PD and 510GD are formed in the second insulation layer
330. FIG. 5 illustrates a cross-sectional shape taken along line A1-A2
in FIG. 6. Additional portions of the second insulation layer 330 are
further removed to form the recesses 510PD and 510GD. Each of the
recesses 510PD and 510GD has a groove shape that does not
penetrate the second insulation layer 330 in the third direction D3 or

a trench shape that does not penetrate the second insulation layer 330

13
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in the third direction D3.

[0046] In an embodiment, some portions of the second insulation
layer 330 are further removed to form the first recesses 510PD
overlapping (for example, expanding a portion of or around) the first
holes 510P in the second insulation layer 330. Each of the first
recesses 510PD is formed in a line shape in which a portion overlaps
the first hole 510P and another portion extends outward from the first
hole 510P outside the first hole 510P. The first recesses 510PD extend
in the first direction D1, the second direction D2, or a direction
between the first direction D1 and the second direction D2. In an
embodiment, a portion of the second insulation layer 330 is
additionally removed to form the second recess 510GD overlapping
the trench 510G in the second insulation layer 330. The second recess
510PG may be an upper trench that extends to overlap the lower
trench 510G. In another embodiment, formation of the second recess

510GD may be omitted.

[0047] The first recesses 510PD and the second recess 510GD may be
formed simultaneously. The first recesses 510PD and the second
recesses 510GD may be formed by one and the same second
patterning process. In an embodiment, a second etch mask (not
shown) is formed on the second insulation layer 330 using a second
photolithography process, and some portions of the second insulation
layer 330 exposed by the second etch mask are etched to form the

first recesses 510PD and the second recess 510GD. The second etch

14
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mask may include a second photoresist pattern or may further include
a second hard mask having a pattern shape substantially the same as

that of the second photoresist pattern.

[0048] Before etching the second insulation layer 330 to form the first
recesses 510PD and the second recess 510GD, a sacrificial layer (not
shown) may be further formed to fill the first holes 510P, the trench
510G, and the second holes 510C. The sacrificial layer protects the
first holes 510P, the trench 510G, and the second holes 510C from the
process of etching the second insulation layer 330 to form the first
recesses 510PD and the second recess 510GD. The sacrificial layer
may suppress or reduce undesirable damage to the first holes 510P,
the trench 510G, and the second holes 510C during the process of
etching the second insulation layer 330 to form the first recesses
510PD and the second recess 510GD. After forming the first recesses
510PD and the second recess 510GD, the sacrificial layer is removed.
The sacrificial layer may include a different dielectric material from the
second insulation layer 330. The sacrificial layer may include carbon,

such as a spin on carbon (SoC) layer.

[0049] FIG. 7 illustrates a schematic cross-sectional structure in which
conductive layers 610 and 620 are formed on the second insulation
layer 330. A conductive material is deposited on the second insulation
layer 330 to form the conductive layers 610 and 620. In an
embodiment, the first conductive layer 610 is formed on the second

insulation layer 330. The first conductive layer 610 is formed to fill

15
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the second holes 510C and extend into the first recesses 510PD and
the first holes 510P. The first conductive layer 610 is formed to extend
into the second recess 510GD and the trench 510G. In an embodiment,
a width of the first recess 510PD and a diameter of the first hole 510P
are wider than a diameter of the first hole 510C. Accordingly, the first
conductive layer 610 may not completely fill the first recesses 510PD
and the first holes 510P. The second conductive layer 620 is further
formed on the first conductive layer 610 to fill the first recesses 510PD
and the first holes 510P substantially and completely. In an
embodiment, the widths of the second recess 510GD and the trench
510G are wider than the diameter of the first hole 510C. The second
conductive layer 620 may extend to substantially completely fill the
second recess 510GD and the trench 510G. Because the second holes
510C are filled with the first conductive layer 610, the second

conductive layer 620 does not extend into the second holes 510C.

[0050] The second conductive layer 620 may include a different
conductive material from the first conductive layer 610. The first
conductive layer 610 includes titanium nitride (TiN). The second
conductive layer 620 may include tungsten (W). The first conductive
layer 610 includes a barrier metal layer for the second conductive layer
620. The barrier metal layer (of the first conductive layer 610) may
suppress the conductive material of the second conductive layer 620
from undesirably diffusing or contaminating the surroundings. The

first conductive layer 610 may include any of titanium nitride (TiN),

16
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tungsten nitride (WN), titanium tungsten nitride (TiWN), tungsten

silicon nitride (WSIN), or a composite layer thereof.

[0051] FIG. 8 illustrates a schematic cross-sectional structure in which
the first conductive layer 610 and the second conductive layer 620 are
(jointly) separated into a first conductive pattern 610P, a fifth
conductive pattern 610G, and second conductive patterns 610C. The
terms of the “first conductive pattern,” the “second conductive pattern,”
and the “fifth conductive pattern” are for distinction from “third
conductive pattern” and “fourth conductive pattern” to be described
later, and do not indicate a specific order. Some portions of the first
conductive layer 610 and the second conductive layer 620 are
removed to expose a surface of the underlying second insulation layer
330. Some portions of the second conductive layer 620 are removed,
and some portions of the first conductive layer 610 exposed when the
portions of the second conductive layer 620 are removed are further
removed. The first conductive layer 610 and the second conductive
layer 620 may be subjected to chemical mechanical polishing (CMP) to
expose the surface of the underlying second insulation layer 330.
Accordingly, the first conductive pattern 610P, the fifth conductive
pattern 610G, and the second conductive patterns 610C are separated
from the first conductive layer 610 and the second conductive layer

620.

[0052] The first conductive pattern 610P may be separated into

interconnections filling the first recesses 510PD and the first holes

17
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510P. The interconnections may include via portions filling the first
holes 510P and wiring portions filling the first recesses 510PD. The
via portions are indicated as conductive contacts or conductive plugs.
Because the via portions are electrically connected to the active
regions 103 of the substrate 100, the interconnections are electrically

connected to the substrate 100.

[0053] The first conductive patterns 610P are formed by processes of
forming the first holes 510P in the second insulation layer 330, forming
the first recesses 510PD, and then forming the conductive layers 610
and 620 filling the first recesses 510PD and the first holes 510P. In
this manner, the first conductive patterns 610P may be formed by

applying a dual damascene process.

[0054] The second conductive patterns 610C may include first storage
nodes that fill the second holes 510C from the first conductive layer
610. In order to improve the performance of the semiconductor device,
an embodiment may be designed with an increased height of the
storage node of a capacitor to increase capacitance of the capacitor.
In order to increase the height of the storage node of the capacitor,
the storage node of the capacitor may be configured in a multi-stage
structure. The first storage node may be a portion of the multi-stage
structure. In an embodiment, the second conductive patterns 610C

may have pillar shapes that fill the second holes 510C.

[0055] The fifth conductive pattern 610G includes a protection guard

18
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that fills the second recess 510GD and the trench 510G. As shown in
FIG. 4, because the trench 510G divides the second insulation layer
330 into the first portion 330P and the second portion 330C, the
protection guard divides the second insulation layer 330 into the first

portion 330P and the second portion 330C.

[0056] FIG. 9 illustrates a schematic cross-sectional structure in which
a binding layer 420 covering the second insulation layer 330 is formed.
The first binding layer 420 is formed to cover the second insulation
layer 330, the first conductive patterns 610P, and the second
conductive patterns 610C. The first binding layer 420 further extends
to cover the fifth conductive pattern 610G. The first binding layer 420
protects the second insulation layer 330 and covers and insulates the
first conductive patterns 610P, the second conductive patterns 610C,

and the fifth conductive pattern 610G.

[0057] The first binding layer 420 includes a different dielectric
material or different insulating material from the second insulation
layer 330. In an embodiment, the first binding layer 420 includes
silicon nitride such as trisilicon tetranitride (SizN4). The first binding
layer 420 may be formed to have a thinner thickness than the second
insulation layer 330. The first binding layer 420 may indicate a nitride

floating capacitor (NFC) structure.

[0058] FIG. 10 illustrates a schematic cross-sectional structure in

which a first opening 420H is formed in the first binding layer 420. A

19
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portion of the first binding layer 420 is removed to form the first
opening 420H that substantially penetrates the first binding layer 420.
A portion of the second portion 330C of the second insulation layer
330 is exposed to the first opening 420H. The first opening 420H is
formed to be positioned not on the first portion 330P of the second
insulation layer 330, but on the second portion 330C of the second
insulation layer 330. The first opening 420H is formed at a position
closer to the second conductive patterns 610C than to the first
conductive patterns 610P. The first opening 420H is positioned to
overlap a portion of the second portion 330C of the second insulation

layer 330 between the second conductive patterns 610C.

[0059] FIG. 11 illustrates a schematic cross-sectional structure in
which mold layers 350 and 370 are formed on the first binding layer
420. A sacrificial layer is formed as the mold layers 350 and 370 on
the first binding layer 420. Each of the mold layers 350 and 370
includes a different dielectric material or a different insulating material
from the first binding layer 420. In an embodiment, each of the mold
layers 350 and 370 includes a borophosphosilicate glass (BPSG) layer,
a tetraethyl orthosilicate (TEOS) layer, an amorphous carbon layer, or
a composite layer thereof. Each of the mold layers 350 and 370 also
includes an oxide-nitride (ON) layer in which silicon oxide layers and

silicon nitride layers are alternately repeated.

[0060] In an embodiment, the mold layers 350 and 370 may be

formed in a multilayer structure including a first mold layer 350 at a

20
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bottom and a second mold layer 370 at a top. A second binding layer
450 may be further formed between the first mold layer 350 and the
second mold layer 370. After forming the first mold layer 350 and
forming the second binding layer 450 covering the first mold layer 350,
the second mold layer 370 may be formed to cover the second binding
layer 450. By forming the mold layers 350 and 370 in multiple layers
in this manner, an overall thickness of the mold layers 350 and 370
can be increased. A third binding layer 470 covering the second mold
layer 370 may be further formed. Each of the second binding layer
450 and the third binding layer 470 may include a different dielectric
material or a different insulating material from the mold layers 350
and 370. The second binding layer 450 and the third binding layer
470 are formed in a thinner thickness than the first mold layer 350
and the second mold layer 370. In an embodiment, the second binding

layer 450 and the third binding layer 470 include silicon nitride.

[0061] The mold layers 350 and 370 are connected to the second
insulation layer 330 below through the first opening 420H of the first
binding layer 420. Because the first mold layer 350 fills the first
opening 420H of the first binding layer 420, the first mold layer 350 is
connected to the second portion 330C of the second insulation layer

330 exposed in the first opening 420H.

[0062] FIG. 12 illustrates a schematic cross-sectional structure in
which third holes 550C penetrating the mold layers 350 and 370 are

formed. Some portions of the mold layers 350 and 370 and the
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binding layers 420, 450, and 470 are removed to form the third holes
550C that substantially penetrate the mold layers 350 and 370 and
the binding layers 420, 450, and 470. The plurality of third holes 550C
are formed on the second portion 330C of the second insulation layer
330. The plurality of third holes 550C are formed over the second
region 100C of the substrate 100. The third holes 550C are formed to

expose some portions of the second conductive patterns 610C.

[0063] In an embodiment, although not shown, a third etch mask may
be formed on the third binding layer 470 using a third photolithography
process, and some portions of the third binding layer 470 exposed by
the third etch mask may be etched and removed. The third etch mask
may include a third photoresist pattern or may further include a third
hard mask having a pattern shape substantially the same as the third
photoresist pattern. Some portions of the second mold layer 370
exposed by removing some portions of the third binding layer 470 may
be sequentially removed, and some portions of the second binding
layer 450 exposed by removing some portions of the second mold
layer 370 may be sequentially removed. Some portions of the first
mold layer 350 exposed by removing some portions of the second
binding layer 450 may be further removed, and some portions of the
first binding layer 420 exposed by removing some portions of the first

mold layer 350 may be removed, thereby forming the third holes 550C.

[0064] FIG. 13 illustrates a schematic cross-sectional structure in

which third conductive patterns 650C connected to the second

22
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conductive patterns 610C are formed. A third conductive layer is
formed on the third binding layer 470 to extend to cover the third holes
550C. Some portions of the third conductive layer are removed to
separate the third conductive patterns 650C filling the third holes 550C
from the third conductive layer. The third conductive patterns 650C
may be second storage nodes connected to the second conductive
patterns 610C, which are the first storage nodes. Each of the second
conductive patterns 610C and each of the third conductive patterns

650C may be stacked to form a storage node of a capacitor.

[0065] FIG. 14 illustrates a schematic cross-sectional structure in
which a second opening 470HC and a third opening 470HP are formed
in the third binding layer 470. Additional portions of the third binding
layer 470 may be further removed to form the second opening 470HC
and the third opening 470HP that substantially penetrate the third
binding layer 470. The second opening 470HC and the third opening
470HP expose the portions of the second mold layer 370 located under
the third binding layer 470. The second opening 470HC may be
positioned over the second portion 330C of the second insulation layer
330, and the third opening 470HP may be positioned over the first
portion 330P of the second insulation layer 330. The second opening
470HC may be positioned over the second region 100C of the substrate
100, and the third opening 470HP may be positioned over the first

region 100P of the substrate 100.

[0066] FIG. 15 illustrates a schematic cross-sectional structure in
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which the second mold layer 370 in FIG. 14 is removed. Referring to
FIG. 14 and FIG. 15, the second mold layer 370 under the third binding
layer 470 is removed through the second opening 470HC and the third
opening 470HP of the third binding layer 470. An etchant is introduced
into the second mold layer 370 through the second opening 470HC
and the third opening 470HP of the third binding layer 470, and thus,

the second mold layer 370 is removed by the introduced etchant.

[0067] Remaining portions of the third binding layer 470 are
connected to the third conductive patterns 650C to bind the third
conductive patterns 650C to each other. Because the third conductive
patterns 650C are bound together by the third binding layer 470, the
third conductive patterns 650C can be supported by the third binding

layer 470 without collapsing.

[0068] FIG. 16 illustrates a schematic cross-sectional structure in
which a fourth opening 450HC and a fifth opening 450HP are formed
in the second binding layer 450. After the second mold layer 370 is
removed, some portions of the second binding layer 450 exposed by
removing the second mold layer 370 are further removed. As some
portions of the second binding layer 450 are removed, the fourth
opening 450HC and the fifth opening 450HP that substantially
penetrate the second binding layer 450 are formed. Some portions of
the second binding layer 450 exposed to the remaining third binding
layer 470 and the third conductive patterns 650C are etched away.

This etching process may be performed by an anisotropic etching
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process using the remaining third binding layer 470 and the third
conductive patterns 650C as etch masks. The fourth opening 450HC
of the second binding layer 450 may be aligned to overlap the second
opening 470HC of the third binding layer 470 in the third direction D3.
The fifth opening 450HP of the second binding layer 450 may be
aligned to overlap the third opening 470HP of the third binding layer

470 in the third direction D3.

[0069] The fourth opening 450HC and the fifth opening 450HP may
expose some portions of the first mold layer 350 located under the
second binding layer 450. The fourth opening 450HC may be
positioned over the second portion 330C of the second insulation layer
330, and the fifth opening 450HP may be positioned over the first
portion 330P of the second insulation layer 330. The fourth opening
450HC is positioned over the second region 100C of the substrate 100,
and the fifth opening 450HP is positioned over the first region 100P of

the substrate 100.

[0070] FIG. 17 illustrates a schematic cross-sectional structure in
which the first mold layer 350 in FIG. 16 is removed. Referring to FIG.
16 and FIG. 17, the first mold layer 350 under the second binding layer
450 is removed. An etchant is introduced into the first mold layer 350
through the fourth opening 450HC and the fifth opening 450HP of the
second binding layer 450, so that the first mold layer 350 is removed
by the introduced etchant. By removing the first mold layer 350 in

this manner, the first opening 420H of the first binding layer 420 is
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exposed. A portion of the second portion 330C of the underlying
second insulation layer 330 may be exposed to the first opening 420H

of the first binding layer 420.

[0071] Remaining portions of the second binding layer 450 are
connected to the third conductive patterns 650C to bind the third
conductive patterns 650C. Because the third conductive patterns
650C are bound together by the second binding layer 450, the third
conductive patterns 650C can be supported by the second binding

layer 450 without collapsing.

[0072] FIG. 18 illustrates a schematic cross-sectional structure in
which the second portion 330C in FIG. 17 of the second insulation layer
330 in FIG. 17 is removed. Referring to FIG. 17 and FIG. 18, the
second portion 330C, which is a portion of the second insulation layer
330 under the first binding layer 420, is removed through the first
opening 420H of the first binding layer 420. An etchant is introduced
into the second portion 330C of the second insulation layer 330
through the first opening 420HC of the first binding layer 420, so that
the second portion 330C of the second insulation layer 330 is removed

by the introduced etchant.

[0073] In this manner, by removing the second portion 330C of the
second insulation layer 330, first side surfaces 610CS of the second
conductive patterns 610C are exposed. Because the fifth conductive

pattern 610G is a protection guard that protects the first portion 330P
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of the second insulation layer 330, the etchant can be prevented from
flowing into the first portion 330P of the second insulation layer 330.
The fifth conductive pattern 610G covers a second side surface 330PS
of the first portion 330P of the second insulation layer 330 and extends
to be connected to the first binding layer 420, and the first binding
layer 420 covers and protects an upper surface 330PT of the first
portion 330P of the second insulation layer 330, so that the first
portion 330P of the second insulation layer 330 can be protected from
the etchant. Because the etchant can be blocked from flowing into the
first portion 330P of the second insulation layer 330 by the first binding
layer 420 and the fifth conductive pattern 610G, the first portion 330P
of the second insulation layer 330 can be protected from the process
of removing the second portion 330C of the second insulation layer
330. Even though the second portion 330C of the second insulation
layer 330 is removed, the first portion 330P of the second insulation
layer 330 remains to surround and insulate the first conductive pattern
610P. A third side surface 610GS, which is a side surface of the fifth
conductive pattern 610G, is exposed when the second portion 330C of

the second insulation layer 330 is removed.

[0074] The remaining portions of the first binding layer 420 may be
connected to the third conductive patterns 650C to bind the third
conductive patterns 650C. Because the third conductive patterns
650C are bound together by the first binding layer 420, the third

conductive patterns 650C can be supported by the first binding layer
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420 without collapsing.

[0075] FIG. 19 illustrates a schematic cross-sectional structure in
which a dielectric layer 670 is formed. The dielectric layer 670 is
formed that covers the first side surfaces 610CS of the first conductive
patterns 610C and extends through the first opening 420H of the first
binding layer 420 to cover the third conductive patterns 650C. The
dielectric layer 670 extends to cover the exposed surfaces of the first
binding layer 420, the second binding layer 450, and the third binding
layer 470. The dielectric layer 670 further extends to cover the

exposed third side surface 610GS of the fifth conductive pattern 610G.

[0076] The dielectric layer 670 may be a dielectric layer of a capacitor.
The dielectric layer 670 may include a high-k dielectric material layer
having a high dielectric constant (k). The dielectric layer 670 includes
zirconium oxide (ZrO3z), aluminum oxide (Al>03), or tantalum oxide

(Taz0s).

[0077] FIG. 20 illustrates a schematic cross-sectional structure in
which a fourth conductive pattern 690 covering the dielectric layer 670
is formed. The fourth conductive pattern 690 extends to cover the
dielectric layer 670. The fourth conductive pattern 690 may include a
plate node of a capacitor. The fourth conductive pattern 690 includes
a layer of various electrode materials. The fourth conductive pattern
690 may include a metal layer or a metal nitride layer such as titanium

nitride (TiN). A capacitor structure can be formed, which includes a
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storage node including the second conductive patterns 610C and the
third conductive pattern 650C, the dielectric layer 670, and a plate
node including the fourth conductive pattern 690.

[0078] In the method of fabricating a semiconductor device according
to an embodiment of the present disclosure, a second insulation layer
330 is formed on a substrate 100 as shown in FIG. 2, and a first hole
510P and second holes 510C penetrating the second insulation layer
330 are formed as shown in FIG. 3. As shown in FIG. 5 and FIG. 6, a
first recess 510PD is formed overlapping the first hole 510P. As shown
in FIG. 7 and FIG. 8, a first conductive pattern 610P filling the first
hole 510P and the first recess 510PD is formed simultaneously with
second conductive patterns 610C filling the second holes 510C. Third
conductive patterns 550C as shown in FIG. 13 are formed to be
connected to the second conductive patterns 610C.

[0079] In the method of fabricating the semiconductor device
according to an embodiment of the present disclosure, a second
insulation layer 330 is formed on a substrate 100 as shown in FIG. 2,
and a first hole 510P, a trench 510G, and second holes 510C
penetrating the second insulation layer 330 are simultaneously formed
as shown in FIG. 3. The trench 510G divides the second insulation
layer 330 into a first portion 330P and a second portion 330C. As
shown in FIG. 7 and FIG. 8, a first conductive pattern 610P filling at
least the first hole 510P, a fifth conductive pattern 610G filling at least

the trench 510G, and second conductive patterns 610C filling the
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second holes 510C may be formed simultaneously. The third
conductive patterns 550C as shown in FIG. 13 may be formed to be
connected to the second conductive patterns 610C. As shown in FIG.
17 and FIG. 18, the second portion 330C of the second insulation layer
330 is removed to expose first side surfaces 610CS of the second
conductive patterns 610C.

[0080] A semiconductor device according to an embodiment of the
present disclosure includes a substrate 100 including a first region
100P and a second region 100C as shown in FIG. 20, and includes a
second portion 330P of a second insulation layer formed on the first
region 100P of the substrate 100. The semiconductor device includes
a first conductive pattern 610P penetrating a second portion 330P of a
second insulation layer and second conductive patterns 610C formed
on a second region 100C of the substrate 100. The semiconductor
device further includes third conductive patterns 650C connected to
the second conductive patterns 610C. The semiconductor device
includes a first binding layer 420 that covers the first conductive
pattern 610P and a top surface 330PT of the second portion 330P of
the second insulation layer. The first binding layer 420 is connected
to the third conductive patterns 650C. The semiconductor device
further includes a fifth conductive pattern 610G that covers a second
side surface 330PS of the second portion 330P of the second insulation
layer and extends in a third direction D3 to be connected to the first

binding layer 420.
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[0081] Concepts are disclosed in conjunction with various examples
and embodiments. Those skilled in the art will understand that various
modifications, additions, and substitutions are possible without
departing from the scope and technical concepts of the present
disclosure. The embodiments disclosed in the present specification
should be considered from an illustrative standpoint and not
considered from a restrictive standpoint. The scope of the present
disclosure is not limited to the descriptions, and all distinctive features
within an equivalent scope should be construed as included in the
present disclosure. All changes within the meaning and range of

equivalency of the claims are included within their scope.
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WHAT IS CLAIMED IS:

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

forming an insulation layer over a substrate;

forming a first hole and a second hole that penetrate the
insulation layer;

forming a recess in the insulation layer overlapping the first hole;

forming a first conductive pattern that fills the first hole and the
recess and a second conductive pattern that fills the second hole; and

forming a third conductive pattern connected to the second

conductive pattern.

2. The method of claim 1,

wherein the first conductive pattern comprises an
interconnection connected to the substrate; and

wherein the second conductive pattern and the third conductive

pattern form a storage node of a capacitor.

3. The method of claim 1, further comprising:

removing, after forming the third conductive pattern, a portion
of the insulation layer to expose a first side surface of the second
conductive pattern;

forming a dielectric layer that covers the first side surface of the
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second conductive pattern and extends to cover the third conductive
pattern; and
forming a fourth conductive pattern that covers the dielectric

layer.

4., The method of claim 3, wherein the fourth conductive

pattern comprises a plate node of a capacitor.

5. The method of claim 3, further comprising, before forming
the third conductive pattern:

forming a binding layer that covers the insulation layer, the first
conductive pattern, and the second conductive pattern; and

forming an opening that penetrates the binding layer at a
position closer to the second conductive pattern than the first
conductive pattern,

wherein the portion of the insulation layer is removed through

the opening.

6. The method of claim 5, wherein the dielectric layer and the

fourth conductive pattern extend to pass through the opening.

7. The method of claim 3, wherein other portions of the

insulation layer are remained to surround the first conductive pattern.
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8. The method of claim 1, wherein forming the first
conductive pattern and the second conductive pattern comprises:

forming a first conductive layer that fills the second hole and
extends into the first hole and the recess;

forming a second conductive layer that fills the first hole and
the recess; and

removing a portion of the second conductive layer and a portion
of the first conductive layer to separate the first conductive pattern
and the second conductive pattern from the first conductive layer and

the second conductive layer, respectively.

9. The method of claim 8,
wherein the first conductive layer comprises titanium nitride
(TiN); and

wherein the second conductive layer comprises tungsten (W).

10. The method of claim 1, wherein the recess extends

outward from the first hole beyond the first hole.

11. The method of claim 1, further comprising forming a first
contact that connects the first conductive pattern to the substrate and
a second contact that connects the second conductive pattern to the

substrate.
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12. A method of fabricating a semiconductor device, the
method comprising:

forming an insulation layer over a substrate;

forming a first hole, a trench, and a second hole to penetrate
the insulation layer, the trench dividing the insulation layer into a first
portion and a second portion;

forming a first conductive pattern that fills the first hole, a fifth
conductive pattern that fills the trench, and a second conductive
pattern that fills the second hole;

forming a third conductive pattern connected to the second
conductive pattern; and

removing the second portion of the insulation layer to expose a

first side surface of the second conductive pattern.

13. The method of claim 12,

wherein the first conductive pattern comprises an
interconnection connected to the substrate;

wherein the second conductive pattern and the third conductive
pattern form a storage node of a capacitor; and

wherein the fifth conductive pattern comprises a protection

guard that protects the first portion of the insulation layer.

14. The method of claim 12, wherein the trench extends to

surround the second hole.
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15. The method of claim 12,

further comprising forming a first recess in the insulation layer
that overlaps the first hole and a second recess in the insulation layer
that overlaps the trench,

wherein the fifth conductive pattern extends to fill the second
recess; and

wherein the first conductive pattern extends to fill the first

recess.

16. The method of claim 15, wherein forming the first
conductive pattern and the second conductive pattern comprises:

forming a first conductive layer on the insulation layer, the first
conductive layer filling the second hole, extending into the second
recess and the trench, and extending into the first recess and the first
hole;

forming a second conductive layer on the first conductive layer,
the second conductive layer filling the second recess and the trench
and the first recess and the first hole; and

removing a portion of the second conductive layer and a portion
of the first conductive layer to separate the first conductive pattern,
the fifth conductive pattern, and the second conductive pattern from

the first conductive layer and the second conductive layer.
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17. The method of claim 16,
wherein the first conductive layer comprises titanium nitride
(TiN); and

wherein the second conductive layer comprises tungsten (W).

18. The method of claim 12, further comprising, before
forming the third conductive pattern:

forming a binding layer that covers the insulation layer, the first
conductive pattern, the fifth conductive pattern, and the second
conductive pattern; and

forming an opening that penetrates the binding layer at a
position closer to the second conductive pattern than the first
conductive pattern,

wherein the second portion of the insulation layer is removed

through the opening.

19. The method of claim 18, further comprising:

forming a dielectric layer that covers the first side surface of the
second conductive pattern and extends to cover the third conductive
pattern through the opening; and

forming a fourth conductive pattern that covers the dielectric

layer.

20. The method of claim 19, wherein the fourth conductive
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pattern comprises a plate node of a capacitor.

21. The method of claim 18, wherein forming the third
conductive pattern comprises:

forming a mold layer on the binding layer;

forming a third hole that penetrates the mold layer and the
binding layer to expose a portion of the second conductive pattern;

forming a third conductive pattern that fills the third hole; and

removing the mold layer.

22. The method of claim 21,

wherein the second portion of the insulation layer is removed
through the opening exposed by removing the mold layer; and

wherein the first portion of the insulation layer remains

protected by the binding layer and the fifth conductive pattern.

23. A semiconductor device comprising:

an insulation layer disposed over a first region of a substrate,
which includes the first region and a second region;

a first conductive pattern that penetrates the insulation layer;

a second conductive pattern formed over the second region;

a third conductive pattern connected to the second conductive
pattern; and

a binding layer covering the first conductive pattern and the
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insulation layer and connected to the third conductive pattern.

24. The semiconductor device of claim 23,
wherein the binding layer is connected to the third conductive
pattern,

further comprising an opening that penetrates the binding layer.

25. The semiconductor device of claim 24, further comprising:

a dielectric layer that covers a first side surface of the second
conductive pattern and extends to cover the third conductive pattern
through the opening; and

a fourth conductive pattern that covers the dielectric layer.

26. The semiconductor device of claim 25,

wherein the first conductive pattern comprises an
interconnection connected to the substrate;

wherein the second conductive pattern and the third conductive
pattern form a storage node of a capacitor; and

wherein the fourth conductive pattern comprises a plate node

of the capacitor.

27. The semiconductor device of claim 23, further comprising

a fifth conductive pattern that covers a second side surface of the

insulation layer and extends to connect to the binding layer.
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28. The semiconductor device of claim 27, wherein the fifth
conductive pattern comprises a protection guard that protects the

insulation layer.

29. The semiconductor device of claim 27, further comprising:

a dielectric layer that covers a first side surface of the second
conductive pattern and extends to cover a third side surface of the fifth
conductive pattern; and

a plate node that covers the dielectric layer.
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