SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED APPLICATION(S)
[0001] This patent application claims the benefit of and priority to Korean Patent
Application No. 10-2022-0086789 filed on 14 July 2022 in the Korean Intellectual Property

Office, the entire disclosure of which is incorporated herein by reference for all purposes.

TECHNICAL FIELD

[0002] The subject matter of the present disclosure relates to a semiconductor device.

BACKGROUND
[0003] Due to the development of the electronics industry and the needs of users,
electronic devices are becoming smaller and higher in performance. Accordingly,
semiconductor devices used in electronic devices are also required to be highly integrated

and to have high-performance.

SUMMARY
[0004] Example implementations provide a semiconductor device in which high
integration may be provided or electrical characteristics may be improved. To address
demands from the semiconductor industry regarding size and integration, the present
disclosure includes forming a spacer structure for spacing between adjacent conductive
structures. In some implementations, within the spacer structure, a dielectric layer between
a back gate electrode and a vertical channel region can include an air gap, which has a low
dielectric constant (“low- k"), which can allow for a high degree of integration while having
improved electrical characteristics. In some implementations, the sequence of layers of in a
vertical channel transistor (VCT) structure, combining a dielectric structure having more

than one layer with an air gap, or both can improve the electric characteristics.



[0005] In general, innovative aspects of the subject matter described in this
specification can be embodied a semiconductor device that includes: a vertical pattern
including a first source/drain region, a second source/drain region at a height higher than a
height of the first source/drain region, and a vertical channel region between the first and
second source/drain regions, a gate structure facing a first side surface of the vertical pattern,
and a back gate structure facing a second side surface, opposite to the first side surface of
the vertical pattern. The gate structure includes a gate electrode on the first side surface of
the vertical pattern, and a gate dielectric layer including a portion between the vertical
pattern and the gate electrode. The back gate structure includes a back gate electrode on the
second side surface of the vertical pattern, and a dielectric structure including a portion
between the vertical pattern and the back gate electrode. The dielectric structure includes an
air gap.

[0006] In general, in another aspect, the subject matter of the present disclosure can be
embodied in a semiconductor device that includes: a bit line structure extending in a first
horizontal direction, a first vertical pattern and a second vertical pattern on the bit line
structure and spaced apart from each other, a first gate structure and a second gate
structure respectively extending in a second horizontal direction, intersecting the first
horizontal direction, and parallel to each other on the bit line structure, and a back gate
structure between the first and second gate structures. Each of the first and second vertical
patterns includes a first source/drain region electrically connected to the bit line structure, a
second source/drain region at a height higher than a height of the first source/drain region,
and a vertical channel region between the first and second source/drain regions. The vertical
channel regions of the first and second vertical patterns are between the first and second
gate structures. The back gate structure includes a back gate electrode between the first and
second vertical patterns, a first air gap between the back gate electrode and the first vertical
pattern, and a second air gap between the back gate electrode and the second vertical

pattern.



[0007] In general, in another aspect, the subject matter of the present disclosure can be
embodied in a semiconductor device that includes: a first source/drain region, a second
source/drain region at a height higher than a height of the first source/drain region, and a
vertical channel region between the first and second source/drain regions, a gate structure
facing a first side surface of the vertical pattern, and a back gate structure facing a second
side surface, opposite to the first side surface of the vertical pattern. The gate structure
includes a gate electrode on the first side surface of the vertical pattern, and a gate dielectric
layer including a portion between the vertical pattern and the gate electrode. The back gate
structure includes a back gate electrode on the second side surface of the vertical pattern,
and a dielectric structure including a portion between the vertical pattern and the back gate
electrode. A first length of the gate dielectric layer in a vertical direction is greater than a
second length of the dielectric structure in the vertical direction.

[0008] In general, in another aspect, the subject matter of the present disclosure can be
embodied in a semiconductor device that includes: a vertical pattern including a first
source/drain region, a second source/drain region at a height higher than a height of the first
source/drain region, and a vertical channel region between the first and second source/drain
regions, a gate structure facing a first side surface of the vertical pattern, and a back gate
structure facing a second side surface, opposite to the first side surface of the vertical
pattern. The gate structure includes a gate electrode on the first side surface of the vertical
pattern, and a gate dielectric layer including a portion between the vertical pattern and the
gate electrode. The back gate structure includes a back gate electrode on the second side
surface of the vertical pattern, a dielectric structure including a portion between the vertical
pattern and the back gate electrode, a first auxiliary structure on the back gate electrode and
the dielectric structure, and a second auxiliary structure below the back gate electrode. The
dielectric structure includes an air gap. The first auxiliary structure defines an upper surface

of the dielectric structure. The second auxiliary structure defines a lower surface of the air

gap.



BRIEF DESCRIPTION OF DRAWINGS

[0009] The above and other aspects, features, and advantages of the present disclosure
will be more clearly understood from the following detailed description, taken in
conjunction with the accompanying drawings, in which:

FIG. 1 is a schematic plan view of an example of a semiconductor device;

FIG. 2 is a schematic cross-sectional view of the semiconductor device of FIG. 1;

FIG. 3 is a partially enlarged cross-sectional view of the semiconductor device of
FIG. 1;

FIGS. 4A, 4B, 4C, 4D and 4E are partially enlarged cross-sectional views of an
example of semiconductor devices;

FIG. 5 is a schematic cross-sectional view of an example of a semiconductor
device;

FIG. 6 is a schematic cross-sectional view of an example of a semiconductor
device;

FIG. 7 is a schematic cross-sectional view of an example of a semiconductor
device;

FIGS. 8A, 8B, 9, 10, 11, 12, 13, 14, 15A, 15B, 15C, 16A, 16B, 17A, 17B, 18A,
18B, 19A, 19B, 20A, 20B, 21A and 21B are schematic views illustrating an example of a
method of manufacturing a semiconductor device; and

FIGS. 22A, 22B, 23 and 24 are schematic views illustrating an example of a

method of manufacturing a semiconductor device.

DETAILED DESCRIPTION
[0010] Hereinafter, terms such as “upper”, “middle” and “lower” may be replaced with
other terms, for example, “first”, “second”, and “third” to describe the elements of the

specification. Terms such as “first”, “second” and “third” may be used to describe various



components, but the components are not limited by the terms, and “first component” may
mean ““ second component” and vice versa.

[0011] Hereinafter, various examples will be described in detail with reference to the
accompanying drawings.

[0012] FIG. 1 is a schematic plan view of an example of a semiconductor device. FIG. 1
illustrates including a planar part of the area in which the air gap 132_AG (see FIG. 2) is
disposed.

[0013] FIG. 2 is a schematic cross-sectional view of the semiconductor device of FIG. 1.
FIG. 2 illustrates a cross-section taken along line I-I’ of FIG. 1.

[0014] FIG. 3 is a partially enlarged cross-sectional view of the semiconductor device of
FIG. 1. FIG. 3 is an enlarged view of area ‘A’ of FIG. 2.

[0015] Referring to FIGS. 1 to 3, a semiconductor device 100 may include lower insulating
layers 101, a bit line structure 110 extending in a first horizontal direction, for example, an
X direction on the lower insulating layers 101, line structures 120 spaced apart from each
other on the lower insulating layers 101 and the bit line structure 110 and extending in a
second horizontal direction, for example, a Y-direction, an intermediate insulating layer 103
covering side surfaces of the line structures 120 on the lower insulating layers 101 and the
bit line structure 110, upper insulating layers 107 on the intermediate insulating layer 103,
information storage structures 180 on the upper insulating layers 107, and contact patterns
170 connecting the line structures 120 and the information storage structures 180 by
penetrating through the upper insulating layers 107.

[0016] In some implementations, the line structures 120 includes a first line structure
120 1 and a second line structure 120 2 that are spaced apart from each other in the first
horizontal direction X and extend in parallel.

[0017] Each of the line structures 120 may include a back gate structure 130, vertical
patterns 140 intermittently extending in the second horizontal Y-direction on both sides of

the back gate structure 130, and front gate structures 160 disposed on at least one side of the



vertical patterns 140. Each of the vertical patterns 140 may include a first source/drain
region 140SD1, a second source/drain region 140SD2 at a height higher than the first
source/drain region 140SD1, and a vertical channel region 140VC between the first and
second source/drain regions 140SD1 and 140SD2.

[0018] The semiconductor device 100 may include a vertical channel transistor comprised
of vertical patterns 140, a bit line structure 110 electrically connected to the vertical patterns
140, and front gate structures 160 disposed on at least one side of the vertical patterns 140.
[0019] The semiconductor device 100 may be applied to, for example, a cell array of a
dynamic random access memory (DRAM), but the present disclosure is not limited thereto.
[0020] The lower insulating layers 101 may include an insulating material such as silicon
oxide, silicon nitride, silicon oxynitride (SiON), or silicon carbonitride (SiCN).

[0021] In some implementations, the lower insulating layers 101 include first to fourth
lower insulating layers 101a, 101b, 101c, and 101d sequentially stacked. The first lower
insulating layer 101a may be an adhesive layer for bonding to another structure, and the
fourth lower insulating layer 101d may be an insulating layer covering the lower surface of
the bit line structure 110. However, the material and the number of layers of the lower
insulating layers 101 may be variously changed.

[0022] The bit line structure 110 may extend in the first horizontal direction X on the
lower insulating layers 101. In some implementations, the bit line structure 110 is buried in
the lower insulating layers 101. For example, the fourth lower insulating layer 101d may
cover the lower surface and side surfaces of the bit line structure 110.

[0023] The bit line structure 110 may be electrically connected to the vertical pattern 140.
For example, the bit line structure 110 may be in contact with and electrically connected to
the first source/drain region 140SD1 of the vertical pattern 140.

[0024] The bit line structures 110 may be provided as a plurality of bit line structures 110,
and the plurality of bit line structures 110 may be spaced apart from each other in a

direction perpendicular to the first horizontal direction and may extend in parallel.



[0025] The bit line structure 110 may include doped polysilicon, metal, conductive metal
nitride, metal-semiconductor compound, conductive metal oxide, conductive graphene,
carbon nanotube, or combinations thereof. For example, at least one of the lower conductive
lines 39 and the lower contact structures 36 may be formed of doped polysilicon, Al, Cu, Ti,
Ta, Ru, W, Mo, Pt, Ni, Co, TiN, TaN, WN, NbN, TiAl, TiAIN, TiSi, TiSiN, TaSi, TaSiN,
RuTiN, NiSi, CoSi, IrOx, RuOx, graphene, carbon nanotubes, or combinations thereof. In
some implementations, the bit line structure 110 includes first to third conductive patterns
110a, 110b, and 110c sequentially stacked on the lower insulating layers 101. The first
conductive pattern 110a may include a metal material, for example, such as titanium (Ti),
tantalum (Ta), tungsten (W), and aluminum (Al), the second conductive pattern 110b may
include, for example, a metal nitride such as titanium nitride (TiN) or a silicide material
such as titanium silicide (TiSi), and the third conductive pattern 110c may include a
semiconductor material such as polycrystalline silicon. The third conductive pattern 110c
may be a layer doped with impurities. However, the material, the number of layers, and the
thickness of the layers constituting the bit line structure 110 may be variously changed.
[0026] Each of the vertical patterns 140 may include a first source/drain region 140SD1 in
contact with the bit line structure 110, a second source/drain region 140SD2 in contact with
the contact pattern 170, and a vertical channel region 140V C between the first and second
source/drain regions 140SD1 and 140SD2.

[0027] In some implementations, the first and second source/drain regions 140SD1 and
140SD2 are of a first conductivity type, and the vertical channel region 140V C has a second
conductivity type different from the first conductivity type, or is an undoped intrinsic
region. For example, the first conductivity type may be an N-type conductivity type, and the
second conductivity type may be a P-type conductivity type.

[0028] In some implementations, the vertical patterns 140 include a single crystal
semiconductor material. The single crystal semiconductor material may include a group IV

semiconductor, a group IllI-V compound semiconductor, or a group II-VI compound



semiconductor, and for example, may be a single crystal semiconductor including at least
one of silicon, silicon carbide, germanium, or silicon-germanium. However, in some
implementations, the vertical patterns 140 include at least one of a polycrystalline
semiconductor material, an oxide semiconductor material such as indium gallium zinc oxide
(1GZ0O), or a two-dimensional material such as MoS or the like.

[0029] The vertical patterns 140 may include first vertical patterns 140_1 arranged while
being spaced apart from each other in the second horizontal direction (Y), and second
vertical patterns 140 2 arranged to be spaced apart from each other in the second horizontal
direction and spaced apart from the first vertical patterns 140_1 in the first horizontal
direction (X). The first vertical patterns 140 _1 may be disposed on one side of the back gate
structure 130, and the second vertical patterns 140 2 may be disposed on the other side of
the back gate structure 130 opposite to the one side.

[0030] The back gate structure 130 may cross the upper surface of the bit line structure 110
on the lower insulating layers 101 and extend in the second horizontal direction ().

[0031] The back gate structure 130 may include a back gate electrode 135 extending in a
second horizontal direction, dielectric structures 132 disposed on both sides of the back gate
electrode 135, a first auxiliary structure 136 on the back gate electrode 135, a second
auxiliary structure 137 below the back gate electrode 135.

[0032] The back gate electrode 135 may serve to remove charges trapped in the vertical
channel region 140VC of each of the vertical patterns 140. The vertical channel regions
140VC may be a floating body, and the back gate electrode 135 may be a structure for
supplementing the floating vertical channel region 140V C to prevent or significantly reduce
performance degradation of the semiconductor device 100 due to a floating body effect of
the vertical channel region 140VC.

[0033] The back gate electrode 135 may include doped polysilicon, metal, conductive
metal nitride, metal-semiconductor compound, conductive metal oxide, graphene, carbon

nanotube, or combinations thereof. For example, the back gate electrode 135 may be formed



of doped polysilicon, Al, Cu, Ti, Ta, Ru, W, Mo, Pt, Ni, Co, TiN, TaN, WN, NbN, TiAl,
TiAIN, TiAIC, TaAlC, TiSi, TiSiN, TaSi, TaSiN, RuTiN, NiSi, CoSi, IrOx, RuOx, graphene,
carbon nanotube, or combinations thereof, but the present disclosure is not limited thereto.
The back gate electrode 135 may be formed of a single layer or multiple layers of the
aforementioned materials.

[0034] In some implementations, the back gate electrode 135 is formed of the same
material as the gate electrode 165, but is not limited thereto and may include a different
material.

[0035] The dielectric structures 132 may extend in the second horizontal Y-direction along
both sides of the back gate electrode 135 on the lower insulating layers 101.

[0036] In some implementations, the dielectric structures 132 include a first dielectric
structure 132_1 disposed on one side of the back gate electrode 135, and a second dielectric
structure 132_2 disposed on the other side opposite to the one side of the back gate
electrode 135. The first dielectric structure 132_1 includes a portion disposed between the
back gate electrode 135 and the first vertical patterns 140 1, and the second dielectric
structure 132_2 includes a portion disposed between the back gate electrode 135 and the
second vertical patterns 140 2.

[0037] The dielectric structures 132 may be disposed between the back gate electrode 135
and the vertical patterns 140 to space the back gate electrode 135 and the vertical patterns
140 apart.

[0038] The dielectric structures 132 may include a material different from a material of the
gate dielectric layer 162. The dielectric structures 132 may include a material having a
lower dielectric constant than a dielectric constant of the gate dielectric layer 162.

[0039] In some implementations, each of the dielectric structures 132 include an air gap
132_AG and a first spacer 132_S1.

[0040] The air gap 132_AG may extend in the vertical direction Z between the vertical

channel region 140VC and the back gate electrode 135. A space between the back gate



electrode 135 and the vertical pattern may define the air gap 132_AG. For example, a first
space surrounded by the first spacer 132_s1, the back gate electrode 135, and the first layer
137a inside the first dielectric structure 132_1 may define a first air gap 132_AG. A second
space surrounded by the first spacer 132_s1, the back gate electrode 135, and the first layer
137a inside the second dielectric structure 132_2 may define a second air gap 132_AG. As
the back gate structure 130 includes the air gap 132_AG, as opposed to another gate
dielectric layer 162 (which has a higher dielectric constant), the distance between the
vertical channel region 140VC and the back gate electrode 135 can be relatively narrowed
while still achieving the same amount of dielectric shielding from using another, thicker
gate dielectric layer 162. The narrowed distance between the vertical channel region 140VC
and the back gate electrode 135 can allow high integration and prevent deterioration of
characteristics of the semiconductor device 100. For example, the characteristic
deterioration may mean that as the distance between the back gate electrode 135 and the
vertical channel region 140V C decreases, the controllability of the gate electrode 165 on the
vertical channel region 140V C may decrease and the parasitic capacitance between the back
gate electrode 135 and the vertical channel region 140VC may increase. Since the air gap
132_AG has a lower dielectric constant than a dielectric constant of the gate dielectric layer
162, the stability of the gate electrode 165 may not be deteriorated while having a relatively
small thickness. Accordingly, the semiconductor device 100 can have improved electrical
characteristics while obtaining high integration.

[0041] In some implementations, an upper surface of the first source/drain region 140SD1
of each of the vertical patterns 140 are on the same or on a lower height than a lower
surface of the air gap 132_AG.

[0042] In some implementations, a lower surface of the second source/drain region
140SD2 of each of the vertical patterns 140 are disposed at the same height as or higher
than the upper surface of the air gap 132_AG.

[0043] The first spacer 132_S1 may define at least one surface of the air gap 132_AG to
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define at least one surface, for example, one side surface and an upper surface of the air gap
132_AG. The other side surface of the air gap 132_AG opposite to the one side surface may
be defined by the back gate electrode 135.

[0044] In some implementations, the first spacer 132_S1 includes a vertical extension
portion 132_S1v extending between the air gap 132_AG and the vertical patterns 140, and a
horizontal extension portion 132_S1h extending from an upper end of the vertical extension
portion 132_S1v toward the back gate electrode 135. The horizontal extension portion
132_S1h may contact the back gate electrode 135.

[0045] The first spacer 132_S1 may include a material different from a material of the gate
dielectric layer 162. The first spacer 132_S1 may include at least one of SiO, SiN, SiOC,
SiON, SiCN, SiOCN, SiOCH, and SiOF.

[0046] In some implementations, the thickness of the first spacer 132_S1 is smaller than
the thickness of the air gap 132_AG or the thickness of the gate dielectric layer 162, but the
present disclosure is not limited thereto.

[0047] The first auxiliary structure 136 may be disposed on the back gate electrode 135
and the dielectric structures 132. The first auxiliary structure 136 may be disposed between
the upper insulating layers 107 and the dielectric structures 132 to physically separate the
upper insulating layers 107 from the dielectric structures 132. The first auxiliary structure
136 may define an upper surface of each of the dielectric structures 132. An upper surface
of the first auxiliary structure 136 may be disposed at substantially the same height as an
upper surface of the gate dielectric layer 162.

[0048] The vertical patterns 140 may include portions extending along the side surfaces of
the dielectric structures 132_1 and 132_2 and onto the side surface of the first auxiliary
structure 136. The side surfaces of the dielectric structures 132_1 and 132_2 and the side
surface of the first auxiliary structure 136 may be substantially coplanar.

[0049] The first auxiliary structure 136 may include an insulating structure such as silicon

oxide, silicon nitride, silicon oxynitride, or silicon carbonitride.
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[0050] The second auxiliary structure 137 may be disposed below the back gate electrode
135. The second auxiliary structure 137 may be disposed between the bit line structure 110
and the back gate electrode 135.

[0051] The second auxiliary structure 137 may define a lower surface of the air gap
132_AG. The upper surface of the second auxiliary structure 137 may include a first surface
in contact with the lower surface of the back gate electrode 135 and a second surface in
contact with the lower surface of the air gap 132_AG.

[0052] In some implementations, the first spacer 132_S1 extends between the second
auxiliary structure 137 and the vertical patterns 140, but the present disclosure is not limited
thereto.

[0053] In some implementations, the second auxiliary structure 137 includes a first layer
137a extending downward along side surfaces of the vertical patterns 140 while covering a
lower surface of the back gate electrode 135 and a lower surface of the air gap 132_AG, and
a second layer 137b filling between the first layer 137a and the bit line structure 110 or
between the first layer 137a and the lower insulating layers 101. The first layer 137a may
have a conformal thickness. The first and second layers 137a and 137b of the second
auxiliary structure 137 may be formed of an insulating material. The first layer 137a and the
second layer 137b may include different insulating materials. For example, the first layer
137a may be at least one of SiN, SiBN, and SiCN, and the second layer 137b may be SiOx.
As the second auxiliary structure 137 includes the first layer 137a and the second layer
137b, a lower surface of the air gap 132_AG may be defined to secure a relatively larger
space of the air gap 132_AG. However, the type, number of layers, and thickness of the
material constituting the second auxiliary structure 137 may be variously changed.

[0054] The front gate structures 160 may extend in the second horizontal Y-direction on
both sides of the back gate structure 130. The front gate structures 160 may be spaced apart
from each other in the first horizontal direction X and extend in parallel.

[0055] The front gate structures 160 may include a first front gate structure 160 1
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extending in the second horizontal direction Y and surrounding at least one side of the first
vertical patterns 140 _1, and a second front gate structure 160_2 spaced apart from the first
front gate structure 160_1 in the first horizontal direction X, extending in the second
horizontal direction Y, and surrounding at least one side of the second vertical patterns
140 2.

[0056] Each of the front gate structures 160 may include a gate dielectric layer 162, a gate
electrode 165, and a gate capping layer 166. The first front gate structure 160 1 may
include a first gate dielectric layer 162_1, a first gate electrode 165 1, and a first gate
capping layer 166_1, and the second front gate structure 160_2 may include a second gate
dielectric layer 162 2, a second gate electrode 165 2, and a second gate capping layer
166 _2.

[0057] The gate dielectric layer 162 may be disposed between the gate electrode 165 and
the vertical patterns 140, on the lower insulating layers 101.

[0058] In some implementations, the gate dielectric layer 162 may be disposed to
conformally cover a side surface of the back gate structure 130 and side surfaces of the
vertical patterns 140 disposed on the side surface of the back gate structure. In some
implementations, the first gate dielectric layer 162_1 may be disposed to cover one side of
the back gate structure 130 and side surfaces of the first vertical patterns 140_1 protruding
from the side of the back gate structure 130.

[0059] In some implementations, the gate dielectric layer 162 has substantially the same
length as the vertical patterns 140 in the vertical direction (Z). For example, the gate
dielectric layer 162 may have a lower surface in contact with the upper surface of the bit
line structure 110, and an upper surface in contact with the lower surfaces of the upper
insulating layers 107, and the length of the gate dielectric layer 162 may indicate a distance
between the lower surface and the upper surface of the gate dielectric layer 162.

[0060] In the vertical direction Z, the length of the gate dielectric layer 162 and/or the

length of the vertical patterns 140 may be greater than the length of the air gap 132_AG.
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[0061] The gate dielectric layer 162 may include at least one of silicon oxide and a high-x
dielectric. The high dielectric may include a metal oxide or a metal oxynitride. For example,
the high dielectric material may be formed of HfO2, HfSiO, HfSION, HfTaO, HfTiO,
HfZrO, ZrO2, Al203, or combinations thereof, but the present disclosure is not limited
thereto. The gate dielectric layer 162 may be formed of a single layer or multiple layers of
the materials described above.

[0062] The gate electrode 165 may be disposed on at least one side of the gate dielectric
layer 162, on the lower insulating layers 101. The gate electrode 165 may be spaced apart
from the vertical patterns 140 by the gate dielectric layer 162. In some implementations, the
first gate electrode 165 1 is spaced apart from the first vertical patterns 140 1 by the first
gate dielectric layer 162_1.

[0063] In some implementations, the gate electrode 165 alternately includes a portion
having a first width in the first horizontal direction (X), and a portion having a second width
greater than the first width, and extends in the second horizontal direction (Y), forming a
structure of vertical patterns 140 intermittently extending on the side surface of the back
gate structure 130 with the gate dielectric layer 162 conformally covering the same. For
example, as the gate electrode 165 can include one side extending in the second horizontal
direction (Y-direction) and the other side facing the one side and in contact with the gate
dielectric layer 162, portions having the first width and the second width may be alternately
repeated.

[0064] In some implementations, the gate electrode 165 is disposed to surround three
surfaces of the vertical pattern 140.

[0065] The gate electrode 165 may have a length shorter than the length of the gate
dielectric layer 162 in the vertical direction Z or the length of each of the vertical patterns
140. The gate electrode 165 may be spaced apart from the lower insulating layers 101, and
the intermediate insulating layer 103 may fill a space between the lower insulating layers

101 and the gate electrode 165. Also, the gate electrode 165 may be spaced apart from the
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upper insulating layers 107, and the gate capping layer 166 may be disposed between the
upper insulating layers 107 and the gate electrode 165. This can prevent the gate electrode
165 from overlapping with the first and second source/drain regions 140SD1 and 140SD2 in
the horizontal direction perpendicular to the vertical direction Z.

[0066] The gate electrode 165 may include doped polysilicon, metal, conductive metal
nitride, metal-semiconductor compound, conductive metal oxide, conductive graphene,
carbon nanotube, or combinations thereof. For example, the gate electrode 165 may be
formed of doped polysilicon, Al, Cu, Ti, Ta, Ru, W, Mo, Pt, Ni, Co, TiN, TaN, WN, NbN,
TiAl, TiAIN, TiSi, TiSiN., TaSi, TaSiN, RuTiN, NiSi, CoSi, IrOx, RuOx, graphene, carbon
nanotubes, or combinations thereof, but the present disclosure is not limited thereto. The
gate electrode 165 may include a single layer or multiple layers of the aforementioned
materials.

[0067] The gate capping layer 166 may be disposed on the gate electrode 165. The gate
capping layer 166 may be disposed to extend along at least one side of the gate dielectric
layer 162. In some implementations, the gate capping layer 166 completely overlaps the
gate electrode 165 in the vertical direction (Z direction). In some implementations, the first
gate capping layer 166 1 extends along at least one side of the first gate dielectric layer
162_1 on the first gate electrode 165 _1.

[0068] The gate capping layer 166 may include an insulating material such as silicon
oxide, silicon nitride, silicon oxynitride (SION), or silicon carbonitride (SiCN). In some
implementations, the gate capping layer 166 includes a material different from a material of
the intermediate insulating layer 103. The gate capping layer 166 may include, for example,
silicon nitride.

[0069] Referring to FIG. 3, each of the first vertical patterns 140 1 may have a first side
surface 140S1 and a second side surface 140S2 opposite to the first side surface 140S1. The
first front gate structure 160 _1 may face the first side surface 140S1, and the back gate

structure 130 may face the second side surface 140S2. The first gate electrode 165 1 is
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disposed on the first side surface 140S1, and the first gate dielectric layer 162_1 may
include a portion disposed between the first vertical patterns 140_1 and the first gate
electrode 165_1. The back gate electrode 135 may be disposed on the second side surface
140S2, and the first dielectric structure 132_1 may include a portion disposed between the
first vertical patterns 140 _1 and the back gate electrode 135. The first dielectric structure
132_1 may contact the second side surface 140S2 of the first vertical patterns 140_1 and the
side surface of the back gate electrode 135 facing the second side surface 140S2,
respectively.

[0070] Each of the second vertical patterns 140_2 may have a third side surface 140S3 and
a fourth side surface 140S4 opposing the third side surface 140S3. The second front gate
structure 160_2 may face the third side surface 140S3, and the back gate structure 130 may
face the fourth side surface 140S4. The second gate electrode 165 _2 is disposed on the third
side surface 140S3, and the second gate dielectric layer 162_2 includes a portion disposed
between the second vertical patterns 140 2 and the second gate electrode 165 2. The back
gate electrode 135 may be disposed on the fourth side surface 140S4, and the second
dielectric structure 132_2 may include a portion disposed between the second vertical
patterns 140 2 and the back gate electrode 135. The second dielectric structure 132_2 may
contact the fourth side surface 140S4 of the second vertical patterns 140 2 and the side
surface of the back gate electrode 135 facing the fourth side surface 140S4, respectively.
[0071] The intermediate insulating layer 103 may cover side surfaces of the line structures
120 together with upper surfaces of the bit line structures 110 and the lower insulating
layers 101. The intermediate insulating layer 103 may include an insulating material such as
silicon oxide, silicon nitride, silicon oxynitride (SiON), or silicon carbonitride (SiCN).
[0072] The upper insulating layers 107 may cover the upper surfaces of the line structures
120 and the upper surfaces of the intermediate insulating layer 103, on the line structures
120 and the intermediate insulating layer 103. The upper insulating layers 107 may include

an insulating material such as silicon oxide, silicon nitride, silicon oxynitride (SiON), or
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silicon carbonitride (SiCN).

[0073] In some implementations, the upper insulating layers 107 include first to third
upper insulating layers 107a, 107b, and 107c that are sequentially stacked. For example, the
second upper insulating layer 107b may include silicon oxide, and the third upper insulating
layer 107c may include silicon nitride. However, the number of layers and the type of
material of the upper insulating layers 107 are not limited thereto and may be variously
changed.

[0074] The contact patterns 170 may pass through the upper insulating layers 107 to come
into contact with the vertical patterns 140 to be electrically connected to the vertical patterns
140. The contact patterns 170 may contact the second source/drain regions 140SD2 of the
vertical patterns 140. The contact patterns 170 may electrically connect the vertical patterns
140 and the information storage structure 180.

[0075] The lower surfaces of the contact patterns 170 are illustrated as being in contact
with the vertical patterns 140 and the gate dielectric layer 162, but in some
implementations, the lower surfaces of the contact patterns 170 are in contact with the gate
capping layer 166 and/or the first auxiliary structure 136.

[0076] The contact patterns 170 may be formed of a conductive material, for example,
doped monocrystalline silicon, doped polycrystalline silicon, metal, conductive metal
nitride, metal-semiconductor compound, conductive metal oxide, conductive graphene,
carbon nanotubes, or combinations thereof. In some implementations, the contact patterns
170 may include first to fourth contact layers 170a, 170b, 170c, and 170d that are
sequentially stacked. For example, the first contact layer 170a comprises doped
monocrystalline silicon, the second contact layer 170b comprises doped polycrystalline
silicon, the third contact layer 170c comprises a silicide material, and the fourth contact
layer 170d may include a metal. However, the number of layers and the type of material of
the contact patterns 170 may be variously changed.

[0077] The information storage structures 180 may include first electrodes 182 electrically
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connected to the contact patterns 170, a second electrode 186 covering the first electrodes
182, and a dielectric layer 184 between the first electrodes 182 and the second electrode
186.

[0078] In some implementations, the information storage structures 180 are capacitors for
storing information in a DRAM. For example, the dielectric layer 184 of the information
storage structures 180 may be a capacitor dielectric layer of a DRAM, and the dielectric
layer 184 may include a high dielectric, silicon oxide, silicon nitride, silicon oxynitride, or
combinations thereof.

[0079] In some implementations, the information storage structures 180 are structures for
storing information in a memory other than a DRAM. For example, the dielectric layer 184
of the information storage structures 180 may be a capacitor dielectric layer of a
ferroelectric memory (FERAM). In this case, the dielectric layer 184 may be a ferroelectric
layer capable of recording data using a polarization state. The ferroelectric layer may also
include a lower dielectric layer comprising at least one of silicon oxide or a high-x
dielectric, and a ferroelectric layer disposed on the lower dielectric layer, in another
implementation.

[0080] Hereinafter, various modifications of the components of the above-described
examples will be described with reference to FIGS. 4A to 7. Various modifications of the
components of the above-described examples to be described below will be mainly
described with reference to the component being modified or the component being replaced.
In addition, the components that may be modified or replaced described below are described
with reference to the following drawings, but the components that may be modified or
replaced are combined with each other, or combined with the components described above
to configure a semiconductor device according to an example of the present disclosure.
[0081] FIGS. 4A to 4E are partially enlarged cross-sectional views of examples of
semiconductor devices. FIGS. 4A to 4E are enlarged views of an area corresponding to area

'‘A' of FIG. 2.
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[0082] Referring to FIG. 4A, in a semiconductor device 100a, the upper surface of the
second auxiliary structure 137 may include a first surface 137_USL1 in contact with the
lower surface of the back gate electrode 135, and a second surface 137_US2 in contact with
the lower surface of the air gap 132_AG. A lower surface of the air gap 132_AG may be
defined by a second surface 137_US2. The second surface 137_US2 may be located at a
height higher than a height of the first surface 137_US1. This may be because the first layer
137a of the second auxiliary structure 137 partially extends between the back gate electrode
135 and the first spacer 132_S1 to form the second surface 137_US2. Accordingly, the first
layer 137a may extend from the lower surface of the back gate electrode 135 to cover a
portion of the side surface.

[0083] Referring to FIG. 4B, in a semiconductor device 100b, a first thickness t1 of the
gate dielectric layer 162 may be greater than a second thickness t2 of each of the dielectric
structures 132b.

[0084] The sum of the thickness of the first spacer 132_S1b and the thickness of the air
gap 132_AGb may be smaller than the thickness of the gate dielectric layer 162.

[0085] As the dielectric structures 132b include the air gap 132_AGb having a lower
permittivity than the gate dielectric layer 162, the dielectric structures 132b may be formed
to have a thickness smaller than the first thickness t1 while still achieving the same amount
of dielectric shielding as if having the first thickness t1 and the permittivity of the gate
dielectric layer 162, thereby providing a highly-integrated semiconductor device 100b.
[0086] Referring to FIG. 4C, a semiconductor device 100c may have a gate electrode 165
structure different from the structure of FIG. 3.

[0087] The lower surface 165 LS of the gate electrode 165 may be disposed at a lower
height than the lower surface 135 LS of the back gate electrode 135. In this case, the lower
surface 165 LS of the gate electrode 165 may be disposed at a height higher than a height
of the upper surface of the second auxiliary structure 137. In some implementations, the

upper surface of the gate electrode 165 and the upper surface of the back gate electrode 135
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are disposed at substantially the same height, but the present disclosure is not limited
thereto.

[0088] In the vertical direction Z, the length of the gate electrode 165 may be longer than
the length of the back gate electrode 135. Accordingly, the stability of the gate electrode
165 with respect to the vertical channel region 140V C may be improved.

[0089] Referring to FIG. 4D, a semiconductor device 100d may have a gate electrode 165
structure different from the structure of FIG. 3.

[0090] The upper surface 165 US of the gate electrode 165 may be disposed at a height
higher than a height of the upper surface 135_US of the back gate electrode 135. In some
implementations, the lower surface of the gate electrode 165 and the lower surface of the
back gate electrode 135 are disposed at substantially the same height, but the present
disclosure is not limited thereto.

[0091] In the vertical direction Z, the length of the gate electrode 165 may be longer than
the length of the back gate electrode 135. Accordingly, the stability of the gate electrode
165 with respect to the vertical channel region 140V C may be improved.

[0092] The upper surface of the first auxiliary structure 136 and the upper surface of the
gate capping layer 166 are located at substantially the same height, but the lower surface of
the first auxiliary structure 136 may be located at a lower height than the lower surface of
the gate capping layer 166. The gate capping layer 166 and the first auxiliary structure 136
are formed through a separate process, and may thus have lower surfaces of different
heights.

[0093] Referring to FIG. 4E, a semiconductor device 100e may have a structure of the
back gate electrode 135e different from the structure of FIG. 3.

[0094] The upper end of the back gate electrode 135e may extend into the first auxiliary
structure 136 by penetrating through a portion of the lower surface of the first auxiliary
structure 136. This may be because a portion of the first auxiliary structure 136 is recessed

in a process of forming a contact hole corresponding to the back gate electrode 135e.
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Accordingly, the upper surface of the back gate electrode 135e may be disposed at a height
higher than a height of the upper surface of the dielectric structures 132.

[0095] FIG. 5 is a schematic cross-sectional view of an example of a semiconductor
device. FIG. 5 illustrates a region corresponding to a cross-section taken along line I-I" of
FIG. 1.

[0096] Referring to FIG. 5, a semiconductor device 200 may include line structures 220
different from those of the semiconductor device 100 of FIG. 2.

[0097] Each of the line structures 220 may include a back gate structure 230, vertical
patterns 140 intermittently extending in the second horizontal Y-direction on both sides of
the back gate structure 230, and front gate structures 160 extending along at least one side
of the vertical patterns 140 on both sides of the back gate structure 230.

[0098] The back gate structure 230 may include dielectric structures 232 disposed on both
sides of the back gate electrode 235.

[0099] Each of the dielectric structures 232 may include an air gap 232_AG, a first spacer
232_S1, and a second spacer 232_S2. The air gap 232_AG and the first spacer 232_S1 may
have the same or similar characteristics as those described with reference to FIG. 2.

[00100] The second spacer 232_S2 may be disposed between the air gap 232_AG and
the back gate electrode 235 to define one side of the air gap 232_AG. The second spacer
232_S2 may extend along a side surface of the back gate electrode 235 to cover an upper
surface of the back gate electrode. The second spacer 232_S2 may contact the horizontal
extension portion of the first spacer 232_S1.

[00101] The second spacer 232_S2 may include at least one of SiO, SiN, SiOC, SiON,
SICN, SIiOCN, SiOCH, or SiOF. The second spacer 232_S2 may include the same material
as the first spacer 232_S1, but is not limited thereto. For example, the second spacer
232_S2 and the first spacer 232_S1 may include different insulating materials.

[00102] In some implementations, the second spacer 232_S2 has substantially the same

thickness as the first spacer 232_S1, but the present disclosure is not limited thereto.
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[00103] FIG. 6 is a schematic cross-sectional view of an example of a semiconductor
device. FIG. 6 illustrates a region corresponding to a cross section taken along line I-I’ of
FIG. 1.

[00104] Referring to FIG. 6, a semiconductor device 300 may include line structures 320
different from those of the semiconductor device 100 of FIG. 2.

[00105] Each of the line structures 320 may include a back gate structure 330, vertical
patterns 140 intermittently extending in the second horizontal Y-direction on both sides of
the back gate structure 330, and front gate structures 160 extending along at least one side
of the vertical patterns 140 on both sides of the back gate structure 330.

[00106] The back gate structure 330 may include dielectric structures 332 disposed on
both sides of the back gate electrode 335.

[00107] Each of the dielectric structures 332 may include an air gap 332_AG and a third
spacer 332_S3. The first spacer 232_S1 and/or the second spacer 232_S2 may be omitted.
[00108] The third spacer 332_S3 may be disposed between the air gap 332_AG and the
back gate electrode 335 to define one side of the air gap 332_AG. The third spacer 332_S3
may extend along a side surface of the back gate electrode 335 on the second auxiliary
structure 137. The second auxiliary structure 137may define a lower surface of the air gap
332_AG.

[00109] The third spacer 332_S3 may include at least one of SiO, SiN, SiOC, SiON,
SIiCN, SIOCN, SiOCH, or SiOF.

[00110] FIG. 7 is a schematic cross-sectional view of an example of a semiconductor
device. FIG. 7 illustrates a region corresponding to a cross section taken along line I-I" of
FIG. 1.

[00111] Referring to FIG. 7, a semiconductor device 400 may include line structures 420
different from those of the semiconductor device 100 of FIG. 2.

[00112] Each of the line structures 420 may include a back gate structure 430, vertical

patterns 140 intermittently extending in the second horizontal Y-direction on both sides of
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the back gate structure 430, and front gate structures 160 extending along at least one side
of the vertical patterns 140 on both sides of the back gate structure 430.

[00113] The back gate structure 430 may include dielectric structures 432 disposed on
both sides of the back gate electrode 435.

[00114] Each of the dielectric structures 432 may include only an air gap 432_AG. For
example, the first to third spacers 232_S1, 232_S2, and 332_S3 may be omitted. The air
gap 432_AG may be defined by the back gate electrode 435, the vertical patterns 140, the
first auxiliary structure 436, and the second auxiliary structure 437.

[00115] FIGS. 8A to 21B are schematic views illustrating an example of a method of
manufacturing a semiconductor device.

[00116] FIGS. 8A, 15A, 16A, 17A, 18A, 19A, 20A, and 21A are plan views illustrating a
method of manufacturing a semiconductor device, and FIGS. 8B, 9, 10, 11, 12, 13, 14, 15B,
16B, 17B, 18B, 19B, 20B, and 21B are cross-sectional views illustrating regions
corresponding to the cross-section taken along line I-I’ of FIG. 1. and FIG. 15C is a
cross-sectional view illustrating a region corresponding to a cross-section taken along line
-1 of FIG. 15A.

[00117] Referring to FIGS. 8A and 8B, a back gate trench BGT may be formed in the
semiconductor substrate 10, and a first auxiliary structure 136’ may be formed in the back
gate trench BGT.

[00118] The semiconductor substrate 10 may be a silicon on insulator (SOI) substrate.
The semiconductor substrate 10 may include a lower semiconductor layer 11, an insulating
layer 12, and an upper semiconductor layer 13. For example, the upper and lower
semiconductor layers 11 and 13 may include single crystal silicon.

[00119] An etching process using the first and second masks M1 and M2 may be
performed to form the back gate trench BGT penetrating through the upper semiconductor
layer 13 and exposing the insulating layer 12. In some implementations, the insulating layer

12 is partially removed through the etching process. The back gate trench BGT may be
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formed in the form of a line extending in the second horizontal Y-direction.

[00120] Next, an insulating material forming the first auxiliary structure 136° is
deposited in the back gate trench BGT, a planarization process is performed, and then, the
first auxiliary structure 136° may be formed by performing an etch-back process of
recessing the insulating material by a predetermined height in the back gate trench BGT.
The insulating material may be, for example, silicon nitride. The first auxiliary structure
136’ may be a structure defining upper surfaces of the dielectric structures 132 (refer to
FIG. 2) formed through a subsequent process.

[00121] Referring to FIG. 9, first spacers 132_S1’ and vertical sacrificial layers 118’ may
be formed on sidewalls of the back gate trench BGT.

[00122] The first material layer forming the first spacers 132_S1' and the second material
layer forming the vertical sacrificial layers 118 may be sequentially deposited to
conformally cover the upper surface of the first auxiliary structure 136" and the sidewall of
the back gate trench BGT. The first material layer may include, for example, SiOC, and the
second material layer may include, for example, SiOx. Next, first spacers 132_S1’ and
vertical sacrificial layers 118’ covering both sidewalls of the back gate trench BGT may be
formed by performing an anisotropic etching process on the first material layer and the
second material layer. The vertical sacrificial layers 118” may include regions in which the
air gap 132_AG is formed through a subsequent process. An upper surface of the first
auxiliary structure 136° may be partially exposed by the anisotropic etching process.
[00123] In this operation, when a portion of the first auxiliary structure 136’ is also
removed, the semiconductor device 100e of FIG. 4E may be provided through a subsequent
process.

[00124] Referring to FIG. 10, a back gate electrode 135 may be formed.

[00125] The back gate electrode 135 may be formed by depositing a conductive material
to fill the back gate trench BGT, performing a planarization process, and then performing an

etch back process. The conductive material may include, for example, TiN. The etch-back

24



process may be a process of selectively removing the second mask M2 and the layer
including the conductive material from the first mask M1. The height of the back gate
electrode 135 may be adjusted through the etch-back process.

[00126] In some implementations, when the etch-back process is performed, portions of
upper ends of the first spacers 132_S1’ and the vertical sacrificial layers 118 are removed
together.

[00127] Referring to FIG. 11, openings OP may be formed by removing the vertical
sacrificial layers 118°.

[00128] The openings OP may be formed by performing an etching process to selectively
remove the vertical sacrificial layers 118 from the first spacers 132_S1’ and the back gate
electrode 135. Each of the openings OP may be a line-shaped opening defined by the first
spacers 132_S1’ and the back gate electrode 135.

[00129] Referring to FIG. 12, air gaps 132_AG and a second preliminary auxiliary
structure 137’ may be formed.

[00130] A first layer 137a’ conformally covering the inside of the back gate trench BGT
and a second layer 137b’ covering the first layer 137a’ are formed on the openings OP and
the back gate electrode 135. The second preliminary auxiliary structure 137° may be formed
by sequentially depositing and performing a planarization process. The first layer 137a’ and
the second layer 137b” may include different insulating materials from each other. For
example, the first layer 137a" may include at least one of SiN, SiBN, and SiCN, and the
second layer 137b' may include SiOx. The openings OP having a closed space by the
second preliminary auxiliary structure 137° may form air gaps 132_AG. An upper surface
of the air gaps 132_AG may be defined by the first layer 137a’.

[00131] In this operation, a portion of the first layer 137a’ is formed to extend into the
openings OP, and as a subsequent process proceeds, the semiconductor device 100a of FIG.
4A may be formed.

[00132] Referring to FIG. 13, the first mask M1 may be removed and a sacrificial spacer
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119 may be formed.

[00133] The upper semiconductor layer 13 may be exposed by selectively removing the
first mask M1 with respect to the second preliminary auxiliary structure 137°. Accordingly,
a portion of the side surface of the second preliminary auxiliary structure 137’ may be
exposed. In some implementations, in the process of removing the first mask M1, a portion
of the upper portion of the upper semiconductor layer 13 is also removed.

[00134] Next, a material constituting the sacrificial spacer 119 is deposited and an
anisotropic etching process is performed to form the sacrificial spacer 119 disposed on the
side surface of the second preliminary auxiliary structure 137’ on the upper semiconductor
layer 13. The sacrificial spacer 119 may contact the upper surface of the upper
semiconductor layer 13. The sacrificial spacer 119 may be a mask layer for forming the
vertical patterns 140 (FIG. 2) through a subsequent process. The sacrificial spacer 119 may
include an insulating material, and the insulating material may include, for example, silicon
oxide, silicon nitride, silicon oxynitride, or combinations thereof.

[00135] Referring to FIG. 14, the upper semiconductor layer 13 may be patterned using
the second preliminary auxiliary structure 137’ and the sacrificial spacer 119 as an etch
mask to form vertical conductive layers 141.

[00136] The upper semiconductor layer 13 may be etched through the patterning to form
vertical conductive layers 141 extending in the second horizontal Y-direction on both sides
of the preliminary back gate structure 130°. In some implementations, a portion of the
insulating layer 12 together with the upper semiconductor layer 13 is removed by a
predetermined depth through the patterning, but the present disclosure is not limited thereto.
[00137] The vertical conductive layers 141 may be disposed to overlap the sacrificial
spacer 119 in the vertical direction (Z). Accordingly, the vertical conductive layers 141 may
have substantially the same width as the sacrificial spacer 119 in the first horizontal
direction (X).

[00138] Referring to FIGS. 15A, 15B, and 15C, a portion of the vertical conductive

26



layers 141 may be removed using the third mask M3 to form vertical patterns 140°.

[00139] A third mask M3 may be formed to extend in the first horizontal direction X
along the upper portion of the preliminary back gate structure 130°, to be spaced apart from
each other in the second horizontal Y-direction, and to extend in parallel. The third mask
M3 may include, for example, SOH.

[00140] Using the third mask M3 as an etch mask, portions of the vertical conductive
layers 141 in a region that do not overlap with the third mask M3 in the vertical direction Z
are removed to form vertical patterns 140°. Accordingly, the vertical patterns 140’ may be
in the form of patterns intermittently extending in the second horizontal Y-direction on both
sides of the preliminary back gate structure 130°.

[00141] Referring to FIGS. 16A and 16B, the third mask M3 is removed, and the
sacrificial spacer 119 and a portion of an upper end of the second preliminary auxiliary
structure 137’ are removed using the fourth mask M4 to form a second auxiliary structure
137.

[00142] The fourth mask M4 may be formed by forming the insulating material layer
covering the preliminary back gate structure 130°, the vertical patterns 140’ and the
sacrificial spacer 119 on the insulating layer 12 and then partially removing the insulating
material layer to have an upper surface substantially at the same height as the lower surface
of the sacrificial spacer 119 through an etch-back process. The insulating material layer may
be, for example, SOH. Accordingly, the upper and side surfaces of the sacrificial spacer 119
may be exposed.

[00143] Next, by performing an etch-back process to remove a portion of the second
preliminary auxiliary structure 137" and the sacrificial spacer 119 to the height of the upper
surface of the fourth mask M4, the upper surfaces of the vertical patterns 140" may be
exposed.

[00144] Referring to FIGS. 17A and 17B, a preliminary gate dielectric layer 162° and a

preliminary gate electrode 165’ may be formed.
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[00145] The preliminary gate dielectric layer 162" and the preliminary gate electrode 165'
are sequentially deposited to conformally cover the upper surface of the insulating layer 12
and the side surfaces of the vertical patterns 140", and the upper surface of the preliminary
gate electrode 165’ may be adjusted to be lower than the vertical patterns 140’ by
selectively removing the preliminary gate electrode 165'. Although the upper surface of the
preliminary gate electrode 165’ is illustrated as being disposed at substantially the same
height as the lower surface of the second auxiliary structure 137, the height of the upper
surface of the preliminary gate electrode 165’ may be variously adjusted.

[00146] Referring to FIGS. 18A and 18B, the intermediate insulating layer 103, the bit
line structure 110, and the lower insulating layers 101 may be sequentially formed.

[00147] After depositing the insulating material, an etch-back process may be performed
to remove the insulating material and a portion of the preliminary gate dielectric layer 162’
to form the intermediate insulating layer 103. The intermediate insulating layer 103 may fill
a space between the adjacent preliminary gate electrodes 165°.

[00148] The bit line structure 110 extending in the first horizontal direction X may be
formed by sequentially depositing a plurality of conductive material layers on the
intermediate insulating layer 103 and performing a patterning process. The material and the
number of layers constituting the bit line structure 110 are not limited to those illustrated
and may be variously changed.

[00149] Lower insulating layers 101 may be formed on the bit line structure 110 and the
intermediate insulating layer 103. The fourth lower insulating layer 101d which is the
lowest insulating layer among the lower insulating layers 101 may cover the upper surface
and side surfaces of the bit line structure 110, and the first lower insulating layer 101a
which is the uppermost insulating layer among the lower insulating layers 101 may be an
adhesive layer for bonding to other structures.

[00150] Referring to FIGS. 19A and 19B, a backgrinding process is performed by

turning the semiconductor substrate 10 over to form a back gate structure 130, vertical
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patterns 140, and a gate dielectric layer 162, and a gate electrode 165 and a gate capping
layer 166 may be formed.

[00151] The semiconductor substrate 10 is turned over, and by performing the
backgrinding process of removing a portion of the preliminary gate dielectric layer 162°, the
first auxiliary structure 136’ and the preliminary vertical patterns 140’ together with the
lower semiconductor layer 11 and the insulating layer 12, the back gate structure 130, the
vertical patterns 140, and the preliminary gate dielectric layer 162’ may be formed.

[00152] Next, the preliminary gate electrode 165' is selectively removed to lower the
upper surface height of the preliminary gate electrode 165' to form the gate electrode 165,
and by filling an insulating material, for example, silicon nitride in the region in which the
preliminary gate electrode 165' has been removed, the gate capping layer 166 may be
formed. Accordingly, the front gate structure 160 including the gate dielectric layer 162, the
gate electrode 165, and the gate capping layer 166 may be formed.

[00153] Referring to FIGS. 20A and 20B, the upper insulating layers 107 may be
formed, and contact holes 170h passing through the upper insulating layers 107 to expose
the upper surfaces of the vertical patterns 140 may be formed.

[00154]  Upper insulating layers 107 covering the back gate structure 130, the front gate
structure 160, the vertical patterns 140, and the intermediate insulating layer 103 may be
formed. The upper insulating layers 107 may include first to third upper insulating layers
107a, 107b, and 107c, but the number of the upper insulating layers 107 is not limited
thereto.

[00155] Next, contact holes 170h exposing the upper surfaces of the vertical patterns 140
may be formed. In a plan view, the contact holes 170h may have a circular shape, but are
not limited thereto and may be changed into various shapes such as polygons and ovals.
[00156] Referring to FIGS. 21A and 21B, contact patterns 170 may be formed in the
contact holes 170h.

[00157] In some implementations, an epitaxy process is performed from the exposed
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vertical patterns 140 and a planarization process is performed to form a first contact layer
170a, and second to fourth contact layers 170b, 170c, and 170d are formed above the first
contact layer 170a. Each of the contact patterns 170 may be formed by forming the four
contact layers 170a, 170b, 170c, and 170d. In the epitaxial process, impurities are implanted
together, such that the first contact layer 170a may be a doped semiconductor layer. In
addition, the impurities may move to the vertical patterns 140 through the epitaxial process
or diffusion in a subsequent process to form a second source/drain region 140SD2 (refer to
FIG. 3).

[00158] However, the method of manufacturing the contact patterns 170 and the number
and material of the layers forming the contact patterns 170 may be variously changed.
[00159] Next, referring to FIGS. 2 and 3, the information storage structure 180 including
the first electrode 182 electrically connected to the contact patterns 170 may be formed on
the upper insulating layers 107.

[00160] FIGS. 22A to 24 are schematic views illustrating an example of a method of
manufacturing a semiconductor device.

[00161] FIG. 22A is a plan view illustrating a method of manufacturing a semiconductor
device, and FIGS. 22B, 23, and 24 are cross-sectional views illustrating regions
corresponding to a cross-section taken along line I-I’ of FIG. 1.

[00162] Referring to FIGS. 22A and 22B, a back gate trench BGT is formed in the
semiconductor substrate 10, a first auxiliary structure 236’ is formed in the back gate trench
BGT, first preliminary spacers 232_S1’ and vertical sacrificial layers 218 may be formed
on sidewalls of the back gate trench BGT, and second preliminary spacers 232_S2’ may be
formed.

[00163] After the first preliminary spacers 232_S1’ and the vertical sacrificial layers
218’ are formed in the same or similar manner to those described with reference to FIGS.
8A to 9, second preliminary spacers 232_S2' may be formed to conformally cover side

surfaces of the vertical sacrificial layers 218’ and the exposed upper surface of the first

30



auxiliary structure 236'. The second preliminary spacers 232_S2' may include the same
material as the first preliminary spacer 232_S1', for example, SiOC, but the present
disclosure is not limited thereto.

[00164] Referring to FIG. 23, a back gate electrode 235 may be formed.

[00165] Similar to that described in FIG. 10, a back gate electrode may be formed by
depositing a conductive material to fill the back gate trench BGT and then performing a
planarization process and an etch back process.

[00166] Upper surfaces of the vertical sacrificial layers 218 may be exposed by the
planarization process and the etch-back process.

[00167] Referring to FIG. 24, air gaps 232_AG and a second auxiliary structure 237’
may be formed.

[00168] A second auxiliary structure 237 may be formed by removing the vertical
sacrificial layers 218 from the exposed upper surfaces of the vertical sacrificial layers 218’
and depositing an insulating material, for example, silicon oxide. A closed space is formed
by covering an upper surface of a region from which the vertical sacrificial layers 218’ have
been removed by the second auxiliary structure 237°, which may form air gaps 232_AG.
For example, the second auxiliary structure 237’ may define upper surfaces of the air gaps
232_AG.

[00169] Since the distance between the first and second preliminary spacers 232_S1' and
232_S2' or the thickness of the vertical sacrificial layers 218" is relatively small, although
the second auxiliary structure 237" is illustrated as being formed of a single layer, the
second auxiliary structure 237’ may be formed to have a double-layer or multi-layer
structure similar to that described with reference to FIG. 12.

[00170] Next, the semiconductor device 200 of FIG. 5 may be formed by performing a
subsequent process similarly to those described with reference to FIGS. 13 to 21B and FIG.
2.

[00171] As set forth above, as a dielectric structure having a structure different from a
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structure of the gate dielectric layer between the gate electrode and the vertical channel
region is disposed between the back gate electrode and the vertical channel region, a
semiconductor device having high integration or improved electrical characteristics may be
provided. The dielectric structure may include a material having a lower dielectric constant
than a dielectric constant of the gate dielectric layer, for example, an air gap, and therefore,
the controllability of the back gate electrode with respect to the vertical channel region may
be relatively reduced and the parasitic capacitance between the back gate electrode and the
vertical channel region may be prevented or reduced. Accordingly, a highly integrated
semiconductor device while relatively increasing the stability of the gate electrode for the
vertical channel region may be provided.

[00172] While examples of implementations have been illustrated and described above, it
will be apparent to those skilled in the art that modifications and variations could be made
without departing from the scope of the present disclosure as defined by the appended

claims.
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What Is Claimed Is:

1. A semiconductor device comprising:

a vertical pattern including a first source/drain region, a second source/drain region
at a height higher than a height of the first source/drain region, and a vertical channel
region between the first and second source/drain regions;

a front gate structure facing a first side surface of the vertical pattern; and

a back gate structure facing a second side surface of the vertical pattern, the second
side surface of the vertical pattern being opposite to the first side surface of the vertical
pattern,

wherein the front gate structure includes:

a gate electrode on the first side surface of the vertical pattern; and

a gate dielectric layer, wherein at least a portion of the gate dielectric layer is
positioned between the vertical pattern and the gate electrode;

wherein the back gate structure includes:

a back gate electrode on the second side surface of the vertical pattern; and

a dielectric structure including a portion between the vertical pattern and the back
gate electrode; and

wherein the dielectric structure includes an air gap within the dielectric structure.

2. The semiconductor device of claim 1, wherein the dielectric structure

comprises a first spacer defining at least one side of the air gap.

3. The semiconductor device of claim 2, wherein the first spacer includes a

material different from a material of the gate dielectric layer.

4. The semiconductor device of claim 3, wherein the gate dielectric layer
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comprises at least one of SiO, HfO, HfSiO, HfSION, HfTaO, HfTiO, HfZrO, ZrO,, or

Al>Os.

5. The semiconductor device of any one of claims 2 to 4, wherein the first

spacer comprises at least one of SiO, SiN, SiOC, SiON, SiCN, SiOCN, SiOCH, or SiOF.

6. The semiconductor device of any one of claims 2 to 5, wherein the first
spacer includes a vertical extension portion between the air gap and the vertical pattern and
a horizontal extension portion extending from an upper end of the vertical extension
portion toward the back gate electrode,

wherein the horizontal extension portion is in contact with the back gate electrode.

7. The semiconductor device of any one of claims 2 to 5, wherein the
dielectric structure includes a second spacer between the air gap and the back gate
electrode, the second spacer being in contact with a horizontal extension portion of the first

spacer.

8. The semiconductor device of any one of claims 2 to 7, wherein a width of
the air gap is greater than a thickness of the first spacer, and

the width of the air gap is a distance between both sides of the air gap.

9. The semiconductor device of any one of claims 1 to 8, wherein the back
gate structure includes a first auxiliary structure on the back gate electrode and the
dielectric structure, and

the vertical pattern has a portion extending on a side surface of the first auxiliary

structure along a side surface of the dielectric structure.
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10. The semiconductor device of claim 9, wherein the front gate structure
comprises a gate capping layer on the gate electrode, and
a lower surface of the first auxiliary structure is at substantially a same height as or

at a height lower than a lower surface of the gate capping layer.

11. The semiconductor device of any one of claims 1 to 10, wherein the back
gate structure includes a second auxiliary structure below the back gate electrode,

wherein the second auxiliary structure defines a lower surface of the air gap.

12. The semiconductor device of any one of claims 1 to 11, wherein an upper
surface of the first source/drain region of the vertical pattern is on a same height as or at a

height lower than a lower end of the air gap.

13. The semiconductor device of any one of claims 1 to 12, wherein a lower
surface of the second source/drain region of the vertical pattern is located on a same height

as or at a height higher than an upper end of the air gap.

14, A semiconductor device comprising:

a bit line structure extending in a first horizontal direction;

a first vertical pattern and a second vertical pattern on the bit line structure and
spaced apart from each other;

a first gate structure extending on the bit line structure and in a second horizontal
direction, wherein the second horizontal direction intersects the first horizontal direction;

a second gate structure extending on the bit line structure and in the second
horizontal direction, such that the first and second gate structures are parallel; and

a back gate structure between the first and second gate structures,

wherein the first vertical pattern include:
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a first source/drain region electrically connected to the bit line structure;
a second source/drain region at a height higher than a height of the first
source/drain region; and
a first vertical channel region between the first and second source/drain
regions, wherein the first vertical channel region is between the first and second gate
structures;
wherein the second vertical pattern include:
a third source/drain region electrically connected to the bit line structure;
a fourth source/drain region at a height higher than a height of the third
source/drain region; and
a second vertical channel region between the first and second source/drain
regions, wherein the second vertical channel region is between the first and second
gate structures; and
wherein the back gate structure includes a back gate electrode between the first
and second vertical patterns;
wherein a first space between the back gate electrode and the first vertical pattern
defines a first air gap; and
wherein a second space between the back gate electrode and the second vertical

pattern defines a second air gap.

15. The semiconductor device of claim 14, wherein the first gate structure
includes:

a first gate electrode extending in the second horizontal direction; and

a first gate dielectric layer between the first gate electrode and the first and second
vertical patterns;

wherein the second gate structure includes:

a second gate electrode extending in the second horizontal direction; and
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a second gate dielectric layer between the second gate electrode and the first and
second vertical patterns; and

wherein, in a vertical direction perpendicular to an upper surface of the bit line
structure, lengths of each of the first and second gate dielectric layers are greater than a

length of the first air gap.

16. The semiconductor device of claim 15, wherein each of the first and
second vertical patterns includes a plurality of vertical patterns on the bit line structure,
and the first and second vertical patterns are spaced apart from each other in the second

horizontal direction along one side of the back gate structure.

17. The semiconductor device of claim 16, wherein the gate dielectric layer
extends from one side surface of the plurality of vertical patterns and is in contact with the

back gate structure.

18. A semiconductor device comprising:

a vertical pattern including a first source/drain region, a second source/drain
region at a height higher than a height of the first source/drain region, and a vertical
channel region between the first and second source/drain regions;

a front gate structure facing a first side surface of the vertical pattern; and

a back gate structure facing a second side surface, opposite to the first side surface
of the vertical pattern,

wherein the front gate structure includes:

a gate electrode on the first side surface of the vertical pattern; and
a gate dielectric layer including a portion between the vertical pattern and
the gate electrode;

wherein the back gate structure includes:
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a back gate electrode on the second side surface of the vertical pattern;
and

a dielectric structure including a portion between the vertical pattern and
the back gate electrode; and
wherein a first length of the gate dielectric layer in a vertical direction is greater

than a second length of the dielectric structure in the vertical direction.

19. The semiconductor device of claim 18, wherein the dielectric structure

comprises an air gap.

20. The semiconductor device of claim 18 or claim 19, wherein the back gate
structure includes a first auxiliary structure on the dielectric structure and the back gate
electrode,

wherein an upper surface of the first auxiliary structure is at substantially a same

height as an upper surface of the gate dielectric layer.
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