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SEMICONDUCTOR DEVICES AND METHOD OF MANUFACTURING THE 

SAME 

 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This patent application claims priority to Korean Patent Application No. 10-2024-

0147931, filed in the Korean Intellectual Property Office on 25 October 2024, the disclosure 

of which is incorporated by reference herein in its entirety. 

 

TECHNICAL FIELD 

[0002] The present disclosure relates to a semiconductor device and a method of 

manufacturing the semiconductor device. 

 

BACKGROUND 

[0003] As miniaturization, multi-functionality, and high performance of electronic products 

are required, high-capacity semiconductor devices are required, and an increase in integration 

is required to provide high-capacity semiconductor devices. Accordingly, design rules for the 

configurations of semiconductor devices are reduced, and structures of the semiconductors 

are increasingly reduced. As the structures of the semiconductors are increasingly reduced, a 

method of providing a process margin with reliability is required. 

 

SUMMARY 

[0004] In general, the present disclosure is directed toward a semiconductor device with 

improved reliability and a method of manufacturing the semiconductor device. 

[0005] According to some implementations, the present disclosure is directed to a 

semiconductor device that includes a first stack structure including a first substrate, and a 

plurality of memory cells on the first substrate, and a second stack structure including a 

second substrate vertically overlapping the first substrate, and a plurality of peripheral circuit 

transistors on the second substrate, wherein the second stack structure includes a first via 

insulating layer passing through a part of the second substrate in a vertical direction, a second 

via insulating layer overlapping at least a portion of the first via insulating layer in the vertical 

direction and passing through other portions of the second substrate in the vertical direction, 

and a through-via passing through the first via insulating layer and the second via insulating 

layer in the vertical direction. 
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[0006] According to some implementations, the present disclosure is directed to a 

semiconductor device that includes a first stack structure including a first substrate, and a 

plurality of memory cells on the first substrate, and a second stack structure including a 

second substrate vertically overlapping the first substrate, and a plurality of peripheral circuit 

transistors on the second substrate, wherein the second stack structure includes a first via 

insulating layer arranged on a first surface of the second substrate, a second via insulating 

layer configured to be in contact with the first via insulating layer and arranged on a second 

surface of the second substrate opposite to the first surface, a through-via passing through the 

first via insulating layer and the second via insulating layer in the vertical direction, and a 

peripheral circuit wiring structure electrically connecting the plurality of peripheral circuit 

transistors to the through-via, a first horizontal width of the first via insulating layer decreases 

towards the second via insulating layer, and a second horizontal width of the second via 

insulating layer decreases towards the first via insulating layer. 

[0007] According to some implementations, the present disclosure is directed to a method of 

manufacturing a semiconductor device that includes providing a first stack structure including 

a first substrate and a plurality of memory cells in the first substrate, and a second stack 

structure including a second substrate vertically overlapping the first substrate and a plurality 

of peripheral circuit transistors in the second substrate, and bonding the first stack structure 

to the second stack structure, wherein the providing of the second stack structure includes 

forming, on a first surface of the second substrate, a device isolation layer, which defines a 

plurality of active regions, and a first via insulating layer adjacent to the device isolation layer 

in a horizontal direction, and forming, on a second surface of the second substrate opposite 

to the first surface, a second via insulating layer in contact with the first via insulating layer. 

[0008] According to some implementations, the forming of the first via insulating layer 

comprises: forming a first via trench by performing an anisotropic etching process on the first 

surface of the second substrate; and filling the first via trench with an insulating material. 

[0009] According to some implementations, the forming of the device isolation layer and the 

first via insulating layer comprises: forming a device isolation trench and a first via trench by 

performing an anisotropic etching process on the first surface of the second substrate; and 

filling the device isolation trench and the first via trench with an insulating material. 

[0010] According to some implementations, the forming of the second via insulating layer 

comprises: forming a second via trench by performing a dry etching process on the second 
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surface of the second substrate to expose the first via insulating layer; and filling the second 

via trench with an insulating material. 

[0011] According to some implementations, the bonding of the first stack structure to the 

second stack structure comprises: forming a first bonding insulating layer on the first stack 

structure and a second bonding insulating layer on the second stack structure; and bonding 

the first bonding insulating layer to the second bonding insulating layer. 

[0012] According to some implementations, a method of manufacturing a semiconductor 

device further comprises forming a through-via passing through the first via insulating layer, 

the second via insulating layer, the first bonding insulating layer, and the second bonding 

insulating layer in the vertical direction after the bonding of the first stack structure to the 

second stack structure. 

[0013] According to some implementations, the first stack structure includes a wiring 

structure on the plurality of memory cells, the second stack structure includes a peripheral 

circuit wiring structure on the plurality of peripheral circuit transistors, and the method further 

comprises forming a through-via electrically connecting the first wiring structure to the 

second wiring structure by passing through the first via insulating layer, the second via 

insulating layer, the first bonding insulating layer, and the second bonding insulating layer in 

the vertical direction after the step of bonding the first stack structure and the second stack 

structure. 

[0014] According to some implementations, a method of manufacturing a semiconductor 

device further comprises forming a through-via passing through the first via insulating layer 

and the second via insulating layer in the vertical direction before the bonding of the first 

stack structure to the second stack structure. 

[0015] According to some implementations, the bonding of the first stack structure to the 

second stack structure comprises: forming a plurality of first bonding pads on the first stack 

structure and a first bonding insulating layer surrounding sidewalls of the plurality of first 

bonding pads, and a plurality of second bonding pads on the second stack structure and a 

second bonding insulating layer surrounding sidewalls of the plurality of second bonding pads; 

and bonding the first stack structure to the second stack structure by respectively bonding the 

plurality of first bonding pads to the plurality of second bonding pads and bonding the first 

bonding insulating layer to the second bonding insulating layer, and the plurality of first 

bonding pads and the plurality of second bonding pads are electrically connected to the 

through-via. 
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[0016] According to some implementations, the providing of the second stack structure 

further comprises forming a bonding key for aligning the first stack structure with the second 

stack structure during a process of bonding the first stack structure to the second stack 

structure on the second via insulating layer after the forming of the second via insulating layer. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Example implementations will be more clearly understood from the following 

detailed description, taken in conjunction with the accompanying drawings. 

[0018] FIG. 1 is a perspective view illustrating an example of a semiconductor device 

according to some implementations. 

[0019] FIG. 2 is a circuit diagram illustrating an example of memory cell array of a 

semiconductor device according to some implementations. 

[0020] FIG. 3 is a layout diagram illustrating an example of a partial region of a 

semiconductor device according to some implementations. 

[0021] FIG. 4A is a cross-sectional view taken along line A1-A1' of FIG. 3 implementations. 

[0022] FIG. 4B is a cross-sectional view taken along line B1-B1' of FIG. 3 according to some 

implementations. 

[0023] FIG. 4C is a cross-sectional view taken along line C1-C1' of FIG. 3 according to some 

implementations. 

[0024] FIG. 5 is an enlarged view of a region indicated as "EX1" of FIG. 4A according to 

some implementations. 

[0025] FIG. 6A is a view illustrating an example of a semiconductor device according to 

some implementations. 

[0026] FIG. 6B is a view illustrating an example of a semiconductor device according to 

some implementations. 

[0027] FIG. 6C is a view illustrating an example of a semiconductor device according to 

some implementations. 

[0028] FIG. 7 is a layout diagram illustrating an example of a partial region of a 

semiconductor device according to some implementations. 

[0029] FIG. 8 is a cross-sectional view taken along line D1-D1' of FIG. 7 according to some 

implementations. 

[0030] FIG. 9 is a layout diagram illustrating an example of a partial region of a 

semiconductor device according to some implementations. 
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[0031] FIG. 10 is a cross-sectional view taken along line E1-E1' of FIG. 9 according to some 

implementations. 

[0032] FIG. 11A, 11B, 12A, 12B, 13A, 13B, 14A, 14B, 15A, 15B, 16A, 16B, 17A and 17B 

are views sequentially illustrating an example of a method of manufacturing a semiconductor 

device according to some implementations 

[0033] FIG. 18A, 18B, 19A and 19B are views sequentially illustrating an example of a 

method of manufacturing a semiconductor device according to some implementations. 

 

DETAILED DESCRIPTION 

[0034] Hereinafter, example implementations will be explained in detail with reference to the 

accompanying drawings. The same reference numerals are used for the same components in 

the drawings, and redundant descriptions thereof are omitted. 

[0035] Herein, a horizontal direction may include a first horizontal direction (the X direction) 

and a second horizontal direction (the Y direction) that intersect each other. A direction 

intersecting the first horizontal direction (the X direction) and the second horizontal direction 

(the Y direction) may be referred to as a vertical direction (the Z direction). Herein, a vertical 

level may be referred to as a height level according to a vertical direction (the Z direction) of 

a certain configuration. 

[0036] FIG. 1 is a perspective view illustrating an example of a semiconductor device 

according to some implementations. In FIG. 1, a semiconductor device 10 may have a 

structure in which a first stack structure SS1 and a second stack structure SS2 are stacked in 

a vertical direction. For example, the first stack structure SS1 and the second stack structure 

SS2 may be arranged at different vertical levels. Although FIG. 1 illustrates that the first stack 

structure SS1 is separated from the second stack structure SS2 for the sake of convenience of 

understanding, the semiconductor device 10 may have a structure in which a bottom surface 

of the second stack structure SS2 is attached to an upper surface of the first stack structure 

SS1. 

[0037] The first stack structure SS1 may include a memory cell region MCR and an adjacent 

region AR. In some implementations, the memory cell region MCR may be a region in which 

a memory cell array is arranged. For example, bit lines, word lines, and memory cells may be 

arranged in the memory cell region MCR. In some implementations, the adjacent region AR 

may be a region in which wires connected to the memory cell region MCR are arranged. In 

some implementations, the adjacent region AR may be a region in which an anti-fuse cell 
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array is arranged. For example, anti-fuse bit lines, anti-fuse word lines, and anti-fuse cells 

may be arranged in the adjacent region AR. 

[0038] The second stack structure SS2 may include a core region CR and a peripheral circuit 

region PR. The core region CR may be arranged at a position overlapping the memory cell 

region MCR in a vertical direction (the Z direction) and may include various core circuits 

electrically connected to the memory cell region MCR. In some implementations, the core 

region CR may include a first core region and a second core region that are separated from 

each other, the first core region may include sense amplifiers which may be electrically 

connected to bit lines included in the first stack structure SS1, and the second core region 

may include sub-word line drivers which may be electrically connected to word lines included 

in the first stack structure SS1. 

[0039] The peripheral circuit region PR may be arranged at a position overlapping the 

adjacent region AR in a vertical direction (the Z direction). The peripheral circuit region PR 

may include a first control signal generation circuit for controlling a sub-word line driver on 

the core region CR and a second control signal generation circuit for controlling a sense 

amplifier, and may further include the sense amplifier, the sub-word line driver, and so on. In 

some implementations, the peripheral circuit region PR may include an anti-fuse cell sensing 

circuit for controlling an anti-fuse cell array on the adjacent region AR and may further 

include a voltage generator for providing an operation voltage to the anti-fuse cell sensing 

circuit and so on. 

[0040] FIG. 2 is a circuit diagram illustrating an example of a memory cell array of a 

semiconductor device 100 according to some implementations. FIG. 2 illustrates the memory 

cell array including a plurality of sub-cell arrays SCA which may be arranged on the memory 

cell region MCR in FIG. 1. The plurality of sub-cell arrays SCA may be spaced apart from 

each other in a second horizontal direction (the Y direction). 

[0041] The plurality of sub-cell arrays SCA may each include a plurality of bit lines BL, a 

plurality of word lines WL, and a plurality of memory cells MC. The plurality of memory 

cells MC may each include a transistor TR and a capacitor structure CAP connected to the 

transistor TR. The plurality of memory cells MC may each have one-transistor-one-capacitor 

(1T1C) structure. 

[0042] The plurality of word lines WL may extend in a second horizontal direction (the Y 

direction) and may be spaced apart from each other in a first horizontal direction (the X 

direction) and a vertical direction (the Z direction). The plurality of bit lines BL may extend 
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in a vertical direction (the Z direction) and may be spaced apart from each other in the first 

horizontal direction (the X direction) and the second horizontal direction (the Y direction). 

The transistor TR may be between the word line WL and the bit line BL. 

[0043] A gate of the transistor TR may be connected to the word line WL, and a source of 

the transistor TR may be connected to the bit line BL via a first contact DC. The transistor 

TR may be connected to the capacitor structure CAP through a second contact BC. A drain 

of the transistor TR may be connected to a first electrode of the capacitor structure CAP 

through the second contact BC, and a second electrode of the capacitor structure CAP may 

be connected to a plate electrode PP. 

[0044] In one sub-cell array SCA, the plurality of transistors TR may be arranged at positions 

where the plurality of transistors TR overlap each other in a vertical direction (the Z direction). 

In one sub-cell array SCA, a plurality of capacitor structures CAP may be arranged at 

positions where the plurality of capacitor structures CAP overlap each other in the vertical 

direction (the Z direction). 1T1C structures may be arranged side by side at the same vertical 

level, and the plurality of memory cells MC, each including 1T1C structure, may be stacked 

in a vertical direction (the Z direction). The storage capacity of the sub-cell array SCA may 

be changed depending on the number of memory cells MC stacked in the vertical direction 

(the Z direction) or the number of layers (for example, the number of capacitor structures 

CAP or the number of layers of capacitor structures CAP) of memory cells MC. 

[0045] FIG. 3 is a layout diagram illustrating an example of a partial region of a 

semiconductor device according to some implementations. 

[0046] FIG. 4A is a cross-sectional view taken along line A1-A1' of FIG. 3 according to some 

implementations. FIG. 4B is a cross-sectional view taken along line B1-B1' of FIG. 3 

according to some implementations. FIG. 4C is a cross-sectional view taken along line C1-

C1' of FIG. 3 according to some implementations. FIG. 5 is an enlarged view of a region 

indicated as "EX1" of FIG. 4A according to some implementations. 

[0047] FIG. 6A is a view illustrating an example of a semiconductor device according to 

some implementations, FIG. 6B is a view illustrating an example of a semiconductor device 

according to some implementations, and FIG. 6C is a view illustrating a semiconductor device 

according to some implementations. 

[0048] Specifically, FIG. 3 is a view illustrating an example of a partial region of the memory 

cell region MCR of the semiconductor device 100 according to some implementations, and 

an example of a partial region of the adjacent region AR of the semiconductor device 100 
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according to some implementations. The memory cell region MCR and the adjacent region 

AR of FIG. 3 may correspond to the memory cell region MCR and the adjacent region AR of 

FIG. 1. 

[0049] In FIGS. 3, 4A, 4B, and 4C, the semiconductor device 100 may include a first stack 

structure SS1 and a second stack structure SS2, and the second stack structure SS2 may be 

bonded to the first stack structure SS1 by a first bonding insulating layer BD1 and a second 

bonding insulating layer BD2. 

[0050] The first stack structure SS1 may include a first substrate 110, a plurality of 

semiconductor patterns 120 arranged on the first substrate 110, a plurality of bit lines BL, a 

plurality of word lines WL, and a capacitor structure CAP. 

[0051] The first substrate 110 may include silicon (Si), germanium (Ge), or silicon-

germanium (SiGe). In some implementations, the first substrate 110 may include a silicon-

on-insulator (SOI) substrate or a germanium-on-insulator (GeOI) substrate. 

[0052] The plurality of semiconductor patterns 120 may be arranged on the first substrate 

110 to extend in a first horizontal direction (the X direction) and to be spaced apart in a 

vertical direction (the Z direction). 

[0053] In some implementations, the plurality of semiconductor patterns 120 may each be 

formed of, for example, an undoped semiconductor material or a doped semiconductor 

material. In some implementations, the plurality of semiconductor patterns 120 may each be 

formed of polysilicon. In some implementations, the plurality of semiconductor patterns 120 

may each include an amorphous metal oxide, a polycrystalline metal oxide, or a combination 

of the amorphous metal oxide and the polycrystalline metal oxide, and may each include at 

least one of, for example, an In-Ga-based oxide (IGO), an In-Zn-based oxide (IZO), or an In-

Ga-Zn-based oxide (IGZO). In some implementations, the plurality of semiconductor patterns 

120 may each include a two-dimensional (2D) material semiconductor, and the 2D material 

semiconductor may include, for example, MoS2, WSe2, graphene, carbon nanotubes, or a 

combination thereof. 

[0054] The plurality of semiconductor patterns 120 may each have a line shape or a bar shape 

extending in the first horizontal direction (X direction). In some implementations, the 

plurality of semiconductor patterns 120 may each include a channel region 120A, a first 

impurity region 120S, and a second impurity region 120D, and the channel region 120A may 

be between the first impurity region 120S and the second impurity region 120D which are 

arranged in the first horizontal direction (the X direction). The first impurity region 120S may 
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be connected to the bit line BL, and the second impurity region 120D may be connected to 

the capacitor structure CAP. An ohmic metal layer formed of a metal silicide or so on may 

be further provided between the first impurity region 120S and the bit line BL and between 

the second impurity region 120D and the capacitor structure CAP. 

[0055] The word line WL may extend in a second horizontal direction (the Y direction) to 

intersect the first horizontal direction (the X direction), which is an extension direction of the 

plurality of semiconductor patterns 120. A word line pad WLP may be provided at an end of 

the word line WL. A plurality of word line pads WLP may be sequentially arranged in the 

second horizontal direction (the Y direction) and may be arranged in a stair shape in the 

second horizontal direction (the Y direction). 

[0056] In some implementations, a word line pad WLPn connected to the nth word line WL 

from the top may be arranged in the second horizontal direction (the Y direction). For 

example, a word line pad WLP1 connected to the word line WL at an uppermost portion, a 

second word line pad WLP2 connected to the word line WL below the word line WL at the 

uppermost portion, and a third word line pad WLP3 connected to the word line WL below 

the two word lines WL at the uppermost portion may be sequentially arranged in the second 

horizontal direction (the Y direction). 

[0057] A plurality of word line contacts WCT may be respectively arranged on upper surfaces 

of the plurality of word line pads WLP, and a plurality of word lines WL may be respectively 

and electrically connected to wiring structures 150 respectively by the plurality of word line 

contacts WCT. 

[0058] The plurality of word lines WL may include at least one of a doped semiconductor 

material (for example, doped silicon, doped germanium, or so on), a conductive metal nitride 

(for example, titanium nitride, tantalum nitride, or so on), a metal (for example, tungsten, 

titanium, tantalum, or so on), and a metal-semiconductor compound (for example, tungsten 

silicide, cobalt silicide, titanium silicide, or so on). 

[0059] In some implementations, a gate insulating layer 130 may be provided between the 

word line WL and the semiconductor pattern 120. The gate insulating layer 130 may include 

at least one selected from a high-k dielectric material having a higher dielectric constant than 

silicon oxide and a ferroelectric material. In some implementations, the gate insulating layer 

130 may include at least one selected from among hafnium oxide (HfO), hafnium silicate 

(HfSiO), hafnium oxynitride (HfON), hafnium silicon oxynitride (HfSiON), lanthanum oxide 

(LaO), lanthanum aluminum oxide (LaAlO), zirconium oxide (ZrO), zirconium silicate 
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(ZrSiO), zirconium oxynitride (ZrON), zirconium silicon oxynitride (ZrSiON), tantalum 

oxide (TaO), titanium oxide (TiO), barium strontium titanium oxide (BaSrTiO), barium 

titanium oxide (BaTiO), lead zirconate titanate (PZT), strontium bismuth tantalate (STB), 

bismuth iron oxide (BFO), strontium titanium oxide (SrTiO), yttrium oxide (YO), aluminum 

oxide (AlO), and lead scandium tantalum oxide (PbScTaO). 

[0060] In some implementations, a plurality of bit lines BL may extend in a vertical direction 

(the Z direction) on a first substrate 110 and spaced apart from each other in the second 

horizontal direction (the Y direction). The plurality of bit lines BL may include any one of a 

doped semiconductor material, a conductive metal nitride, a metal, and a metal-

semiconductor compound. 

[0061] The capacitor structure CAP may include a first electrode EL1, a capacitor dielectric 

layer DL, and a second electrode EL2. The first electrode EL1 may extend in the first 

horizontal direction (the X direction), and ends of the first electrode EL1 may be spaced apart 

from each other in a vertical direction (the Z direction). The first electrode EL1 may have an 

internal space (not illustrated) extending in the first horizontal direction (the X direction), and 

the internal space may be filled with the capacitor dielectric layer DL and the second electrode 

EL2. For example, the first electrode EL1 may have a cup shape rotated 90 degrees. 

[0062] In some implementations, the capacitor dielectric layer DL may include at least one 

selected from a high-k dielectric material having a dielectric constant higher than silicon 

oxide and a ferroelectric material. In some implementations, the capacitor dielectric layer DL 

may include at least one selected from among hafnium oxide (HfO), hafnium silicate (HfSiO), 

hafnium oxynitride (HfON), hafnium silicon oxynitride (HfSiON), lanthanum oxide (LaO), 

lanthanum aluminum oxide (LaAlO), zirconium oxide (ZrO), zirconium silicate (ZrSiO), 

zirconium oxynitride (ZrON), zirconium silicon oxynitride (ZrSiON), tantalum oxide (TaO), 

titanium oxide (TiO), barium strontium titanium oxide (BaSrTiO), barium titanium oxide 

(BaTiO), lead zirconate titanate (PZT), bismuth strontium tantalate (STB), bismuth iron oxide 

(BFO), strontium titanium oxide (SrTiO), yttrium oxide (YO), aluminum oxide (AlO), and 

lead scandium tantalum oxide (PbScTaO). 

[0063] The second electrode EL2 may fill the internal space of the first electrode EL1, and 

the capacitor dielectric layer DL may be between the internal space of the first electrode EL1 

and the second electrode EL2. 

[0064] The first electrode EL1 and the second electrode EL2 may each include a doped 

semiconductor material, a conductive metal nitride, such as titanium nitride, tantalum nitride, 
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niobium nitride, or tungsten nitride, a metal, such as ruthenium, iridium, titanium, or tantalum, 

or a conductive metal oxide, such as iridium oxide or niobium oxide. 

[0065] In some implementations, a plate electrode PP may extend in the vertical direction 

(the Z direction) and the second horizontal direction (the Y direction) on one side of the 

capacitor structure CAP. The second electrode EL2 of the capacitor structure CAP may be 

electrically connected to the plate electrode PP, and, for example, a plurality of second 

electrodes EL2 spaced apart from each other in the vertical direction (the Z direction) and a 

plurality of second electrodes EL2 spaced apart from each other in the second horizontal 

direction (the Y direction) may be commonly connected to the plate electrode PP. 

[0066] A filling insulating layer 112 may be provided on one side of the plate electrode PP. 

A mold insulating layer 122 may be provided between two adjacent first semiconductor 

patterns 120, between two adjacent word lines WL, between two adjacent first electrodes EL1, 

and between two adjacent bit lines BL. 

[0067] The filling insulating layer 112 and the mold insulating layer 122 may each include 

silicon oxide, silicon oxynitride, silicon nitride, carbon-containing silicon oxide, carbon-

containing silicon oxynitride, carbon-containing silicon nitride, or a combination thereof. 

[0068] The mold insulating layer 122 may include a plurality of insulating layers. Here, 

insulating layers provided between a plurality of bit lines BL, between a plurality of word 

lines WL, between a plurality of first semiconductor patterns 120, and between a plurality of 

capacitor structures CAP according to a manufacturing process employed to form a three-

dimensional structure may be collectively referred to as the mold insulating layer 122. 

[0069] The first stack structure SS1 may include a wiring structure 150. For example, the 

wiring structure 150 may include a plurality of wiring layers 152, a plurality of vias 154, each 

electrically connecting two wiring layers 152 located at different vertical levels among the 

plurality of wiring layers 152, and an interlayer insulating layer 156 covering the plurality of 

wiring layers 152 and the plurality of vias 154. Also, the wiring structure 150 may further 

include a contact 158 electrically connected to the bit line BL, the word line WL, or the plate 

electrode PP. 

[0070] The second stack structure SS2 may include a second substrate 160, a plurality of 

peripheral circuit transistors PTR on the second substrate 160, and a peripheral circuit wiring 

structure 180 covering the plurality of peripheral circuit transistors PTR on a first surface 162 

of the second substrate 160. In addition, the second stack structure SS2 may include a device 

isolation trench ST defining a plurality of ion implantation regions PSD on the second 
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substrate 160, a device isolation layer 191 filling the device isolation trench ST, a first via 

insulating layer 192 filling a first via insulating layer trench VT1 in the second substrate 160, 

and a second via insulating layer 194 filling a second via insulating layer trench VT2, and 

herein, the first via insulating layer 192 and the second via insulating layer 194 may be 

collectively referred to as a via insulating layer 190. 

[0071] The second substrate 160 may include silicon (Si), germanium (Ge), or silicon-

germanium (SiGe) similarly to the first substrate 110. In some implementations, the second 

substrate 160 may include an SOI substrate, or a GeOI substrate. 

[0072] The second substrate 160 may have a first surface 162 and a second surface 164 

opposite the first surface 162, the first surface 162 of the second substrate 160 may be referred 

to as a front surface of the second substrate 160 or an upper surface of the second substrate 

160, and the second surface 164 of the second substrate 160 may be referred to as a back 

surface of the second substrate 160 or a lower surface of the second substrate 160. 

[0073] The plurality of peripheral circuit transistors PTR may each include a gate structure 

170, and the gate structure 170 may include a gate electrode 172, a gate insulating layer 174, 

and a gate spacer 175 on an active region PAC of a second substrate 160. The plurality of 

peripheral circuit transistors PTR may each include a plurality of ion implantation regions 

PSD which are formed in the active region PAC and arranged on both sides of the gate 

structure 170. The plurality of ion implantation regions PSD may each constitute a source 

region or a drain region of each of the plurality of peripheral circuit transistors PTR. 

[0074] The plurality of peripheral circuit transistors PTR may respectively include a plurality 

of sense amplifiers, and the plurality of sense amplifiers may be electrically connected to a 

plurality of bit lines BL included in the first stack structure SS1. Also, the plurality of 

peripheral circuit transistors PTR may include a plurality of sub-word line drivers, and the 

plurality of sub-word line drivers may be electrically connected to a plurality of word lines 

WL included in the first stack structure SS1. The plurality of peripheral circuit transistors 

PTR illustrated in FIG. 4A and FIG. 4B are schematically illustrated for the sake of 

convenience of illustration, and the plurality of peripheral circuit transistors PTR may each 

include any one of various devices, such as a planar transistor, a fin field-effect transistor (Fin 

FET), a multi-bridge channel field-effect transistor (MBC FET), or a gate-all-around field-

effect transistor (GAA FET). 

[0075] The peripheral circuit wiring structure 180 may include a plurality of wiring layers 

182, a plurality of vias 184 respectively and electrically connecting the plurality of peripheral 
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circuit transistors PTR to the plurality of wiring layers 182 or the plurality of wiring layers 

182, which are provided at different vertical levels, to each other, and a peripheral circuit 

insulating layer 186 covering the plurality of wiring layers 182 and the plurality of vias 184. 

[0076] Although it is illustrated that the peripheral circuit wiring structure 180 includes two 

wiring layers 182 in a vertical direction (the Z direction), the present disclosure is not limited 

thereto, and for example, the peripheral circuit wiring structure 180 may include three or more 

wiring layers 182. 

[0077] At least some of each of the plurality of conductive components included in the wiring 

structure 150 of the first stack structure SS1 and the plurality of conductive components 

included in the peripheral circuit wiring structure 180 of the second stack structure SS2 may 

be respectively and electrically connected to the plurality of peripheral circuit transistors PTR. 

[0078] The plurality of wiring layers 152 and the plurality of vias 154 included in the wiring 

structure 150 of the first stack structure SS1 and the plurality of wiring layers 182 and the 

plurality of vias 184 included in the peripheral circuit wiring structure 180 of the second stack 

structure SS2 may each include molybdenum (Mo), copper (Cu), tungsten (W), cobalt (Co), 

ruthenium (Ru), manganese (Mn), titanium (Ti), tantalum (Ta), aluminum (Al), a 

combination thereof, or an alloy thereof, but are not limited thereto. 

[0079] The interlayer insulating layer 156 of the first stack structure SS1 and the peripheral 

circuit insulating layer 186 of the second stack structure SS2 may each include an oxide layer, 

a nitride layer, an ultralow-k (ULK) layer having an ultralow dielectric constant K of about 

2.2 to about 2.4, or a combination thereof. For example, the interlayer insulating layer 156 of 

the first stack structure SS1 and the peripheral circuit insulating layer 186 of the second stack 

structure SS2 may each include a tetraethylorthosilicate (TEOS) layer, a high density plasma 

HDP oxide layer, a boro-phospho-silicate glass (BPSG) layer, a flowable chemical vapor 

deposition (FCVD) oxide layer, a SiON layer, a SiN layer, a SiOC layer, a SiCOH layer, or 

a combination thereof but are not limited thereto. 

[0080] In some implementations, the device isolation layer 191 may include an insulating 

material, and the insulating material may include silicon oxide, silicon nitride, or a 

combination thereof. For example, the insulating material may include fluoride silicate glass 

(SG), undoped silicate glass (USG), BPSG, phospho-silicate glass (PSG), flowable oxide 

(FOX), plasma enhanced tetra-ethyl-ortho-silicate (PE-TEOS), or tonen silazene (TOSZ) but 

is not limited thereto. The device isolation layer 191 may be configured as a single layer 

formed of one type of insulating layer, a double layer made of two types of insulating layers 
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or a multilayer formed of a combination of at least three types of insulating layers. In some 

implementations, the device isolation layer 191 may have a shallow trench isolation (STI) 

structure. 

[0081] The via insulating layer 190 may include a first via insulating layer 192 provided on 

the first surface 162 of the second substrate 160, and the second via insulating layer 194 

provided on the second surface 164 of the second substrate 160 and overlapping the first via 

insulating layer 192 in the vertical direction (the Z direction). The first via insulating layer 

192 may have a structure in which an insulating material is filled in the first via insulating 

layer trench VT1 extended from the first surface 162 of the second substrate 160, and the 

second via insulating layer 194 may have a structure in which an insulating material is filled 

in the second via insulating layer trench VT2 extended from the second surface 164 of the 

second substrate 160. The first via insulating layer 192 may be spaced apart from the first 

stack structure SS1 with the second via insulating layer 194 therebetween, and the second via 

insulating layer 194 may face the first stack structure SS1. In some implementations, the first 

via insulating layer 192 and the second via insulating layer 194 may each have a an STI 

structure. 

[0082] In FIG. 5, the first via insulating layer 192 and the second via insulating layer 194 

may each have an inclined sidewall, and the via insulating layer 190 may have an hourglass 

shape including the first via insulating layer 192, which may have a trapezoidal shape, and 

the second via insulating layer 194, which may have a trapezoidal shape. For example, the 

via insulating layer 190 may have a portion of which the horizontal width decreases and a 

portion of which the horizontal width increases as the via insulating layer 190 extends in the 

vertical direction (the Z direction). For example, the via insulating layer 190 may include a 

first portion of which the horizontal width decreases towards the second surface 164 of the 

second substrate 160, and a second portion of which the horizontal width decreases towards 

the second surface 164, and the first portion may correspond to the first via insulating layer 

192, and the second portion may correspond to the second via insulating layer 194. For 

example, the via insulating layer 190 may include a third portion of which the horizontal 

width is the smallest between the first portion and the second portion. 

[0083] In some implementations, a first horizontal width w1 of the first via insulating layer 

192 may decrease towards the second via insulating layer 194, and a second horizontal width 

w2 of the second via insulating layer 194 may decrease towards the first via insulating layer 

192. That is, the first horizontal width w1 of the first via insulating layer 192 and the second 
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horizontal width w2 of the second via insulating layer 194 may increase or decrease in the 

vertical direction (the Z direction), a direction in which the first horizontal width w1 of the 

first via insulating layer 192 increases may be opposite to a direction in which the second 

horizontal width w2 of the second via insulating layer 194 increases, and a direction in which 

the first horizontal width w1 of the first via insulating layer 192 decreases may be opposite 

to a direction in which the second horizontal width w2 of the second via insulating layer 194 

decreases. 

[0084] The first via insulating layer 192 and the second via insulating layer 194 may each 

have a sidewall that is inclined at a less degree of slope than a degree of slope of a sidewall 

of a through-via VA with respect to the second surface 164 of the second substrate 160. The 

first via insulating layer 192 and the second via insulating layer 194 may be formed 

respectively in the first via insulating layer trench VT1 and the second via insulating layer 

trench VT2 formed by etching the second substrate 160, the through-via VA may be formed 

in a space formed by etching the first via insulating layer 192 and the second via insulating 

layer 194, and a difference in the degree of slope may occur due to a difference between a 

constituent material of the second substrate 160, which is a target of etching, and constituent 

materials of the first via insulating layer 192 and the second via insulating layer 194. 

[0085] In some implementations, a first vertical height d1 of the first via insulating layer 192 

may be different from a second vertical height d2 of the second via insulating layer 194. For 

example, the second vertical height d2 of the second via insulating layer 194 may be greater 

than the first vertical height d1 of the first via insulating layer 192. Alternatively, for example, 

the second vertical height d2 of the second via insulating layer 194 may be less than the first 

vertical height d1 of the first via insulating layer 192. In some implementations, the first 

vertical height d1 of the first via insulating layer 192 may be equal to the second vertical 

height d2 of the second via insulating layer 194  

[0086] The first vertical height d1 of the first via insulating layer 192 may be equal to a third 

vertical height d3 of the device isolation layer 191. In some implementations, the first via 

insulating layer 192 may include the same material as the device isolation layer 191. In some 

implementations, the first via insulating layer 192 may be formed by the same etching process 

and the same insulating material deposition process as the device isolation layer 191 and may 

be formed simultaneously with the device isolation layer 191. 
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[0087] In FIG. 5, in some implementations, a lower surface of the first via insulating layer 

192 may be aligned to entirely overlap an upper surface of the second via insulating layer 

194, but the inventive concept is not limited thereto. 

[0088] In some implementations, as illustrated in FIG. 6A, the lower surface of the first via 

insulating layer 192 may be aligned to at least partially overlap the upper surface of the second 

via insulating layer 194. For example, the upper surface of the second via insulating layer 194 

may not entirely overlap the lower surface of the first via insulating layer 192, and the lower 

surface of the first via insulating layer 192 may at least partially overlap the upper surface of 

the second via insulating layer 194 such that the upper surface of the second via insulating 

layer 194 is misaligned with the lower surface of the first via insulating layer 192 in the first 

horizontal direction (the X direction), the second horizontal direction (the Y direction), or a 

diagonal direction between the first horizontal direction (the X direction) and the second 

horizontal direction (the Y direction). In this case, a sidewall of the first via insulating layer 

192 may not be continuously connected to a sidewall of the second via insulating layer 194, 

and instead, the sidewall of the first via insulating layer 192 may be spaced apart from the 

sidewall of the second via insulating layer 194. 

[0089] In FIG. 6A, the second via insulating layer 194 may be misaligned with the first via 

insulating layer 192, and accordingly, the through-via VA may penetrate the other region 

instead of a central region of the second via insulating layer 194, and the first via insulating 

layer 192 may be misaligned with the second via insulating layer 194, and accordingly, the 

through-via VA may penetrate the other region instead of a central region of the first via 

insulating layer 192. 

[0090] However, when the second via insulating layer 194 is misaligned with the first via 

insulating layer 192 and when the first via insulating layer 192 is misaligned with the second 

via insulating layer 194, the through-via VA may not be in contact with the second substrate 

160, may be spaced apart from the second substrate 160 with the first via insulating layer 192 

and the second via insulating layer 194 therebetween, and may be electrically insulated from 

the second substrate 160. 

[0091] Also, in FIG. 5, the lower surface of the first via insulating layer 192 may have the 

same area as the upper surface of the second via insulating layer 194. For example, the 

smallest value of the first horizontal width w1 of the first via insulating layer 192 may be 

equal to the smallest value of the second horizontal width w2 of the second via insulating 

layer 194, but the present disclosure is not limited thereto. 
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[0092] In some implementations, as illustrated in FIG. 6B, the upper surface of the second 

via insulating layer 194 may have a greater area than the lower surface of the first via 

insulating layer 192, or, as illustrated in FIG. 6C, the upper surface of the second via 

insulating layer 194 may have a less area than the lower surface of the first via insulating 

layer 192. That is, as illustrated in FIG. 6B, the smallest value of a second horizontal width 

w2' of the second via insulating layer 194 may be greater than the smallest value of the first 

horizontal width w1 of the first via insulating layer 192, and as illustrated in FIG. 6C, the 

smallest value of the second horizontal width w2 of the second via insulating layer 194 may 

be less than the smallest value of a first horizontal width w1' of the first via insulating layer 

192. 

[0093] In this case, a sidewall of the first via insulating layer 192 may not be continuously 

connected to a sidewall of the second via insulating layer 194, and instead, the sidewall of the 

first via insulating layer 192 may be spaced apart from the sidewall of the second via 

insulating layer 194. For example, as illustrated in FIG. 6B, the sidewall of the second via 

insulating layer 194 may be spaced apart from the sidewall of the first via insulating layer 

192 in the first horizontal direction (the X direction) and the second horizontal direction (the 

Y direction) with a part of the upper surface of the second via insulating layer 194 

therebetween. For example, as illustrated in FIG. 6C, the sidewall of the first via insulating 

layer 192 may be spaced apart from the sidewall of the second via insulating layer 194 in the 

first horizontal direction (the X direction) and the second horizontal direction (the Y direction) 

with a part of the lower surface of the first via insulating layer 192 therebetween. 

[0094] In some implementations, the first via insulating layer 192 and the second via 

insulating layer 194 may each include, for example, an insulating material, and the insulating 

material may include, for example, silicon oxide, silicon nitride, or a combination thereof. 

For example, the insulating material may include FSG, USG, BPSG, PSG, FOX, PE-TEOS, 

or TOSZ but is not limited thereto. The first via insulating layer 192 and the second via 

insulating layer 194 may each be configured with a single layer including one type of 

insulating layer, a dual layer including two types of insulating layers, or a multilayer including 

a combination of at least three types of insulating layers. 

[0095] In some implementations, the first via insulating layer 192 may include the same 

material as the second via insulating layer 194. For example, the first via insulating layer 192 

and the second via insulating layer 194 may each include silicon oxide. In some 
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implementations, the first via insulating layer 192 may include different materials from the 

second via insulating layer 194. 

[0096] In some implementations, the first stack structure SS1 may be bonded to the second 

stack structure SS2 through a first bonding insulating layer BD1 and a second bonding 

insulating layer BD2 bonded together. For example, the first stack structure SS1 may be 

bonded to the second stack structure SS2 through fusion bonding of the first bonding 

insulating layer BD1 and the second bonding insulating layer BD2. The first bonding 

insulating layer BD1 and the second bonding insulating layer BD2 may each include, for 

example, a silicon oxide layer. The first bonding insulating layer BD1 and the second bonding 

insulating layer BD2 may be integrally bonded together. 

[0097] In some implementations, the first stack structure SS1 may be bonded to the second 

stack structure SS2 through bonding of the first bonding insulating layer BD1 and the second 

bonding insulating layer BD2, and through bonding of a plurality of first bonding pads having 

sidewalls surrounded by the first bonding insulating layer BD1 and a plurality of second 

bonding pads having sidewalls surrounded by the second bonding insulating layer BD2. The 

plurality of first bonding pads and the plurality of second bonding pads may each include 

copper, aluminum, or tungsten but are not limited thereto. A method of bonding the plurality 

of first bonding pads and the plurality of second bonding pads may be specifically described 

below with reference to FIG. 18A and FIG. 18B. 

[0098] In FIG. 4C, the first stack structure SS1 may include a first bonding key BK1 to be 

aligned with the second stack structure SS2 during a process of bonding the first stack 

structure SS1 to the second stack structure SS2. Similarly, the second stack structure SS2 may 

include a second bonding key BK2 to be aligned with the first stack structure SS1 during the 

process of bonding the first stack structure SS1 to the second stack structure SS2. The first 

bonding key BK1 may be provided in an upper portion of an interlayer insulating layer 156 

of the first stack structure SS1 to be in contact with a lower surface of the first bonding 

insulating layer BD1, and the second bonding key BK2 may be provided in an upper portion 

of a via insulating layer 190 (for example, the second via insulating layer 194) of the second 

stack structure SS2 to be in contact with an upper surface of the second bonding insulating 

layer BD2. The first bonding key BK1 may be surrounded by the first bonding insulating 

layer BD1 and the interlayer insulating layer 156, and the second bonding key BK2 may be 

surrounded by the second bonding insulating layer BD2 and the via insulating layer 190 (for 

example, the second via insulating layer 194). In some implementations, the first bonding key 
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BK1 and the second bonding key BK2 may each include a different material from a 

surrounding configuration to be distinguished from the surrounding configuration, and for 

example, the first bonding key BK1 may include a different material from the interlayer 

insulating layer 156, and the second bonding key BK2 may include a different material from 

the second via insulating layer 194. For example, the first bonding key BK1 and the second 

bonding key BK2 may each include a conductive material, such as a metal. 

[0099] In some implementations, the second stack structure SS2 may include a through-via 

VA that extends in a vertical direction (the Z direction) through the first via insulating layer 

192 and the second via insulating layer 194 as illustrated in FIG. 4A, FIG. 4B, and FIG. 4C. 

The through-via VA may pass through a part of the peripheral circuit insulating layer 186, 

the via insulating layer 190, and a bonding interface between the first stack structure SS1 and 

the second stack structure SS2, and may pass through the first bonding insulating layer BD1 

and the second bonding insulating layer BD2 in the vertical direction (the Z direction). One 

end of the through-via VA may be electrically connected to a wiring layer 182 of the 

peripheral circuit wiring structure 180 in the second stack structure SS2, and the other end of 

the through-via VA may be electrically connected to the wiring layer 152 of the wiring 

structure 150 in the first stack structure SS1. Through the through-via VA, the plurality of 

peripheral circuit transistors PTR of the second stack structure SS2 may each be electrically 

connected to the bit line BL or the word lines WL of the first stack structure SS1. 

[0100] In some implementations, the second stack structure SS2 may further include an 

interlayer wiring layer (not illustrated) on the second surface 164 of the second substrate 160. 

For example, one end of the through-via VA may be electrically connected to the interlayer 

wiring layer (not illustrated) and the peripheral circuit wiring structure 180 of the second 

stack structure SS2, and the other end of the through-via VA may be electrically connected 

to the wiring layer 152 of the wiring structure 150 of the first stack structure SS1. In this case, 

as illustrated in FIG. 18A, the interlayer wiring layer (not illustrated) may be electrically 

connected to a second bonding pad BP2, and the wiring layer 150 may be electrically 

connected to a first bonding pad BP1. In the first stack structure SS1 and the second stack 

structure SS2 bonded to each other through the first bonding pad BP1 and the second bonding 

pad BP2, the plurality of peripheral circuit transistors PTR of the second stack structure SS2 

may each be electrically connected to the bit line BL or the word line WL of the first stack 

structure SS1 through the first bonding pads BP1 and the second bonding pads BP2. 
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[0101] The through-via VA may include molybdenum (Mo), copper (Cu), tungsten (W), 

cobalt (Co), ruthenium (Ru), manganese (Mn), titanium (Ti), tantalum (Ta), aluminum (Al), 

a combination thereof, or an alloy thereof, similarly to the wiring layer 152 and the via 154 

of the wiring structure 150 of the first stack structure SS1, and the wiring layer 182 and the 

via 184 of the peripheral circuit wiring structure 180 of the second stack structure SS2, but is 

not limited thereto. 

[0102] For example, as a tapered via insulating layer is elongated in the vertical direction (the 

Z direction), an area of the tapered via insulating layer decreases in the horizontal direction 

(the X direction and Y direction), and accordingly, it is difficult to obtain a process margin 

of the through-via VA, and in contrast to this, even when the via insulating layer 190 having 

an hourglass shape is elongated in the vertical direction (the Z direction), an area of the via 

insulating layer 190 in the horizontal direction (the X direction and Y direction) decreases 

and then increases, and accordingly, the smallest area of the via insulating layer 190 in the 

horizontal direction (the X direction and Y direction) may be relatively greater than the 

smallest area of the tapered via insulating layer. Accordingly, the present disclosure may 

easily obtain a process margin of the through-via VA and may provide a semiconductor 

device with improved reliability. 

[0103] FIG. 7 is a layout diagram illustrating an example of a semiconductor device 

according to some implementations, and FIG. 8 is a cross-sectional view taken along line D1-

D1' of FIG. 7 according to some implementations. The semiconductor device 200 described 

below with reference to FIG. 7 and FIG. 8 is substantially similar to the semiconductor device 

100 described above, and accordingly, a difference between the semiconductor device 100 

and the semiconductor device 200 is mainly described below. 

[0104] In FIG. 7 and FIG. 8, the semiconductor device 200 may include a first stack structure 

SS1 and a second stack structure SS2, and the second stack structure SS2 may be bonded to 

the first stack structure SS1 by a first bonding insulating layer BD1 and a second bonding 

insulating layer BD2. The first stack structure SS1 may include a capacitor structure CAP on 

a buried channel array transistor (BCAT) structure. 

[0105] A first substrate 210 may have a plurality of cell active regions AC defined by a cell 

device isolation layer 212. 

[0106] In some implementations, the cell device isolation layer 212 may have an STI 

structure. For example, the cell device isolation layer 212 may include an insulating material 

that fills a cell device isolation trench 212T formed in the first substrate 210. The insulating 
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material may include FSG, USG, BPSG, PSG, FOX, PE-TEOS, or TOSZ but is not limited 

thereto. 

[0107] The plurality of cell active regions AC may each have a relatively long island shape 

having a short axis and a long axis. As illustrated in FIG. 7, the long axis of each of the 

plurality of cell active regions AC may be in a diagonal direction (a D1-D1' direction) parallel 

to an upper surface of the first substrate 210. In some implementations, the plurality of cell 

active regions AC may each have a first conductivity type. The first conductivity type may 

be p- type (or n- type). 

[0108] The first substrate 210 may have a word line trench 220T extending in a first 

horizontal direction (the X direction). The word line trench 220T may intersect the cell active 

region AC and may be formed to a preset depth from an upper surface of the first substrate 

210. A part of the word line trench 220T may extend into the cell device isolation layer 212, 

and a part of the word line trench 220T formed inside the cell device isolation layer 212 may 

have a bottom surface at a lower level than a part of the word line trench 220T formed inside 

the cell active region AC. 

[0109] A first source/drain region 216A and a second source/drain region 216B may be 

respectively arranged on both sides of the word line trench 220T in an upper portion of the 

cell active region AC. The first source/drain region 216A and the second source/drain region 

216B may each be an impurity region doped with an impurity having a second conductive 

type that is different from the first conductive type. The second conductive type may be n- 

type (or p- type). 

[0110] A word line WL may be formed inside the word line trench 220T. The word line WL 

may include a gate insulating layer 222, a gate electrode 224, and a gate capping layer 226 

sequentially formed on an inner wall of the word line trench 220T. 

[0111] The gate insulating layer 222 may be conformally formed on the inner wall of the 

word line trench 220T with a preset thickness. The gate insulating layer 222 may be formed 

of at least one selected from silicon oxide, silicon nitride, silicon oxynitride, 

oxide/nitride/oxide (ONO), and a high-k material having a higher dielectric constant than 

silicon oxide. For example, the gate insulating layer 222 may have a dielectric constant of 

about 10 to about 25. In some implementations, the gate insulating layer 222 may be formed 

of HfO2, Al2O3, HfAlO3, Ta2O3, TiO2, or a combination thereof but is not limited thereto. 

[0112] The gate electrode 224 may fill the word line trench 220T from a bottom of the word 

line trench 220T to a preset height on the gate insulating layer 222. The gate electrode 224 
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may include a work function control layer provided on the gate insulating layer 222 and a 

buried metal layer filling a bottom portion of the word line trench 220T on the work function 

control layer. For example, the work function control layer may include a metal, such as Ti, 

TiN, TiAlN, TiAlC, TiAlCN, TiSiCN, Ta, TaN, TaAlN, TaAlCN, and TaSiCN, a metal 

nitride, or a metal carbide, and the buried metal layer may include at least one of W, WN, 

TiN, and TaN. 

[0113] The gate capping layer 226 may fill the remaining portion of the word line trench 

220T on the gate electrode 224. For example, the gate capping layer 226 may include at least 

one of silicon oxide, silicon oxynitride, and silicon nitride. 

[0114] A bit line BL extending in the Y direction perpendicular to the X direction may be 

formed on the first source/drain region 216A. The bit line BL may include a bit line contact 

232, a bit line conductive layer 234, and a bit line capping layer 236 sequentially stacked on 

the first substrate 210. For example, the bit line contact 232 may include polysilicon, and the 

bit line conductive layer 234 may include a metal. The bit line capping layer 236 may include 

an insulating material, such as silicon nitride or silicon oxynitride. Although FIG. 8 illustrates 

that a bottom surface of the bit line contact 232 is equal to an upper surface of the first 

substrate 210, the bottom surface of the bit line contact 232 may be lower than the upper 

surface of the first substrate 210. 

[0115] In some implementations, a bit line intermediate layer may be provided between the 

bit line contact 232 and the bit line conductive layer 234. The bit line intermediate layer may 

include a metal silicide, such as tungsten silicide, or a metal nitride, such as tungsten nitride. 

A bit line spacer may be further formed on a sidewall of the bit line BL. The bit line spacer 

may include a single-layer structure or a multi-layer structure formed of an insulating material, 

such as silicon oxide, silicon oxynitride, or silicon nitride. Also, the bit line spacer may further 

include an air space. 

[0116] A first interlayer insulating layer 242 may be formed on the first substrate 210, and 

the bit line contact 232 may pass through the first interlayer insulating layer 242 and be 

connected to the first source/drain region 216A. The bit line conductive layer 234 and the bit 

line capping layer 236 may be provided on the first interlayer insulating layer 242. A second 

interlayer insulating layer 244 may be provided on the first interlayer insulating layer 242 to 

cover a side surface of the bit line conductive layer 234 and a side surface and upper surface 

of the bit line capping layer 236. 
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[0117] A contact structure 246 may be on the second source/drain region 216B. A sidewall 

of the contact structure 246 may be surrounded by the first interlayer insulating layer 242 and 

the second interlayer insulating layer 244. In some implementations, the contact structure 246 

may include a lower contact pattern, a metal silicide layer, and an upper contact pattern 

sequentially stacked on the first substrate 210, and a barrier layer surrounding a side and 

bottom surface of the upper contact pattern. In some implementations, the lower contact 

pattern may include polysilicon, and the upper contact pattern may include a metal material. 

The barrier layer may include a conductive metal nitride. 

[0118] A capacitor structure CAP may be provided on the second interlayer insulating layer 

244. An etching stop layer 252 having an opening may be provided on the second interlayer 

insulating layer 244, and a bottom portion of the capacitor structure CAP may be provided 

inside the opening of the etching stop layer 252. The capacitor structure CAP may be covered 

by a capacitor insulating layer 254. 

[0119] The capacitor structure CAP may include a lower electrode electrically connected to 

the contact structure 246, a dielectric layer on the lower electrode, and an upper electrode on 

the dielectric layer. For example, the lower electrode may have a pillar shape extending in a 

vertical direction (the Z direction) on the contact structure 246, and the dielectric layer may 

have a shape extending conformally along the upper surface and sidewall of the lower 

electrode. 

[0120] In FIG. 7, contact structures 246 may be repeatedly arranged in a first horizontal 

direction (the X direction) and a second horizontal direction (the Y direction), and likewise, 

capacitor structures CAP may also be repeatedly arranged in the first horizontal direction (the 

X direction) and the second horizontal direction (the Y direction) to overlap the contact 

structure 246 in the vertical direction (the Z direction). However, this is only an example, and 

the capacitor structures CAP may also be arranged in a hexagonal shape, such as a honeycomb 

structure. In this case, landing pads may be respectively provided between the contact 

structures 246 and the capacitor structures CAP. 

[0121] The first stack structure SS1 may include a wiring structure 260. The wiring structure 

260 may be provided above the capacitor insulating layer 254. For example, the wiring 

structure 260 may include a plurality of wiring layers 262, a via 264 electrically connecting 

the plurality of wiring layers 262 located at different vertical levels among the plurality of 

wiring layers 262, and an interlayer insulating layer 266 covering the plurality of wiring layers 
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262 and the via 264. The wiring structure 260 may be electrically connected to a word line 

WL or a bit line BL. 

[0122] One end of the through-via VA may be electrically connected to the wiring layer 182 

of the peripheral circuit wiring structure 180 in the second stack structure SS2, and the other 

end of the through-via VA may be electrically connected to each of the plurality of wiring 

layers 262 of the wiring structure 260 in the first stack structure SS1. Through the through-

vias VA, a plurality of peripheral circuit transistors PTRs of the second stack structure SS2 

may be electrically connected to a plurality of conductive structures of the first stack structure 

SS1. 

[0123] FIG. 9 is a layout diagram illustrating an example of a semiconductor device 

according to some implementations, and FIG. 10 is a cross-sectional view taken along line 

E1-E1’ of FIG. 9 according to some implementations. The semiconductor device 300 

described below with reference to FIG. 9 and FIG. 10 is substantially similar to the 

semiconductor device 100 described above, and accordingly, a difference between the 

semiconductor device 100 and the semiconductor device 300 is mainly described below. 

[0124] In FIG. 9 and FIG. 10, a semiconductor device 300 may include a first stack structure 

SS1 and a second stack structure SS2, and the second stack structure SS2 may be bonded to 

the first stack structure SS1 by a first bonding insulating layer BD1 and a second bonding 

insulating layer BD2. The first stack structure SS1 may include a capacitor structure CAP on 

a vertical channel transistor (VCT) structure. 

[0125] A lower insulating layer 312 may be provided on a substrate 310, and a plurality of 

first conductive lines 320 may be arranged on the lower insulating layer 312 to be spaced 

apart from each other in a first horizontal direction (the X direction) and to extend in a second 

horizontal direction (the Y direction). A plurality of first insulating patterns 322 may be 

arranged on the lower insulating layer 312 to fill spaces between the plurality of first 

conductive lines 320. The plurality of first conductive lines 320 may correspond to bit lines 

(BL of FIG. 9). 

[0126] In some implementations, the plurality of first conductive lines 320 may each include 

doped polysilicon, a metal, a conductive metal nitride, a conductive metal silicide, a 

conductive metal oxide, or a combination thereof. For example, the plurality of first 

conductive lines 320 may each include doped polysilicon, Al, Cu, Ti, Ta, Ru, W, Mo, Pt, Ni, 

Co, TiN, TaN, WN, NbN, TiAl, TiAlN, TiSi, TiSiN, TaSi, TaSiN, RuTiN, NiSi, CoSi, IrO, 

RuO, or a combination thereof but are not limited thereto. The plurality of first conductive 
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lines 320 may include a single-layer structure or a multilayer structure of the material. In 

some implementations, the plurality of first conductive lines 320 may each include a two-

dimensional semiconductor material, and for example, the two-dimensional semiconductor 

material may include graphene, carbon nanotubes, or a combination thereof. 

[0127] A plurality of channel layers 330 may be arranged on the plurality of first conductive 

lines 320 to have island shapes spaced apart from each other in a first horizontal direction 

(the X direction) and a second horizontal direction (the Y direction). The plurality of channel 

layers 330 may each have a channel width along the first horizontal direction (the X direction) 

and a channel height along the vertical direction (the Z direction), and the channel height may 

be greater than the channel width. A bottom portion of the channel layer 330 may function as 

a first source/drain region, an upper portion of the channel layer 330 may function as a second 

source/drain region, and a part of the channel layer 330 between the first source/drain region 

and the second source/drain region may function as a channel region. A vertical channel 

transistor may refer to a structure in which a channel length of the channel layer 330 extends 

in the vertical direction (the Z direction) from the substrate 310. 

[0128] In some implementations, the channel layer 330 may include an oxide semiconductor, 

and for example, the oxide semiconductor may include InxGayZnzO, InxGaySizO, 

InxSnyZnzO, InxZnyO, ZnxO, ZnxSnyO, ZnxOyN, ZrxZnySnzO, SnxO, HfxInyZnzO, 

GaxZnySnzO, AlxZnySnzO, YbxGayZnzO, InxGayO, or a combination thereof. The channel 

layer 330 may include a single-layer structure or a multi-layer structure of an oxide 

semiconductor. In some implementations, the channel layer 330 may have a band gap energy 

greater than a band gap energy of silicon. The channel layer 330 may be polycrystalline or 

amorphous but is not limited thereto. In some implementations, the channel layer 330 may 

include a two-dimensional semiconductor material, and for example, the two-dimensional 

semiconductor material may include graphene, carbon nanotubes, or a combination thereof. 

[0129] In some implementations, a gate electrode 340 may surround a sidewall of the channel 

layer 330 and extend in the first horizontal direction (the X direction). In some 

implementations, the gate electrode 340 may be a GAA-type gate electrode that surrounds 

the entire sidewall of the channel layer 330, but this is an example, and the present disclosure 

is not limited to the illustration. The gate electrode 340 may correspond to a word line (WL 

of FIG. 9). 

[0130] In other implementations, the gate electrode 340 may be a dual-gate-type gate 

electrode and may include, for example, a first sub-gate electrode facing a first sidewall of 
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the channel layer 330 and a second sub-gate electrode facing a second sidewall of the channel 

layer 330 opposite to the first sidewall. In some implementations, the gate electrode 340 may 

be a single-gate-type gate electrode that covers only the first sidewall of the channel layer 

330 and extends in the first horizontal direction (the X direction). 

[0131] The gate electrode 340 may include doped polysilicon, a metal, a conductive metal 

nitride, a conductive metal silicide, a conductive metal oxide, or a combination thereof. For 

example, the gate electrode 340 may include doped polysilicon, Al, Cu, Ti, Ta, Ru, W, Mo, 

Pt, Ni, Co, TiN, TaN, WN, NbN, TiAl, TiAlN, TiSi, TiSiN, TaSi, TaSiN, RuTiN, NiSi, CoSi, 

IrOx, RuOx, or a combination thereof but is not limited thereto. 

[0132] A gate insulating layer 350 may surround ae sidewall of the channel layer 330 and 

may be provided between the channel layer 330 and the gate electrode 340. In some 

implementations, the gate insulating layer 350 may include a silicon oxide layer, a silicon 

oxynitride layer, a high-k dielectric layer having a higher dielectric constant than the silicon 

oxide layer, or a combination thereof. The high-k dielectric layer may include a metal oxide 

or a metal oxynitride. For example, a high-k dielectric layer forming the gate insulating layer 

350 may include HfO2, HfSiO, HfSiON, HfTaO, HfTiO, HfZrO, ZrO2, Al2O3, or a 

combination thereof but is not limited thereto. 

[0133] A first buried insulating layer 342 surrounding lower sidewalls of the plurality of 

channel layers 330 may be provided on a plurality of first insulating patterns 322, and a 

second buried insulating layer 344 surrounding the lower sidewalls of the plurality of channel 

layers 330 and covering the gate electrode 340 may be provided on the first buried insulating 

layer 342. 

[0134] A plurality of capacitor contacts 360 may be respectively provided on the plurality of 

channel layers 330. The plurality of capacitor contacts 360 may have a matrix form to 

vertically overlap the plurality of channel layers 330 and to be spaced apart from each other 

in the first horizontal direction (the X direction) and the second horizontal direction (the Y 

direction). The plurality of capacitor contacts 360 may each include doped polysilicon, Al, 

Cu, Ti, Ta, Ru, W, Mo, Pt, Ni, Co, TiN, TaN, WN, NbN, TiAl, TiAlN, TiSi, TiSiN, TaSi, 

TaSiN, RuTiN, NiSi, CoSi, IrO, RuO, or a combination thereof but are not limited thereto. 

An upper insulating layer 362 may surround sidewalls of the plurality of capacitor contacts 

360 on the second buried insulating layer 344. 

[0135] An etch stop layer 372 having a plurality of openings may be provided on the upper 

insulating layer 362, and bottom portions of the plurality of capacitor structures CAP may be 
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respectively arranged inside the plurality of openings of the etch stop layer 372. The plurality 

of capacitor structures CAP may be covered by a capacitor insulating layer 374. 

[0136] The plurality of capacitor structures CAP may each include a lower electrode 

electrically connected to each of the plurality of capacitor contacts 360, a dielectric layer on 

the lower electrode, and an upper electrode on the dielectric layer. For example, the lower 

electrode may have a pillar shape extending in the vertical direction (the Z direction) on the 

capacitor contact 360, and the dielectric layer may have a shape conformally extending along 

an upper surface and sidewall of the lower electrode. 

[0137] The first stack structure SS1 may include a wiring structure 380. The wiring structure 

380 may be provided on the capacitor insulating layer 374. For example, the wiring structure 

380 may include a plurality of wiring layers 382, a via 384 electrically connecting the 

plurality of wiring layers 382, which are located at different vertical levels, to each other, and 

an interlayer insulating layer 386 covering the plurality of wiring layers 382 and the via 384. 

The wiring structure 380 may be electrically connected to a word line WL or a bit line BL. 

[0138] One end of the through-via VA may be electrically connected to a wiring layer 182 of 

the peripheral circuit wiring structure 180 of the second stack structure SS2, and the other 

end of the through-via VA may be electrically connected to the wiring layer 382 of the wiring 

structure 380 of the first stack structure SS1. A plurality of peripheral circuit transistors PTR 

of the second stack structure SS2 may be respectively and electrically connected to a plurality 

of conductive structures of the first stack structure SS1 through the through-via VA. 

[0139] Herein, although the first stack structure SS1 of the semiconductor device 100, the 

first stack structure SS1 of the semiconductor device 200, and the first stack structure SS1 of 

the semiconductor device (300) are exemplified as the first stack structure SS1 bonded to the 

second stack structure SS2, this is an example, and the present disclosure is not limited thereto 

and may employ first stack structures of various types in addition to the first stack structures 

SS1. For example, the first stack structure SS1 may include a plurality of flash memory cells 

and may include a memory cell array composed of the plurality of flash memory cells, and 

the memory cell array constituting the first stack structure SS1 may also include a plurality 

of NAND strings. 

[0140] Also, herein, the second stack structure SS2 is not limited to a front side power 

delivery network (FSPDN) that supplies power to a first surface 162 of the second substrate 

160, and may also include a back side power delivery network (BSPDN) that supplies power 

to a second surface 164 of the second substrate 160. For example, a wiring structure 150 may 
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be provided under a plurality of word lines WL and a plurality of bit lines BL in a first stack 

structure SS1, a first substrate 110 may be arranged over a plurality of word lines WL and a 

plurality of bit lines BL, and a second stack structure SS2 bonded to the first stack structure 

SS1 may be provided under the first stack structure SS1. In this case, a part of the peripheral 

circuit wiring structure 180 for supplying power may be provided on the second surface 164 

of the second substrate 160 and may be electrically connected to the through-via VA. When 

the second stack structure SS2 is under the first stack structure SS1, a through-via hole for 

forming the through-via VA in the second surface 164 of the second substrate 160 may be 

formed by etching, and accordingly, the through-via VA may have a shape in which a 

horizontal area decreases from the second surface 164 of the second substrate 160 toward the 

first surface 162. 

[0141] FIG. 11A to FIG. 17B are views sequentially illustrating an example of a method of 

manufacturing a semiconductor device according to some implementations. Specifically, 

FIGS. 11A, 12A, 13A, 14A, 15A, 16A, and 17A are cross-sectional views taken along line 

A1-A1' of FIG. 3 according to some implementations, and FIGS. 11B, 12B, 13B, 14B, 15B, 

16B, and 17B are cross-sectional views taken along the line C1-C1' of FIG. 3 according to 

some implementations. 

[0142] In FIG. 11A and FIG. 11B, a device isolation trench ST may be formed in the first 

surface 162 of the second substrate 160 to define a plurality of active regions PAC. In order 

to form the device isolation trench ST, an etching process may be performed on the first 

surface 162 of the second substrate 160, and the etching process may be an anisotropic etching 

process, for example, a dry etching process using plasma. 

[0143] In some implementations, a first via insulating layer trench VT1 may be formed 

together with the device isolation trench ST. The first via insulating layer trench VT1 may be 

formed simultaneously with the device isolation trench ST in a process of forming the device 

isolation trench ST. In some implementations, the first via insulating layer trench VT1 may 

have the same depth as a depth of the device isolation trench ST formed in the first surface 

162 of the second substrate 160. For example, the first via insulating layer trench VT1 and 

the device isolation trench ST may all have depths of about 100 nm to about 500 nm in the 

first surface 162 of the second substrate 160. 

[0144] Thereafter, in order to form a device isolation layer 191 and a first via insulating layer 

192, the inside of each of the device isolation trench ST and the first via insulating layer 
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trench VT1 may be filled with an insulating material. The insulating material may include 

FSG, USG, BPSG, PSG, FOX, PE-TEOS, or TOSZ but is not limited thereto. 

[0145] Thereafter, a peripheral circuit transistor PTR, which includes an ion implantation 

region PSD and a gate structure 170 including a gate electrode 172, a gate insulating layer 

174, and a gate spacer 175, may be formed on a second substrate 160 on which the device 

isolation layer 191 and the first via insulating layer 192 are formed. 

[0146] In FIG. 12A and FIG. 12B, a peripheral circuit wiring structure 180 covering the 

peripheral circuit transistor PTR may be formed on the second substrate 160 on which the 

peripheral circuit transistor PTR is formed. The peripheral circuit wiring structure 180 may 

include a plurality of wiring layers 182, a plurality of vias 184 electrically connecting between 

the peripheral circuit transistor PTR and the plurality of wiring layers 182 or between the 

wiring layers 182 located at different vertical levels, and a peripheral circuit insulating layer 

186 covering the plurality of wiring layers 182 and the plurality of vias 184. 

[0147] In FIG. 13A and FIG. 13B, a resulting device of FIG. 12A and FIG. 12B may be 

rotated such that the first surface 162 of the second substrate 160 faces downward and the 

second surface 164 faces upward. In this case, a support substrate 162S may be bonded onto 

the first surface 162 of the second substrate 160. 

[0148] In order to reduce a thickness of the second substrate 160 in a vertical direction (the 

Z direction), grinding, chemical mechanical polishing (CMP), a dry etching process, and/or 

a wet etching process may be performed on the second surface 164 of the second substrate 

160. 

[0149] In FIG. 14A and FIG. 14B, a second via insulating layer trench VT2 may be formed 

on the resulting device of FIG. 13A and FIG. 13B to form a second via insulating layer 194. 

An etching process may be performed on the second surface 164 of the second substrate 160 

to form the second via insulating layer trench VT2, and the etching process may be an 

anisotropic etching process, for example, a dry etching process. For example, the second via 

insulating layer trench VT2 may have a depth of about 500 nm to about 900 nm which is 

formed in the second surface 164 of the second substrate 160. 

[0150] Thereafter, the inside of the second via insulating layer trench VT2 may be filled with 

an insulating material to form the second via insulating layer 194. The insulating material 

may include FSG, USG, BPSG, PSG, FOX, PE-TEOS, or TOSZ but is not limited thereto. 

[0151] Because the first via insulating layer trench VT1 and the second via insulating layer 

trench VT2 are formed by etching in an etching process, the first via insulating layer trench 
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VT1 and the second via insulating layer trench VT2 may each have an inclined sidewall, the 

first via insulating layer 192 and the second via insulating layer 194 may each have a tapered 

shape, and the via insulating layer 190 may have an hourglass shape. 

[0152] After the second via insulating layer 194 is formed, a second bonding key BK2 may 

be formed on the second via insulating layer 194. The second bonding key BK2 may be for 

alignment with a first bonding key (BK1 of FIG. 4C) of a first stack structure (SS1 of FIG. 

4C). In order to form the second bonding key BK2, a part of the second via insulating layer 

194, which is at a position corresponding to the first bonding key (BK1 in FIG. 4C) of the 

second via insulating layer 194, may be etched, and a material different from a material of 

the second via insulating layer 194 may be filled into a space formed by etching a part of the 

second via insulating layer 194. Alternatively, a groove itself formed by etching a part of the 

second via insulating layer 194 may be used as the second bonding key BK2. 

[0153] In FIG. 15A and FIG. 15B, a process of bonding the second stack structure SS2 to the 

first stack structure SS1 formed through a separate process may be performed. After a first 

bonding insulating layer BD1 is formed on an upper surface of a wiring structure 150 of the 

first stack structure SS1 and a second bonding insulating layer BD2 is formed on the second 

surface 164 of the second substrate 160 of the second stack structure SS2, the first bonding 

insulating layer BD1 may be directly bonded to the second bonding insulating layer BD2, and 

accordingly, the first stack structure SS1 is bonded to the second stack structure SS2. 

[0154] For example, in order to bond the first bonding insulating layer BD1 to the second 

bonding insulating layer BD2, the first stack structure SS1 and the second stack structure SS2 

are aligned such that the first bonding insulating layer BD1 faces the second bonding 

insulating layer BD2, a certain pressure is applied to the first stack structure SS1 and the 

second stack structure SS2 such that the first bonding insulating layer BD1 comes into contact 

with the second bonding insulating layer BD2, and then, the first bonding insulating layer 

BD1 and the second bonding insulating layer BD2 may be annealed in a state where the first 

stack structure SS1 is in contact with the second stack structure SS2, and accordingly, the 

first bonding insulating layer BD1 may be chemically bonded to the second bonding 

insulating layer BD2. In some implementations, in order to strengthen a bonding strength 

between the first bonding insulating layer BD1 and the second bonding insulating layer BD2, 

a process of planarizing surfaces of the first bonding insulating layer BD1 and the second 

bonding insulating layer BD2 may be further performed. 
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[0155] In a process of aligning the first stack structure SS1 and the second stack structure 

SS2 to bond the first stack structure SS1 to the second stack structure SS2, the precise 

alignment may be performed because a distance between the first bonding key BK1 and the 

second bonding key BK2 is relatively short, and a method of manufacturing a semiconductor 

device with relatively improved reliability may be provided. 

[0156] In FIG. 16A and FIG. 16B, the through-via VA, which sequentially passes through a 

peripheral circuit insulating layer 179_1, the first via insulating layer 192, the second via 

insulating layer 194, the second bonding insulating layer BD2, and the first bonding insulating 

layer BD1 in a vertical direction (the Z direction), may be formed. In order to form the 

through-via VA, a through-via hole, which penetrates the peripheral circuit insulating layer 

179_1, the first via insulating layer 192, the second via insulating layer 194, the second 

bonding insulating layer BD2, and the first bonding insulating layer BD1 in the vertical 

direction (the Z direction), may be formed through an etching process. The etching process 

for forming the through-via hole may be an anisotropic etching process, for example, a dry 

etching process. The through-via hole may be filled with a conductive material to form the 

through-via, and the conductive material may include, for example, molybdenum (Mo), 

copper (Cu), tungsten (W), cobalt (Co), ruthenium (Ru), manganese (Mn), titanium (Ti), 

tantalum (Ta), aluminum (Al), a combination thereof, or an alloy thereof. 

[0157] According to some implementations, the via insulating layer 190 having an hourglass 

shape may be provided, a process margin of the through-via hole may correspond to a 

horizontal area of a contact surface between the first via insulating layer 192 and the second 

via insulating layer 194, and thus, the process margin may be easily obtained, and also, a 

method of manufacturing a semiconductor device with relatively improved reliability may be 

provided. 

[0158] In FIG. 17A and FIG. 17B, the wiring layer 182 electrically connecting the through-

via VA to the peripheral circuit transistor PTR, the plurality of vias 184 connected to the 

wiring layer 182, and a peripheral circuit insulating layer 179_2 covering the wiring layer 

182 and the plurality of vias 184 may be formed. 

[0159] FIG. 18A to FIG. 19B are views sequentially illustrating an example of a method of 

manufacturing a semiconductor device according to some implementations. Specifically, a 

manufacturing process according to some implementations may be performed after the 

manufacturing process described with reference to FIG. 14A and FIG. 14B is described below 

with reference to FIG. 18A to FIG. 19B. 
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[0160] In FIG. 18A and FIG. 18B, a process of bonding a first stack structure SS1 to a second 

stack structure SS2 formed through a separate process may be performed. A plurality of first 

bonding pads BP1 and a first bonding insulating layer BD1 surrounding sidewalls of the 

plurality of first bonding pads BP1 may be formed on an upper surface of a wiring structure 

150 of the first stack structure SS1, and a plurality of second bonding pads BP2 and a second 

bonding insulating layer BD2 surrounding sidewalls of the plurality of second bonding pads 

BP2 may be formed on a second surface 164 of a second substrate 160 of the second stack 

structure SS2. For example, the first bonding insulating layer BD1 and the second bonding 

insulating layer BD2 may be first formed, and then a plurality of local regions may be 

removed to fill the plurality of local regions with a conductive material, for example, copper, 

aluminum, or tungsten, and accordingly, the plurality of first bonding pads BP1 and the 

plurality of second bonding pads BP2 may be formed. 

[0161] Thereafter, the plurality of first bonding pads BP1 may be directly bonded to the 

plurality of second bonding pads BP2, and the first bonding insulating layer BD1 may be 

directly bonded to the second bonding insulating layer BD2, and accordingly, the first stack 

structure SS1 may be bonded to the second stack structure SS2. For example, in order to bond 

the first bonding insulating layer BD1 to the second bonding insulating layer BD2 and the 

plurality of first bonding pads BP1 to the plurality of second bonding pads BP2, the first stack 

structure SS1 may be aligned with the second stack structure SS2 such that the first bonding 

insulating layer BD1 faces the second bonding insulating layer BD2 and the plurality of first 

bonding pads BP1 face the plurality of second bonding pads BP2, and a certain pressure may 

be applied to the first stack structure SS1 and the second stack structure SS2 such that the 

first bonding insulating layer BD1 comes into contact with the second bonding insulating 

layer BD2 and the plurality of first bonding pads BP1 respectively come into contact with the 

plurality of second bonding pads BP2, and then the first stack structure SS1 and the second 

stack structure SS2 may be annealed, and accordingly, the first bonding insulating layer BD1 

may be chemically bonded to the second bonding pads (BP2), and the plurality of first 

bonding pads BP1 may be chemically bonded to the plurality of second bonding pads BP2. 

In some implementations, in order to increase a bonding strength between the plurality of first 

bonding pads BP1 and the plurality of second bonding pads BP2, a process of treating the 

exposed surfaces of the plurality of first bonding pads BP1 and the plurality of second 

bonding pads BP2 with hydrogen plasma may be further performed. 
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[0162] Thereafter, a through-via VA passing through a first via insulating layer 192 and a 

second via insulating layer 194 may be formed. Because a process of manufacturing the 

through-via VA may be performed similarly to the process described above with reference to 

FIG. 16A and FIG. 16B, detailed descriptions thereof are omitted. However, the present 

disclosure is not limited to forming the through-via VA after a process of bonding the first 

stack structure SS1 to the second stack structure SS2 is performed, and a process of bonding 

the first stack structure SS1 to the second stack structure SS2 through bonding of the plurality 

of first bonding pads BP1 and the plurality of second bonding pads BP2 and bonding of the 

first bonding insulating layer BD1 and the second bonding insulating layer BD2 may also be 

performed after the through-via VA is first formed on the second stack structure SS2. 

[0163] In some implementations, an interlayer wiring layer may be formed on the second 

surface 164 of the second substrate 160, and also, the plurality of second bonding pads BP2 

and the second bonding insulating layer BD2 may be formed on the interlayer wiring layer. 

Conductive components in the interlayer wiring layer may respectively and electrically 

connect the through-via VA to the plurality of second bonding pads BP2. 

[0164] In FIG. 19A and FIG. 19B, a wiring layer 182 electrically connecting the through-via 

VA to the peripheral circuit transistor PTR, a via 184 connected to the wiring layer 182, and 

a peripheral circuit insulating layer 179_2 covering the wiring layer 182 and the via 184 may 

be formed. 

[0165] While this disclosure contains many specific implementation details, these should not 

be construed as limitations on the scope of what may be claimed, equivalents thereof, as well 

as claims to be described later. Certain features that are described in this disclosure in the 

context of separate implementations can also be implemented in combination in a single 

implementation. Conversely, various features that are described in the context of a single 

implementation can also be implemented in multiple implementations separately or in any 

suitable subcombination. Moreover, although features may be described above as acting in 

certain combinations, one or more features from a combination can in some cases be excised 

from the combination, and the combination may be directed to a subcombination or variation 

of a subcombination. 
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WHAT IS CLAIMED IS: 

 

1.  A semiconductor device comprising: 

a first stack structure including a first substrate, and a plurality of memory cells on the 

first substrate; and 

a second stack structure including a second substrate overlapping the first substrate in 

a vertical direction, and a plurality of peripheral circuit transistors on the second substrate, 

wherein the second stack structure comprises:  

a first via insulating layer passing through a part of the second substrate in the 

vertical direction;  

a second via insulating layer overlapping at least a portion of the first via 

insulating layer in the vertical direction and passing through other portions of the second 

substrate in the vertical direction; and 

a conductive through-via passing through the first via insulating layer and the 

second via insulating layer in the vertical direction. 

 

2.  The semiconductor device of claim 1,  

wherein a first horizontal width of the first via insulating layer decreases towards the 

second via insulating layer, and  

wherein a second horizontal width of the second via insulating layer decreases 

towards the first via insulating layer. 

 

3.  The semiconductor device of claim 2, wherein a smallest value of the first 

horizontal width of the first via insulating layer is equal to a smallest value of the second 

horizontal width of the second via insulating layer. 

 

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

a device isolation layer in a device isolation trench in the second substrate adjacent to 

the first via insulating layer in a horizontal direction, 

wherein the first via insulating layer has a same vertical length as the device isolation 

layer. 

 

5.  The semiconductor device of claim 4, wherein the first via insulating layer 

includes a same material as the device isolation layer. 
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6.  The semiconductor device of any one of claims 1 to 5, wherein the first via 

insulating layer and the second via insulating layer include silicon nitride, silicon oxide, or a 

combination thereof. 

 

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

a first bonding key on the first stack structure; and 

a second bonding key on the second stack structure, at least partially overlapping the 

first bonding key in the vertical direction, and facing the first bonding key,  

wherein the second bonding key is on the second via insulating layer. 

 

8.  The semiconductor device of any one of claims 1 to 7, further comprising: 

a first bonding insulating layer on the first stack structure; and 

a second bonding insulating layer on the second stack structure, 

wherein the first bonding insulating layer and the second bonding insulating layer are 

between the first stack structure and the second stack structure bonding the first stack 

structure to the second stack structure, and 

the conductive through-via passes through the first bonding insulating layer and the 

second bonding insulating layer in the vertical direction. 

 

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

a wiring structure electrically connected to the plurality of memory cells on the first 

stack structure; and 

a peripheral circuit wiring structure electrically connected to the peripheral circuit 

transistors on the second stack structure,  

wherein the conductive through-via electrically connects the peripheral circuit wiring 

structure to the wiring structure. 

 

10.  The semiconductor device of any one of claims 1 to 9,  

wherein the second substrate has a first surface on which the first via insulating layer 

is arranged, and a second surface opposite to the first surface and upon which the second via 

insulating layer is arranged, and 
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wherein each of the first via insulating layer and the second via insulating layer has a 

sidewall having a slope less than a sidewall of the conductive through-via with respect to the 

second surface of the second substrate. 

 

11.  A semiconductor device comprising: 

a first stack structure including a first substrate, and a plurality of memory cells on the 

first substrate; and 

a second stack structure including a second substrate overlapping the first substrate in 

a vertical direction, and a plurality of peripheral circuit transistors on the second substrate, 

wherein the second stack structure comprises:  

a first via insulating layer on a first surface of the second substrate;  

a second via insulating layer in contact with the first via insulating layer and 

arranged on a second surface of the second substrate opposite to the first surface;  

a conductive through-via passing through the first via insulating layer and the 

second via insulating layer in the vertical direction; and 

a peripheral circuit wiring structure electrically connecting the plurality of 

peripheral circuit transistors to the conductive through-via,  

wherein a first horizontal width of the first via insulating layer decreases towards the 

second via insulating layer, and  

wherein a second horizontal width of the second via insulating layer decreases 

towards the first via insulating layer. 

 

12.  The semiconductor device of claim 11, wherein the first stack structure 

comprises:  

a semiconductor pattern extending in a first horizontal direction on the first substrate; 

a word line surrounding the semiconductor pattern and extending in a second 

horizontal direction intersecting the first horizontal direction; 

a bit line in contact with a first end portion of the semiconductor pattern and extending 

in the vertical direction; and 

a cell capacitor in contact with a second end portion opposite to the first end portion 

of the semiconductor pattern. 

 

13.  The semiconductor device of claim 12,  



 37 

wherein the cell capacitor comprises a first electrode, a capacitor dielectric layer, and 

a second electrode,  

wherein the first electrode is electrically connected to the semiconductor pattern and 

has an internal space extending in the first horizontal direction, 

wherein the capacitor dielectric layer is conformally arranged along an inner wall of 

the internal space, and 

wherein the second electrode is in the internal space in which the capacitor dielectric 

layer is arranged. 

 

14.  The semiconductor device of claim 12 or claim 13, wherein the semiconductor 

pattern comprises: 

a seed layer including a semiconductor material and extending in the first horizontal 

direction; and 

an epi layer surrounding the seed layer and extending in the first horizontal direction. 

 

15.  The semiconductor device of claim 11, wherein the first stack structure 

comprises: 

a device isolation layer in a device isolation trench in the first substrate to define a 

plurality of active regions on the first substrate; 

a word line extending in a first horizontal direction on the first substrate;  

a bit line extending in a second horizontal direction intersecting the first horizontal 

direction on the first substrate and connected to a first source/drain region arranged on a first 

side of the word line among the plurality of active regions; 

a contact structure connected to a second source/drain region arranged on a second 

side of the word line among the plurality of active regions; and 

a capacitor structure electrically connected to the contact structure. 

 

16.  The semiconductor device of claim 15, wherein the capacitor structure is spaced 

apart in the first horizontal direction and the second horizontal direction. 

 

17.  The semiconductor device of claim 15 or claim 16,  

wherein the bit line includes a bit line contact, a bit line conductive layer, and a bit 

line capping layer sequentially stacked on the first substrate, 
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wherein the bit line contact includes a semiconductor material,  

wherein the bit line conductive layer includes a metal, and 

wherein the bit line capping layer includes an insulating material. 

 

18.  The semiconductor device of claim 11, wherein the first stack structure 

comprises: 

a plurality of bit lines spaced apart from each other in a first horizontal direction and 

extending in a second horizontal direction intersecting the first horizontal direction; 

a channel layer over the plurality of bit lines; 

a gate insulating layer on a sidewall of the channel layer; 

a word line spaced apart from the sidewall of the channel layer with the gate insulating 

layer therebetween and extending in the first horizontal direction; and 

a capacitor structure arranged over the channel layer. 

 

19.  The semiconductor device of claim 18,  

wherein the gate insulating layer surrounds the sidewall of the channel layer, and 

wherein the word line surrounds a sidewall of the gate insulating layer. 

 

20.  The semiconductor device of claim 18 or claim 19, wherein the channel layer 

includes an oxide semiconductor. 

 

  


