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SEMICONDUCTOR DEVICE AND METHOD OF FABRICATING THE 

SAME  

CROSS-REFERENCE TO RELATED APPLICATIONS 

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

2022-0115000, filed on 13 September 2022, in the Korean Intellectual Property 

Office, the entire contents of which are hereby incorporated by reference. 

 

TECHNICAL FIELD 

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

fabricating the same, and in particular, to a semiconductor device including a 

capacitor structure and a method of fabricating the same.   

 

BACKGROUND 

[0003] Due to their small-sized, multifunctional, and/or low-cost characteristics, 

semiconductor devices are being praised as important elements in the electronics 

industry.  The semiconductor devices may be classified into a semiconductor 

memory device for storing data, a semiconductor logic device for processing data, 

and a hybrid semiconductor device including both of memory and logic elements. 

[0004] With the recent trend of high speed and low power consumption in electronic 

devices, it is desirable that semiconductor devices in the electronic devices also have 

high operating speeds and/or low operating voltages. In order to satisfy this 

requirement, it is desirable that an integration density of semiconductor devices be 

increased.  However, when the integration density of a semiconductor device 

increases, there is a possibility that the semiconductor device could suffer from 

deterioration in electrical characteristics and production yield.  Accordingly, many 
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studies are being conducted to improve the electrical characteristics and production 

yield of semiconductor devices.   

 

SUMMARY 

[0005] Embodiments may be directed to a semiconductor device including an active 

pattern, a capacitor contact structure electrically connected to the active pattern; and 

a capacitor structure electrically connected to the capacitor contact structure. The 

capacitor structure includes a first lower electrode, a second lower electrode, which 

are adjacent to each other, a first supporter supporting the first to third lower 

electrodes, a capacitor insulating layer covering the first and second lower electrodes, 

and an upper electrode on the capacitor insulating layer, and wherein the supporter 

includes a first supporter curved sidewall connected to the first lower electrode and 

the second lower electrode, the upper electrode includes an intervening electrode 

portion enclosed by the supporter, and the first supporter curved sidewall is convex 

toward the intervening electrode portion. 

[0006] Embodiments are further directed to a semiconductor device including an 

active pattern, a capacitor contact structure electrically connected to the active pattern, 

and a capacitor structure electrically connected to the capacitor contact structure.  

The capacitor structure includes a first lower electrode, a second lower electrode, and 

a third lower electrode that are adjacent to each other. A first supporter supports the 

first to third lower electrodes. A capacitor insulating layer covers the first to third 

electrodes, and an upper electrode is on the capacitor insulating layer.  The first 

supporter includes a first supporter curved sidewall connected to the first lower 

electrode and the second lower electrode and a second supporter curved sidewall that 

is connected to the first lower electrode and the second lower electrode, and a second 

supporter curved sidewall that is connected to the first lower electrode and the third 
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lower electrode. A distance between the first supporter curved sidewall and the 

second supporter curved sidewall decreases as a vertical level is lowered.  

[0007] According to an embodiment, a semiconductor device includes a substrate 

including an active pattern, a gate structure on the active pattern, a bit line structure 

on the active pattern, a capacitor contact structure electrically connected to the 

capacitor contact structure. The capacitor structure includes a first lower electrode, a 

second lower electrode, and a third lower electrode that are adjacent to each other. A 

supporter supporting the first to third lower electrodes, a capacitor insulating layer 

covering the first to third lower electrodes, and an upper electrode on the capacitor 

insulating layer. The supporter includes a first supporter curved sidewall connected to 

the first lower electrode and the second lower electrode, a second supporter curved 

sidewall connected to the second lower electrode and the third lower electrode. The 

upper electrode includes an intervening electrode portion enclosed by the first to third 

supporter curved sidewalls and the first to third lower electrodes. The first to third 

supporter curved sidewalls are convex toward the intervening electrode portion. 

[0008] According to an embodiment, a method of fabricating a semiconductor 

device includes forming sacrificial layers and supporters, forming a lower electrode 

to pass through the sacrificial layers and the supporters, forming a mask structure on 

the lower electrode, forming a photoresist pattern, which includes an opening, on the 

mask structure, etching the mask structure using the photoresist pattern as an etch 

mask, etching the sacrificial layers and the supporters using the etched mask structure 

as an etch mask to form a hole, forming a capacitor insulating layer to cover the 

lower electrode, and forming an upper electrode on the capacitor insulating layer.  

The supporters include a first supporter, which is the uppermost one of the supporters.  

The hole includes a first portion, which is disposed at the same level as the first 

supporter, and a second portion, which is disposed below the first portion.  The first 
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supporter includes a supporter curved sidewall that is convex toward the first portion 

of the hole. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Features will become apparent to those of skill in the art by describing in 

detail exemplary embodiments with reference to the attached drawings in which:  

[0010] FIG. 1A is a plan view illustrating a semiconductor device according to an 

embodiment. 

[0011] FIG. 1B is a sectional view taken along a line A1-A1' of FIG. 1A. 

[0012] FIG. 1C is a sectional view taken along a line B1-B1' of FIG. 1A. 

[0013] FIG. 1D is a sectional view taken along a line C1-C1' of FIG. 1A.   

[0014] FIG. 1E is an enlarged plan view illustrating a portion ‘D’ of FIG. 1A. 

[0015] FIG. 1F is a diagram illustrating a second supporter of the semiconductor 

device of FIGS. 1A to 1E. 

[0016] FIGS. 2A, 2B, 3A, 3B, 4A, 4B, 4C, and 4D are diagrams illustrating a 

method of fabricating the semiconductor device of FIG. 1A to 1F. 

[0017] FIGS. 5A, 5B, and 5C are diagrams illustrating a semiconductor device 

according to an embodiment. 

[0018] FIG. 6A is a plan view illustrating a semiconductor device according to an 

embodiment. 

[0019] FIG. 6B is a sectional view taken along a line A2-A2' of FIG. 6A. 

[0020] FIG. 6C is a sectional view taken along a line B2-B2' of FIG. 6A. 

[0021] FIG. 7A is a perspective view illustrating a semiconductor device according 

to an embodiment. 

[0022] FIG. 7B is a plan view of the semiconductor device of FIG. 7A. 

[0023] FIG. 7C is a sectional view taken along a line A3-A3' of FIG. 7A. 

[0024] FIG. 7D is a sectional view taken along a line B3-B3' of FIG. 7A.   
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DETAILED DESCRIPTION 

[0025] FIG. 1A is a plan view illustrating a semiconductor device according to an 

embodiment.  FIG. 1B is a sectional view taken along a line A1-A1' of FIG. 1A.  FIG. 

1C is a sectional view taken along a line B1-B1' of FIG. 1A.  FIG. 1D is a sectional 

view taken along a line C1-C1' of FIG. 1A.  FIG. 1E is an enlarged plan view 

illustrating a portion ‘D’ of FIG. 1A.  FIG. 1F is a diagram illustrating a second 

supporter of the semiconductor device of FIGS. 1A to 1E.  FIG. 1E illustrates a first 

supporter of a semiconductor device.  For example, FIG. 1E is a diagram illustrating 

a structure of a first supporter of a semiconductor device at a level of a top surface of 

the first supporter.  FIG. 1F is a diagram illustrating a structure of a second supporter 

of the semiconductor device at a level of a top surface of the second supporter. 

[0026] Referring to FIGS. 1A to 1F, the semiconductor device may include a 

substrate 100.  In an embodiment, the substrate 100 may be a semiconductor 

substrate.  As an example, the substrate 100 may be formed of or include silicon, 

germanium, silicon-germanium, GaP, or GaAs.  In an embodiment, the substrate 100 

may be a silicon-on-insulator (SOI) substrate or a germanium-on-insulator (GOI) 

substrate.  The substrate 100 may have a shape of a plate that is extended in a first 

direction D1 and a second direction D2.  The first and second directions D1 and D2 

may not be parallel to each other.  In an embodiment, the first and second directions 

D1 and D2 may be horizontal directions that are orthogonal to each other. 

[0027] An interlayer insulating layer 110 may be provided to cover the substrate 100.  

The interlayer insulating layer 110 may be formed of or include at least one of 

insulating materials.  In an embodiment, the interlayer insulating layer 110 may be a 

multi-layered insulating structure including a plurality of insulating layers.   

[0028] Capacitor contact structures 120 may be provided in the interlayer insulating 

layer 110.  The capacitor contact structure 120 may be formed of or include at least 

one of conductive materials.  The capacitor contact structure 120 may be electrically 
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connected to the substrate 100.  In an embodiment, the substrate 100 may include an 

active pattern with an impurity region, and the capacitor contact structure 120 may be 

connected to the impurity region in the active pattern of the substrate 100.  In an 

embodiment, the capacitor contact structure 120 may be a multi-layered conductive 

structure including a plurality of conductive layers.   

[0029] A capacitor structure 130 may be provided on the interlayer insulating layer 

110 and the capacitor contact structure 120.  The capacitor structure 130 may be 

electrically connected to the capacitor contact structure 120.  The capacitor structure 

130 may be electrically connected to the substrate 100 through the capacitor contact 

structure 120.  The capacitor structure 130 may include lower electrodes LE, a 

capacitor insulating layer CI, a first supporter SU1, a second supporter SU2, a third 

supporter SU3, and an upper electrode UE. 

[0030] The lower electrode LE may have a shape of a circular pillar extending in a 

third direction D3.  The third direction D3 might not be parallel to the first and 

second directions D1 and D2.  As an example, the third direction D3 may be a 

vertical direction, which is orthogonal to the first and second directions D1 and D2.  

The lower electrode LE may be connected to the capacitor contact structure 120. 

[0031] The capacitor insulating layer CI may cover the lower electrodes LE and the 

first to third supporters SU1, SU2, and SU3.  The capacitor insulating layer CI may 

be provided to enclose the lower electrodes LE and the first to third supporters SU1, 

SU2, and SU3.  The capacitor insulating layer CI may cover the interlayer insulating 

layer 110.  The capacitor insulating layer CI may be formed of or include an 

insulating material.  As an example, the capacitor insulating layer CI may be formed 

of or include an oxide.  In an embodiment, the capacitor insulating layer CI may be a 

multi-layered insulating layer. 

[0032] The upper electrode UE may be provided on the capacitor insulating layer CI.  

The upper electrode UE may cover the capacitor insulating layer CI.  The upper 
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electrode UE may be provided to enclose the lower electrodes LE, the first to third 

supporters SU1, SU2, and SU3, and the capacitor insulating layer CI.   

[0033] The first to third supporters SU1, SU2, and SU3 may support the lower 

electrodes LE.  The first to third supporters SU1, SU2, and SU3 may be provided to 

enclose the lower electrodes LE.  The first to third supporters SU1, SU2, and SU3 

may be formed of or include at least one of insulating materials.  As an example, the 

first to third supporters SU1, SU2, and SU3 may be formed of or include silicon 

carbon nitride (e.g., SiCN).  The first supporter SU1 may be disposed at the highest 

level, among the supporters SU1, SU2, and SU3.  The second supporter SU2 may be 

disposed at a level lower than the first supporter SU1.  The second supporter SU2 

may be disposed below the first supporter SU1.  The third supporter SU3 may be 

disposed at a level lower than the second supporter SU2.  The third supporter SU3 

may be disposed below the second supporter SU2. 

[0034] The lower electrodes LE may be formed of or include at least one of 

conductive materials.  As an example, the lower electrodes LE may be formed of or 

include TiSiN.  The upper electrode UE may be formed of or include at least one of 

conductive materials.  As an example, the upper electrode UE may be formed of or 

include TiN. 

[0035] The upper electrode UE may include first intervening electrode portions 

IEP1, which are located at the same level as the first supporter SU1.  The first 

intervening electrode portion IEP1 may be a portion of the upper electrode UE, 

which is enclosed by the first supporter SU1. The first intervening electrode portion 

IEP1 may be a portion of the upper electrode UE, which is disposed between a top 

surface SU1_T and a bottom surface SU1_B of the first supporter SU1.  The first 

supporter SU1 may include supporter curved sidewalls SCS.  The supporter curved 

sidewall SCS of the first supporter SU1 may be a sidewall facing the first intervening 

electrode portion IEP1 of the upper electrode UE.  The top surface SU1_T of the first 
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supporter SU1 may be disposed at the same level as the top surface of the lower 

electrode LE.  The top surface SU1_T of the first supporter SU1 may be coplanar 

with the top surface of the lower electrode LE. 

[0036] The supporter curved sidewalls SCS of the first supporter SU1 and the lower 

electrodes LE, which are connected to each other, may be provided to enclose the 

first intervening electrode portion IEP1 of the upper electrode UE.  For example, the 

lower electrodes LE may include a first lower electrode LE1, a second lower 

electrode LE2, and a third lower electrode LE3, which are disposed to be adjacent to 

each other, the first supporter SU1 may include a first supporter curved sidewall 

SCS1, a second supporter curved sidewall SCS2, and a third supporter curved 

sidewall SCS3, which are adjacent to each other, and the first intervening electrode 

portion IEP1 of the upper electrode UE may be surrounded by the first to third lower 

electrodes LE1, LE2, and LE3 and the first to third supporter curved sidewalls SCS1, 

SCS2, and SCS3.  The first intervening electrode portion IEP1 of the upper electrode 

UE may be disposed in a space defined by the first to third lower electrodes LE1, 

LE2, and LE3 and the first to third supporter curved sidewalls SCS1, SCS2, and 

SCS3. 

[0037] The first supporter curved sidewall SCS1 may be connected to the first lower 

electrode LE1 and the second lower electrode LE2.  The second supporter curved 

sidewall SCS2 may be connected to the second lower electrode LE2 and the third 

lower electrode LE3.  The third supporter curved sidewall SCS3 may be connected to 

the first lower electrode LE1 and the third lower electrode LE3.   

[0038] The first intervening electrode portion IEP1 of the upper electrode UE may 

be disposed between the first and second supporter curved sidewalls SCS1 and SCS2.  

The first intervening electrode portion IEP1 of the upper electrode UE may be 

disposed between the second and third supporter curved sidewalls SCS2 and SCS3.  

The first intervening electrode portion IEP1 of the upper electrode UE may be 
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disposed between the first and third supporter curved sidewalls SCS1 and SCS3.  The 

first intervening electrode portion IEP1 of the upper electrode UE may be disposed 

between the first and second lower electrodes LE1 and LE2.  The first intervening 

electrode portion IEP1 of the upper electrode UE may be disposed between the 

second and third lower electrodes LE2 and LE3.  The first intervening electrode 

portion IEP1 of the upper electrode UE may be disposed between the first and third 

lower electrodes LE1 and LE3.   

[0039] Each of the first to third supporter curved sidewalls SCS1, SCS2, and SCS3 

may have a curved shape.  The first to third supporter curved sidewalls SCS1, SCS2, 

and SCS3 may be convex toward the first intervening electrode portion IEP1 of the 

upper electrode UE.  As an example, when viewed in the plan view of FIG. 1E, the 

first to third supporter curved sidewalls SCS1, SCS2, and SCS3 may be convex 

toward the first intervening electrode portion IEP1 of the upper electrode UE.   

[0040] A distance between the first and third supporter curved sidewalls SCS1 and 

SCS3 may decrease as a vertical level decreases.  As an example, a distance L1 (e.g., 

see FIG. 1D) between the first and third supporter curved sidewalls SCS1 and SCS3 

in the second direction D2 may decrease as a vertical level decreases.  A distance 

between the first and second supporter curved sidewalls SCS1 and SCS2 may 

decrease as a vertical level decreases.  A distance between the second and third 

supporter curved sidewalls SCS2 and SCS3 may decrease as a vertical level 

decreases. 

[0041] A distance from a portion of the supporter curved sidewall SCS of the first 

supporter SU1, which is adjacent to the lower electrode LE, to a center CE of the first 

intervening electrode portion IEP1 may decrease as a distance from the lower 

electrode LE increases.  For example, the first supporter curved sidewall SCS1 may 

include a portion P1 adjacent to the first lower electrode LE1 and a portion P2 

adjacent to the second lower electrode LE2, and here, a distance between the portion 
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P1 of the first supporter curved sidewall SCS1, which is adjacent to the first lower 

electrode LE1, and the center CE of the first intervening electrode portion IEP1 may 

decrease as a distance from the first lower electrode LE1 increases, and a distance 

between the portion P2 of the first supporter curved sidewall SCS1, which is adjacent 

to the second lower electrode LE2, and the center CE of the first intervening 

electrode portion IEP1, may decrease as a distance from the second lower electrode 

LE2 increases.   

[0042] The capacitor insulating layer CI may include a first intervening insulating 

portion IIP1 enclosing the first intervening electrode portion IEP1.  The first 

intervening insulating portion IIP1 may be a portion of the capacitor insulating layer 

CI, which is disposed at the same level as the first supporter SU1 and the first 

intervening electrode portion IEP1.  The first intervening insulating portion IIP1 may 

be a portion of the capacitor insulating layer CI, which is disposed between the top 

surface SU1_T and the bottom surface SU1_B of the first supporter SU1.  The first 

intervening insulating portion IIP1 may be surrounded by the first to third lower 

electrodes LE1, LE2, and LE3 and the first to third supporter curved sidewalls SCS1, 

SCS2, and SCS3.  The first intervening insulating portion IIP1 may be provided 

between the first to third lower electrodes LE1, LE2, and LE3 and the first 

intervening electrode portion IEP1 and between the first to third supporter curved 

sidewalls SCS1, SCS2, and SCS3 and the first intervening electrode portion IEP1. 

[0043] The first intervening insulating portion IIP1 may include a first insulating 

curved outer sidewall ICO1 in contact with the first supporter curved sidewall SCS1, 

a second insulating curved outer sidewall ICO2 in contact with the second supporter 

curved sidewall SCS2, and a third insulating curved outer sidewall ICO3 in contact 

with the third supporter curved sidewall SCS3.  The first insulating curved outer 

sidewall ICO1 may have a curved shape corresponding to the first supporter curved 

sidewall SCS1.  The second insulating curved outer sidewall ICO2 may have a 
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curved shape corresponding to the second supporter curved sidewall SCS2.  The third 

insulating curved outer sidewall ICO3 may have a curved shape corresponding to the 

third supporter curved sidewall SCS3.  The first to third insulating curved outer 

sidewalls ICO1, ICO2, and ICO3 may be concave toward the first intervening 

electrode portion IEP1.  The first insulating curved outer sidewall ICO1 may be 

connected to the first and second lower electrodes LE1 and LE2.  The second 

insulating curved outer sidewall ICO2 may be connected to the second and third 

lower electrodes LE2 and LE3.  The third insulating curved outer sidewall ICO3 may 

be connected to the first and third lower electrodes LE1 and LE3. 

[0044] A distance between the first and second insulating curved outer sidewalls 

ICO1 and ICO2 may decrease as a vertical level decreases.  A distance between the 

second and third insulating curved outer sidewalls ICO2 and ICO3 may decrease as a 

vertical level decreases.  A distance between the first and third insulating curved 

outer sidewalls ICO1 and ICO3 may decrease as a vertical level decreases.   

[0045] The first intervening insulating portion IIP1 may include a first insulating 

curved inner sidewall ICI1, which is opposite to the first insulating curved outer 

sidewall ICO1, a second insulating curved inner sidewall ICI2, which is opposite to 

the second insulating curved outer sidewall ICO2, and a third insulating curved inner 

sidewall ICI3, which is opposite to the third insulating curved outer sidewall ICO3.   

[0046] The first to third insulating curved inner sidewalls ICI1, ICI2, and ICI3 may 

be convex toward the first intervening electrode portion IEP1.  A distance between 

the first and second insulating curved inner sidewalls ICI1 and ICI2 may decrease as 

a vertical level decreases.  A distance between the second and third insulating curved 

inner sidewalls ICI2 and ICI3 may decrease as a vertical level decreases.  A distance 

between the first and third insulating curved inner sidewalls ICI1 and ICI3 may 

decrease as a vertical level decreases.   
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[0047] The first intervening electrode portion IEP1 may include a first electrode 

curved sidewall ECS1 in contact with the first insulating curved inner sidewall ICI1, 

a second electrode curved sidewall ECS2 in contact with the second insulating 

curved inner sidewall ICI2, and a third electrode curved sidewall ECS3 in contact 

with the third insulating curved inner sidewall ICI3.  The first electrode curved 

sidewall ECS1 may face the first supporter curved sidewall SCS1.  The second 

electrode curved sidewall ECS2 may face the second supporter curved sidewall SCS2.  

The third electrode curved sidewall ECS3 may face the third supporter curved 

sidewall SCS3.   

[0048] The first electrode curved sidewall ECS1 may have a curved shape 

corresponding to the first insulating curved inner sidewall ICI1.  The second 

electrode curved sidewall ECS2 may have a curved shape corresponding to the 

second insulating curved inner sidewall ICI2.  The third electrode curved sidewall 

ECS3 may have a curved shape corresponding to the third insulating curved inner 

sidewall ICI3.  The first to third electrode curved sidewalls ECS1, ECS2, and ECS3 

may be concave toward the center CE of the first intervening electrode portion IEP1.   

[0049] A distance between the first and second electrode curved sidewalls ECS1 

and ECS2 may decrease as a vertical level decreases.  A distance between the second 

and third electrode curved sidewalls ECS2 and ECS3 may decrease as a vertical level 

decreases.  A distance between the first and third electrode curved sidewalls ECS1 

and ECS3 may decrease as a vertical level decreases.  A width of the first intervening 

electrode portion IEP1 may decrease as a vertical level decreases. 

[0050] A distance between the first supporter curved sidewall SCS1 and the third 

lower electrode LE3 may decrease as a vertical level decreases.  A distance between 

the second supporter curved sidewall SCS2 and the first lower electrode LE1 may 

decrease as a vertical level decreases.  A distance between the third supporter curved 
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sidewall SCS3 and the second lower electrode LE2 may decrease as a vertical level 

decreases. 

[0051] The upper electrode UE may include second intervening electrode portions 

IEP2, which are disposed at the same level as the second supporter SU2.  The second 

intervening electrode portion IEP2 may be a portion of the upper electrode UE 

enclosed by the second supporter SU2.  In an embodiment, the second supporter SU2 

may include a fourth supporter curved sidewall SCS4, a fifth supporter curved 

sidewall SCS5, and a sixth supporter curved sidewall SCS6, which are adjacent to 

each other, and the second intervening electrode portion IEP2 of the upper electrode 

UE may be surrounded by the first to third lower electrodes LE1, LE2, and LE3 and 

the fourth to sixth supporter curved sidewalls SCS4, SCS5, and SCS6.  The second 

intervening electrode portion IEP2 of the upper electrode UE may be disposed in a 

space that is defined by the first to third lower electrodes LE1, LE2, and LE3 and the 

fourth to sixth supporter curved sidewalls SCS4, SCS5, and SCS6. 

[0052] The fourth supporter curved sidewall SCS4 may be connected to the first 

lower electrode LE1 and the second lower electrode LE2.  The fifth supporter curved 

sidewall SCS5 may be connected to the second lower electrode LE2 and the third 

lower electrode LE3.  The sixth supporter curved sidewall SCS6 may be connected to 

the first lower electrode LE1 and the third lower electrode LE3.   

[0053] The second intervening electrode portion IEP2 of the upper electrode UE 

may be disposed between the fourth and fifth supporter curved sidewalls SCS4 and 

SCS5.  The second intervening electrode portion IEP2 of the upper electrode UE may 

be disposed between the fifth and sixth supporter curved sidewalls SCS5 and SCS6.  

The second intervening electrode portion IEP2 of the upper electrode UE may be 

disposed between the fourth and sixth supporter curved sidewalls SCS4 and SCS6.  

The second intervening electrode portion IEP2 of the upper electrode UE may be 

disposed between the first and second lower electrodes LE1 and LE2.  The second 
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intervening electrode portion IEP2 of the upper electrode UE may be disposed 

between the second and third lower electrodes LE2 and LE3.  The second intervening 

electrode portion IEP2 of the upper electrode UE may be disposed between the first 

and third lower electrodes LE1 and LE3.   

[0054] The fourth to sixth supporter curved sidewalls SCS4, SCS5, and SCS6 may 

have a curved shape.  The fourth to sixth supporter curved sidewalls SCS4, SCS5, 

and SCS6 may be concave.  As an example, when viewed in the plan view of FIG. 1F, 

each of the fourth to sixth supporter curved sidewalls SCS4, SCS5, and SCS6 may be 

provided to have a concave shape.   

[0055] The capacitor insulating layer CI may include a second intervening 

insulating portion IIP2 enclosing the second intervening electrode portion IEP2.  The 

second intervening insulating portion IIP2 may be a portion of the capacitor 

insulating layer CI, which is disposed at the same level as the second supporter SU2 

and the second intervening electrode portion IEP2.  The second intervening 

insulating portion IIP2 may be surrounded by the first to third lower electrodes LE1, 

LE2, and LE3 and the fourth to sixth supporter curved sidewalls SCS4, SCS5, and 

SCS6.  The second intervening insulating portion IIP2 may be provided between the 

first to third lower electrodes LE1, LE2, and LE3 and the second intervening 

electrode portion IEP2 and between the fourth to sixth supporter curved sidewalls 

SCS4, SCS5, and SCS6 and the second intervening electrode portion IEP2. 

[0056] The second intervening insulating portion IIP2 may include a fourth 

insulating curved outer sidewall ICO4 in contact with the fourth supporter curved 

sidewall SCS4, a fifth insulating curved outer sidewall ICO5 in contact with the fifth 

supporter curved sidewall SCS5, and a sixth insulating curved outer sidewall ICO6 in 

contact with the sixth supporter curved sidewall SCS6.  The fourth to sixth insulating 

curved outer sidewalls ICO4, ICO5, and ICO6 may be convex.  The fourth insulating 

curved outer sidewall ICO4 may be connected to the first and second lower 
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electrodes LE1 and LE2.  The fifth insulating curved outer sidewall ICO5 may be 

connected to the second and third lower electrodes LE2 and LE3.  The sixth 

insulating curved outer sidewall ICO6 may be connected to the first and third lower 

electrodes LE1 and LE3. 

[0057] In an embodiment, the second intervening insulating portion IIP2 may have a 

ring shape, when viewed in a plan view, and the second intervening electrode portion 

IEP2 may have a circular shape, when viewed in a plan view.  A planar area of the 

second intervening electrode portion IEP2 may be smaller than a planar area of the 

first intervening electrode portion IEP1. 

[0058] In an embodiment, the supporter curved sidewalls SCS of the second 

supporter SU2 may have a similar shape to the supporter curved sidewalls SCS of the 

first supporter SU1, the second intervening insulating portion IIP2 may have a similar 

shape to the first intervening insulating portion IIP1, and the second intervening 

electrode portion IEP2 may have a similar shape to the first intervening electrode 

portion IEP1. 

[0059] The upper electrode UE may include a third intervening electrode portion 

IEP3 enclosed by the third supporter SU3.  The capacitor insulating layer CI may 

include a third intervening insulating portion IIP3 enclosing the third intervening 

electrode portion IEP3.  The third intervening electrode portion IEP3 may have a 

shape similar to the second intervening electrode portion IEP2.  A shape of the third 

intervening insulating portion IIP3 may be similar to a shape of the second 

intervening insulating portion IIP2.   

[0060] In an embodiment, the supporter curved sidewalls SCS of the third supporter 

SU3 may have a shape similar to the supporter curved sidewalls SCS of the first 

supporter SU1, the third intervening insulating portion IIP3 may have a shape similar 

to the first intervening insulating portion IIP1, and the third intervening electrode 

portion IEP3 may have a shape similar to the first intervening electrode portion IEP1. 
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[0061] According to an embodiment, since the first supporter curved sidewall SCS1 

of the semiconductor device is convex toward the first intervening electrode portion 

IEP1, a distance from a fourth lower electrode LE4, which is adjacent to the first and 

second lower electrodes LE1 and LE2, to the first supporter curved sidewall SCS1 

may have a relatively large value.  In this case, a misalignment margin between the 

fourth lower electrode LE4 and the first supporter curved sidewall SCS1 may be 

increased, and thus, it may be possible to prevent the fourth lower electrode LE4 

from being connected to the first supporter curved sidewall SCS1. 

[0062] In a semiconductor device according to an embodiment, since the first 

supporter curved sidewall SCS1 is convex toward the first intervening electrode 

portion IEP1, a distance between the first and second lower electrodes LE1 and LE2, 

which is measured along a surface of the first supporter curved sidewall SCS1, may 

have a relatively large value.  Accordingly, it may be possible to prevent or suppress 

a bridge disturbance issue from occurring between the first and second lower 

electrodes LE1 and LE2.   

[0063] FIGS. 2A, 2B, 3A, 3B, 4A, 4B, 4C, and 4D are diagrams illustrating a 

method of fabricating the semiconductor device of FIG. 1A to 1F.  FIGS. 2A, 3A, 

and 4A may correspond to FIG. 1A.  FIGS. 2B, 3B, and 4C may correspond to FIG. 

1C.  FIG. 4B may correspond to FIG. 1B.  FIG. 4D may correspond to FIG. 1D.   

[0064] Referring to FIGS. 2A and 2B, the interlayer insulating layer 110 and the 

capacitor contact structure 120 may be formed on the substrate 100.  Sacrificial 

layers 140 and the first to third supporters SU1, SU2, and SU3 may be alternately 

formed on the interlayer insulating layer 110 and the capacitor contact structure 120.  

The sacrificial layers 140 and the first to third supporters SU1, SU2, and SU3 may be 

formed of or include different insulating materials from each other.  The insulating 

material of the sacrificial layers 140 may have an etch selectivity with respect to the 

insulating material of the first to third supporters SU1, SU2, and SU3.  For example, 
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the sacrificial layers 140 may be formed of or include oxide, and the first to third 

supporters SU1, SU2, and SU3 may be formed of or include silicon carbon nitride 

(e.g., SiCN).   

[0065] The sacrificial layers 140 and the first to third supporters SU1, SU2, and 

SU3 may be patterned to form empty spaces in a shape of a circular pillar.  The lower 

electrodes LE may be formed in the empty spaces.  The lower electrodes LE may be 

formed to penetrate the sacrificial layers 140 and the first to third supporters SU1, 

SU2, and SU3. 

[0066] Referring to FIGS. 3A and 3B, a mask structure 141 may be formed on the 

lower electrodes LE and the first supporter SU1.  The mask structure 141 may 

include a first mask layer 142 on the lower electrodes LE and the first supporter SU1 

and a second mask layer 143 on the first mask layer 142.  In an embodiment, the first 

mask layer 142 may include an amorphous carbon layer, and the second mask layer 

143 may be formed of or include silicon oxynitride (SiON).  In an embodiment, the 

number of the mask layers that are included in the mask structure 141 may not be 

limited to two. 

[0067] A photoresist pattern 144 may be formed on the mask structure 141.  The 

formation of the photoresist pattern 144 may include forming a photoresist layer on 

the mask structure 141 and patterning the photoresist layer.  The photoresist pattern 

144 may be formed on the lower electrodes LE. 

[0068] The photoresist pattern 144 may include openings 145.  The openings 145 

may be formed to penetrate the photoresist pattern 144.  The second mask layer 143 

of the mask structure 141 may be exposed through the openings 145.   

[0069] In an embodiment, a sidewall 145_S of the opening 145 may overlap with 

the sidewall of the lower electrode LE in the third direction D3.  For example, the 

sidewall 145_S of the opening 145 may overlap with the sidewalls of the first to third 
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lower electrodes LE1, LE2, and LE3, which are adjacent to each other in the third 

direction D3.   

[0070] The photoresist pattern 144 may include an overlapped portion OV, which 

overlaps the lower electrode LE in the third direction D3.  For example, the 

overlapped portion OV may be a portion of the photoresist pattern 144 that is placed 

above the lower electrode LE in a vertical direction.  The overlapped portion OV and 

the lower electrode LE may fully overlap with each other in the third direction D3.  

The entire portion of the overlapped portion OV may overlap the entire portion of the 

lower electrode LE in the third direction D3.  When viewed in a plan view, the 

overlapped portion OV may have the same shape of the lower electrode LE.  The 

overlapped portion OV may have a circular shape, when viewed in a plan view.  The 

overlapped portion OV may be formed to have a shape of a circular pillar.  The 

opening 145 may be disposed between three adjacent ones of the overlapped portions 

OV. The opening 145 may be surrounded by three adjacent ones of the overlapped 

portions OV.  The opening 145 may be in contact with three adjacent ones of the 

overlapped portions OV. 

[0071] The photoresist pattern 144 may include an intervening portion IN between 

the overlapped portion OV and the opening 145.   

[0072] Referring to FIGS. 4A, 4B, 4C, and 4D, the mask structure 141 may be 

etched using the photoresist pattern 144 as an etch mask.  Thereafter, the first 

supporter SU1, which is the uppermost one of the supporters SU1, SU2, and SU3, 

may be etched using the etched mask structure 141 as an etch mask.  The first 

supporter SU1 and the lower electrode LE may include materials having a low etch 

selectivity with respect to each other, as described above. Thus, in the case where the 

first supporter SU1 is etched by an etching process having a low etch selectivity with 

respect to the lower electrode LE, the first supporter SU1 may be three-dimensionally 

etched to have the supporter curved sidewalls SCS.   
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[0073] Thereafter, the second supporter SU2, the third supporter SU3, and the 

sacrificial layers 140 may be etched to form a hole 146 between the lower electrodes 

LE.  The hole 146 may be defined by the first supporter SU1, the second supporter 

SU2, the third supporter SU3, the sacrificial layers 140, the lower electrodes LE, and 

the interlayer insulating layer 110.  The hole 146 may be enclosed by the first 

supporter SU1, the second supporter SU2, the third supporter SU3, the sacrificial 

layers 140, and the lower electrodes LE.  The hole 146 may be connected to three 

adjacent ones of the lower electrodes LE.  As an example, the hole 146 may be 

connected to the first to third lower electrodes LE1, LE2, and LE3. 

[0074] The hole 146 may include a first portion 147 that is disposed at the same 

level as the first supporter SU1, and a second portion 148 below the first portion 147.  

The first portion 147 of the hole 146 may have a planar area larger than the opening 

145 of the photoresist pattern 144.  The second portion 148 of the hole 146 may have 

substantially the same planar area as the opening 145 of the photoresist pattern 144.  

The second portion 148 of the hole 146 may overlap the opening 145 of the 

photoresist pattern 144 in the third direction D3.  The first portion 147 of the hole 

146 may be defined by the supporter curved sidewall SCS of the first supporter SU1.  

The supporter curved sidewall SCS may be convex toward a center of the first 

portion 147 of the hole 146.   

[0075] Referring to FIGS. 1A to 1F, the sacrificial layers 140 may be removed.  The 

capacitor insulating layer CI may be formed.  The first intervening insulating portion 

IIP1 of the capacitor insulating layer CI may be formed in the first portion 147 of the 

hole 146.  The upper electrode UE may be formed.  The first intervening electrode 

portion IEP1 of the upper electrode UE may be formed in the first portion 147 of the 

hole 146.   

[0076] FIGS. 5A, 5B, and 5C are diagrams illustrating a semiconductor device 

according to an embodiment.  For example, FIG. 5A is a diagram illustrating a 
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structure of a first supporter of a semiconductor device at a level of a top surface of 

the first supporter. 

[0077] Referring to FIGS. 5A, 5B, and 5C, the semiconductor device may include 

the substrate 100a, the interlayer insulating layer 110a, the capacitor contact 

structures 120a, the lower electrodes LEa, the first supporter SU1a, the second 

supporter SU2a, the third supporter SU3a, the capacitor insulating layer CIa, and the 

upper electrode UEa. 

[0078] The capacitor insulating layer CIa may include an intervening insulating 

portion IIPa, which is disposed at the same level as the first supporter SU1a.  An 

uppermost portion LEa_UM of the lower electrode LEa may include a first sidewall 

LEa_S1 and a second sidewall LEa_S2.  The uppermost portion LEa_UM may be a 

portion of the lower electrode Lea, which is disposed at the same level as the first 

supporter SU1a and the intervening insulating portion IIPa. 

[0079] The first sidewall LEa_S1 of the uppermost portion LEa_UM of the lower 

electrode LEa may be in contact with the intervening insulating portion IIPa of the 

capacitor insulating layer CIa.  The second sidewall LEa_S2 of the uppermost portion 

LEa_UM of the lower electrode LEa may be in contact with the first supporter SU1a.  

Each of the first and second sidewalls LEa_S1 and LEa_S2 of the uppermost portion 

LEa_UM of the lower electrode Lea may have a curved shape.   

[0080] When viewed in a sectional view, the first sidewall LEa_S1 of the uppermost 

portion LEa_UM of the lower electrode Lea may have a curved shape, as shown in 

FIGS. 5B and 5C.  When viewed in the sectional view, the second sidewall LEa_S2 

of the uppermost portion LEa_UM of the lower electrode Lea may be flat, as shown 

in FIGS. 5B and 5C.  A width of the uppermost portion LEa_UM of the lower 

electrode Lea may be increased as a vertical level is lowered. 

[0081] When viewed in the plan view of FIG. 5A, a curvature radius of the first 

sidewall LEa_S1 of the uppermost portion LEa_UM of the lower electrode LEa may 
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be large than a curvature radius of the second sidewall LEa_S2 of the uppermost 

portion LEa_UM of the lower electrode LEa.   

[0082] An etch selectivity of the first supporter SU1a and the lower electrode Lea 

may be low in a process of etching the first supporter SU1a, and in this case, the 

uppermost portion LEa_UM of the lower electrode LEa may be etched along with the 

first supporter SU1a, and as a result, the first sidewall LEa_S1 of the uppermost 

portion LEa_UM of the lower electrode LEa may be formed. 

[0083] FIG. 6A is a plan view illustrating a semiconductor device according to an 

embodiment.  FIG. 6B is a sectional view taken along a line A2-A2' of FIG. 6A.  FIG. 

6C is a sectional view taken along a line B2-B2' of FIG. 6A. 

[0084] Referring to FIGS. 6A, 6B, and 6C, the semiconductor device may include 

the substrate 100b.  In an embodiment, the substrate 100b may be a semiconductor 

substrate.  In an embodiment, the substrate 100b may be a silicon-on-insulator (SOI) 

substrate or a germanium-on-insulator (GOI) substrate.   

[0085] The substrate 100b may include active patterns AP.  Upper portions of the 

substrate 100b, which protrude in the third direction D3, may be defined as the active 

patterns AP.  The active patterns AP may be spaced apart from each other.   

[0086] A device isolation layer STI may be provided in a space between the active 

patterns AP.  The device isolation layer STI may be provided in the substrate 100b.  

The active patterns AP may be defined by the device isolation layer STI.  Each of the 

active patterns AP may be surrounded by the device isolation layer STI.  The device 

isolation layer STI may be formed of or include at least one of insulating materials.  

As an example, the device isolation layer STI may be formed of or include oxide. 

[0087] Gate structures 150, which extend in the second direction D2, may be 

provided.  The gate structures 150 may be arranged in the first direction D1.  The 

gate structure 150 may be provided on the device isolation layer STI and the active 

patterns AP.  The gate structure 150 may be provided to have a buried gate structure 
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that is buried in the active patterns AP and the device isolation layer STI.  The active 

patterns AP may include impurity regions.  A cell transistor may be defined by the 

gate structure 150 and the active pattern AP.   

[0088] The gate structure 150 may include a gate insulating layer 152 on the active 

pattern AP, a gate electrode 151 on the gate insulating layer 152, and a gate capping 

layer 153 on the gate electrode 151.  The gate insulating layer 152 and the gate 

capping layer 153 may be formed of or include at least one of insulating materials.  

As an example, the gate insulating layer 152 may be formed of or include an oxide 

material, and the gate capping layer 153 may be formed of or include a nitride 

material.  The gate electrode 151 may be formed of or include at least one of 

conductive materials.   

[0089] The active pattern AP may include a first portion and two second portions.  

The first portion of the active pattern AP may be disposed between the two second 

portions of the active pattern AP.  The gate structure 150 may be provided between 

the first and second portions of the active pattern AP.  The first and second portions 

of the active pattern AP may be spaced apart from each other by the gate structure 

150. 

[0090] Insulating patterns 111 may be provided on the gate structure 150 and the 

device isolation layer STI.  The insulating pattern 111 may be formed of or include at 

least one of insulating materials.  In an embodiment, the insulating pattern 111 may 

include a plurality of insulating layers.   

[0091] Bit line structures 160 that extend in the first direction D, may be provided.  

The bit line structures 160 may be arranged in the second direction D2.  The bit line 

structures 160 may be provided on the insulating pattern 111 and the active pattern 

AP.  The bit line structure 160 may be electrically connected to the active pattern AP. 
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[0092] Each of the bit line structures 160 may include bit line contacts 161, first 

conductive layers 162, a second conductive layer 163, a third conductive layer 164, a 

bit line capping layer 166, and a bit line spacer 167.   

[0093] The bit line contacts 161 of the bit line structure 160 may be arranged in the 

first direction D1.  The first conductive layers 162 of the bit line structure 160 may be 

arranged in the first direction D1.  The bit line contacts 161 and the first conductive 

layers 162 of the bit line structure 160 may be alternately disposed in the first 

direction D1.  The bit line contact 161 may be disposed on the first portion of the 

active pattern AP.  The bit line contact 161 may be provided to penetrate the 

insulating pattern 111.  The first conductive layer 162 may be provided on the 

insulating pattern 111.  The bit line contact 161 and the first conductive layer 162 

may be formed of or include at least one of conductive materials.  As an example, the 

bit line contact 161 and the first conductive layer 162 may be formed of or include 

polysilicon.  In an embodiment, the bit line contacts 161 and the first conductive 

layers 162, which are provided in each bit line structure 160, may be connected to 

each other to form a single object, in which an interface is not formed. 

[0094] The second conductive layer 163 may be provided on the bit line contacts 

161 and the first conductive layers 162.  The third conductive layer 164 may be 

provided on the second conductive layer 163.  The bit line capping layer 166 may be 

provided on the third conductive layer 164.  The second conductive layer 163 and the 

third conductive layer 164 may be formed of or include at least one of conductive 

materials.  As an example, the second conductive layer 163 may be formed of or 

include polysilicon, and the third conductive layer 164 may be formed of or include 

at least one of metallic materials.  The bit line capping layer 166 may be formed of or 

include at least one of insulating materials.  As an example, the bit line capping layer 

166 may be formed of or include a nitride material.  In an embodiment, the number 
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of the conductive layers constituting each bit line structure 160 may be greater or less 

than that in the illustrated structure. 

[0095] The bit line spacer 167 may be provided to cover the top and side surfaces of 

the bit line capping layer 166, the side surfaces of the first to third conductive layers 

162, 163, and 164, and the side surfaces of the bit line contacts 161.  The bit line 

spacer 167 may be formed of or include at least one of insulating materials.  In an 

embodiment, the bit line spacer 167 may include a plurality of insulating layers.   

[0096] The capacitor contact structure 120b, which is electrically connected to the 

active pattern AP of the substrate 100b, may be provided.  The capacitor contact 

structure 120b may include a storage node contact BC and a landing pad LP.   

[0097] The storage node contact BC may be provided on the active pattern AP.  The 

storage node contact BC may be provided between the bit line structures 160, which 

are adjacent to each other.  The storage node contact BC may be provided on a side 

surface of the bit line structure 160.  The storage node contact BC may be formed of 

or include at least one of conductive materials.  As an example, the storage node 

contact BC may be formed of or include polysilicon. 

[0098] Landing pads LP may be provided.  The landing pad LP may be provided on 

the storage node contact BC.  The landing pad LP may be formed of or include at 

least one of conductive materials.  As an example, the landing pad LP may be formed 

of or include at least one of metallic materials.  In an embodiment, a metal silicide 

layer and a barrier layer may be provided between the storage node contact BC and 

the landing pad LP.   

[0099] Insulating fences 180 may be provided.  The insulating fence 180 may be 

provided on the gate capping layer 153 of the gate structure 150.  The insulating 

fence 180 may be provided between the bit line structures 160, which are adjacent to 

each other in the second direction D2.  The insulating fence 180 may be formed of or 

include at least one of insulating materials.   
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[00100] A filling pattern 170 may be provided on the insulating fence 180.  The 

filling pattern 170 may be provided to separate the landing pads LP from each other.  

The filling pattern 170 may be provided to enclose the landing pad LP.  The filling 

pattern 170 may be formed of or include at least one of insulating materials.   

[00101] An etch stop layer 190 may be provided on the filling pattern 170.  The etch 

stop layer 190 may be formed of or include at least one of insulating materials. 

[00102] The capacitor structure 130b may be provided.  The capacitor structure 130b 

may include the lower electrodes LEb, the first supporter SU1b, the second supporter 

SU2b, the third supporter SU3b, the capacitor insulating layer CIb, and the upper 

electrode UEb. 

[00103] The upper electrode UEb may include an intervening electrode portion IEPb, 

which is disposed at the same level as the first supporter SU1b.  The first supporter 

SU1b may include the supporter curved sidewall SCSb, which is convex toward the 

intervening electrode portion IEPb of the upper electrode UEb. 

[00104] FIG. 7A is a perspective view illustrating a semiconductor device according 

to an embodiment.  FIG. 7B is a plan view of the semiconductor device of FIG. 7A.  

FIG. 7C is a sectional view taken along a line A3-A3' of FIG. 7A.  FIG. 7D is a 

sectional view taken along a line B3-B3' of FIG. 7A.   

[00105] Referring to FIGS. 7A, 7B, 7C, and 7D, a semiconductor device 200 may 

include a substrate 210, a plurality of first conductive lines 220, an active pattern 230, 

a gate electrode 240, a gate insulating layer 250, and a capacitor structure 280.  The 

semiconductor device 200 may be a memory device including a vertical channel 

transistor (VCT).  Herein, the term “vertical channel transistor” refers to a transistor 

structure in which the active pattern 230 extends from the substrate 210 in a vertical 

direction, or which has a channel length defined in the vertical direction. 

[00106] A lower insulating layer 212 may be disposed on the substrate 210. The first 

conductive lines 220, which are spaced apart from each other in the first direction D1 
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and are extended in the second direction D2 and may be disposed on the lower 

insulating layer 212.  A plurality of first insulating structures 222 may be disposed on 

the lower insulating layer 212 to fill a space between the first conductive lines 220.  

The first insulating structures 222 (see FIG. 7C) may extend in the second direction 

D2 and may have top surfaces that are located at the same level as a top surface of 

the first conductive lines 220.  The first conductive lines 220 may serve as a bit line 

of the semiconductor device 200. 

[00107] In an embodiment, the first conductive lines 220 may be formed of or 

include at least one of doped polysilicon, metals, conductive metal nitrides, 

conductive metal silicides, conductive metal oxides, or combinations thereof.  For 

example, the first conductive lines 220 may be formed of or include at least one of 

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 combinations 

thereof, but embodiments are not limited to these materials.  The first conductive 

lines 220 may have a single- or multi-layered structure, which is formed of or 

includes the afore-described materials. In an embodiment, the first conductive lines 

220 may include at least one of two-dimensional semiconductor materials (e.g., 

graphene, carbon nanotube, or combinations thereof). 

[00108] The active pattern 230 may be arranged on the first conductive lines 220 to 

be spaced apart from each other in the first and second directions D1 and D2 or to 

form a matrix shape.  The active pattern 230 may have a first width in the first 

direction D1 and a first height in the third direction D3. The first height may be larger 

than the first width.  For example, the first height may be about 2 to 10 times the first 

width, but embodiments are not limited to this example.  A bottom portion of the 

active pattern 230 may serve as a first source/drain region (not shown), an upper 

portion of the active pattern 230 may serve as a second source/drain region (not 
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shown), and a portion of the active pattern 230 between the first and second 

source/drain regions may serve as a channel region (not shown). 

[00109] In an embodiment, the active pattern 230 may be formed of or include at 

least one of oxide semiconductor materials (e.g., InxGayZnzO, InxGaySizO, 

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

GaxZnySnzO, AlxZnySnzO, YbxGayZnzO, InxGayO, or combinations thereof).  The 

active pattern 230 may have a single- or multi-layered structure that is formed of or 

includes at least one of the oxide semiconductor materials.  In an embodiment, the 

active pattern 230 may have a band gap energy that is higher than that of silicon.  For 

example, the active pattern 230 may have a band gap energy of about 1.5 eV to 5.6 

eV.  For example, the active pattern 230 may exhibit an optimized channel 

performance when it has a band gap energy of about 2.0 eV to 4.0 eV.  In an 

embodiment, the active pattern 230 may have a polycrystalline or amorphous 

structure, but embodiments are not limited to this example.  In an embodiment, the 

active pattern 230 may be formed of or include at least one of two-dimensional 

semiconductor materials (e.g., graphene, carbon nanotube, or combinations thereof). 

[00110] The gate electrode 240 may be provided on opposite side surfaces of the 

active pattern 230 and may extend in the first direction D1.  The gate electrode 240 

may include a first sub-gate electrode 240P1, which is provided to face a first 

sidewall of the active pattern 230, and a second sub-gate electrode 240P2, which is 

provided to face a second sidewall of the active pattern 230 opposite to the first 

sidewall.  When one active pattern 230 is disposed between the first sub-gate 

electrode 240P1 and the second sub-gate electrode 240P2, at least one of transistors 

in the semiconductor device 200 may have a dual gate structure.  In an embodiment, 

at least one or all of transistors in the semiconductor device 200 may be provided to 

have a single gate structure in which only the first sub-gate electrode 240P1 (i.e., 
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without the second sub-gate electrode 240P2) is formed to face the first sidewall of 

the active pattern 230.   

[00111] The gate electrode 240 may be formed of or include at least one of doped 

polysilicon, metals, conductive metal nitrides, conductive metal silicides, conductive 

metal oxides, or combinations thereof.  For example, the gate electrode 240 may be 

formed of or include at least one of 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 combinations thereof, as non-limited examples. 

[00112] The gate insulating layer 250 may be interposed between the active pattern 

230 and the gate electrode 240 to enclose the sidewall of the active pattern 230.  For 

example, the entire sidewall of the active pattern 230 may be enclosed by the gate 

insulating layer 250. A portion of the sidewall of the gate electrode 240 may be in 

contact with the gate insulating layer 250.  In an embodiment, the gate insulating 

layer 250 may extend in an extension direction of the gate electrode 240, and only 

two opposites ones of the sidewalls of the active pattern 230, which face the gate 

electrode 240, may be in contact with the gate insulating layer 250.   

[00113] In an embodiment, the gate insulating layer 250 may include at least one of a 

silicon oxide layer, a silicon oxynitride layer, a high-k dielectric layer having a 

dielectric constant higher than the silicon oxide layer, or combinations thereof.  The 

high-k dielectric layer may be formed of or include at least one of metal oxide 

materials or a metal oxynitride material.  For example, high-k dielectric materials 

(e.g., HfO2, HfSiO, HfSiON, HfTaO, HfTiO, HfZrO, ZrO2, Al2O3, or combinations 

thereof) may be used as the gate insulating layer 250, as non-limiting examples. 

[00114] A plurality of second insulating structures 232 may be provided on the first 

insulating structures 222 and may extend in the second direction D2. The active 

pattern 230 may be disposed between two adjacent ones of the second insulating 

structures 232.  In addition, a first gap-fill layer 234 and a second gap-fill layer 236 
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may be disposed in a space between two adjacent ones of the second insulating 

structures 232 and between two adjacent ones of the active patterns 230.  The first 

gap-fill layer 234 may be disposed in a lower portion of the space between the two 

adjacent ones of the active patterns 230, and the second gap-fill layer 236 may be 

formed on the first gap-fill layer 234 to fill the remaining portion of the space 

between the two adjacent ones of the active patterns 230.  A top surface of the second 

gap-fill layer 236 may be located at the same level as the top surface of the active 

pattern 230. In an embodiment, the second gap-fill layer 236 may cover the top 

surface of the gate electrode 240.  In an embodiment, the second insulating structures 

232 may be formed of a layer that is continuously connected to the first insulating 

structures 222, or the second gapfill layer 236 may be formed of a layer that is 

continuously connected to the first gapfill layer 234.   

[00115] A capacitor contact structure 260 may be disposed on the active pattern 230.  

The capacitor contact structure 260 may be disposed to be vertically overlapped with 

the active pattern 230 and may be arranged to be spaced apart from each other in the 

first and second directions D1 and D2 or to form a matrix shape.  The capacitor 

contact structure 260 may be formed of or include at least one of 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 combinations thereof, as 

non-limiting examples.  An upper insulating layer 262 may be provided on the 

second insulating structures 232 and the second gap-fill layer 236 to enclose a side 

surface of the capacitor contact structure 260.   

[00116] An etch stop layer 270 may be disposed on the upper insulating layer 262, 

and the capacitor structure 280 may be disposed on the etch stop layer 270.  The 

capacitor structure 280 may include the lower electrodes LEc, the capacitor 

insulating layer CIc, the upper electrode UEc, the first supporter SU1c, the second 

supporter SU2c, and the third supporter SU3c.   
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[00117] The upper electrode UEc may include an intervening electrode portion IEPc, 

which is disposed at the same level as the first supporter SU1c.  The capacitor 

insulating layer CIc may include an intervening insulating portion IIPc, which is 

disposed at the same level as the first supporter SU1c.  The intervening insulating 

portion IIPc may be provided to enclose the intervening electrode portion IEPc.  The 

intervening insulating portion IIPc may be in contact with four lower electrodes LEc, 

which are adjacent to each other.   

[00118] The first supporter SU1c may include a supporter curved sidewall SCSc, 

which is convex toward the intervening electrode portion IEPc of the upper electrode 

UEc.  The intervening electrode portion IEPc of the upper electrode UEc may be 

enclosed by four supporter curved sidewalls SCSc.  The intervening insulating 

portion IIPc of the capacitor insulating layer CIc may be in contact with the four 

supporter curved sidewalls SCSc. 

[00119] In a semiconductor device according to an embodiment, it may be possible to 

increase a misalignment margin between a lower electrode and a supporter curved 

sidewall. 

[00120] Furthermore, according to an embodiment, it may be possible to prevent or 

suppress a bridge disturbance issue from occurring between the lower electrodes. 

[00121] Accordingly, embodiments may provide a semiconductor device with 

improved reliability and electrical characteristics and a method of fabricating the 

same. 

[00122] Example embodiments have been disclosed herein, and although specific 

terms are employed, they are used and are to be interpreted in a generic and 

descriptive sense only and not for purpose of limitation.  In some instances, as would 

be apparent to one of ordinary skill in the art as of the filing of the present application, 

features, characteristics, and/or elements described in connection with a particular 

embodiment may be used singly or in combination with features, characteristics, 
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and/or elements described in connection with other embodiments unless otherwise 

specifically indicated.  Accordingly, it will be understood by those of skill in the art 

that various changes in form and details may be made without departing from the 

spirit and scope of the present invention as set forth in the following claims.  
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WHAT IS CLAIMED IS: 

 

 1. A semiconductor device, comprising: 

 an active pattern; 

 a capacitor contact structure electrically connected to the active pattern; and 

 a capacitor structure electrically connected to the capacitor contact structure, 

 wherein the capacitor structure includes: 

 a first lower electrode and a second lower electrode, which are adjacent to 

each other; 

 a supporter supporting the first and second lower electrodes; 

 a capacitor insulating layer covering the first and second lower electrodes; 

and 

 an upper electrode on the capacitor insulating layer, 

 wherein the supporter includes a first supporter curved sidewall connected to 

the first lower electrode and the second lower electrode, 

 wherein the upper electrode includes an intervening electrode portion 

enclosed by the supporter, and 

 wherein the first supporter curved sidewall is convex toward the intervening 

electrode portion.   

 

 2. The semiconductor device as claimed in claim 1, further including:  

 a third lower electrode adjacent to the first and second lower electrodes, 

wherein:  

 the supporter further includes a second supporter curved sidewall that is 

connected to the first lower electrode and the third lower electrode, and 

 a distance between the first supporter curved sidewall and the second 

supporter curved sidewall decreases as a vertical level is lowered. 
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 3. The semiconductor device as claimed in claim 2, wherein:  

 the capacitor insulating layer includes a first insulating curved outer sidewall 

in contact with the first supporter curved sidewall and a second insulating curved 

outer sidewall in contact with the second supporter curved sidewall, and 

 a distance between the first insulating curved outer sidewall and the second 

insulating curved outer sidewall decreases as a vertical level is lowered. 

 

 4. The semiconductor device as claimed in claim 3, wherein the first 

insulating curved outer sidewall and the second insulating curved outer sidewall are 

concave toward the intervening electrode portion. 

 

 5. The semiconductor device as claimed in any one of claims 1 to 4, 

wherein:  

 the first supporter curved sidewall includes a first portion adjacent to the first 

lower electrode and a second portion adjacent to the second lower electrode, and 

 a distance between the first portion of the first supporter curved sidewall and 

a center of the intervening electrode portion decreases as a distance from the first 

lower electrode increases. 

 

 6. The semiconductor device as claimed in claim 5, wherein a distance 

between the second portion of the first supporter curved sidewall and the center of 

the intervening electrode portion decreases as a distance from the second lower 

electrode increases. 

 

 7. The semiconductor device as claimed in any one of claims 1 to 6, 

wherein: 
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  an uppermost portion of the first lower electrode includes a first sidewall in 

contact with the capacitor insulating layer and a second sidewall in contact with the 

supporter, and 

 a curvature radius of the first sidewall of the uppermost portion of the first 

lower electrode is larger than a curvature radius of the second sidewall of the 

uppermost portion of the first lower electrode. 

 

 8. The semiconductor device as claimed in any one of claims 1 to 7, 

wherein a width of the intervening electrode portion decreases as a vertical level is 

lowered. 

 

 9. The semiconductor device as claimed in any one of claims 1 to 8, 

wherein a top surface of the supporter is located at substantially the same level as 

top surfaces of the first and second lower electrodes. 

 

 10. A semiconductor device, comprising: 

 an active pattern; 

 a capacitor contact structure electrically connected to the active pattern; and 

 a capacitor structure electrically connected to the capacitor contact structure, 

 wherein the capacitor structure includes: 

 a first lower electrode, a second lower electrode, and a third lower electrode, 

which are adjacent to each other; 

 a first supporter supporting the first to third lower electrodes; 

 a capacitor insulating layer covering the first to third lower electrodes; and 

 an upper electrode on the capacitor insulating layer, 
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 wherein the first supporter includes a first supporter curved sidewall, which 

is connected to the first lower electrode and the second lower electrode, and a 

second supporter curved sidewall, which is connected to the first lower electrode 

and the third lower electrode,  

 wherein a distance between the first supporter curved sidewall and the 

second supporter curved sidewall decreases as a vertical level is lowered. 

 

 11. The semiconductor device as claimed in claim 10, wherein a top 

surface of the first supporter is substantially coplanar with top surfaces of the first to 

third lower electrodes. 

 

 12. The semiconductor device as claimed in claim 10 or claim 11, 

wherein:  

 the upper electrode includes an intervening electrode portion, which is 

disposed at the same level as the first supporter, and 

 the first supporter curved sidewall and the second supporter curved sidewall 

are convex toward the intervening electrode portion. 

 

 13. The semiconductor device as claimed in any one of claims 10 to 12, 

further including a second supporter below the first supporter, wherein supporter 

curved sidewalls of the second supporter are concave. 

 

 14. The semiconductor device as claimed in claim 13, wherein:  

 the capacitor insulating layer includes an intervening insulating portion in 

contact with the supporter curved sidewalls of the second supporter, and 

 the intervening insulating portion has a ring shape. 
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 15. The semiconductor device as claimed in claim 14, wherein:  

 the upper electrode includes an intervening electrode portion enclosed by the 

intervening insulating portion of the capacitor insulating layer, and 

 the intervening electrode portion has a circular shape. 

 

 16. The semiconductor device as claimed in any one of claims 10 to 15, 

wherein:  

 the capacitor insulating layer includes an insulating curved outer sidewall in 

contact with the first supporter curved sidewall, and 

 the insulating curved outer sidewall is concave. 

 

 17. The semiconductor device as claimed in any one of claims 10 to 16, 

wherein: 

  an uppermost portion of the first lower electrode includes a first sidewall in 

contact with the capacitor insulating layer and a second sidewall in contact with the 

first supporter, and 

 a curvature radius of the first sidewall of the uppermost portion of the first 

lower electrode is larger than a curvature radius of the second sidewall of the 

uppermost portion of the first lower electrode. 

 

 18. The semiconductor device as claimed in claim 17, wherein a width of 

the uppermost portion of the first lower electrode decreases as a vertical level is 

lowered. 

 

 19. A semiconductor device, comprising: 

 a substrate including an active pattern; 

 a gate structure on the active pattern; 
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 a bit line structure on the active pattern; 

 a capacitor contact structure electrically connected to the active pattern; and 

 a capacitor structure electrically connected to the capacitor contact structure, 

 wherein the capacitor structure includes:  

 a first lower electrode, a second lower electrode, and a third lower electrode, 

which are adjacent to each other; 

 a supporter supporting the first to third lower electrodes; 

 a capacitor insulating layer covering the first to third lower electrodes; and 

 an upper electrode on the capacitor insulating layer, 

 wherein the supporter includes a first supporter curved sidewall connected to 

the first lower electrode and the second lower electrode, a second supporter curved 

sidewall connected to the second lower electrode and the third lower electrode, and a 

third supporter curved sidewall connected to the first lower electrode and the third 

lower electrode, 

 wherein the upper electrode includes an intervening electrode portion 

enclosed by the first to third supporter curved sidewalls and the first to third lower 

electrodes, and 

 wherein the first to third supporter curved sidewalls are convex toward the 

intervening electrode portion. 

 

 20. The semiconductor device as claimed in claim 19, wherein a distance 

between the first supporter curved sidewall and the second supporter curved 

sidewall decreases as a vertical level is lowered. 

  




