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THREE-DIMENSIONAL SEMICONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] 	Korean Patent Application No. 10-2017-0097636, filed on August 1, 2017, in 

the Korean Intellectual Property Office, and entitled: "Three-Dimensional 

Semiconductor Device", is incorporated by reference herein in its entirety. 

TECHNICAL FIELD 

[0002] 	The present disclosure relates to a semiconductor device, and in detail, to a 

three-dimensional semiconductor device including pad regions arrayed in three 

dimensions. 

BACKGROUND 

[0003] 	Semiconductor devices including gate electrodes stacked in a direction 

perpendicular to a surface of a semiconductor substrate have been developed. Such gate 

electrodes may include pad regions arrayed to have a stepped shape lowered in a single 

direction. As the number of gate electrodes stacked on a semiconductor substrate 

gradually increases, allowing for high degrees of integration to be realized therein, the 

size of a plane on which pad regions arrayed to have a stepped shape lowered in a single 

direction are disposed has gradually increased. Thus, there are limitations in the 

realization of high degrees of integration in semiconductor devices. 

SUMMARY 

[0004] 	According to an aspect of the present disclosure, a three-dimensional 

semiconductor device is provided. The semiconductor device includes gate electrodes 

including pad regions sequentially lowered by a first step portion in a first direction and 

sequentially lowered by a second step portion, lower than the first step portion, in a 

second direction, perpendicular to the first direction. Among pad regions lowered by the 
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second step portion in the second direction, a single pad region has a length less than that 

of the remainder of pad regions in the second direction. 

[0005] According to an aspect of the present disclosure, a three-dimensional 

semiconductor device is provided. The semiconductor device includes a first main 

separation structure and a second main separation structure, disposed in a memory cell 

array region and a connection region of a substrate, and gate electrodes stacked on the 

memory cell array region in a direction perpendicular to a surface of the substrate and 

extended to the connection region. The gate electrodes are disposed between the first 

main separation structure and the second main separation structure, the gate electrodes 

include a single lower gate electrode or a plurality of lower gate electrodes, intermediate 

gate electrodes on the lower gate electrodes, and a single upper gate electrode or a 

plurality of upper gate electrodes on the intermediate gate electrodes, the intermediate 

gate electrodes include intermediate pad regions sequentially lowered by a first step 

portion in a first direction of the connection region in the memory cell array region and 

sequentially lowered by a second step portion, lower than the first step portion, in a 

second direction from the first main separation structure to the second main separation 

structure, and a single pad region among pad regions sequentially lowered by the second 

step portion in the second direction has a length different from that of a remainder of pad 

regions in the second direction. 

[0006] According to an aspect of the present disclosure, a three-dimensional 

semiconductor device is provided. The semiconductor device includes lower gate 

electrodes and intermediate gate electrodes on the lower gate electrodes. The 

intermediate gate electrodes include intermediate pad regions lowered by a first step 

portion in a first direction and lowered by a second step portion, lower than the first step 

portion, in a second direction, perpendicular to the first direction. The lower gate 
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electrodes include lower pad regions lowered by the second step portion in the first 

direction. 

[0007] According to an aspect of the present disclosure, a three-dimensional 

semiconductor device is provided. The semiconductor device includes a first main 

separation structure and a second main separation structure, disposed on a substrate and 

extended in a first direction parallel to a surface of the substrate, and gate electrodes 

disposed between the first main separation structure and the second main separation 

structure. The gate electrodes include pad regions lowered by a first step portion in the 

first direction and sequentially lowered by a second step portion, lower than the first step 

portion, in a second direction from the first main separation structure to the second main 

separation structure. A single pad region among pad regions lowered by the second step 

portion in the second direction has a length less than that of the remainder of pad regions 

in the second direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] 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: 

[0009] FIG. 1 illustrates a schematic block diagram of an example of a three- 

dimensional semiconductor device according to an example embodiment; 

[0010] FIG. 2 illustrates a schematic circuit diagram of a memory cell array of a three- 

dimensional semiconductor device according to an example embodiment; 

[0011] FIG. 3 illustrates a schematic block diagram of an example of a three- 

dimensional semiconductor device according to an example embodiment; 

[0012] FIG. 4A illustrates a schematic top view of an example of a three-dimensional 

semiconductor device according to an example embodiment; 
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[0013] 	FIG. 4B illustrates a partially enlarged view of a portion of FIG. 4A according to 

an example embodiment; 

[0014] 	FIGS. 5A to 5C illustrate schematic cross-sectional views of an example of a 

three-dimensional semiconductor device according to an example embodiment; 

[0015] 	FIG. 6 illustrates a partially enlarged view of a portion of FIG. 5C according to 

an example embodiment; 

[0016] 	FIG. 7 illustrates an exploded perspective view of a component of a three-

dimensional semiconductor device according to an example embodiment; 

[0017] 	FIG. 8 illustrates a schematic longitudinal cross-sectional view of components in 

a three-dimensional semiconductor device according to an example embodiment; 

[0018] 	FIG. 9 illustrates a schematic longitudinal cross-sectional view of components in 

a modified example of a three-dimensional semiconductor device according to an 

example embodiment; 

[0019] 	FIG. 10 illustrates a cross-sectional view of a modified example of a three-

dimensional semiconductor device according to an example embodiment; 

[0020] 	FIG. 11 illustrates a cross-sectional view of another modified example of a 

three-dimensional semiconductor device according to an example embodiment; 

[0021] 	FIG. 12 illustrates a cross-sectional view of a further modified example of a 

three-dimensional semiconductor device according to an example embodiment; 

[0022] 	FIG. 13 illustrates a cross-sectional view of a further modified example of a 

three-dimensional semiconductor device according to an example embodiment; 

[0023] 	FIG. 14 illustrates a cross-sectional view of a further modified example of a 

three-dimensional semiconductor device according to an example embodiment; 

[0024] 	FIG. 15 illustrates a cross-sectional view of an example of a three-dimensional 

semiconductor device according to an example embodiment; and 
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[0025] 	FIGS. 16A to 20B illustrate cross-sectional views of stages in a method of 

forming a three-dimensional semiconductor device according to an example embodiment. 

DETAILED DESCRIPTION 

[0026] 	With reference to FIG. 1, an example of a three-dimensional semiconductor 

device according to an example embodiment will be described. FIG. 1 is a schematic 

block diagram of a semiconductor device according to an example embodiment. 

[0027] 	With reference to FIG. 1, a three-dimensional semiconductor device 1 may 

include a memory cell array region MA, a row decoder 3, a page buffer 4, a column 

decoder 5, and a control circuit 6. The memory cell array region MA may include 

memory blocks BLK. 

[0028] 	The memory cell array region MA may include memory cells arrayed in a 

plurality of rows and columns. The memory cells included in the memory cell array 

region MA may be electrically connected to the row decoder 3 by word lines WL, at 

least one common source line CSL, string select lines SSL, at least one ground select line 

GSL, or the like. The memory cells may also be electrically connected to the page buffer 

4 and the column decoder 5 by bit lines BL. 

[0029] 	In an example embodiment, among the memory cells, the memory cells arrayed 

in the same row may be connected to a common word line WL, while the memory cells 

arrayed in the same column may be connected to a common bit line BL. 

[0030] 	The row decoder 3 may commonly be connected to the memory blocks BLK and 

may provide a driving signal to the word lines WL of the memory blocks BLK selected 

according to a block select signal. In detail, the row decoder 3 may receive address 

information ADDR from an external source and decode the address information ADDR 

having been received, thereby determining a voltage to be supplied to at least a portion 



6 

of the word lines WL, the common source line CSL, the string select lines SSL, and the 

ground select line GSL, electrically connected to the memory blocks BLK. 

[0031] 	The page buffer 4 may be electrically connected to the memory cell array region 

MA by the bit lines BL. The page buffer 4 may be connected to a bit line BL selected 

according to an address decoded by the column decoder 5. The page buffer 4 may 

temporarily store data to be stored in memory cells or may detect data stored in the 

memory cells according to an operating mode. For example, the page buffer 4 may be 

operated as a writing driver circuit in an operating mode of a program and may be 

operated as a sense amplifier circuit in a reading mode. The page buffer 4 may receive 

electrical energy (e.g., a voltage or an electric current) from a control logic to be 

transmitted to the bit line BL having been selected. 

[0032] 	The column decoder 5 may provide a data transmission path between the page 

buffer 4 and an external device (e.g., a memory controller). The column decoder 5 may 

decode an address input from an external source to select one of the bit lines BL. 

[0033] 	The column decoder 5 may commonly be connected to the memory blocks BLK 

and may provide data information to the bit lines BL of the memory block BLK selected 

according to the block select signal. 

[0034] 	The control circuit 6 may control overall operations of the three-dimensional 

semiconductor device 1. The control circuit 6 may receive a control signal and an 

external voltage and may be operated according to the control signal having been 

received. The control circuit 6 may include a voltage generator generating voltages 

required for an internal operation (e.g., a program voltage, a read voltage, an erase 

voltage, or the like) using the external voltage. The control circuit 6 may control a read 

operation, a write operation and/or an erase operation in response to control signals. 
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[0035] 	With reference to FIG. 2, a circuit of the memory cell array region (MA of FIG. 

1) of the three-dimensional semiconductor device 1 will be described. FIG. 2 is a circuit 

diagram schematically illustrating a circuit of the memory cell array region (MA of FIG. 

1). 

[0036] 	With reference to FIG. 2, the memory cell array region (MA of FIG. 1) may 

include memory strings S including memory cells MC connected in series, as well as a 

ground select transistor GST and a string select transistor SST, connected to opposing 

ends of the memory cells MC in series. The memory cells MC connected in series may 

be connected to the word lines WL, respectively, for selecting the memory cells MC. 

[0037] 	A gate terminal of the ground select transistor GST may be connected to the 

ground select line GSL, while a source terminal may be connected to the common source 

line CSL. A gate terminal of the string select transistor SST may be connected to the 

string select line SSL, while the source terminal may be connected to a drain terminal of 

the memory cells MC. FIG. 2 illustrates a structure in which a single ground select 

transistor GST and a single string select transistor SST are connected to the memory 

cells MC, connected in series. Alternatively, however, a plurality of ground select 

transistors GST or a plurality of string select transistors SST may also be connected to 

the memory cells MC. 

[0038] 	In an example embodiment, a dummy line DL may be disposed between an 

uppermost word line WL and the string select line SSL and between a lowermost word 

line WL and the ground select line GSL among the word lines WL. 

[0039] 	A drain terminal of the string select transistor SST may be connected to a 

plurality of bit lines BL. When a signal is applied to a gate terminal of the string select 

transistor SST through the string select line SSL, a signal applied through the bit line BL 

may be transmitted to the memory cells MC connected in series to perform a data 
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reading and writing operation. In addition, an erase voltage having a predetermined 

level may be applied through a substrate, thereby performing an erase operation erasing 

data recorded in the memory cells MC. 

[0040] 	The three-dimensional semiconductor device according to an example 

embodiment may include at least one dummy string DS. The dummy string DS may be 

provided as a string including a dummy channel electrically isolated from the bit line BL. 

[0041] 	Subsequently, with reference to FIG. 3, an example of a three-dimensional 

semiconductor device according to an example embodiment will be described. 

[0042] 	With reference to FIG. 3, memory blocks BLK may be disposed on a memory 

cell array region MA. A connection region IA may be disposed on at least one side of 

the memory cell array region MA. For example, the connection regions IA may be 

disposed on opposing sides of the memory cell array region MA. The memory cell array 

region MA and the connection region IA may be disposed between dummy regions DA. 

[0043] 	In an example embodiment, the memory cell array region MA may be provided 

as an area in which memory cells (MC in FIG. 2) are disposed. The connection region 

IA may be provided as a region in which pad regions of gate electrodes in contact with 

contact plugs to apply an electrical signal or a voltage to string select lines (SSL of FIG. 

2), word lines (WL of FIG. 2), and/or a ground select line (GSL of FIG. 2) are disposed. 

[0044] 	The memory blocks BLK may be disposed between main separation structures 

MS intersecting the memory cell array region MA and the connection region IA. 

[0045] 	Hereinafter, an example of a three-dimensional semiconductor device according 

to an example embodiment will be described with reference to FIGS. 3, 4A, 4B, 5A, 5B, 

and 5C. FIG. 4A is a partially enlarged view of the portion marked "A" of FIG. 3, while 

FIG. 4B is a partially enlarged view of the portion marked "B" of FIG. 4A. FIG. 5A is a 

cross-sectional view of a region taken along line I-I' of FIG. 4A, FIG. 5B is a cross- 



-9 

sectional view of a region taken along line 11-IF of FIG. 4A, and FIG. 5C is a cross-

sectional view of a region taken along line III-III' of FIG. 4A. 

[0046] With reference to FIGS. 3, 4A, 4B, 5A, 5B, and 5C, gate electrodes GE stacked 

in a direction Z on top of each other, i.e., along a direction perpendicular to a surface 

103s of a substrate 103, may be disposed on the substrate 103. The substrate 103 may be 

provided as a semiconductor substrate. The gate electrodes GE may be disposed in a 

memory cell array region MA described in FIG. 3 and may be extended to a connection 

region IA described in FIG. 3. Each of the gate electrodes GE may be parallel to the 

surface 103s of the substrate 103. 

[0047] The gate electrodes GE may be formed using a conductive material including at 

least one of doped polysilicon, a metallic nitride (e.g., titanium nitride (TiN)), a metallic 

silicide (e.g., tungsten silicon (WSi), titanium silicon (TiSi), tantalum silicon (TaSi), or 

the like), or a metal (e.g., tungsten (W)). The doped polysilicon may be provided as 

polysilicon including an n-type impurity (e.g., phosphorous (P), Arsenic (As), or the 

like) or a p-type impurity (e.g., boron (B), or the like). 

[0048] The gate electrodes GE may include one or more lower gate electrodes GE_g 

and GE_dl, intermediate gate electrodes GE_w on the one or more lower gate electrodes 

GE_g and GE_dl, described above, and one or more upper gate electrodes GE_s and 

GE_ d2 on the intermediate gate electrodes (GE_w). 

[0049] In an example embodiment, the one or more lower gate electrodes GE_g and 

GE_dl may be provided in plural. A plurality of lower gate electrodes GE_g and GE_dl 

may include a lowermost lower gate electrode GE_g and a plurality of lower electrodes 

GE dl disposed on the lowermost lower gate electrode GE_g. The lowermost lower _ 

gate electrode GE_g may be provided as a lower select gate electrode, while the plurality 

of lower electrodes GE_dl may be provided as dummy gate electrodes. The lowermost 
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lower gate electrode GE_g, that is, the lower select gate electrode, may be provided as 

the ground select line (GSL in FIGS. 1 and 2) illustrated in FIGS. 1 and 2. 

[0050] 	The intermediate gate electrodes GE_w may be provided as the word lines (WL 

in FIGS. 1 and 2) illustrated in FIGS. 1 and 2. 

[0051] 	In an example embodiment, the one or more upper gate electrodes GE_s and 

GE_d2 may be provided in plural. An uppermost upper gate electrode and/or a second 

uppermost upper gate electrode among a plurality of upper gate electrodes GE_s and 

GE_d2 may be provided as an upper select gate electrode GE_s. Upper gate electrodes 

disposed between the upper select gate electrode GE_s and the intermediate gate 

electrodes GE_w may be provided as upper dummy gate electrodes GE_d2. The upper 

select gate electrode GE_s may be provided as the string select lines (SSL in FIGS. 1 and 

2) illustrated in FIGS. 1 and 2. 

[0052] 	Floating dummy gate electrodes GE_f disposed on the intermediate gate 

electrodes GE_w on the connection region IA and opposing a portion of upper gate 

electrodes GE_s and GE_d2 may be disposed. The floating dummy gate electrodes 

GE _f may be formed using the same material as the gate electrodes GE. The floating 

dummy gate electrodes GE_f may include floating pad regions Pf arrayed to have a 

stepped shape sequentially lowered in a direction of the upper gate electrodes GE_s and 

GE_d2. 

[0053] 	Main separation structures MS extended in a first direction X and parallel to 

each other may be disposed on the substrate 103, e.g., each of the main separation 

structures MS may extend in the first direction X (FIG. 4A) and to a predetermined 

depth through the gate electrodes GE along a third direction X (FIG. 5B). The main 

separation structures MS may be disposed on the memory cell array region MA and the 

connection region IA. The main separation structures MS may intersect the memory cell 



array region MA and the connection region IA. The main separation structures MS may 

include a first main separation structure MS1 and second main separation structures MS2 

disposed on opposing sides of the first main separation structure MS1, e.g., the first main 

separation structure MS1 may be between two second main separation structures MS2 

along a second direction Y and spaced apart from each of the second main separation 

structures MS2 along the second direction Y (FIG. 4A). 

[0054] 	Secondary separation structures SS may be disposed between the first main 

separation structure MS1 and, e.g., each of, the second main separation structures MS2 

along the second direction Y. The secondary separation structures SS may include a first 

secondary separation structure SS1 and a second secondary separation structure SS2, 

disposed to be spaced apart from each other along the first direction X (FIG. 4A). 

[0055] 	The first secondary separation structure SS1 may be disposed, e.g., only, in the 

connection region IA. The second secondary separation structure SS2 may have an end 

portion intersecting the memory cell array region MA and extended to a portion of the 

connection region IA to oppose an end portion of the first secondary separation structure 

SS1, e.g., the second secondary separation structure SS2 may extend from the memory 

cell array region MA into the connection region IA along the first direction X to be 

collinear with while spaced apart from the first secondary separation structure SS1. 

[0056] 	Referring to FIGS. 4B and 5C, each of the main separation structures MS and 

the secondary separation structures SS may include a conductive pattern 180 and a 

spacer 176 covering a side surface of the conductive pattern 180. The spacer 176 may be 

formed using an insulating material, e.g., a silicon oxide or a silicon nitride. The 

conductive pattern 180 may be formed using a conductive material including at least one 

among a metallic nitride, e.g., doped polysilicon and a titanium nitride, or a metal, e.g., 

W. 
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[0057] 	Referring to FIGS. 5B and 5C, impurity regions 178 may be disposed in the 

substrate 103 below the main separation structures MS and the secondary separation 

structures SS. The impurity regions 178 may form the common source line (CSL in 

FIGS. 1 and 2) illustrated in FIGS. 1 and 2. The impurity regions 178 may have n-type 

conductivity, while a portion of the substrate 103 disposed adjacent to the impurity 

regions 178 may have p-type conductivity. 

[0058] 	Referring to FIGS. 4A and 5B, an insulating pattern (ISP) intersecting the upper 

select gate electrode GE_s and separating the upper select gate electrode GE_s in a width 

direction Y of the main separation structure MS and the secondary separation structures 

SS may be disposed. The insulating pattern ISP may be formed using, e.g., a silicon 

oxide. 

[0059] 	According to example embodiments, the gate electrodes GE may have pad 

regions arrayed in the connection region IA in three dimensions. As such, the pad 

regions arrayed in three dimensions may allow the semiconductor device to be highly 

integrated. 

[0060] 	In detail, as illustrated in FIG. 5A, the upper select gate electrode GE_s may 

include upper select pad regions Ps, while the upper dummy gate electrodes GE_d2 may 

include upper dummy pad regions Pd2. The upper select pad regions Ps and the upper 

dummy pad regions Pd2 may form upper pad regions Ps and Pd2 of the upper gate 

electrodes GE_s and GE_d2. Among the upper select pad regions Ps, a length Dal of a 

second uppermost upper select pad region in the first direction X may be less than a 

length Da2 of the uppermost upper dummy pad region Pd2 in the first direction X 

disposed below the second uppermost upper select pad region. Among the upper 

dummy pad regions Pd2, the length Da2 of the uppermost upper dummy pad region Pd2 

in the first direction X may be greater than a length Da3 of the second uppermost upper 
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dummy pad region in the first direction X. For example, referring to FIG. 5A, each of the 

lengths Dal, Da2, and Da3 refers to a length of a gate electrode GE extending beyond a 

gate electrode GE thereabove along the first direction X, e.g., where an upper surface of 

a gate electrode GE is exposed for a pad region. 

[0061] 	Upper pad regions Ps and Pd2 may be lowered by a first step portion in the first 

direction X away from the memory cell array region MA, and may be arrayed to be 

disposed on the same level in a second direction Y perpendicular to the first direction X. 

For example, as illustrated in FIG. 5A, each of the upper pad regions Ps and Pd2 may 

extend farther along the first direction X than a pad region immediately thereabove when 

oriented from the memory cell array region MA toward the connection region IA, e.g., 

with a similar configuration in the second direction Y. The first direction X and the 

second direction Y may be parallel to the surface 103s of the substrate 103. 

[0062] 	As further illustrated in FIG. 5A, among the lower gate electrodes GE_g and 

GE_dl, the lower select gate electrode GE_g may include a lower select pad region Pg, 

while the lower dummy gate electrodes GE_d1 may include lower dummy pad regions 

Pdl. The floating dummy gate electrodes GE _f may include floating dummy pad 

regions Pf. The floating dummy pad regions Pf may include a stepped shape lowered in 

a direction of the memory cell array region MA, e.g., each of the floating dummy pad 

regions Pf may extend farther along the first direction X than a pad region immediately 

thereabove when oriented from the connection region IA toward the memory cell array 

region 1\4A. Among the lower dummy pad regions Pdl, a length Dc3 of a lowermost 

lower dummy pad region in the first direction X may be less than each of a length Dcl of 

the uppermost lower dummy pad region in the first direction X and a length Dc2 of an 

intermediate lower dummy pad region in the first direction X. The length Dc2 of the 
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intermediate lower dummy pad region in the first direction X may be greater than the 

length Dcl of the uppermost lower dummy pad region in the first direction X. 

[0063] 	As further illustrated in FIGS. 5A and 5C, the intermediate gate electrodes 

GE_w may include intermediate pad regions Pw. The intermediate pad regions Pw may 

include pad regions Pwx extending in the first direction X (FIG. 5A) and pad regions 

Pwly, Pw2y, Pw3y, and Pw4y extending in the second direction Y (FIG. 5C). The pad 

regions Pwx may be sequentially lowered by a first step portion H1 in the first direction 

X in a direction oriented from the memory cell array region MA toward the connection 

region IA. The pad regions Pwly, Pw2y, Pw3y, and Pw4y may be lowered by a second 

step portion H2 lower than the first step portion H1 in the second direction Y oriented in 

a direction from the first main separation structure MS1 toward the second main 

separation structure MS2e.g., each of the pad regions Pwly, Pw2y, Pw3y, and Pw4y 

may extend farther along the second direction Y than a pad region immediately 

thereabove when oriented from the first main separation structure MS1 toward each of 

the second main separation structures MS2 (FIG. 5C). For example, as illustrated in FIG. 

5C, the second step portion H2 may refer to a vertical distance along the third direction Z 

between two upper surfaces of immediately adjacent pad regions Pw (i.e., pad regions 

Pw of two gate electrodes GE immediately adjacent to each other along the third 

direction Z). For example, as illustrated in FIG. 5A, the first step portion H1 may refer to 

a vertical distance along the third direction Z between two upper surfaces of pad regions 

Pw having multiple gate electrodes GE therebetween, e.g., four gate electrodes GE 

adjacent to each other may be aligned to have a same length along the first direction X 

with a single pad region Pw on top of an uppermost gate electrode of the four gate 

electrodes GE. 
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[0064] 	In an example embodiment, a length Dc4 of the lower select pad region Pg in 

the first direction X may be greater than a length Db of the intermediate pad regions Pw 

in the first direction X. The length Dcl of the uppermost lower dummy pad region in the 

first direction X and the length Dc2 of the intermediate lower dummy pad region in the 

first direction X may be greater than the length Db of the intermediate pad regions Pw in 

the first direction X. In an example embodiment, the length Da2 of either of the upper 

pad regions Ps and Pd2 in the first direction X may be greater than the length Db of the 

intermediate pad regions Pw in the first direction X. 

[0065] 	Referring to FIGS. 4B and 5A, contact plugs 184 may be disposed on the pad 

regions of the gate electrodes GE. The contact plugs 184 may include a lower contact 

plug 184g electrically connected to the lower select pad region Pg of the lower select 

gate electrode GE g, intermediate contact plugs 184w electrically connected to the 

intermediate pad regions Pw of the intermediate gate electrodes GE w, a string select 

contact plug 184s electrically connected to the upper select pad region Ps of the upper 

select gate electrode GE_s, dummy contact plugs 184d on the lower dummy pad regions 

Pdl and the upper dummy pad regions Pd2, and dummy contact plugs 184d on the 

floating pad regions Pf. 

[0066] 	Pad regions Pwly, Pw2y, Pw3y, and Pw4y arrayed in the second direction Y 

among the intermediate pad regions Pw, and gate electrodes GE1, GE2, GE3, and GE4 

including the pad regions Pwly, Pw2y, Pw3y, and Pw4y will be described with 

reference to FIGS. 6 and 7 in more detail. FIG. 6 is a partially enlarged view of the 

portion marked "C" of FIG. 5C, while FIG. 7 is an exploded perspective view of gate 

electrodes GE1, GE2, GE3, and GE4 including the pad regions Pwly, Pw2y, Pw3y, and 

Pw4y. 
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[0067] 	With reference to FIGS. 6 and 7, the pad regions Pwly, Pw2y, Pw3y, and Pw4y 

arrayed in the second direction Y may include a first pad region Pwly, a second pad 

region Pw2y, a third pad region Pw3y, and a fourth pad region Pw4y arrayed to have a 

stepped shape sequentially lowered by the second step portion H2 in the second direction 

Y oriented from the first main separation structure MS1 to the second main source 

structure MS2. Intermediate gate electrodes GE_w may include a first gate electrode 

GE1 including the first pad region Pwly, a second gate electrode GE2 including the 

second pad region Pw2y, a third gate electrode GE3 including the third pad region Pw3y, 

and a fourth gate electrode GE4 including the fourth pad region Pw4y. 

[0068] 	In an example embodiment, a length of the third pad region Pw3y may be less 

than that of one of the first pad region Pwly, the second pad region Pw2y, and the fourth 

pad region Pw4y in the second direction Y. In an example embodiment, the length of the 

third pad region Pw3y may be less than that of each of the first pad region Pwly, the 

second pad region Pw2y, and the fourth pad region Pw4y in the second direction Y. 

[0069] 	A first secondary separation structure SS1 may intersect the second pad region 

Pw2y and may divide the second pad region Pw2y into a pad portion Pw2p and a 

dummy portion Pw2_d. In the second pad region Pw2y, the pad portion Pw2p may be 

larger than the dummy portion Pw2_d. A length of the pad portion Pw2p of the second 

pad region Pw2y in the second direction Y may be greater than a length of the third pad 

region Pw3y in the second direction Y. 

[0070] 	In an example embodiment, gate electrodes GE including the intermediate gate 

electrodes GE_w may include a first conductive material 172 and a second conductive 

material 174. Thus, the pad regions Pwly, Pw2y, Pw3y, and Pw4y of the intermediate 

gate electrodes GE_w may include the first conductive material 172 and the second 

conductive material 174. In the second pad region Pw2y, the pad portion Pw2_p and the 
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dummy portion Pw2 d may include the first conductive material 172 and the second 

conductive material 174. 

[0071] 	The third gate electrode GE3 may expose the fourth pad region Pw4y, the 

second gate electrode GE2 may expose the third pad region Pw3y and the fourth pad 

region Pw4y, and the first gate electrode GE1 may expose the second pad region Pw2y, 

the third pad region Pw3y, and the fourth pad region Pw4y. Thus, the first gate electrode 

GE1, the second gate electrode GE2, the third gate electrode GE3, and the fourth gate 

electrode GE4 may include pad regions Pwly, Pw2y, Pw3y, and Pw4y arrayed in the 

second direction Y. 

[0072] 	The first gate electrode GE1, the second gate electrode GE2, the third gate 

electrode GE3, and the fourth gate electrode GE4 may be disposed between the first 

main separation structure MS1 and the second main source structure MS2. Each of the 

first gate electrode GE1, the second gate electrode GE2, the third gate electrode GE3, 

and the fourth gate electrode GE4 may be connected to each other on the same plane to 

be integrally formed through a portion in which the first secondary separation structure 

SS1 opposes the second secondary separation structure SS2. 

[0073] 	Subsequently, an example of the gate electrodes GE including the intermediate 

gate electrodes GE w, an example of vertical cell structures VSc, and a wiring 

connection relation of the vertical cell structures VSc and the gate electrodes GE will be 

described with reference to FIG. 8. FIG. 8 is a cross-sectional view schematically 

illustrating an example of a three-dimensional semiconductor device according to an 

example embodiment. 

[0074] 	With reference to FIG. 8, each of vertical cell structures VSc may include a 

semiconductor pattern 145, a core pattern 157, a pad pattern 160, a channel 

semiconductor layer 154, and a first gate dielectric 151. A second gate dielectric 169 
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disposed on an upper surface / lower surface of the gate electrodes GE and extended 

between the vertical cell structures VSc and the gate electrodes GE may be disposed. 

[0075] 	The semiconductor pattern 145 may be in contact with a substrate 103. In an 

example embodiment, the semiconductor pattern 145 may be provided as an epitaxial 

material layer formed using a selective epitaxial growth (SEG) process. For example, 

the semiconductor pattern 145 may be formed using monocrystalline silicon. 

[0076] 	The core pattern 157 may be disposed on the semiconductor pattern 145 and 

may be formed using an insulating material (e.g., a silicon oxide, or the like). The pad 

pattern 160 may be disposed on the core pattern 157. The pad pattern 160 may be 

formed using, e.g., polysilicon having n-type conductivity, and may be provided as a 

drain region. The pad pattern 160 may be disposed on a level higher than the gate 

electrodes GE. 

[0077] 	The channel semiconductor layer 154 may be in contact with the semiconductor 

pattern 145 and may be extended in a direction perpendicular to a surface of the substrate 

103. The channel semiconductor layer 154 may cover a side surface of the core pattern 

157 and may be in contact with the pad pattern 160. The channel semiconductor layer 

154 may penetrate through word lines WL and string select lines SSL of the gate 

electrodes GE. The channel semiconductor layer 154 may be formed using a polysilicon 

layer. 

[0078] 	The first gate dielectric 151 may cover an external side of the channel 

semiconductor layer 154 and may be disposed between the channel semiconductor layer 

154 and the gate electrodes GE. Any one of the first gate dielectric 151 and the second 

gate dielectric 169 may include a layer storing information. For example, the first gate 

dielectric 151 may include a layer storing information. However, an example 

embodiment is not limited thereto. In detail, the second gate dielectric 169 may include 
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a layer storing information. Hereinafter, an example in which the first gate dielectric 151 

includes a layer storing information will be described. 

[0079] 	The first gate dielectric 151 may include a tunnel dielectric layer 148, an 

information storage layer 147, and a blocking dielectric layer 146. The information 

storage layer 147 may be disposed between the tunnel dielectric layer 148 and the 

blocking dielectric layer 146. The tunnel dielectric layer 148 may be disposed adjacent 

to the channel semiconductor layer 154, while the blocking dielectric layer 146 may be 

disposed adjacent to the gate electrodes GE. 

[0080] 	The tunnel dielectric layer 148 may include, e.g., a silicon oxide and/or an 

impurity-doped silicon oxide. The blocking dielectric layer 146 may include, e.g., a 

silicon oxide and/or a high-k dielectric. 

[0081] 	The information storage layer 147 may be provided as a layer for storing 

information in a non-volatile memory device, e.g., a vertical NAND flash memory 

device, or the like. In detail, the information storage layer 147 may be formed using a 

material, such as a silicon nitride, trapping and retaining an electron injected from the 

channel semiconductor layer 154 through the tunnel dielectric layer 148, according to 

operating conditions of the non-volatile memory device, such as a flash memory device, 

or erasing an electron trapped in the information storage layer 147. The second gate 

dielectric 169 may include a high-k dielectric (e.g., an aluminum oxide (A10), or the 

like). 

[0082] 	The information storage layer 147 may store information in regions in which the 

information storage layer 147 opposes the gate electrodes corresponding to the word 

lines (WL of FIG. 2) among the gate electrodes GE. Regions storing information in the 

information storage layer 147 in any one of the vertical cell structures VSc may be 

arrayed in a direction perpendicular to a surface of the substrate 103 and may be defined 
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as the memory cells (MC in FIG. 2). First conductive lines 190b may be provided as bit 

lines (BL of FIG. 2) illustrated in FIGS. 1 and 2. Bit line contact structures 182 may be 

disposed between the first conductive lines 190b and the vertical cell structures VSc. 

The bit line contact structures 182 may electrically connect the first conductive lines 

190b to the vertical cell structures VSc. 

[0083] 	The contact plugs 184 may be disposed on pad regions of the gate electrodes GE. 

Gate wirings 190s, 190w, and 190g may be disposed on the contact plugs 184. The gate 

wirings 190s, 190w, and 190g may be provided as wirings applying an electrical signal 

or a voltage to string select lines (SSL of FIG. 2), the word lines (WL of FIG. 2), and the 

ground select line (GSL of FIG. 2) among the gate electrodes GE. 

[0084] 	In an example embodiment, the vertical cell structures VSc may be disposed to 

be spaced apart from each other. However, an example embodiment is not limited 

thereto. For example, vertical cell structures having lower portions connected to each 

other by a connection portion may be provided. As such, an example of vertical cell 

structures having the lower portions connected to each other will be described with 

reference to FIG. 9. 

[0085] 	With reference to FIG. 9, the vertical cell structures VSc connected to each other 

by a connection portion 240 may be disposed. The vertical cell structures VSc may 

penetrate through the gate electrodes GE, while the connection portion 240 may allow 

lower portions of the vertical cell structures VSc to be connected. 

[0086] 	Each of the vertical cell structures VSc may include the channel semiconductor 

layer 154 penetrating through the gate electrodes GE, the core pattern 157, a side surface 

of which is surrounded by the channel semiconductor layer 154, the pad pattern 160 on 

the channel semiconductor layer 154, and the first gate dielectric 151 surrounding an 

edge of the channel semiconductor layer 154 and interposed between the channel 
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semiconductor layer 154 and the gate electrodes GE. The connection portion 240 may 

be formed in such a manner that the channel semiconductor layer 154, the core pattern 

157, and the first gate dielectric 151 in the vertical cell structures VSc are sequentially 

extended. 

[0087] The connection portion 240 may be disposed in a lower gate 206 disposed 

between the substrate 103 and the gate electrodes GE. A base insulating layer 204 may 

be disposed between the lower gate 206 and the substrate 103. Any one of the vertical 

cell structures VSc connected to each other by the connection portion 240 may be 

electrically connected to a source line 290 by a source contact plug 282. The remainder 

thereof may be electrically connected to the first conductive line 190b playing a role as a 

bit line by the bit line contact structures 182. A separation structure 291 having 

insulating properties and penetrating through the gate electrodes GE may be disposed on 

the connection portion 240. 

[0088] In an example embodiment, as discussed previously with reference to FIG. 6, the 

first secondary separation structure SS1 may intersect the second pad region Pw2y and 

may divide the second pad region Pw2y into the pad portion Pw2p and the dummy 

portion Pw2_d. A component material and a structure of the dummy portion Pw2_d may 

be variously changed depending on a size of the dummy portion Pw2_d in the second 

direction Y. A modified example of the dummy portion Pw2_d described above will be 

described with reference to FIG. 10. 

[0089] With reference to FIG. 10, the first secondary separation structure SS1 may 

intersect he second pad region Pw2y and may divide the second pad region Pw2y into a 

pad portion Pw2 p and a dummy portion Pw2_d. The pad portion Pw2p may be 

formed using the first conductive material 172 and the second conductive material 174, 

while the dummy portion Pw2_d may be formed using the first conductive material 172. 
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Thus, the pad portion Pw2_p may include a larger amount of the second conductive 

material 174 than the dummy portion Pw2_d. 

[0090] 	In a modified example, referring to FIG. 11, the second pad region Pw2y may 

not be divided by the first secondary separation structure SS1. That is, the second gate 

dielectric 169 surrounding the second pad region Pw2y may be divided. 

[0091] 	In an example embodiment, pad regions of the gate electrodes GE disposed on 

the connection region IA may be formed to have a same thickness as a thickness of the 

gate electrodes GE disposed on a memory cell array region MA. However, an example 

embodiment is not limited thereto. For example, pad regions Pw in FIG. 6 may be 

transformed into pad regions Pw' having an increased thickness, greater than that of gate 

electrodes GE w, as illustrated in FIG. 12. Thus, the pad regions Pw illustrated in FIGS. 

10 and 11 may be transformed into pad regions Pw' having an increased thickness, as 

illustrated in FIGS. 13 and 14, respectively. 

[0092] 	Subsequently, an example of a dummy region DA illustrated in FIG. 3 will be 

described with reference to FIG. 15. FIG. 15 is a cross-sectional view of a region taken 

along line IV-IV' of FIG. 4A. 

[0093] 	With reference to FIGS. 4A and 15, a second main separation structure MS2 

among main separation structures MS may be disposed adjacent to a dummy region DA. 

Edge electrodes GE_e disposed on the same level as gate electrodes GE and electrically 

floated may be disposed on a substrate 103 of the dummy region DA. The edge 

electrodes GE_e may be formed using the same material as the gate electrodes GE, such 

as the first conductive material 172 and the second conductive material 174. 

[0094] 	Sacrificial layers 109 opposing the edge electrodes GE_e may be disposed on 

the substrate 103 of the dummy region DA. The sacrificial layers 109 may be thicker 

than the edge electrodes GE_e. The second gate dielectric 169 may be interposed 
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between the sacrificial layers 109 and the edge electrodes GE_e and may be extended to 

an upper surface/a lower surface of the edge electrodes GE_e. The sacrificial layers 109 

may be formed, e.g., using a silicon nitride. 

[0095] 	An insulating material layer (ILD) interposed between the sacrificial layers 109, 

between the gate electrodes GE, and between the edge electrodes GE_e and covering the 

gate electrodes GE and the sacrificial layers 109 may be disposed. The insulating 

material layer (ILD) may be formed using a material different from the sacrificial layers 

109, e.g., a silicon oxide. 

[0096] 	In an example embodiment, vertical dummy structures VSd penetrating through 

the edge electrodes GE_e and the sacrificial layers 109 may be disposed. The vertical 

dummy structures VSd may have a structure the same as that of vertical structures VS 

described with reference to FIG. 8. 

[0097] 	Subsequently, an example of a method of forming a three-dimensional 

semiconductor device according to an example embodiment will be described with 

reference to FIGS. 16A to 20B. In FIGS. 16A to 20B, FIGS. 16A, 17A, 18A, 19A, and 

20A are cross-sectional views of regions taken along line I-I' of FIG. 4A. FIGS. 16B, 

17B, 18B, 19B, and 20B are cross-sectional views of regions taken along line II-II' of 

FIG. 4A. 

[0098] 	With reference to FIGS. 4A, 16A, and 16B, a mold structure 112 including 

sacrificial layers 109L, 109, 109u1, and 109u2 and interlayer insulating layers 106L, 106, 

and 106u may be formed on the surface 103s of the substrate 103 including the memory 

cell array region MC and the connection region IA. The interlayer insulating layers 

106L, 106, and 106u may be formed using, e.g., a silicon oxide, while the sacrificial 

layers 109L, 109, 109u1, and 109u2 may be formed using, e.g., a silicon nitride. 



- 24 - 

[0099] 	The sacrificial layers 109L, 109, 109u1, and 109u2 may be disposed on a 

lowermost sacrificial layer 109L and may include intermediate sacrificial layers 109 

sequentially stacked and disposed to be spaced apart from each other, as well as a second 

uppermost sacrificial layer 109u2 and an uppermost sacrificial layer 109u1, sequentially 

disposed on the intermediate sacrificial layers 109. The intermediate sacrificial layers 

109 may be formed after the lowermost sacrificial layer 109L is patterned. 

[00100] 	The interlayer insulating layers 106L, 106, and 106u may include a lowermost 

interlayer insulating layer 106L disposed between the substrate 103 and the lowermost 

sacrificial layer 109L, an uppermost interlayer insulating layer 106u disposed on the 

uppermost sacrificial layer 109u1, and intermediate interlayer insulating layers 106 

disposed between the lowermost interlayer insulating layer 106L and the uppermost 

interlayer insulating layer 106u and between the sacrificial layers 109. The uppermost 

sacrificial layer 109u1 and the uppermost interlayer insulating layer 106u may be 

patterned. 

[00101] 	A first mask pattern 118a and a second mask pattern 121a disposed to be spaced 

apart from each other may be formed on the substrate 103 including the interlayer 

insulating layers 106L, 106, and 106u and the sacrificial layers 109L, 109, 109u1, and 

109u2. 

[00102] 	In an example embodiment, the first mask pattern 118a may cover an entirety of 

a memory cell array region MA and may be extended to a portion of the connection 

region IA. The second mask pattern 121a may be formed on a portion of the connection 

region IA. A single second mask pattern 121a may be formed to have a quadrangular 

shape on a single memory block BLK among memory blocks BLK. The first mask 

pattern 118a and the second mask pattern 121a may be formed to have photoresist 

patterns. 
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[00103] 	A single interlayer insulating layer and a single sacrificial layer not overlapping 

the first mask pattern 118a and the second mask pattern 121a among the interlayer 

insulating layers 106L, 106, and 106u and the sacrificial layers 109L, 109, 109u1, and 

109u2 may be etched sequentially using the first mask pattern 118a and the second mask 

pattern 121a as an etching mask. 

[00104] 	With reference to FIGS. 4A, 17A, and 17B, a first trimming process reducing 

sizes of the first mask pattern and the second mask pattern (118a and 121a of FIGS. 16A 

and 16B) may be performed. The first trimming process may be provided as a partial 

etching process reducing the first mask pattern and the second mask pattern (118a and 

121a of FIGS. 16A and 16B) by a first length L I in a direction parallel to a surface of the 

substrate 103 to form minimized mask patterns 118b and 121b, respectively. In other 

words, referring to FIG. 17A, the first and second mask patterns 118a and 121a (dashed 

lines in FIG. 17A) may be reduced to minimized mask patterns 118b and 121b, 

respectively (solid lines in FIG. 17A). 

[00105] 	Thus, a single interlayer insulating layer and a single sacrificial layer not 

overlapping the minimized mask patterns 118b and 121b among the interlayer insulating 

layers 106L, 106, and 106u and the sacrificial layers 109L, 109, 109u1, and 109u2 may 

be etched sequentially using the minimized mask patterns 118b and 121b, sizes of which 

have been reduced by the first trimming process. 

[00106] 	With reference to FIGS. 4A, 18A, and 18B, a second trimming process further 

reducing the sizes of the minimized mask patterns 118b and 121b (of FIGS. 17A and 

17B) may be performed. The second trimming process may be provided as a partial 

etching process reducing the minimized mask pattern (118b and 121b of FIGS. 16A and 

16B) by a second length L2 in the direction parallel to the surface of the substrate 103 to 
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form m asks 118c and 121c. The second length L2 may be greater than the first length 

L1 illustrated in FIGS. 17A and 17B. 

[00107] 	Thus, a single interlayer insulating layer and a single sacrificial layer not 

overlapping mask patterns 118c and 121c among the interlayer insulating layers 106L, 

106, and 106u and the sacrificial layers 109L, 109, 109u1, and 109u2 may be 

sequentially etched using the mask patterns 118c and 121c, sizes of which have reduced 

by the second trimming process. 

[00108] 	With reference to FIGS. 4A, 19A, and 19B, after the mask patterns 118c and 

121c (of FIGS. 18A and 18B) are removed, a step process of forming steps lowered by a 

uniform height H1 in a region in which the mask pattern 121c has been removed may be 

performed. Thus, steps STx2 lowered by the first step portion H1 in the first direction X, 

steps STx1 and STx3 lowered by the second step portion H2, lower than the first step 

portion H1, in the first direction X, and steps Styl and Sty2 lowered by the second step 

portion H2, in the second direction Y, perpendicular to the first direction X. 

[00109] 	With reference to FIGS. 4A, 20A and 20B, a first capping insulating layer 132 

may be formed on the mold structure 112. An insulating separation pattern (ISP of FIG. 

5B) penetrating through the first capping insulating layer 132, as well as the uppermost 

sacrificial layer 109u1 and a second uppermost sacrificial layer 109u2 of the mold 

structure 112 may be formed. 

[00110] 	Vertical structures VS penetrating through the first capping insulating layer 132 

and the mold structure 112 may be formed. The vertical structures VS may be formed to 

have a structure the same as that described with reference to FIG. 8. A second capping 

insulating layer 163 covering the first capping insulating layer 132 and the vertical 

structures VS may be formed. 



- 27 - 

[00111] 	Trenches 166 penetrating through the first capping insulating layer 132, the 

second capping insulating layer 163, and the mold structure 112 may be formed. The 

sacrificial layers 109L, 109, 109u1, and 109u2 of the mold structure 112 may be exposed 

by sidewalls of the trenches 166. 

[00112] 	With reference to FIGS. 4A, 5A, 5B, and 5C, a gate replacement process in 

which the sacrificial layers (109L, 109, 109u1, and 109u2 of FIGS. 20A and 20B) 

exposed by the trenches (166 of FIGS. 20A and 20B) are replaced by gates may be 

performed. For example, the sacrificial layers (109L, 109, 109u1, and 109u2 of FIGS. 

20A and 20B) exposed by the trenches (166 of FIGS. 20A and 20B) may be removed, 

thereby forming empty spaces, a second gate dielectric 169 covering an internal wall of 

the empty spaces may be formed, and gate electrodes GE filling the empty spaces, the 

internal walls of which are covered by the second gate dielectric 169 may be formed. 

[00113] 	Subsequently, insulating spacers 176 may be formed on side surfaces of the 

trenches (166 of FIGS. 20A am120B), impurity regions 178 may be formed in the 

substrate 103 below the trenches (166 of FIGS. 20A and 20B), and conductive patterns 

180 filling the trenches (166 of FIGS. 20A and 20B) may be formed. The insulating 

spacers 176 and the conductive patterns 180 may form separation structures MS and SS. 

[00114] 	Subsequently, after an insulating material covering the separation structures MS 

and SS and the second capping insulating layer (163 of FIGS. 20A and 20B) is formed, a 

process of forming a contact and a wiring may be performed. The insulating material 

covering the interlayer insulating layers (106L, 106, and 106u of FIGS. 20A and 20B), 

the first capping insulating layer and the second capping insulating layer (132 and 163 of 

FIGS. 20A and 20B), and the second capping insulating layer (163 of FIGS. 20A and 

20B) may be formed using the same material, thereby forming an insulating material 

layer (ILD). 
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[00115] 	As described above, gate electrodes may include pad regions arrayed in three 

dimensions. The pad regions arrayed in three dimensions may improve a degree of 

integration in a semiconductor device. 

[00116] 	According to example embodiments, sizes of pad regions, among the pad 

regions arrayed in three dimensions, may be changed, thereby forming the 

semiconductor device without a defect and improving the degree of integration in the 

semiconductor device. For example, as illustrated in FIG. 20B, an area of an exposed 

surface of the sacrificial layers 109 exposed by the trenches 166 may be great, thereby 

performing the gate replacement process of replacing the sacrificial layers 109 with a 

gate material, without a defect. 

[00117] 	By way of summation and review, according to example embodiments, a 

semiconductor device including gate electrodes in which pad regions arrayed in three • 

dimensions for a high degree of integration therein are provided. That is, the pad regions 

may include first pad regions sequentially arrayed in a first direction from the memory 

cell array region toward the connection region and second pad regions sequentially 

arrayed in a second direction perpendicular to the first direction and lowered by a height 

different, e.g., lower, than that of the first pad regions. The second pad regions may be 

formed by a gate replacement process without defects by forming a single pad region, 

among pad regions sequentially arrayed in the second direction, having a relatively long 

length. 
[00118] 	Various embodiments may include a three-dimensional semiconductor device. 

The three-dimensional semiconductor device may include a first main separation 

structure and a second main separation structure on a substrate and extended in a first 

direction parallel to a surface of the substrate; and gate electrodes between the first main 

separation structure and the second main separation structure, the gate electrodes 
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including pad regions sequentially lowered by a first step portion in the first direction 

and sequentially lowered by a second step portion, lower than the first step portion, in a 

second direction oriented from the first main separation structure to the second main 

separation structure, wherein a length of a single pad region among pad regions 

sequentially lowered by the second step portion in the second direction is less than a 

length of a remainder of pad regions in the second direction. 

[00119] 	In various embodiments of the three-dimensional semiconductor device, the pad 

regions may include a first pad region, a second pad region, a third pad region, and a 

fourth pad region, sequentially lowered by the second step portion in the second 

direction, and a length of the third pad region is less than a length of the first pad region, 

the second pad region, and the fourth pad region in the second direction. 

[00120] 	In various embodiments, the three-dimensional semiconductor device may 

further include a secondary separation structure between the first main separation 

structure and the second main separation structure, the secondary separation structure 

intersecting the second pad region and divides the second pad region into a pad portion 

and a dummy portion, and the pad portion being larger than the dummy portion. 

[00121] 	In various embodiments of the three-dimensional semiconductor device, a length 

of the pad portion of the second pad region is greater than a length of the third pad region 

in the second direction. 

[00122] 	In various embodiments of the three-dimensional semiconductor device, each of 

the first main separation structure, the second main separation structure, and the 
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secondary separation structure may include a conductive pattern and an insulating spacer 

on a side surface of the conductive pattern. 

[00123] 	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, 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 three-dimensional semiconductor device, comprising: 

gate electrodes including pad regions sequentially lowered by a first step portion 

in a first direction and sequentially lowered by a second step portion in a second 

direction perpendicular to the first direction, the second step portion being lower than 

the first step portion, 

wherein a length of a single pad region among pad regions sequentially lowered 

by the second step portion in the second direction is less than a length of a remainder of 

the pad regions in the second direction. 

2. The three-dimensional semiconductor device as claimed in claim 1, 

wherein the gate electrodes include a first gate electrode having a first pad 

region, a second gate electrode having a second pad region, a third gate electrode 

having a third pad region, and a fourth gate electrode having a fourth pad region, 

wherein the first pad region, the second pad region, the third pad region, and the 

fourth pad region are arrayed to have a stepped shape sequentially lowered by the 

second step portion in the second direction, and 

wherein a length of the third pad region is less than a length of a single pad 

region among the first pad region, the second pad region, and the fourth pad region in 

the second direction. 

3. A three-dimensional semiconductor device, comprising: 

a first main separation structure and a second main separation structure in a 

memory cell array region and in a connection region of a substrate; and 
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gate electrodes stacked in the memory cell array region in a direction 

perpendicular to a surface of the substrate and extended to the connection region, the 

gate electrodes being between the first main separation structure and the second main 

separation structure, 

wherein the gate electrodes include one or more lower gate electrodes, 

intermediate gate electrodes on the one or more lower gate electrodes, and one or more 

upper gate electrodes on the intermediate gate electrodes, 

wherein the intermediate gate electrodes include intermediate pad regions 

sequentially lowered by a first step portion in a first direction oriented from the memory 

cell array region toward the connection region, and sequentially lowered by a second 

step portion in a second direction oriented from the first main separation structure to the 

second main separation structure, the second step portion being lower than the first step 

portion, and 

wherein a length of a single pad region among pad regions sequentially lowered 

by the second step portion in the second direction is different from a length of a 

remainder of pad regions in the second direction. 

4. 	The three-dimensional semiconductor device as claimed in claim 3, 

wherein the one or more upper gate electrodes are provided in plural, and the upper gate 

electrodes provided in plural include a plurality of upper pad regions sequentially 

lowered in the first direction and disposed on a same level in the second direction. 
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5. The three-dimensional semiconductor device as claimed in claim 4, 

wherein a length of a single upper pad region among the plurality of upper pad regions 

in the first direction is greater than a length of the intermediate pad regions in the first 

direction. 

6. The three-dimensional semiconductor device as claimed in claim 3, 

wherein: 

the one or more lower gate electrodes are disposed in plural, 

a lowermost lower gate electrode among the one or more lower gate electrodes 

provided in plural includes a lower select pad region, and 

a length of the lower select pad region in the first direction is greater than a 

length of the intermediate pad regions in the first direction. 

7. The three-dimensional semiconductor device as claimed in claim 6, 

wherein: 

the one or more lower gate electrodes provided in plural include a plurality of 

lower electrodes on the lowermost lower gate electrode, 

the plurality of lower electrodes include lower pad regions sequentially lowered 

by the second step portion in the first direction, and 

a length of a single lower pad region among the lower pad regions of the 

plurality of lower electrodes is different from a length of a remainder of lower pad 

regions in the first direction. 
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8. The three-dimensional semiconductor device as claimed in claim 3, 

further comprising vertical structures extended in a direction perpendicular to a surface 

of the substrate and penetrating through the gate electrodes, 

wherein the vertical structures include vertical cell structures on the memory cell 

array region and vertical dummy structures on the connection region, and 

wherein each of the vertical structures includes a channel semiconductor layer 

extended in a direction perpendicular to the surface of the substrate. 

9. The three-dimensional semiconductor device as claimed in claim 8, 

further comprising a connection portion connecting lower portions of the vertical cell 

structures. 

10. The three-dimensional semiconductor device as claimed in claim 3, 

further comprising a first secondary separation structure and a second secondary 

separation structure between the first main separation structure and the second main 

separation structure, 

wherein the first secondary separation structure is in the connection region, and 

wherein the second secondary separation structure has an end portion on the 

memory cell array region, extended to a portion of the connection region, and opposing 

an end portion of the first secondary separation structure. 

11. The three-dimensional semiconductor device as claimed in claim 10, 

wherein: 
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the intermediate pad regions include a first pad region, a second pad region, a 

third pad region, and a fourth pad region, sequentially lowered by the second step 

portion in the second direction, and 

wherein a length of the third pad region is less than a length of the first pad 

region, the second pad region, and the fourth pad region in the second direction. 

12. The three-dimensional semiconductor device as claimed in claim 11, 

wherein: 

the first secondary separation structure intersects the second pad region and 

divides the second pad region into a pad portion and a dummy portion, 

each of the gate electrodes include a first conductive material and a second 

conductive material, different from each other, and 

the pad portion and the dummy portion are formed of the first conductive 

material and the second conductive material. 

13. The three-dimensional semiconductor device as claimed in claim 11, 

wherein; 

the first secondary separation structure intersects the second pad region and 

divides the second pad region into a pad portion and a dummy portion, 

each of the gate electrodes includes a first conductive material and a second 

conductive material, different from each other, 

the pad portion and the dummy portion commonly include the first conductive 

material, and 

the pad portion includes a larger amount of the second conductive material than 

the dummy portion. 
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14. The three-dimensional semiconductor device as claimed in claim 10, 

further comprising a gate dielectric covering a lower surface and an upper surface of 

each of the gate electrodes and covering a single side surface of each of the gate 

electrodes, the first secondary separation structure allows a portion of the gate dielectric 

to be separated. 

15. The three-dimensional semiconductor device as claimed in claim 3, 

further comprising impurity regions in the substrate below the first main separation 

structure and the second main separation structure, 

wherein each of the first main separation structure and the second main 

separation structure includes a conductive pattern and an insulating spacer on a side 

surface of the conductive pattern, the impurity regions being electrically connected to 

the conductive pattern. 

16. The three-dimensional semiconductor device as claimed in claim 3, 

wherein the intermediate pad regions are thicker than the intermediate gate electrodes. 

17. The three-dimensional semiconductor device as claimed in claim 3, 

further comprising: 

edge gate electrodes opposing the gate electrodes across the second main 

separation structure; and 

sacrificial layers opposing the edge gate electrodes and thicker than the edge 

gate electrodes, the edge gate electrodes being between the sacrificial layers and the 

second main separation structure. 
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18. A three-dimensional semiconductor device, comprising: 

lower gate electrodes; and 

intermediate gate electrodes on the lower gate electrodes, the intermediate gate 

electrodes including intermediate pad regions lowered by a first step portion in a first 

direction and lowered by a second step portion in a second direction perpendicular to 

the first direction, the second step portion being lower than the first step portion, 

wherein the lower gate electrodes include lower pad regions lowered by the 

second step portion in the first direction. 

19. The three-dimensional semiconductor device as claimed in claim 18, 

wherein a length of a lowermost intermediate pad region among the intermediate pad 

regions lowered by the second step portion in the second direction is greater than a 

length of a second uppermost intermediate pad region in the second direction. 

20. The three-dimensional semiconductor device as claimed in claim 18, 

further comprising: 

upper gate electrodes on the intermediate gate electrodes, the upper gate 

electrodes including upper pad regions sequentially lowered in the first direction and 

disposed on a same level in the second direction; and 

floating dummy gate electrodes opposing the upper gate electrodes, the floating 

dummy gate electrodes including floating pad regions arrayed to have a stepped shape 

sequentially lowered in a direction of the upper gate electrodes. 


