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NON-VOLATILE MEMORY DEVICE AND METHOD OF MANUFACTURING 

THE SAME 

 

CROSS-REFERENCE TO RELATED APPLICATIONS 

 

[0001] This patent application claims priority from Korean Patent Application Nos. 10-2021-

0138836, filed on 18 October 2021, and 10-2022-0012579, filed on 27 January 2022 in the 

Korean Intellectual Property Office, the contents of both of which are herein incorporated by 

reference in their entireties. 

 

TECHNICAL FIELD 

 

[0002] Embodiments of the inventive concept are directed to a non-volatile memory device 

and a method of manufacturing the same, and more particularly, to a three-dimensional flash 

memory device and a method of manufacturing the same. 

 

BACKGROUND 

 

[0003] In an electronic system that stores data, semiconductor devices that can store massive 

amounts of data are used.  Therefore, methods of increasing the data storage capacity of a 

semiconductor device are being researched.  For example, three-dimensional (3D) flash 

memory semiconductor devices that each include three-dimensionally arranged memory cells, 

instead of two-dimensionally arranged memory cells, have been proposed as a method of 

increasing the data storage capacity of a semiconductor device. 

 

SUMMARY 

 

[0004] Embodiments of the inventive concept provide a non-volatile memory device with a 

high operation speed and a reduced two-dimensional area. 

[0005] According to an embodiment of the inventive concept, there is provided a non-volatile 

memory device that includes a substrate, a stack structure that includes a first gate layer that 

extends in a horizontal direction and a second gate layer that extends in the horizontal direction 

and is disposed apart from the first gate layer in a vertical direction, a plurality of first channel 

structures that penetrate in the vertical direction through a first channel region of the stack 
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structure, a plurality of second channel structures that penetrate in the vertical direction through 

a second channel region of the stack structure, a first anti-fuse structure and a second anti-fuse 

structure that each penetrates in the vertical direction through an anti-fuse region of the stack 

structure, a first anti-fuse transistor that is electrically connected to the first gate layer through 

the first anti-fuse structure, and a second anti-fuse transistor that is electrically connected to 

the second gate layer through the second anti-fuse structure.  The first channel region of the 

stack structure is spaced apart from the second channel region of the stack structure in the 

horizontal direction, and the anti-fuse region of the stack structure is disposed between the first 

channel region and the second channel region of the stack structure. 

[0006] According to another embodiment of the inventive concept, there is provided a non-

volatile memory device that includes a substrate, a stack structure that includes a first gate layer 

that extends in a horizontal direction on the substrate, a second gate layer that extends in the 

horizontal direction and is disposed apart from the first gate layer in a vertical direction, an 

edge portion where ends of the first gate layer and the second gate layer have a staircase shape, 

a first channel region next to the edge portion, and a first anti-fuse region next to the first 

channel region, a plurality of first channel structures that penetrate in the vertical direction 

through the first channel region of the stack structure, a first anti-fuse structure that includes a 

first anti-fuse conductor that penetrates in the vertical direction through the first anti-fuse 

region of the stack structure, a first anti-fuse insulator that surrounds the first anti-fuse 

conductor, and a first conductive path that electrically connects the first anti-fuse conductor to 

the first gate layer across the first anti-fuse insulator, and a second anti-fuse structure that 

includes a second anti-fuse conductor that penetrates in the vertical direction through the first 

anti-fuse region of the stack structure, a second anti-fuse insulator that surrounds the second 

anti-fuse conductor, and a second conductive path that electrically connects the second anti-

fuse conductor to the second gate layer across the second anti-fuse insulator. 

[0007] According to another embodiment of the inventive concept, there is provided a non-

volatile memory device that includes a substrate, a stack structure that includes a first gate layer 

that extends in a horizontal direction, a second gate layer that extends in the horizontal direction 

and is disposed apart from the first gate layer in a vertical direction, a first channel region, a 

second channel region spaced apart from the first channel region in the horizontal direction, 

and an anti-fuse region disposed between the first channel region and the second channel region, 

in which a length of the first gate layer in the horizontal direction is equal to a length of the 

second gate layer in the horizontal direction, a plurality of first channel structures that penetrate 

in the vertical direction through the first channel region of the stack structure, a plurality of 
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second channel structures that penetrate in the vertical direction through the second channel 

region of the stack structure, a first anti-fuse structure that includes a first anti-fuse conductor 

that penetrates in the vertical direction through the anti-fuse region of the stack structure, a first 

anti-fuse insulator that surrounds the first anti-fuse conductor, and a first conductive path that 

electrically connects the first anti-fuse conductor to the first gate layer across the first anti-fuse 

insulator, a second anti-fuse structure that includes a second anti-fuse conductor that penetrates 

in the vertical direction through the anti-fuse region of the stack structure, a second anti-fuse 

insulator that surrounds the second anti-fuse conductor, and a second conductive path that 

electrically connects the second anti-fuse conductor to the second gate layer across the second 

anti-fuse insulator, a first anti-fuse transistor that is electrically connected to the first gate layer 

through the first anti-fuse structure, and a second anti-fuse transistor that is electrically 

connected to the second gate layer through the second anti-fuse structure. 

[0008] According to another embodiment of the inventive concept, there is provided a method 

of manufacturing a non-volatile memory device, the method including forming a non-volatile 

memory device and a resistance structure on a substrate.  The non-volatile memory device 

includes a stack structure that includes a first gate layer that extends in a horizontal direction 

and a second gate layer that extends in the horizontal direction and is disposed apart from the 

first gate layer in a vertical direction, a plurality of first channel structures that penetrate in the 

vertical direction through a first channel region of the stack structure, a first anti-fuse structure 

that penetrates in the vertical direction through an anti-fuse region of the stack structure, and a 

second anti-fuse structure that penetrates in the vertical direction through the anti-fuse region 

of the stack structure  The resistance structure penetrates in the vertical direction through a 

resistance region of the stack structure, and the resistance structure is electrically connected to 

the first gate layer and the second gate layer.  The method further includes electrically 

connecting the first anti-fuse structure to the first gate layer by using the resistance structure, 

and electrically connecting the second anti-fuse structure to the second gate layer by using the 

resistance structure. 

[0009] According to another embodiment of the inventive concept, there is provided a method 

of manufacturing a non-volatile memory device, the method including forming a non-volatile 

memory device, a resistance structure, and a resistance transistor on a substrate.  The non-

volatile memory device includes a stack structure that includes a first gate layer that extends in 

a horizontal direction and a second gate layer that extends in the horizontal direction and is 

disposed apart from the first gate layer in a vertical direction, a plurality of channel structures 

that penetrate in the vertical direction through a channel region of the stack structure, a first 
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anti-fuse structure that includes a first anti-fuse conductor that penetrates in the vertical 

direction through the anti-fuse region of the stack structure and a first anti-fuse insulator that 

surrounds the first anti-fuse conductor, a second anti-fuse structure that includes a second anti-

fuse conductor that penetrates in the vertical direction through the anti-fuse region of the stack 

structure and a second anti-fuse insulator that surrounds the second anti-fuse conductor, a first 

anti-fuse transistor that is electrically connected to the first gate layer through the first anti-fuse 

structure, and a second anti-fuse transistor that is electrically connected to the second gate layer 

through the second anti-fuse structure.  The resistance structure penetrates in the vertical 

direction through a resistance region of the stack structure and is electrically connected to the 

first gate layer and the second gate layer.  The method further includes forming, in the first 

anti-fuse structure, a first conductive path that electrically connects the first anti-fuse conductor 

to the first gate layer across the first anti-fuse insulator, and forming, in the second anti-fuse 

structure, a second conductive path that electrically connects the second anti-fuse conductor to 

the second gate layer across the second anti-fuse insulator. 

[0010] According to another embodiment of the inventive concept, there is provided a method 

of manufacturing a non-volatile memory device, the method including forming a non-volatile 

memory device, a first partial resistance structure, and a second partial resistance structure.  

The non-volatile memory device includes a substrate, a stack structure that includes first to 

fourth gate layers disposed apart from each other in a vertical direction on the substrate, a 

plurality of channel structures that penetrate in the vertical direction through a channel region 

of the stack structure, and first to fourth anti-fuse structures that penetrate in the vertical 

direction through an anti-fuse region of the stack structure.  The first partial resistance 

structure penetrates in the vertical direction through the first gate layer and the second gate 

layer and is electrically connected to the first gate layer and the second gate layer, and the 

second partial resistance structure penetrates in the vertical direction through the third gate 

layer and the fourth gate layer and is electrically connected to the third gate layer and the fourth 

gate layer. The method further includes electrically connecting the first anti-fuse structure and 

the second anti-fuse structure to the first gate layer and the second gate layer, respectively, by 

using the first partial resistance structure, and electrically connecting the third anti-fuse 

structure and the fourth anti-fuse structure to the third gate layer and the fourth gate layer, 

respectively, by using the second partial resistance structure. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 
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[0011] FIG. 1 is a block diagram of a non-volatile memory device according to an embodiment.  

[0012] FIG. 2 is a circuit diagram of a first memory block of a non-volatile memory device 

according to an embodiment illustrated in FIG. 1.  

[0013] FIG. 3 is a plan view of a non-volatile memory device according to an embodiment.  

[0014] FIG. 4 is a cross-sectional view, taken along line A1-A1’ of FIG. 3 of a non-volatile 

memory device according to an embodiment.  

[0015] FIG. 5 is a circuit diagram of a portion of a non-volatile memory device according to 

an embodiment.  

[0016] FIG. 6 is a cross-sectional view of a non-volatile memory device according to an 

embodiment.  

[0017] FIGS. 7A to 7E are cross-sectional views of a non-volatile memory device according 

to an embodiment.  

[0018] FIGS. 7F to 7J are circuit diagrams that illustrate a method of manufacturing a non-

volatile memory device, according to an embodiment.  

[0019] FIG. 8 is a plan view of a non-volatile memory device according to an embodiment.  

[0020] FIG. 9 is a cross-sectional view taken along line B1-B1’ of FIG. 8 of a non-volatile 

memory device according to an embodiment.  

[0021] FIG. 10 is a circuit diagram of a portion of a non-volatile memory device according to 

an embodiment.  

[0022] FIG. 11 is a cross-sectional view of a non-volatile memory device according to an 

embodiment.  

[0023] FIG. 12A is a plan view that illustrates a method of manufacturing a non-volatile 

memory device according to an embodiment.  

[0024] FIG. 12B is a cross-sectional view taken along line C1-C1’ of FIG. 12A that illustrates 

a method of manufacturing a non-volatile memory device, according to an embodiment 

[0025] FIGS. 12C to 12G are circuit diagrams that illustrate a method of manufacturing a non-

volatile memory device, according to an embodiment.  

[0026] FIG. 13 is a cross-sectional view that illustrates a method of manufacturing a non-

volatile memory device, according to an embodiment.  

[0027] FIG. 14 is a cross-sectional view that illustrates a method of manufacturing a non-

volatile memory device, according to an embodiment.  

[0028] FIG. 15 is a schematic diagram of an electronic system that includes a non-volatile 

memory device, according to an embodiment.  
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[0029] FIG. 16 is a schematic diagram of an electronic system that includes a non-volatile 

memory device, according to an embodiment.  

[0030] FIG. 17 is a cross-sectional view taken along line II-II’ of FIG. 16 of a semiconductor 

package that includes a non-volatile memory device, according to an embodiment. 

 

DETAILED DESCRIPTION 

 

[0031] FIG. 1 is a block diagram of a non-volatile memory device 100 according to an 

embodiment. 

[0032] Referring to FIG. 1, in an embodiment, the non-volatile memory device 100 includes a 

memory cell array 20 and a peripheral circuit 30.  The peripheral circuit 30 includes a row 

decoder (a decoder circuit) 32, a pass circuit 31, a pass circuit control circuit 33, a page buffer 

(a buffer circuit) 34, a data input/output (I/O) circuit 36, and a control logic (a logic circuit) 38.  

In addition, the peripheral circuit 30 further includes a voltage generating circuit that generates 

various voltages used for an operating the non-volatile memory device 100, and various circuits, 

such as an error correction circuit that corrects errors in data read from the memory cell array 

20. 

[0033] The memory cell array 20 is connected to the page buffer 34 through a bit line BL and 

is connected to the row decoder 32 through a word line WL, a string selection line SSL, and a 

ground selection line GSL.  The memory cell array 20 includes a plurality of memory cell 

blocks BLK1, BLK2, ..., and BLKn.  Each of the plurality of memory cell blocks BLK1, 

BLK2, ..., and BLKn includes a plurality of memory cells.  Each of the plurality of memory 

cells may be a flash memory cell.  A detailed structure of each of the plurality of memory cell 

blocks BLK1, BLK2, ..., and BLKn is described below in more detail with reference to FIG. 2. 

[0034] The row decoder 32 selectively applies a voltage to the word line WL, the string 

selection line SSL, and the ground selection line GSL of a memory cell block, in response to a 

row address R_ADDR received from the control logic 38. 

[0035] The pass circuit 31 includes a plurality of pass transistors.  Each of turned-on pass 

transistors connects the row decoder 32 to one of the word line WL, the string selection line 

SSL, and the ground selection line GSL that are each connected to a pass transistor.  A 

plurality of pass transistors may be connected to one word line WL, one string selection line 

SSL, or one ground selection line GSL.  A detailed structure of the pass circuit 31 is described 

below with reference to FIG. 5. 
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[0036] The pass circuit control circuit 33 selectively turns on or off a plurality of pass 

transistors of the pass circuit 31.  Gates of a plurality of pass transistors connected to one word 

line WL, one string selection line SSL, or one ground selection line GSL are connected to each 

other so that the plurality of pass transistors connected to the one word line WL, the one string 

selection line SSL, or the one ground selection line GSL can be turned on together. 

[0037] The page buffer 34 is connected to the memory cell array 20 through a bit line BL.  

The page buffer 34, when performing a write operation, operates as a write driver that applies 

a voltage based on data that is to be stored in the memory cell array 20 to the bit line BL, and 

when performing a read operation, the page buffer 34 operates as a sense amplifier that senses 

the data DATA stored in the memory cell array 20.  The page buffer 34 is controlled by a 

control signal PCTL received from the control logic 38. 

[0038] The data I/O circuit 36 is connected to the page buffer 34 through a plurality of data 

lines DLs.  The data I/O circuit 36 receives the data DATA from a memory controller when 

performing a write operation and provides the data DATA to the page buffer 34 on the basis of 

a column address C_ADDR received from the control logic 38.  When performing a read 

operation, the data I/O circuit 36 provides read data DATA stored in the page buffer 34 to the 

memory controller on the basis of the column address C_ADDR received from the control logic 

38.  The data I/O circuit 36 transmits an input address or command to the control logic 38 or 

the row decoder 32. 

[0039] The control logic 38 receives a command CMD and a control signal CTRL from the 

memory controller.  The control logic 38 provides the row address R_ADDR to the row 

decoder 32 and provides the column address C_ADDR to the data I/O circuit 36.  The control 

logic 38 generates various internal control signals used in the semiconductor device 10 in 

response to the control signal CTRL.  For example, the control logic 38 adjusts a voltage level 

provided to the word line WL and the bit line BL when performing a memory operation, such 

as a write operation or an erase operation. 

[0040] FIG. 2 is a circuit diagram of a first memory block BLK1 in the non-volatile memory 

device 100 according to an embodiment illustrated in FIG. 1.  The other memory blocks 

BLK2, …, and BLKn are the same as the first memory block BLK1. 

[0041] Referring to FIG. 2, in an embodiment, the first memory block BLK1 includes a 

plurality of NAND cell strings NS11, NS21, NS31, NS12, NS22, NS32, NS13, NS23, and 

NS33, a plurality of ground selection lines to GSL1 to GSL3, a plurality of word lines WL1 

and WL2, a plurality of string selection lines SSL1 to SSL3, a plurality of bit lines BL1 to BL3, 

and a common source line CSL.  FIG. 2 shows nine NAND cell strings, three ground selection 
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lines, two word lines, three string selection lines, and three bit lines, but the number of NAND 

cell strings, ground selection lines, word lines, string selection lines, and bit lines is not 

necessarily limited thereto and inn other embodiments, may be variously changed. 

[0042] Each of the NAND cell strings NS11, NS21, NS31, NS12, NS22, NS32, NS13, NS23, 

and NS33 includes a ground selection transistor GST, a plurality of memory cells MC1 and 

MC2, and a string selection transistor SST that are serially connected to one another.  FIG. 2 

shows that each of the NAND cell strings NS11, NS21, NS31, NS12, NS22, NS32, NS13, 

NS23, and NS33 includes one ground selection transistor, two memory cells, and one string 

selection transistor, but the number of ground selection transistors, memory cells, and string 

selection transistors of each of the NAND cell strings NS11, NS21, NS31, NS12, NS22, NS32, 

NS13, NS23, and NS33 is not necessarily limited thereto and in other embodiments, may be 

variously changed. 

[0043] A gate of each ground transistor GST is connected to one of the plurality of ground 

selection lines to GSL1 to GSL3.  A gate of each first memory cell MC1 is connected to the 

first word line WL1.  A gate of each second memory cell MC2 is connected to the second 

word line WL2.  A gate of the string selection transistor SST is connected to one of the 

plurality of string selection lines to SSL1 to SSL3. 

[0044] First to third NAND cell strings NS11, NS21, and NS31 are connected between a first 

bit line BL1 and the common source line CSL.  Fourth to sixth NAND cell strings NS12, 

NS22, and NS32 are connected between a second bit line BL2 and the common source line 

CSL.  Seventh to ninth NAND cell strings NS13, NS23, and NS33 are connected between a 

third bit line BL3 and the common source line CSL. 

[0045] NAND cell strings connected to one bit line in common configure one column.  For 

example, the first to third NAND cell strings NS11, NS21, and NS31 connected to the first bit 

line BL1 configure a first column.  The fourth to sixth NAND cell strings NS12, NS22, and 

NS32 connected to the second bit line BL2 configure a second column.  The seventh to ninth 

NAND cell strings NS13, NS23, and NS33 connected to the third bit line BL3 configure a third 

column. 

[0046] NAND cell strings connected to one string selection line configure one row.  For 

example, the first, fourth, and seventh NAND cell strings NS11, NS12, and NS13 connected 

to the first string selection line SSL1 configure a first row.  The second, fifth, and eighth 

NAND cell strings NS21, NS22, and NS23 connected to the second string selection line SSL2 

configure a second row.  The third, sixth, and ninth NAND cell strings NS31, NS32, and 

NS33 connected to the third string selection line SSL3 configure a third row. 
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[0047] FIG. 3 is a plan view of a non-volatile memory device 100 according to an embodiment.  

FIG. 4 is a cross-sectional view taken along line A1-A1’ of FIG. 3 of the non-volatile memory 

device 100 according to an embodiment.  FIG. 5 is a circuit diagram of a portion of the non-

volatile memory device 100 according to an embodiment. 

[0048] Referring to FIGS. 3 to 5, in an embodiment, the non-volatile memory device 100 

includes a first substrate 110.  The first substrate 110 includes a semiconductor material, such 

as silicon (Si), germanium (Ge), or a combination thereof. 

[0049] The non-volatile memory device 100 furthers include the peripheral circuit 30 (see FIG. 

1) on the first substrate 110.  For example, the pass circuit 31, the row decoder 32, the pass 

circuit control circuit 33, the page buffer 34, the data I/O circuit 36, and the control logic 38 

are disposed on the first substrate 110.  The pass circuit 31, as illustrated in FIG. 5, includes 

first to fourth step transistors ST1 to ST4 and first to eighth anti-fuse transistors AT1 to AT8.  

FIG. 5 shows that the pass circuit 31 includes four step transistors and eight anti-fuse transistors, 

but the number of step transistors and the number of anti-fuse transistors in the pass circuit 31 

is not necessarily limited thereto and in other embodiments, may be variously changed.  FIG. 

4 shows that the second step transistor ST2, the third step transistor ST3, the second anti-fuse 

transistor AT2, the third anti-fuse transistor AT3, the sixth anti-fuse transistor AT6, and the 

seventh anti-fuse transistor AT7 are disposed on the first substrate 110. 

[0050] The non-volatile memory device 100 further includes a first interconnect structure 130 

that connects to the peripheral circuit 30 (see FIG. 1).  The first interconnect structure 130 

includes a plurality of conductive lines and a plurality of conductive vias.  The plurality of 

conductive lines and the plurality of conductive vias include, for example, at least one of copper 

(Cu), tungsten (W), aluminum (Al), gold (Au), silver (Ag), nickel (Ni), tantalum (Ta), titanium 

(Ti), tantalum nitride (TaN), titanium nitride (TiN), or a combination thereof. 

[0051] The non-volatile memory device 100 further includes a contact 140 that connects the 

peripheral circuit 30 to the interconnect structure 130.  The contact 140 includes, for example, 

at least one of Cu, W, Al, Au, Ag, Ni, Ta, Ti, TaN, TiN, or a combination thereof. 

[0052] The non-volatile memory device 100 further includes a first insulation layer 120 that 

surrounds the first interconnect structure 130 and the contacts 140.  The first insulation layer 

120 covers the first substrate 110 and a peripheral circuit, such as the second step transistor 

ST2, the third step transistor ST3, the second anti-fuse transistor AT2, the third anti-fuse 

transistor AT3, the sixth anti-fuse transistor AT6, and the seventh anti-fuse transistor AT7.  

The first insulation layer 120 includes at least one of silicon oxide, silicon nitride, a low-k 

material, or a combination thereof. 
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[0053] The non-volatile memory device 100 further includes a second substrate 112 on the first 

insulation layer 120.  The second substrate 112 includes a semiconductor material, such as at 

least one of Si, Ge, or a combination thereof. 

[0054] The non-volatile memory device 100 furthers include a stack structure SS disposed on 

the second substrate 112.  The stack structure SS includes first to fifth interlayer insulation 

layers IL1 to IL5 and first to fourth gate layers G1 to G4 that are alternately stacked one-by-

one.  For example, the first to fourth gate layers G1 to G4 are spaced apart from each other in 

a vertical direction (a Z direction) by the first to fifth interlayer insulation layers IL1 to IL5.  

The first to fifth interlayer insulation layers IL1 to IL5 and the first to fourth gate layers G1 to 

G4 extend in a first horizontal direction (an X direction).  The first to fifth interlayer insulation 

layers IL1 to IL5 include at least one of silicon oxide, silicon nitride, or a combination thereof.  

The first to fourth gate layers G1 to G4 include a conductive material, such as at least one of 

W, Ni, cobalt (Co), Ta, tungsten nitride (WN), TiN, TaN, or a combination thereof. 

[0055] The stack structure SS, as illustrated in FIG. 3, includes a step region STR, a first 

channel region CHR1, a first anti-fuse region AFR1, a second channel region CHR2, and a 

second anti-fuse region AFR2.  FIG. 3 shows the stack structure SS as including one step 

region, two channel regions, and two anti-fuse regions, but the numbers of step regions, channel 

regions, and anti-fuse regions included in the stack structure SS are not necessarily limited 

thereto and in other embodiments, may be variously changed. 

[0056] The step region STR of the stack structure SS, as illustrated in FIG. 4, includes end 

portions of the first to fourth gate layers G1 to G4 and the first to fifth interlayer insulation 

layers IL1 to IL5, and the end portions of the first to fourth gate layers G1 to G4 and the first 

to fifth interlayer insulation layers IL1 to IL5 have a staircase shape.  The second anti-fuse 

region AFR2 of the stack structure SS, as illustrated in FIG. 4, includes opposite end portions 

of the first to fourth gate layers G1 to G4 and the first to fifth interlayer insulation layers IL1 

to IL5, and edges of the opposite end portions of the first to fourth gate layers G1 to G4 and 

the first to fifth interlayer insulation layers IL1 to IL5 are aligned in a vertical direction (a Z 

direction). 

[0057] The first channel region CHR1 is located between the step region STR1 and the first 

anti-fuse region AFR1.  The first anti-fuse region AFR1 is located between the first channel 

region CHR1 and the second channel region CHR2.  The second channel region CHR2 is 

located between the first anti-fuse region AFR1 and the second anti-fuse region AFR2. 

[0058] A plurality of first channel structures CH1 penetrate through the first channel region 

CHR1 of the stack structure SS in the vertical direction (the Z direction).  A plurality of 
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second channel structures CH2 penetrate through the second channel region CHR2 of the stack 

structure SS in the vertical direction (the Z direction).  Each of the plurality of first channel 

structures CH1 and the plurality of second channel structures CH2 includes a gate dielectric 

layer 182, a channel layer 184, a buried insulation layer 186, and a pad 188. 

[0059] The channel layer 184 contacts the second substrate 112 and penetrates through the 

stack structure SS in the vertical direction (the Z direction).  The channel layer 184 has a 

hollow cylinder shape.  The channel layer 184 includes one of polysilicon or poly-germanium.  

A space surrounded by the channel layer 184is filled with the buried insulation layer 186.  The 

buried insulation layer 186 includes, for example, an insulating material, such as one of silicon 

oxide, silicon nitride, or a combination thereof.  In some embodiments, the buried insulation 

layer 186 is omitted.  For example, the channel layer 184 has a pillar shape.  The pad 188 is 

disposed on the buried insulation layer 186 and contacts the channel layer 184.  The pad 188 

includes one of polysilicon, a metal, a metal nitride, or a combination thereof.  The metal 

includes, for example, one of W, Ni, Co, or Ta. 

[0060] The gate dielectric layer 182 extends between the channel layer 184 and the stack 

structure SS.  The gate dielectric layer 182 includes a tunneling dielectric layer, a charge 

storage layer, and a blocking dielectric layer that are sequentially stacked on the channel layer 

184.  The tunneling dielectric layer includes one of silicon oxide (SiO2), hafnium oxide (HfO2), 

aluminum oxide (Al2O3), zirconium oxide (ZrO2), tantalum oxide (Ta2O5), or a combination 

thereof.  The charge storage layer includes one of SiN, boron nitride (BN), or polysilicon.  

The blocking dielectric layer includes one of SiO2, SiN, HfO2, Al2O3, ZrO2, Ta2O5, or a 

combination thereof. 

[0061] Each of the plurality of first channel structures CH1, the plurality of second channel 

structures CH2 and the first to fourth gate layers G1 to G4 configure one of the plurality of 

NAND strings NS11, NS21, NS31, NS12, NS22, NS32, NS13, NS23, and NS33 illustrated in 

FIG. 2.  Each of the plurality of first channel structures CH1, the plurality of second channel 

structures CH2 and the first gate layer G1 configure the ground selection transistor GST 

illustrated in FIG. 2.  Each of the plurality of first channel structures CH1, the plurality of 

second channel structures CH2 and the second gate layer G2 configure the first memory cell 

MC1 illustrated in FIG. 2.  Each of the plurality of first channel structures CH1, the plurality 

of second channel structures CH2 and the third gate layer G3 configure the second memory 

cell MC2 illustrated in FIG. 2.  Each of the plurality of first channel structures CH1, the 
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plurality of second channel structures CH2 and the fourth gate layer G4 configure the string 

selection transistor SST illustrated in FIG. 2. 

[0062] In addition, the first gate layer G1 includes a plurality of portions that are spaced apart 

from each other in a second horizontal direction (a Y direction), and the plurality of portions 

of the first gate layer G1 respectively correspond to the plurality of ground selection lines GSL1 

to GSL3 illustrated in FIG. 2.  The second gate layer G2 corresponds to the first word line 

WL1 illustrated in FIG. 2.  The third gate layer G3 corresponds to the second word line WL2 

illustrated in FIG. 2.  The fourth gate layer G4 includes a plurality of portions that are spaced 

apart from each an in the second horizontal direction (the Y direction), and the plurality of 

portions of the fourth gate layer G4 respectively correspond to the plurality of string selection 

lines SSL1 to SSL3 illustrated in FIG. 2. 

[0063] In some embodiments, the non-volatile memory device 100 further includes a common 

source line layer interposed between the second substrate 112 and the stack structure SS.  The 

common source line layer corresponds to the common source line CSL illustrated in FIG. 2.  

In other embodiments, the common source line CSL is formed in the second substrate 112. 

[0064] The non-volatile memory device 100 further includes first to fourth contact plugs 141 

to 144.  The first to fourth contact plugs 141 to 144 extend in the vertical direction (the Z 

direction) and respectively contact end portions of the first to fourth gate layers G1 to G4.  

The first to fourth contact plugs 141 to 144 each include, for example, one of Cu, W, Al, Au, 

Ag, Ni, Ta, Ti, TaN, TiN, or a combination thereof. 

[0065] The non-volatile memory device 100 further includes a second interconnect structure 

132 that connects between the plurality of first channel structures CH1, the plurality of second 

channel structures CH2, the first to fourth contact plugs 141 to 144, the first to eighth anti-fuse 

structures AF1 to AF8, and the plurality of connection vias 152 and 153.  The second 

interconnect structure 132 includes a plurality of conductive lines and a plurality of conductive 

vias.  The plurality of conductive lines and the plurality of conductive vias include, for 

example, one of Cu, W, Al, Au, Ag, Ni, Ta, Ti, TaN, TiN, or a combination thereof. 

[0066] The non-volatile memory device 100 further includes a plurality of connection vias 153 

and 152 that extend in the vertical direction (the Z direction) and to electrically connect the 

second interconnect structure 132 to the first interconnect structure 130.  The plurality of 

connection vias 152 and 153 connect the plurality of contact plugs 142 and 143 to the plurality 

of step transistors ST2 and ST3.  The plurality of connection vias 153 and 152 include, for 

example, one of Cu, W, Al, Au, Ag, Ni, Ta, Ti, TaN, TiN, or a combination thereof. 
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[0067] FIG. 4 shows the second connection via 152 that connect the second contact plug 142 

to the second step transistor ST2 and the third connection via 153 that connect the third contact 

plug 143 to the third step transistor ST3, but the non-volatile memory device 100 further 

includes a first connection via that connects the first contact plug 141 to the first step transistor 

ST1 and a fourth connection via that connects the fourth contact plug 144 to the fourth step 

transistor ST4. 

[0068] FIG. 4 shows that the second step transistor ST2 and the third step transistor ST3 are 

disposed under a staircase region of the stack structure SS, and the second connection via 152 

and the third connection via 153 penetrate through the stack structure SS.  However, in other 

embodiments, the second step transistor ST2 and the third step transistor ST3 are not be 

disposed under the staircase region of the stack structure SS, and the second connection via 

152 and the third connection via 153 do not penetrate through the stack structure SS but 

penetrate through a second insulation layer 122. 

[0069] The non-volatile memory device 100 further includes a second insulation layer 122 that 

covers side surfaces of the stack structure SS and the second substrate 112.  The second 

insulation layer 122 includes one of silicon oxide, silicon nitride, a low-k material, or a 

combination thereof.  The non-volatile memory device 100 further includes a third insulation 

layer 124 disposed on the second insulation layer 122.  The third insulation layer 124 

surrounds the second interconnect structure 132 and covers the stack structure SS, the plurality 

of first channel structures CH1, the plurality of second channel structures CH2, and a plurality 

of anti-fuse structures, such as the second, third, sixth, and seventh anti-fuse structures AF2, 

AF3, AF6, and AF7).  The third insulation layer 124 includes one of silicon oxide, silicon 

nitride, a low-k material, or a combination thereof. 

[0070] Each of the first to fourth anti-fuse structures AF1 to AF4 penetrates through the first 

anti-fuse region AFR1 of the stack structure SS in the vertical direction (the Z direction).  

Each of the fifth to eighth anti-fuse structures AF5 to AF8 penetrates through the second anti-

fuse region AFR2 of the stack structure SS in the vertical direction (the Z direction).  The first 

to eighth anti-fuse structures AF1 to AF8 further penetrate through the second substrate 112 

and into the first insulation layer 120, and contact the first interconnect structure 130. 

[0071] In addition, the first anti-fuse structure AF1 includes a first anti-fuse conductor that 

penetrates through the first anti-fuse region AFR1 of the stack structure SS in the vertical 

direction (the Z direction) and is connected to the first anti-fuse transistor AT1, a first anti-fuse 

insulator that surrounds the first anti-fuse conductor, and a first conductive path that electrically 

connects the first anti-fuse conductor to the first gate layer G1 across the first anti-fuse insulator.  
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The first anti-fuse conductor includes one of Al, Cu, or a combination thereof.  In some 

embodiments, the first conductive path includes the same material as at least one of the first 

anti-fuse conductor or the first gate layer G1.  In some embodiments, the first conductive path 

includes an oxygen vacancy filament.  The first anti-fuse insulator includes one of aluminum 

oxide, silicon oxide, silicon nitride, tantalum oxide, or a combination thereof. 

[0072] The second anti-fuse structure AF2 includes a second anti-fuse conductor AC2 that 

penetrates through the first anti-fuse region AFR1 of the stack structure SS in the vertical 

direction (the Z direction) and is connected to the second anti-fuse transistor AT2, a second 

anti-fuse insulator AI2 that surrounds the second anti-fuse conductor AC2, and a second 

conductive path CP2 that electrically connects the second anti-fuse conductor AC2 to the 

second gate layer G2 across the second anti-fuse insulator AI2.  The second anti-fuse 

conductor AC2 includes one of Al, Cu, or a combination thereof.  In some embodiments, the 

second conductive path CP2 includes the same material as at least one of the second anti-fuse 

conductor AC2 or the second gate layer G2.  In some embodiments, the second conductive 

path CP2 includes an oxygen vacancy filament.  The second anti-fuse insulator AI2 includes 

one of aluminum oxide, silicon oxide, silicon nitride, tantalum oxide, or a combination thereof. 

[0073] The third anti-fuse structure AF3 includes a third anti-fuse conductor AC3 that 

penetrates through the first anti-fuse region AFR1 of the stack structure SS in the vertical 

direction (the Z direction) and is connected to the third anti-fuse transistor AT3, a third anti-

fuse insulator AI3 that surrounds the third anti-fuse conductor AC3, and a third conductive path 

CP3 that electrically connects the third anti-fuse conductor AC3 to the third gate layer G3 

across the third anti-fuse insulator AI3.  The third anti-fuse conductor AC3 includes one of 

Al, Cu, or a combination thereof.  In some embodiments, the third conductive path CP3 

includes the same material as at least one of the third anti-fuse conductor AC3 or the third gate 

layer G3.  In some embodiments, the third conductive path CP3 includes an oxygen vacancy 

filament.  The third anti-fuse insulator AI3 includes one of aluminum oxide, silicon oxide, 

silicon nitride, tantalum oxide, or a combination thereof. 

[0074] In addition, the fourth anti-fuse structure AF4 includes a fourth anti-fuse conductor that 

penetrates through the first anti-fuse region AFR1 of the stack structure SS in the vertical 

direction (the Z direction) and is connected to the fourth anti-fuse transistor AT4, a fourth anti-

fuse insulator that surrounds the fourth anti-fuse conductor, and a fourth conductive path that 

electrically connects the fourth anti-fuse conductor to the fourth gate layer G4 across the fourth 

anti-fuse insulator.  The fourth anti-fuse conductor includes one of Al, Cu, or a combination 

thereof.  In some embodiments, the fourth conductive path includes the same material as at 
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least one of the fourth anti-fuse conductor or the fourth gate layer G4.  In some embodiments, 

the fourth conductive path includes an oxygen vacancy filament.  The fourth anti-fuse 

insulator includes one of aluminum oxide, silicon oxide, silicon nitride, tantalum oxide, or a 

combination thereof. 

[0075] In addition, the fifth anti-fuse structure AF5 includes a fifth anti-fuse conductor that 

penetrates through the second anti-fuse region AFR2 of the stack structure SS in the vertical 

direction (the Z direction) and is connected to the fifth anti-fuse transistor AT5, a fifth anti-

fuse insulator that surrounds the fifth anti-fuse conductor, and a fifth conductive path that 

electrically connects the fifth anti-fuse conductor to the first gate layer G1 across the fifth anti-

fuse insulator.  The fifth anti-fuse conductor includes one of Al, Cu, or a combination thereof.  

In some embodiments, the fifth conductive path includes the same material as at least one of 

the fifth anti-fuse conductor or the first gate layer G1.  In some embodiments, the fifth 

conductive path includes an oxygen vacancy filament.  The fifth anti-fuse insulator includes 

one of aluminum oxide, silicon oxide, silicon nitride, tantalum oxide, or a combination thereof. 

[0076] The sixth anti-fuse structure AF6 includes a sixth anti-fuse conductor AC6 that 

penetrates through the second anti-fuse region AFR2 of the stack structure SS in the vertical 

direction (the Z direction) and is connected to the sixth anti-fuse transistor AT6, a sixth anti-

fuse insulator AI6 that surrounds the sixth anti-fuse conductor AC6, and a sixth conductive 

path CP6 that electrically connects the sixth anti-fuse conductor AC6 to the sixth gate layer G6 

across the sixth anti-fuse insulator AI6.  The sixth anti-fuse conductor AC6 includes one of 

Al, Cu, or a combination thereof.  In some embodiments, the sixth conductive path CP6 

includes the same material as at least one of the sixth anti-fuse conductor AC6 or the second 

gate layer G2.  In some embodiments, the sixth conductive path CP6 includes an oxygen 

vacancy filament.  The sixth anti-fuse insulator AI6 includes one of aluminum oxide, silicon 

oxide, silicon nitride, tantalum oxide, or a combination thereof. 

[0077] The seventh anti-fuse structure AF7 includes a seventh anti-fuse conductor AC7 that 

penetrates through the second anti-fuse region AFR2 of the stack structure SS in the vertical 

direction (the Z direction) and is connected to the seventh anti-fuse transistor AT7, a seventh 

anti-fuse insulator AI7 that surrounds the seventh anti-fuse conductor AC7, and a seventh 

conductive path CP7 that electrically connects the seventh anti-fuse conductor AC7 to the third 

gate layer G3 across the seventh anti-fuse insulator AI7.  The seventh anti-fuse conductor 

AC7 includes one of Al, Cu, or a combination thereof.  In some embodiments, the seventh 

conductive path CP7 includes the same material as at least one of the seventh anti-fuse 

conductor AC7 or the third gate layer G3.  In some embodiments, the seventh conductive path 
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CP7 includes an oxygen vacancy filament.  The seventh anti-fuse insulator AI7 includes one 

of aluminum oxide, silicon oxide, silicon nitride, tantalum oxide, or a combination thereof. 

[0078] In addition, the eighth anti-fuse structure AF8 includes an eighth anti-fuse conductor 

that penetrates through the second anti-fuse region AFR2 of the stack structure SS in the 

vertical direction (the Z direction) and is connected to the eighth anti-fuse transistor AT8, an 

eighth anti-fuse insulator that surrounds the eighth anti-fuse conductor, and an eighth 

conductive path that electrically connects the eighth anti-fuse conductor to the fourth gate layer 

G4 across the eighth anti-fuse insulator.  The eighth anti-fuse conductor may include Al, Cu, 

or a combination thereof.  In some embodiments, the eighth conductive path includes the 

same material as at least one of the eighth anti-fuse conductor and the fourth gate layer G4.  

In some embodiments, the eighth conductive path includes an oxygen vacancy filament.  The 

eighth anti-fuse insulator includes one of aluminum oxide, silicon oxide, silicon nitride, 

tantalum oxide, or a combination thereof. 

[0079] As illustrated in FIG. 5, the first anti-fuse structure AF1 connects the first anti-fuse 

transistor AT1 to the first gate layer G1.  For example, the first anti-fuse structure AF1 

includes first to fourth anti-fuses AFa to AFd that are respectively connected between the first 

anti-fuse transistor AT1 and the first to fourth gate layers G1 to G4.  The first anti-fuse AFa 

of the first anti-fuse structure AF1 is in a state in which writing is performed and connects the 

first anti-fuse transistor AT1 to the first gate layer G1.  The second to fourth anti-fuses AFb 

to AFd of the first anti-fuse structure AF1 are in a state in which writing is not performed, and 

thus, the first anti-fuse transistor AT1 is not connected to the second to fourth gate layers G2 

to G4. 

[0080] The second anti-fuse structure AF2 connects the second anti-fuse transistor AT2 to the 

second gate layer G2.  In detail, the second anti-fuse structure AF2 includes first to fourth 

anti-fuses AFa to AFd respectively connected between the second anti-fuse transistor AT2 and 

the first to fourth gate layers G1 to G4.  The second anti-fuse AFb of the second anti-fuse 

structure AF2 is in a state in which writing is performed and connects the second anti-fuse 

transistor AT2 to the second gate layer G2.  The first, third, and fourth anti-fuses AFa, AFc, 

and AFd of the second anti-fuse structure AF2 are in a state in which writing is not performed, 

and thus, the second anti-fuse transistor AT2 is not connected to the first, third, and fourth gate 

layers G1, G3, and G4. 

[0081] The third anti-fuse structure AF3 connects the third anti-fuse transistor AT3 to the third 

gate layer G3.  For example, the third anti-fuse structure AF3 includes first to fourth anti-

fuses AFa to AFd respectively connected between the third anti-fuse transistor AT3 and the 
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first to fourth gate layers G1 to G4.  The third anti-fuse AFc of the third anti-fuse structure 

AF3 is in a state in which writing is performed and connects the third anti-fuse transistor AT3 

to the third gate layer G3.  The first, second, and fourth anti-fuses AFa, AFb, and AFd of the 

third anti-fuse structure AF3 are in a state in which writing is not performed, and thus, the third 

anti-fuse transistor AT3 is not connected to the first, second, and fourth gate layers G1, G2, 

and G4. 

[0082] The fourth anti-fuse structure AF4 connects the fourth anti-fuse transistor AT4 to the 

fourth gate layer G4.  For example, the fourth anti-fuse structure AF4 includes first to fourth 

anti-fuses AFa to AFd respectively connected between the fourth anti-fuse transistor AT4 and 

the first to fourth gate layers G1 to G4.  The fourth anti-fuse AFd of the fourth anti-fuse 

structure AF4 is in a state in which writing is performed and connects the fourth anti-fuse 

transistor AT4 to the fourth gate layer G4.  The first to third anti-fuses AFa to AFc of the 

fourth anti-fuse structure AF4 are in a state in which writing is not performed, and thus, the 

fourth anti-fuse transistor AT4 is not connected to the first to third gate layers G1 to G3. 

[0083] The fifth anti-fuse structure AF5 connects the fifth anti-fuse transistor AT5 to the first 

gate layer G1.  For example, the fifth anti-fuse structure AF5 includes first to fourth anti-fuses 

AFa to AFd respectively connected between the fifth anti-fuse transistor AT5 and the first to 

fourth gate layers G1 to G4.  The first anti-fuse AFa of the fifth anti-fuse structure AF5 is in 

a state in which writing is performed and connects the fifth anti-fuse transistor AT5 to the first 

gate layer G1.  The second to fourth anti-fuses AFb to AFd of the fifth anti-fuse structure AF5 

are in a state in which writing is not performed, and thus, the fifth anti-fuse transistor AT5 is 

not connected to the second to fourth gate layers G2 to G4. 

[0084] The sixth anti-fuse structure AF6 connects the sixth anti-fuse transistor AT6 to the 

second gate layer G2.  For example, the sixth anti-fuse structure AF6 includes first to fourth 

anti-fuses AFa to AFd respectively connected between the sixth anti-fuse transistor AT6 and 

the first to fourth gate layers G1 to G4.  The second anti-fuse AFb of the sixth anti-fuse 

structure AF6 is in a state in which writing is performed and connects the sixth anti-fuse 

transistor AT6 to the second gate layer G2.  The first, third, and fourth anti-fuses AFa, AFc, 

and AFd of the sixth anti-fuse structure AF6 are in a state in which writing is not performed, 

and thus, the sixth anti-fuse transistor AT6 are not connected to the first, third, and fourth gate 

layers G1, G3, and G4. 

[0085] The seventh anti-fuse structure AF7 connects the seventh anti-fuse transistor AT7 to 

the third gate layer G3.  For example, the seventh anti-fuse structure AF7 includes first to 

fourth anti-fuses AFa to AFd respectively connected between the seventh anti-fuse transistor 
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AT7 and the first to fourth gate layers G1 to G4.  The third anti-fuse AFc of the seventh anti-

fuse structure AF7 is in a state in which writing is performed and connects the seventh anti-

fuse transistor AT7 to the third gate layer G3.  The first, second, and fourth anti-fuses AFa, 

AFb, and AFd of the seventh anti-fuse structure AF7 are in a state in which writing is not 

performed, and thus, the seventh anti-fuse transistor AT7 is not connected to the first, second, 

and fourth gate layers G1, G2, and G4. 

[0086] The eighth anti-fuse structure AF8 connects the eighth anti-fuse transistor AT8 to the 

fourth gate layer G4.  For example, the eighth anti-fuse structure AF8 includes first to fourth 

anti-fuses AFa to AFd respectively connected between the eighth anti-fuse transistor AT8 and 

the first to fourth gate layers G1 to G4.  The fourth anti-fuse AFd of the eighth anti-fuse 

structure AF8 is in a state in which writing is performed and connects the eighth anti-fuse 

transistor AT8 to the fourth gate layer G4.  The first to third anti-fuses AFa to AFc of the 

eighth anti-fuse structure AF8 are in a state in which writing is not performed, and thus, the 

eighth anti-fuse transistor AT8 are not connected to the first to third gate layers G1 to G3. 

[0087] The first to fourth step transistors ST1 to ST4 are respectively connected to the first to 

fourth gate layers G1 to G4. 

[0088] The first to fourth step transistors ST1 to ST4 and the first to eighth anti-fuse transistors 

AT1 to AT8 are connected to the row decoder 32 on the first substrate 110.  The row decoder 

32 selectively applies a voltage to the first to fourth step transistors ST1 to ST4 and the first to 

eighth anti-fuse transistors AT1 to AT8. 

[0089] Gates of the first to fourth step transistors ST1 to ST4 and the first to eighth anti-fuse 

transistors AT1 to AT8 are connected to the pass circuit control circuit 33 on the first substrate 

110.  The pass circuit control circuit 33 selectively applies voltages to the gates of the first to 

fourth step transistors ST1 to ST4 and the first to eighth anti-fuse transistors AT1 to AT8. 

[0090] The gates of the first step transistor ST1, the first anti-fuse transistor AT1, and the fifth 

anti-fuse transistor AT5 are connected to each other.  Therefore, the pass circuit control circuit 

33 can selectively apply the same voltage to the first step transistor ST1, the first anti-fuse 

transistor AT1, and the fifth anti-fuse transistor AT5.  The gates of the second step transistor 

ST2, the second anti-fuse transistor AT2, and the sixth anti-fuse transistor AT6 are connected 

to each other.  Therefore, the pass circuit control circuit 33 can selectively apply the same 

voltage to the second step transistor ST2, the second anti-fuse transistor AT2, and the sixth 

anti-fuse transistor AT6.  The gates of the third step transistor ST3, the third anti-fuse 

transistor AT3, and the seventh anti-fuse transistor AT7 are connected to each other.  

Therefore, the pass circuit control circuit 33 can selectively apply the same voltage to the third 
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step transistor ST3, the third anti-fuse transistor AT3, and the seventh anti-fuse transistor AT7.  

The gates of the fourth step transistor ST4, the fourth anti-fuse transistor AT4, and the eighth 

anti-fuse transistor AT8 are connected to each other.  Therefore, the pass circuit control circuit 

33 can selectively apply the same voltage to the fourth step transistor ST4, the fourth anti-fuse 

transistor AT4, and the eighth anti-fuse transistor AT8. 

[0091] According to embodiments, the first gate layer G1 is connected to the row decoder 32 

through the first anti-fuse transistor AT1 as well as the first step transistor ST1 and the fifth 

anti-fuse transistor AT5.  Similarly, the second gate layer G2 is connected to the row decoder 

32 through the second anti-fuse transistor AT2 as well as the second step transistor ST2 and 

the sixth anti-fuse transistor AT6.  Similarly, the third gate layer G3 is connected to the row 

decoder 32 through the third anti-fuse transistor AT3 as well as the third step transistor ST3 

and the seventh anti-fuse transistor AT7.  Similarly, the fourth gate layer G4 is connected to 

the row decoder 32 through the fourth anti-fuse transistor AT4 as well as the fourth step 

transistor ST4 and the eighth anti-fuse transistor AT8.  Accordingly, a signal transmission 

resistance is reduced, and thus, RC delay decreases and an operation speed of the non-volatile 

memory device 100 increases. 

[0092] In addition, according to embodiments, the first to fourth gate layers G1 to G4 are 

connected to the first to eighth anti-fuse transistors AT1 to AT8 by using the first to eighth 

anti-fuse structures AF1 to AF8.  A step region that respectively lands a plurality of contact 

plugs on the first to fourth gate layers G1 to G4 need not be formed.  A sufficient margin 

distance is not needed between a plurality of contacts that respectively land a plurality of 

contact plugs on the first to fourth gate layers G1 to G4.  For example, as illustrated in FIG. 

3, a shortest distance D1 between the first to fourth anti-fuse structures AF1 to AF4 and a 

shortest distance D2 between the fifth to eighth anti-fuse structures AF5 to AF8 is less than a 

shortest distance D0 between the first to fourth contact plugs 141 to 144.  Therefore, a length 

L1 of the first anti-fuse region AFR1 in a first horizontal direction (an X direction) and a length 

L2 of the second anti-fuse region AFR2 in a second horizontal direction (an X direction) are 

each less than a length L0 of the step region STR in the second horizontal direction (the X 

direction).  Therefore, the first anti-fuse region AFR1 and the second anti-fuse region AFR2 

do not occupy a two-dimensional area that is greater than that of the step region STR.  

Accordingly, a two-dimensional area of the non-volatile memory device 100 is reduced with 

respect to that of a non-volatile memory device that includes more step regions STR. 

[0093] FIG. 6 is a cross-sectional view of a non-volatile memory device 200 according to an 

embodiment.  Hereinafter, a difference between the non-volatile memory device 100 
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illustrated in FIG. 4 and the non-volatile memory device 200 illustrated in FIG. 6 will be 

described. 

[0094] Referring to FIG. 6, in an embodiment, the non-volatile memory device 200 includes a 

first structure S1 and a second structure S2 disposed on a bottom surface of the first structure 

S1.  The first structure S1 includes a first substrate 110 and a peripheral circuit 30 (see FIG. 

1) on the first substrate 110.  For example, the peripheral circuit 30 includes a first step 

transistor, a second step transistor ST2, a third step transistor ST3, a fourth step transistor, a 

first anti-fuse transistor, a second anti-fuse transistor AT2, a third anti-fuse transistor AT3, a 

fourth anti-fuse transistor, a fifth anti-fuse transistor, a sixth anti-fuse transistor AT6, a seventh 

anti-fuse transistor AT7, an eighth anti-fuse transistor, a pass circuit control circuit 33 (see FIG. 

1), a row decoder 32 (see FIG. 1), a page buffer 34 (see FIG. 1), a data I/O circuit 36 (see FIG. 

1), and a control logic 38 (see FIG. 1).  The first structure S1 further includes a first insulation 

layer 120 that covers the first substrate 110 and the peripheral circuit 30 (see FIG. 1).  The 

first structure S1 further includes a plurality of first bonding pads 191 disposed on the first 

insulation layer 120.  The plurality of first bonding pads 191 are disposed on a surface of the 

first insulation layer 120 that opposite to the first substrate 110.  The plurality of first bonding 

pads 191 include Cu.  The first structure S1 further includes a first interconnect structure 130 

that connects the peripheral circuit 30 (see FIG. 1) to the plurality of first bonding pads 191.  

The first structure S1 further includes a contact 140 that connects the peripheral circuit 30 (see 

FIG. 1) to the first interconnect structure 130.  The first insulation layer 120 surrounds the 

first interconnect structure 130 and the contact 140 and covers the first bonding pads 191.   

[0095] The second structure S2 includes a second substrate 112, a stack structure SS disposed 

on the second substrate 112, a plurality of first channel structures CH1 that penetrate through 

a first channel region CHR1 (see FIG. 3) of the stack structure SS in a vertical direction (a Z 

direction), and a plurality of second channel structures CH2 that penetrate through a second 

channel region CHR2 (see FIG. 3) of the stack structure SS in the vertical direction (the Z 

direction).  The second structure S2 further includes a first anti-fuse structure, a second anti-

fuse structure AF2, a third anti-fuse structure AF3, and a fourth anti-fuse structure that 

penetrate through the first anti-fuse region AFR1 of the stack structure SS in the vertical 

direction (the Z direction).  The second structure S2 further includes a fifth anti-fuse structure, 

a sixth anti-fuse structure AF6, a seventh anti-fuse structure AF7, and an eighth anti-fuse 

structure that penetrate through the second anti-fuse region AFR2 of the stack structure SS in 

the vertical direction (the Z direction).  The second structure S2 further includes first to fourth 

contact plugs 141 to 144 that extend in the vertical direction (the Z direction) and respectively 
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contact first to fourth gate layers G1 to G4.  The second structure S2 further includes a second 

insulation layer 122 that covers a top surface of the second substrate 112 and a side surface of 

the stack structure SS.  The second structure S2 further includes a third insulation layer 124 

that covers the second insulation layer 122, the stack structure SS, the plurality of anti-fuse 

structures, the plurality of first channel structures CH1, and the plurality of second channel 

structures CH2.  The second structure S2 further includes a plurality of second bonding pads 

192 disposed on the third insulation layer 124.  The plurality of second bonding pads 192 are 

disposed on a surface of the third insulation layer 124 that opposite to the second insulation 

layer 122.  The plurality of second bonding pads 192 include Cu.  The second structure S2 

further includes a second interconnect structure 132 that connects the plurality of second 

bonding pads 192 to the plurality of first channel structures CH1, the plurality of second 

channel structures CH2, the first to eighth anti-fuse structures AF1 to AF8, and the first to 

fourth contact plugs 141 to 144.  The third insulation layer 124 surrounds the second 

interconnect structure 132 and covers the second bonding pads 192.   

[0096] The plurality of first bonding pads 191 respectively contact the plurality of second 

bonding pads 192.  The first structure S1 id physically and electrically connected to the 

second structure S2 by Cu-Cu bonding between the plurality of first bonding pads 191 and the 

plurality of second bonding pads 192. 

[0097] FIGS. 7A to 7E are cross-sectional views of a non-volatile memory device according 

to an embodiment.  FIGS. 7F to 7J are circuit diagrams that illustrate a method of 

manufacturing a non-volatile memory device, according to an embodiment. 

[0098] Referring to FIG. 7A, in an embodiment, the peripheral circuit 30 illustrated in FIG. 1 

is formed on the first substrate 110.  The peripheral circuit 30, as illustrated in FIG. 1, includes 

the pass circuit 31, the pass circuit control circuit 33, the row decoder 32, the control logic 38, 

the page buffer 34, and the data I/O circuit 36.  The pass circuit 31 (see FIG. 1), as illustrated 

in FIG. 7A, includes second and third step transistors ST2 and ST3 and second, third, sixth, 

and seventh anti-fuse transistors AT2, AT3, AT6, and AT7.  The pass circuit 31 (see FIG. 1) 

further includes first and fourth step transistors ST1 and ST4 and first, fourth, fifth, and eighth 

anti-fuse transistors AT1, AT4, AT5, and AT8, which are not illustrated in FIG. 7A but are 

illustrated in FIG. 5. 

[0099] A first insulation layer 120, a contact 140, and a first interconnect structure 130 are 

formed.  FIG. 7A shows the first insulation layer 120 is illustrated as one layer, but 

embodiments are not necessarily limited thereto, and in some embodiments, the first insulation 

layer 120  includes a plurality of layers. 
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[00100] Referring to FIG. 7B, in an embodiment, a second substrate 112 is formed on the first 

insulation layer 120.  A preliminary stack structure SSp is formed on the second substrate 112.  

The preliminary stack structure SSp includes first to fifth interlayer insulation layers IL1 to IL5 

and first to fourth sacrifice layers SL1 toSL4 that are alternately stacked one-by-one.  In some 

embodiments, the first to fifth interlayer insulation layers IL1 to IL5 include silicon oxide, and 

the first to fourth sacrifice layers SL1 to SL4 include silicon nitride.  An edge portion of the 

preliminary stack structure SSp is patterned into a stepped or staircase shape.  A second 

insulation layer 122 is formed that covers a top surface of the second substrate 112 and side 

surfaces of the preliminary stack structure SSp. 

[00101] Referring to FIG. 7C, in an embodiment, a plurality of first channel structures CH1 and 

a plurality of second channel structures CH2 are formed that penetrate through the preliminary 

stack structure SSp in a vertical direction (a Z direction).  For example, a plurality of first 

channel holes CHH1 and a plurality of second channel holes CHH2 are formed that penetrate 

through the preliminary stack structure SSp.  A gate dielectric layer 182 is formed on 

sidewalls of the plurality of first channel holes CHH1 and the plurality of second channel holes 

CHH2.  A channel layer 184 is formed on the gate dielectric layer 182 and the second 

substrate 112.  A buried insulation layer 186 is formed in a space surrounded by the channel 

layer 184.  In addition, a pad 188 is formed in a space formed by removing an upper portion 

of each of the gate dielectric layer 182, the channel layer 184, and the buried insulation layer 

186. 

[00102] A plurality of anti-fuse structures, such as a first anti-fuse structure, a second anti-fuse 

structure AF2, a third anti-fuse structure AF3, a fourth anti-fuse structure, a fifth anti-fuse 

structure, a sixth anti-fuse structure AF6, a seventh anti-fuse structure AF7, and an eighth anti-

fuse structure, are formed that penetrate through the preliminary stack structure SSp in the 

vertical direction (the Z direction) and contact the first interconnect structure 130.  For 

example, a plurality of anti-fuse holes, such as a first anti-fuse hole, a second anti-fuse hole 

AFH2, a third anti-fuse hole AFH3, a fourth anti-fuse hole, a fifth anti-fuse hole, a sixth anti-

fuse hole AFH6, a seventh anti-fuse hole AFH7, and an eighth anti-fuse hole, are formed that 

penetrate through the preliminary stack structure SSp in the vertical direction (the Z direction) 

and expose the first interconnect structure 130.  A first anti-fuse insulator, a second anti-fuse 

insulator AI2, a third anti-fuse insulator AI3, a fourth anti-fuse insulator, a fifth anti-fuse 

insulator, a sixth anti-fuse insulator AI6, a seventh anti-fuse insulator AI7, and an eighth anti-

fuse insulator are respectively formed on sidewalls of the first anti-fuse hole, the second anti-

fuse hole AFH2, the third anti-fuse hole AFH3, the fourth anti-fuse hole, the fifth anti-fuse 
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hole, the sixth anti-fuse hole AFH6, the seventh anti-fuse hole AFH7, and the eighth anti-fuse 

hole.  A first anti-fuse conductor, a second anti-fuse conductor AC2, a third anti-fuse 

conductor AC3, a fourth anti-fuse conductor, a fifth anti-fuse conductor, a sixth anti-fuse 

conductor AC6, a seventh anti-fuse conductor AC7, and an eighth anti-fuse conductor are 

respectively formed in spaces surrounded by the first anti-fuse insulator, the second anti-fuse 

insulator AI2, the third anti-fuse insulator AI3, the fourth anti-fuse insulator, the fifth anti-fuse 

insulator, the sixth anti-fuse insulator AI6, the seventh anti-fuse insulator AI7, and the eighth 

anti-fuse insulator. 

[00103] Referring to FIG. 7C and 7D, in an embodiment, first to fourth sacrificial layers SL1 to 

SL4 are replaced with first to fourth gate layers G1 to G4.  For example, a word line cut is 

formed that passes through the preliminary stack structure SSp in the vertical direction (the Z 

direction).  The first to fourth sacrificial layers SL1 to SL4 are removed by, for example, wet-

etching, through the word line cut.  The first to fourth gate layers G1 to G4 are formed in a 

space formed by removing the first to fourth sacrificial layers SL1 to SL4, so that the stack 

structure SS is formed. 

[00104] Referring to FIG. 7E, in an embodiment, first to fourth contact plugs 141 to 144 that 

respectively contact the first to fourth gate layers G1 to G4, a first connection via that connects 

the second interconnect structure 132 to the first step transistor, a second connection via 152 

that connects the second interconnect structure 132 to the second step transistor ST2, a third 

connection via 153 that connects the second interconnect structure 132 to the third step 

transistor ST3, and a fourth connection via that connects the second interconnect structure 132 

to the fourth step transistor, are formed.  In some embodiments, the first connection via, the 

second connection via 152, the third connection via 153, and the fourth connection via are 

formed in a step illustrated in FIG. 7C.  A third insulation layer 124 and a second interconnect 

structure 132 are formed.  FIG. 7E shows the third insulation layer 124 as one layer, but 

embodiments are not necessarily limited thereto, and some embodiments include a plurality of 

layers. 

[00105] Referring to FIG. 7F, in an embodiment, a circuit diagram is shown before 

programming the first to eighth anti-fuse structures AF1 to AF8.  The first to eighth anti-fuse 

structures AF1 to AF8 are not connected to the first to fourth gate layers G1 to G4. 

[00106] Referring to FIG. 7G, in an embodiment, the first anti-fuse structure AF1 and the fifth 

anti-fuse structure AF5 are programmed.  The row decoder 32 applies a set voltage VSET to 

the first step transistor ST1 and applies VSET/2 to the second, third, and fourth step transistors 
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ST2, ST3, and ST4.  The row decoder 32 may apply 0 V to the first and fifth anti-fuse 

transistors AT1 and AT5 and may apply VSET/2 to the second, third, fourth, sixth, seventh, and 

eighth anti-fuse transistors AT2, AT3, AT4, AT6, AT7, and AT8. 

[00107] The pass circuit control circuit 33 applies VSET+VTH to gates of the first step transistor 

ST1, the first anti-fuse transistor AT1, and the fifth anti-fuse transistor AT5 to turn on the first 

step transistor ST1, the first anti-fuse transistor AT1, and the fifth anti-fuse transistor AT5.  

The pass circuit control circuit 33 may apply VSET/2+VTH to gates of the second, third, and 

fourth step transistors ST2, ST3, and ST4 and the second, third, fourth, sixth, seventh, and 

eighth anti-fuse transistors AT2, AT3, AT4, AT6, AT7, and AT8 to turn on the second, third, 

and fourth step transistors ST2, ST3, and ST4 and the second, third, fourth, sixth, seventh, and 

eighth anti-fuse transistors AT2, AT3, AT4, AT6, AT7, and AT8. 

[00108] Therefore, VSET is applied to the first gate layer G1, and VSET/2 is applied to the second, 

third, and fourth gate layers G2, G3, and G4.  An electrical potential difference VSET is applied 

between the first anti-fuse transistor AT1 and the first gate layer G1, and thus, a first anti-fuse 

AFa of the first anti-fuse structure AF1 is programmed to connect the first anti-fuse transistor 

AT1 to the first gate layer G1.  For example, a first conductive path that connects the first 

anti-fuse conductor to the first gate layer G1 is formed in the first anti-fuse structure AF1.  In 

addition, an electrical potential difference VSET is applied between the fifth anti-fuse transistor 

AT5 and the first gate layer G1, and thus, a first anti-fuse AFa of the fifth anti-fuse structure 

AF5 is programmed to connect the fifth anti-fuse transistor AT5 to the first gate layer G1.  For 

example, a fifth conductive path that connects the fifth anti-fuse conductor to the first gate layer 

G1 is formed in the fifth anti-fuse structure AF5. 

[00109] Referring to FIG. 7H, in an embodiment, the second anti-fuse structure AF2 and the 

sixth anti-fuse structure AF6 are programmed.  The row decoder 32 applies VSET to the second 

step transistor ST2 and applies VSET/2 to the first, third, and fourth step transistors ST1, ST3, 

and ST4.  The row decoder 32 applies 0 V to the second and sixth anti-fuse transistors AT2 

and AT6 and applies VSET/2 to the first, third, fourth, fifth, seventh, and eighth anti-fuse 

transistors AT1, AT3, AT4, AT5, AT7, and AT8. 

[00110] The pass circuit control circuit 33 applies VSET+VTH to gates of the second step transistor 

ST2, the second anti-fuse transistor AT2, and the sixth anti-fuse transistor AT6 to turn on the 

second step transistor ST2, the second anti-fuse transistor AT2, and the sixth anti-fuse transistor 

AT6.  The pass circuit control circuit 33 applies VSET/2+VTH to gates of the first, third, and 
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fourth step transistors ST1, ST3, and ST4 and the first, third, fourth, fifth, seventh, and eighth 

anti-fuse transistors AT1, AT3, AT4, AT5, AT7, and AT8 to turn on the first, third, and fourth 

step transistors ST1, ST3, and ST4 and the first, third, fourth, fifth, seventh, and eighth anti-

fuse transistors AT1, AT3, AT4, AT5, AT7, and AT8. 

[00111] Therefore, VSET is applied to the second gate layer G2, and VSET/2 is applied to the first, 

third, and fourth gate layers G1, G3, and G4.  An electrical potential difference VSET is applied 

between the second anti-fuse transistor AT2 and the second gate layer G2, and thus, a second 

anti-fuse AFb of the second anti-fuse structure AF2 is programmed to connect the second anti-

fuse transistor AT2 to the second gate layer G2.  For example, a second conductive path CP2 

(see FIG. 4) that connects the second anti-fuse conductor AC2 (see FIG. 4) to the second gate 

layer G2 is formed in the second anti-fuse structure AF2.  In addition, an electrical potential 

difference VSET is applied between the sixth anti-fuse transistor AT6 and the second gate layer 

G2, and thus, a second anti-fuse AFb of the sixth anti-fuse structure AF6 is programmed to 

connect the sixth anti-fuse transistor AT6 to the second gate layer G2.  For example, a sixth 

conductive path CP6 (see FIG. 4) that connects the sixth anti-fuse conductor AC6 (see FIG. 4) 

to the second gate layer G2 is formed in the sixth anti-fuse structure AF6. 

[00112] Referring to FIG. 7I, in an embodiment, the third anti-fuse structure AF3 and the 

seventh anti-fuse structure AF7 are programmed.  The row decoder 32 applies VSET to the 

third step transistor ST3 and applies VSET/2 to the first, second, and fourth step transistors ST1, 

ST2, and ST4.  The row decoder 32 applies 0 V to the third and seventh anti-fuse transistors 

AT3 and AT7 and applies VSET/2 to the first, second, fourth, fifth, sixth, and eighth anti-fuse 

transistors AT1, AT2, AT4, AT5, AT6, and AT8. 

[00113] The pass circuit control circuit 33 applies VSET+VTH to gates of the third step transistor 

ST3, the third anti-fuse transistor AT3, and the seventh anti-fuse transistor AT7 to turn on the 

third step transistor ST3, the third anti-fuse transistor AT3, and the seventh anti-fuse transistor 

AT7.  The pass circuit control circuit 33 applies VSET/2+VTH to gates of the first, second, and 

fourth step transistors ST1, ST2, and ST4 and the first, second, fourth, fifth, sixth, and eighth 

anti-fuse transistors AT1, AT2, AT4, AT5, AT6, and AT8 to turn on the first, second, and 

fourth step transistors ST1, ST2, and ST4 and the first, second, fourth, fifth, sixth, and eighth 

anti-fuse transistors AT1, AT2, AT4, AT5, AT6, and AT8. 

[00114] Therefore, VSET is applied to the third gate layer G3, and VSET/2 is applied to the first, 

second, and fourth gate layers G1, G2, and G4.  An electrical potential difference VSET is 
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applied between the third anti-fuse transistor AT3 and the third gate layer G3, and thus, a third 

anti-fuse AFc of the third anti-fuse structure AF3 is programmed to connect the third anti-fuse 

transistor AT3 to the third gate layer G3.  For example, a third conductive path CP3 (see FIG. 

4) that connects the third anti-fuse conductor AC3 (see FIG. 4) to the third gate layer G3 is 

formed in the third anti-fuse structure AF3.  In addition, an electrical potential difference VSET 

is applied between the seventh anti-fuse transistor AT7 and the third gate layer G3, and thus, a 

third anti-fuse AFc of the seventh anti-fuse structure AF7 is programmed to connect the seventh 

anti-fuse transistor AT7 to the third gate layer G3.  For example, a seventh conductive path 

CP7 (see FIG. 4) that connects the seventh anti-fuse conductor AC7 (see FIG. 4) to the third 

gate layer G3 is formed in the seventh anti-fuse structure AF7. 

[00115] Referring to FIG. 7J, in an embodiment, the fourth anti-fuse structure AF4 and the 

eighth anti-fuse structure AF8 are programmed.  The row decoder 32 applies VSET to the fourth 

step transistor ST4 and applies VSET/2 to the first, second, and third step transistors ST1, ST2, 

and ST3.  The row decoder 32 applies 0 V to the fourth and eighth anti-fuse transistors AT4 

and AT8 and applies VSET/2 to the first, second, third, fifth, sixth, and seventh anti-fuse 

transistors AT1, AT2, AT3, AT5, AT6, and AT7. 

[00116] The pass circuit control circuit 33 applies VSET+VTH to gates of the fourth step transistor 

ST4, the fourth anti-fuse transistor AT4, and the eighth anti-fuse transistor AT8 to turn on the 

fourth step transistor ST4, the fourth anti-fuse transistor AT4, and the eighth anti-fuse transistor 

AT8.  The pass circuit control circuit 33 applies VSET/2+VTH to gates of the first, second, and 

third step transistors ST1, ST2, and ST3 and the first, second, third, fifth, sixth, and seventh 

anti-fuse transistors AT1, AT2, AT3, AT5, AT6, and AT7 to turn on the first, second, and third 

step transistors ST1, ST2, and ST3 and the first, second, third, fifth, sixth, and seventh anti-

fuse transistors AT1, AT2, AT3, AT5, AT6, and AT7. 

[00117] Therefore, VSET is applied to the fourth gate layer G4, and VSET/2 is applied to the first, 

second, and third gate layers G1, G2, and G3.  An electrical potential difference VSET is 

applied between the fourth anti-fuse transistor AT4 and the fourth gate layer G4, and thus, a 

fourth anti-fuse AFd of the fourth anti-fuse structure AF4 is programmed to connect the fourth 

anti-fuse transistor AT4 to the fourth gate layer G4.  For example, a fourth conductive path 

that connects the fourth anti-fuse conductor to the fourth gate layer G4 is formed in the fourth 

anti-fuse structure AF4.  In addition, an electrical potential difference VSET is applied between 

the eighth anti-fuse transistor AT8 and the fourth gate layer G4, and thus, a fourth anti-fuse 
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AFd of the eighth anti-fuse structure AF8 is programmed to connect the eighth anti-fuse 

transistor AT8 to the fourth gate layer G4.  For example, an eighth conductive path that 

connects the eighth anti-fuse conductor to the fourth gate layer G4 is formed in the eighth anti-

fuse structure AF8. 

[00118] FIG. 8 is a plan view of a non-volatile memory device 300 according to an embodiment.  

FIG. 9 is a cross-sectional view taken along line B1-B1’ of FIG. 8 of the non-volatile memory 

device 300 according to an embodiment.  FIG. 10 is a circuit diagram of a portion of the non-

volatile memory device 300 according to an embodiment.  Hereinafter, a difference between 

the non-volatile memory device 100 illustrated in FIGS. 3 to 5 and the non-volatile memory 

device 300 illustrated in FIGS. 8 to 10 will be described. 

[00119] Referring to FIGS. 8 to 10, in an embodiment, a stack structure SS include a first 

channel region CHR1, a second channel region CHR2, and a first anti-fuse region AFR1.  The 

first channel region CHR1 is spaced apart from the second channel region CHR2 in a first 

horizontal direction (an X direction).  The first anti-fuse region AFR1 is located between the 

first channel region CHR1 and the second channel region CHR2.  In some embodiments, the 

stack structure SS further includes a second anti-fuse region located at an end portion of the 

stack structure SS, such as at a side of the second channel region CHR2.  The stack structure 

SS does not include the step region STR illustrated in FIG. 3.  For example, lengths LX of 

first to fourth gate layers G1 to G4 and first to fifth interlayer insulation layers IL1 to IL5 in 

the first horizontal direction (the X direction) are equal.   The non-volatile memory device 

300 does not include the second and third step transistors ST2 and ST3, the first to fourth 

contact plugs 141 to 144, or the connection vias 152 and 153 illustrated in FIG. 4. 

[00120] Because the stack structure SS does not include the step region STR illustrated in FIG. 

3, a two-dimensional area of the non-volatile memory device 300 decreases.  In addition, 

because the first anti-fuse region AFR1 is disposed between the first channel region CHR1 and 

the second channel region CHR2, a signal transfer distance decreases, and thus, RC delay 

decreases and an operation speed of the non-volatile memory device 300 increases. 

[00121] Similar to the embodiment of FIG. 3, as illustrated in FIG. 8, a plurality of first channel 

structures CH1 penetrate through the first channel region CHR1 in a vertical direction (a Z 

direction), a plurality of second channel structures CH2 penetrate through the second channel 

region CHR2 in the vertical direction (the Z direction), and first to fourth anti-fuse structures 

AF1 to AF4 penetrate through the first anti-fuse region AFR1 in the vertical direction (the Z 

direction).  Similar to the embodiments of FIGS. 4 and 5, as illustrated in FIGS. 9 and 10, the 
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first to fourth anti-fuse structures AF1 to AF4 respectively connect first to fourth gate layers 

G1 to G4 to first to fourth anti-fuse transistors AT1 to AT4. 

[00122] Similar to the embodiments of FIGS. 4 and 5, as illustrated in FIGS. 9 and 10, the first 

to fourth anti-fuse transistors AT1 to AT4 are connected to a row decoder 32 on a first substrate 

110.  The row decoder 32 can selectively apply a voltage to the first to fourth anti-fuse 

transistors AT1 to AT4.  Gates of the first to fourth anti-fuse transistors AT1 to AT4 are 

connected to a pass circuit control circuit 33 on the first substrate 110.  The pass circuit control 

circuit 33 can selectively apply voltages to the gates of the first to fourth anti-fuse transistors 

AT1 to AT4. 

[00123] FIG. 11 is a cross-sectional view of a non-volatile memory device 400 according to an 

embodiment.  Hereinafter, a difference between the non-volatile memory device 400 

illustrated in FIG. 11 and the non-volatile memory device 300 illustrated in FIGS. 8 to 10 will 

be described. 

[00124] Referring to FIG. 11, in an embodiment, the non-volatile memory device 400 includes 

a first structure S1 and a second structure S2 disposed on a bottom surface of the first structure 

S1.  The first structure S1 includes a first substrate 110 and a peripheral circuit 30 (see FIG. 

1) disposed on the first substrate 110,  For example, the peripheral circuit 30 includes a first 

anti-fuse transistor AT1, a second anti-fuse transistor AT2, a third anti-fuse transistor AT3, a 

fourth anti-fuse transistor AT4, a pass circuit control circuit 33 (see FIG. 1), a row decoder 32 

(see FIG. 1), a page buffer 34 (see FIG. 1), a data I/O circuit 36 (see FIG. 1), and a control 

logic 38 (see FIG. 1).  The first structure S1 further includes a first insulation layer 120 that 

covers the first substrate 110 and the peripheral circuit 30 (see FIG. 1).  The first structure S1 

further includes a plurality of first bonding pads 191 on the first insulation layer 120.  The 

plurality of first bonding pads 191 are disposed on a bottom surface of the insulation layer 120, 

opposite to the first substrate 110.  The plurality of first bonding pads 191 include Cu.  The 

first structure S1 further includes a first interconnect structure 130 that connects the peripheral 

circuit 30 (see FIG. 1) to the plurality of first bonding pads 191.  The first structure S1 further 

includes a contact 140 that connects the peripheral circuit 30 (see FIG. 1) to the first 

interconnect structure 130.  The first insulation layer 120 surrounds the first interconnect 

structure 130 and the contact 140 and covers the first bonding pads 191. 

[00125] The second structure S2 includes a second substrate 112, a stack structure SS disposed 

on the second substrate 112, a plurality of first channel structures CH1 that penetrate through 

a first channel region CHR1 (see FIG. 8) of the stack structure SS in a vertical direction (a Z 

direction), and a plurality of second channel structures CH2 that penetrate through a second 
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channel region CHR2 (see FIG. 8) of the stack structure SS in the vertical direction (the Z 

direction).  The second structure S2 further includes a first anti-fuse structure AF1, a second 

anti-fuse structure AF2, a third anti-fuse structure AF3, and a fourth anti-fuse structure AF4 

that penetrate through the first anti-fuse region AFR1 of the stack structure SS in the vertical 

direction (the Z direction).  The second structure S2 further includes a second insulation layer 

122 that covers a top surface of the second substrate 112 and a side surface of the stack structure 

SS.  The second structure S2 further includes a third insulation layer 124 that covers the 

second insulation layer 122, the stack structure SS, the first to fourth anti-fuse structures AF1 

to AF4, the plurality of first channel structures CH1, and the plurality of second channel 

structures CH2.  The second structure S2 further includes a plurality of second bonding pads 

192 disposed on the third insulation layer 124.  The plurality of second bonding pads 192 are 

disposed on a surface of the third insulation layer 124 that opposite to the second insulation 

layer 122.  The plurality of second bonding pads 192 include Cu.  The second structure S2 

further includes a second interconnect structure 132 that connects the plurality of second 

bonding pads 192 to the plurality of first channel structures CH1, the plurality of second 

channel structures CH2, the first to fourth anti-fuse structures AF1 to AF4.  The third 

insulation layer 124 surrounds the second interconnect structure 132 and covers the second 

bonding pads 192. 

[00126] The plurality of first bonding pads 191 respectively contact the plurality of second 

bonding pads 192.  The first structure S1 is physically and electrically connected to the second 

structure S2 by Cu-Cu bonding between the plurality of first bonding pads 191 and the plurality 

of second bonding pads 192. 

[00127] FIG. 12A is a plan view that illustrates a method of manufacturing a non-volatile 

memory device, according to an embodiment.  FIG. 12B is a cross-sectional view taken along 

line C1-C1’ of FIG. 12A that illustrates a method of manufacturing a non-volatile memory 

device, according to an embodiment.  FIGS. 12C to 12G are circuit diagrams that illustrate a 

method of manufacturing a non-volatile memory device, according to an embodiment. 

[00128] Referring to FIGS. 12A to 12C, in an embodiment, a non-volatile memory device 300 

and a resistance structure RS are formed.  The non-volatile memory device 300 includes the 

elements described above with reference to FIGS. 8 to 10.  However, none of first to fourth 

anti-fuse structures AF1 to AF4 includes first to fourth conductive paths CP1 to CP4 (see FIG. 

9).   The stack structure SS further includes a resistance region RSR, and the resistance 

structure RS penetrates through the resistance region RSR of the stack structure SS in a vertical 

direction (a Z direction).  The resistance structure RS includes, for example, polysilicon. 
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[00129] The resistance structure RS is electrically connected to first to fourth gate layers G1 to 

G4.  The resistance structure RS, as illustrated in FIG. 12C, may be expressed as a first length 

resistor R12 between the first gate layer G1 and the second gate layer G2, a second length 

resistor R23 between the second gate layer G2 and the third gate layer G3, a third length resistor 

R34 between the third gate layer G3 and the fourth gate layer G4, and a radius resistor R0.  

The resistance structure RS is connected to a resistance transistor RT on the first substrate 110.  

The resistance transistor RT applies a voltage to a lower end of the resistance structure RS.  

The first to third length resistors R12, R23, and R34 and the radius resistor R0 cause a voltage 

drop. 

[00130] Referring to FIG. 12D, in an embodiment, a first anti-fuse AFa of the first anti-fuse 

structure AF1 is programmed to connect the first gate layer G1 to the first anti-fuse transistor 

AT1.  For example, a first conductive path CP1 (see FIG. 9) of the first anti-fuse structure 

AF1 is formed. 

[00131] A row decoder 32 applies 0 V to the first anti-fuse transistor AT1 and applies VSET/2 to 

second to fourth anti-fuse transistors AT2 to AT4.  A pass circuit control circuit 33 applies 

VTH to a gate of the first anti-fuse transistor AT1 to turn on the first anti-fuse transistor AT1.  

In addition, the pass circuit control circuit 33 applies VSET/2+VTH to the second to fourth anti-

fuse transistors AT2 to AT4 to turn on the second to fourth anti-fuse transistors AT2 to AT4.  

The resistance transistor RT applies a voltage to a lower end of the resistance structure RS. 

[00132] When the first anti-fuse transistor AT1 is turned on, 0 V is applied to a first anti-fuse 

conductor AC1 of the first anti-fuse structure AF1.  A voltage that is greater than or equal to 

a setting voltage VSET is applied to the first gate layer G1 through the resistance structure RS.  

Therefore, a voltage that is greater than or equal to the setting voltage VSET is applied to a first 

anti-fuse AFa of the first anti-fuse structure AF1.  For example, because the first conductive 

path CP1 (see FIG. 9) of the first anti-fuse structure AF1 is formed, the first anti-fuse AFa of 

the first anti-fuse structure AF1 is programmed to electrically connect the first anti-fuse 

structure AF1 to the first gate layer G1. 

[00133] Due to voltage drop caused by the first to third length resistors R12, R23, and R34, a 

voltage that is lower than the setting voltage VSET is applied to the second to fourth gate layers 

G2 to G4.  Therefore, a difference voltage that is lower than the setting voltage VSET is applied 

to second to fourth anti-fuses AFb to AFd of the first anti-fuse structure AF1.  Therefore, the 

second to fourth anti-fuses AFb to AFd of the first anti-fuse structure AF1 are not programmed, 
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and the second to fourth gate layers G2 to G4 are not connected to the first anti-fuse structure 

AF1. 

[00134] When the second to fourth anti-fuse transistors AT2 to AT4 are turned on, VSET/2 is 

applied to second to fourth anti-fuse conductors AC2 to AC4 of the second to fourth anti-fuse 

transistors AT2 to AT4.  Therefore, a difference voltage that is lower than the setting voltage 

VSET is applied to first to fourth anti-fuses AFa to AFd of the second to fourth anti-fuse 

structures AF2 to AF4.  Therefore, while the first anti-fuse structure AF1 is being connected 

to the first gate layer G1, the second to fourth anti-fuse transistors AT2 to AT4 are not 

connected to the first to fourth gate layers G1 to G4. 

[00135] Referring to FIG. 12E, in an embodiment, a second anti-fuse AFb of the second anti-

fuse structure AF2 is programmed to connect the second gate layer G2 to the second anti-fuse 

transistor AT2.  For example, a second conductive path CP2 (see FIG. 9) of the second anti-

fuse structure AF2 is formed. 

[00136] The row decoder 32 applies 0 V to the second anti-fuse transistor AT2 and applies 

VSET/2 to the first, third, and fourth anti-fuse transistors AT1, AT3, and AT4.  The pass circuit 

control circuit 33 applies VTH to a gate of the second anti-fuse transistor AT2 to turn on the 

second anti-fuse transistor AT2.  In addition, the pass circuit control circuit 33 applies 

VSET/2+VTH to the first, third, and fourth anti-fuse transistors AT1, AT3, and AT4 to turn on 

the first, third, and fourth anti-fuse transistors AT1, AT3, and AT4.  The resistance transistor 

RT applies a voltage to a lower end of the resistance structure RS. 

[00137] When the second anti-fuse transistor AT2 is turned on, 0 V is applied to a second anti-

fuse conductor AC2 of the second anti-fuse structure AF2.  A voltage that is greater than or 

equal to the setting voltage VSET is applied to the second gate layer G2 through the resistance 

structure RS.  Therefore, a voltage which is greater than or equal to the setting voltage VSET is 

applied to a second anti-fuse AFb of the second anti-fuse structure AF2.  For example, 

because the second conductive path CP2 (see FIG. 9) of the second anti-fuse structure AF2 is 

formed, the second anti-fuse AFb of the second anti-fuse structure AF2 is programmed to 

electrically connect the second anti-fuse structure AF2 to the second gate layer G2. 

[00138] When the first anti-fuse transistor AT1 is turned on, VSET/2 is applied to the first gate 

layer G1.  Due to voltage drop caused by the second and third length resistors R23 and R34, 

a voltage that is lower than the setting voltage VSET is applied to the third and fourth gate layers 

G3 and G4.  Therefore, a difference voltage that is lower than the setting voltage VSET is 
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applied to first, third, and fourth anti-fuses AFa, AFc, and AFd of the second anti-fuse structure 

AF2, and the first, third, and fourth gate layers G1, G3, and G4 are not connected to the second 

anti-fuse structure AF2. 

[00139] When the first, third, and fourth anti-fuse transistors AT1, AT3, and AT4 are turned on, 

VSET/2 is applied to first, third, and fourth anti-fuse conductors AC1, AC3, and AC4 of the first, 

third, and fourth anti-fuse structures AF1, AF3, and AF4.  Therefore, a difference voltage that 

is lower than the setting voltage VSET is applied to first to fourth anti-fuses AFa to AFd of the 

first, third, and fourth anti-fuse structures AF1, AF3, and AF4.  Therefore, while the first anti-

fuse structure AF1 is being connected to the first gate layer G1, and the second anti-fuse 

structure AF2 is being connected to the second gate layer G2, the first anti-fuse structure AF1 

is not connected to the second to fourth gate layers G2 to G4, and the third and fourth anti-fuse 

structures AF3 and AF4 are not connected to the first to fourth gate layers G1 to G4. 

[00140] Referring to FIG. 12F, in an embodiment, a third anti-fuse AFc of the third anti-fuse 

structure AF3 is programmed to connect the third gate layer G3 to the third anti-fuse transistor 

AT3.  For example, a third conductive path CP3 (see FIG. 9) of the third anti-fuse structure 

AF3 is formed. 

[00141] The row decoder 32 applies 0 V to the third anti-fuse transistor AT3 and applies VSET/2 

to the first, second, and fourth anti-fuse transistors AT1, AT2, and AT4.  The pass circuit 

control circuit 33 applies VTH to a gate of the third anti-fuse transistor AT3 to turn on the third 

anti-fuse transistor AT3.  In addition, the pass circuit control circuit 33 applies VSET/2+VTH to 

the first, second, and fourth anti-fuse transistors AT1, AT2, and AT4 to turn on the first, second, 

and fourth anti-fuse transistors AT1, AT2, and AT4.  The resistance transistor RT applies a 

voltage to a lower end of the resistance structure RS. 

[00142] When the third anti-fuse transistor AT3 is turned on, 0 V is applied to a third anti-fuse 

conductor AC3 of the third anti-fuse structure AF3.  A voltage that is greater than or equal to 

the setting voltage VSET is applied to the third gate layer G3 through the resistance structure RS.  

Therefore, a voltage that is greater than or equal to the setting voltage VSET is applied to a third 

anti-fuse AFc of the third anti-fuse structure AF3.  For example, because the third conductive 

path CP3 (see FIG. 9) of the third anti-fuse structure AF3 is formed, the third anti-fuse AFc of 

the third anti-fuse structure AF3 is programmed to electrically connect the third anti-fuse 

structure AF3 to the third gate layer G3. 
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[00143] When the first and second anti-fuse transistors AT1 and AT2 are turned on, VSET/2 is 

applied to the first and second gate layers G1 and G2.  Due to voltage drop caused by the third 

length resistor R34, a voltage that is lower than the setting voltage VSET is applied to the fourth 

gate layer G4.  Therefore, a difference voltage that is lower than the setting voltage VSET is 

applied to first, second, and fourth anti-fuses AFa, AFb, and AFd of the third anti-fuse structure 

AF3, and the first, second, and fourth gate layers G1, G2, and G4 are not connected to the third 

anti-fuse structure AF3. 

[00144] When the first, second, and fourth anti-fuse transistors AT1, AT2, and AT4 are turned 

on, VSET/2 is applied to first, second, and fourth anti-fuse conductors AC1, AC2, and AC4 of 

the first, second, and fourth anti-fuse structures AF1, AF2, and AF4.  Therefore, a difference 

voltage that is lower than the setting voltage VSET is applied to first to fourth anti-fuses AFa to 

AFd of the first, second, and fourth anti-fuse structures AF1, AF2, and AF4.  Therefore, while 

the first anti-fuse structure AF1 is being connected to the first gate layer G1, the second anti-

fuse structure AF2 is being connected to the second gate layer G2, and the third anti-fuse 

structure AF3 is being connected to the third gate layer G3, the first anti-fuse structure AF1 is 

not connected to the second to fourth gate layers G2 to G4, the second anti-fuse structure AF1 

is not connected to the first, third and fourth gate layers G1, G3 and G4, and fourth anti-fuse 

structure AF4 is not connected to the first to fourth gate layers G1 to G4. 

[00145] Referring to FIG. 12G, in an embodiment, a fourth anti-fuse AFd of the fourth anti-fuse 

structure AF4 is programmed to connect the fourth gate layer G4 to the fourth anti-fuse 

transistor AT4.  For example, a fourth conductive path CP4 (see FIG. 9) of the fourth anti-

fuse structure AF4 is formed. 

[00146] The row decoder 32 applies 0 V to the fourth anti-fuse transistor AT4 and applies VSET/2 

to the first to third anti-fuse transistors AT1 to AT3.  The pass circuit control circuit 33 applies 

VTH to a gate of the fourth anti-fuse transistor AT4 to turn on the fourth anti-fuse transistor 

AT4.  In addition, the pass circuit control circuit 33 applies VSET/2+VTH to the first to third 

anti-fuse transistors AT1 to AT3 to turn on the first to third anti-fuse transistors AT1 to AT3.  

The resistance transistor RT applies a voltage to a lower end of the resistance structure RS. 

[00147] When the fourth anti-fuse transistor AT4 is turned on, 0 V is applied to a fourth anti-

fuse conductor AC4 of the fourth anti-fuse structure AF4.  A voltage that is greater than or 

equal to the setting voltage VSET is applied to the fourth gate layer G4 through the resistance 

structure RS.  Therefore, a voltage which is greater than or equal to the setting voltage VSET is 
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applied to a fourth anti-fuse AFd of the fourth anti-fuse structure AF4.  For example, because 

the fourth conductive path CP4 (see FIG. 9) of the fourth anti-fuse structure AF4 is formed, the 

fourth anti-fuse AFd of the fourth anti-fuse structure AF4 is programmed to electrically connect 

the fourth anti-fuse structure AF4 to the fourth gate layer G4. 

[00148] When the first to third anti-fuse transistors AT1 to AT3 are turned on, VSET/2 is applied 

to the first to third gate layers G1 to G3.  Therefore, a difference voltage that is lower than the 

setting voltage VSET is applied to first to third anti-fuses AFa to AFc of the fourth anti-fuse 

structure AF4, and the first to third gate layers G1 to G3 are not connected to the fourth anti-

fuse structure AF4. 

[00149] When the first to third anti-fuse transistors AT1 to AT3 are turned on, VSET/2 is applied 

to first to third anti-fuse conductors AC1 to AC3 of the first to third anti-fuse structures AF1 

to AF3.  Therefore, a difference voltage that is lower than the setting voltage VSET is applied 

to first to fourth anti-fuses AFa to AFd of the first to third anti-fuse structures AF1 to AF3.  

Therefore, while the first anti-fuse structure AF1 is being connected to the first gate layer G1, 

the second anti-fuse structure AF2 is being connected to the second gate layer G2, the third 

anti-fuse structure AF3 is being connected to the third gate layer G3, and the fourth anti-fuse 

structure AF4 is being connected to the fourth gate layer G4, the first anti-fuse structure AF1 

is not connected to the second to fourth gate layers G2 to G4, the second anti-fuse structure 

AF2 is not connected to the first, third and fourth gate layers G1, G3 and G4, and the third anti-

fuse structure AF3 is  not connected to the first, second, and fourth gate layers G1, G2 and 

G4. 

[00150] Referring to FIGS. 12A and 12B, in an embodiment, the resistance structure RS is 

removed.  For example, the resistance structure RS is removed together with the resistance 

region RSR of the stack structure SS.  In some embodiments, the resistance transistor RT is 

also removed.  Accordingly, the non-volatile memory device 300 illustrated in FIGS. 8 and 9 

is completed. 

[00151] FIG. 13 is a cross-sectional view that illustrates a method of manufacturing a non-

volatile memory device 300, according to an embodiment.  Hereinafter, a difference between 

a method of manufacturing the non-volatile memory device illustrated in FIGS. 12A to 12G 

and a method of manufacturing the non-volatile memory device illustrated in FIG. 13 will be 

described. 

[00152] Referring to FIG. 13, in an embodiment, a non-volatile memory device 300, a first 

partial resistance structure RS1, and a second partial resistance structure RS2 are formed.  The 
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first partial resistance structure RS1 penetrates through a first gate layer G1 and a second gate 

layer G2 in a vertical direction (a Z direction) and is electrically connected to the first gate 

layer G1 and the second gate layer G2.  The first partial resistance structure RS1 electrically 

connects a first anti-fuse structure AF1 and a second anti-fuse structure AF2 to the first gate 

layer G1 and the second gate layer G2, respectively.  The first partial resistance structure RS1 

includes polysilicon.  The first partial resistance structure RS1 is electrically connected to a 

first resistance transistor RT1.  The first resistance transistor RT1 applies a voltage to the first 

partial resistance structure RS1. 

[00153] The second partial resistance structure RS2 penetrates through a third gate layer G3 and 

a fourth gate layer G4 in the vertical direction (the Z direction) and is electrically connected to 

the third gate layer G3 and the fourth gate layer G4.  The second partial resistance structure 

RS2 electrically connects a third anti-fuse structure AF3 and a fourth anti-fuse structure AF4 

to the third gate layer G3 and the fourth gate layer G4, respectively.  The second partial 

resistance structure RS2 includes polysilicon. 

[00154] In some embodiments, a conductive structure CS that electrically connects the second 

partial resistance structure RS2 to a second resistance transistor RT2 is further formed.  The 

conductive structure CS penetrates through the first gate layer G1 and the second gate layer G2 

in the vertical direction (the Z direction).  In some embodiments, the conductive structure CS 

is electrically insulated from the first gate layer G1 and the second gate layer G2.  For example, 

an insulation layer is further formed between a stack structure SS and a sidewall of the 

conductive structure CS.  The second resistance transistor RT2 applies a voltage to the second 

partial resistance structure RS2. 

[00155] In some embodiments, a length LX1 of each of the first gate layer G1 and the second 

gate layer G2 in a first horizontal direction (an X direction) is greater than a length LX2 of each 

of the third gate layer G3 and the fourth gate layer G4 in the first horizontal direction (the X 

direction).   

[00156] The first to fourth anti-fuse structures AF1 to AF4 are connected to the first to fourth 

gate layers G1 to G4, and then, the first partial resistance structure RS1, the second partial 

resistance structure RS2, and the conductive structure CS are removed.  In some embodiments, 

an end portion of the stack structure SS is removed.  In some embodiments, the first resistance 

transistor RT1 and the second resistance transistor RT2 are also removed. 

[00157] FIG. 14 is a cross-sectional view that illustrates a method of manufacturing a non-

volatile memory device, according to an embodiment.  Hereinafter, a difference between a 
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method of manufacturing the non-volatile memory device illustrated in FIG. 13 and a method 

of manufacturing the non-volatile memory device illustrated in FIG. 14 will be described. 

[00158] Referring to FIG. 14, in an embodiment, a stack structure SS includes a first stack 

structure SS1 and a second stack structure SS2.  The first stack structure SS1 includes first to 

third interlayer insulation layers IL1 to IL3 and first and second gate layers G1 and G2.  The 

second stack structure SS2 includes fourth and fifth interlayer insulation layers IL4 and IL5 

and third and fourth gate layers G3 and G4.  A first channel structure CH1 is formed in a first 

channel hole H1-1 that penetrates through the first stack structure SS1 and in a second channel 

hole H1-2 that penetrates through the second stack structure SS2.  A second channel structure 

CH2 is formed in a third channel hole H2-1 that penetrates through the first stack structure SS1 

and in a fourth channel hole H2-2 that penetrates through the second stack structure SS2. 

[00159] In some embodiments, lengths LX of the first to fourth gate layers G1 to G4 in a first 

horizontal direction (an X direction) are equal.  Accordingly, an upper end of the first partial 

resistance structure RS1 is covered by the second stack structure SS2. 

[00160] FIG. 15 is a schematic diagram of an electronic system 1000 that includes a non-volatile 

memory device 1100, according to an embodiment. 

[00161] Referring to FIG. 15, the electronic system 1000 according to embodiments includes a 

non-volatile memory device 1100 and a controller 1200 connected to the non-volatile memory 

device 1100.  The electronic system 1000 includes a storage device that includes one or a 

plurality of non-volatile memory devices 1100, or an electronic device that includes the storage 

device.  For example, the electronic system 1000 includes a solid state drive (SSD) device, a 

universal serial bus (USB), a computing system, a medical device, or a communication device 

that includes at least one semiconductor device 1100. 

[00162] The non-volatile memory device 1100 includes a flash memory device.  For example, 

the non-volatile memory device 1100 includes at least one of the non-volatile memory device 

100 illustrated in FIGS. 1, 3, and 4, the non-volatile memory device 200 illustrated in FIG. 6, 

the non-volatile memory device 300 illustrated in FIGS. 8 to 10, or the non-volatile memory 

device 400 illustrated in FIG. 11.  The non-volatile memory device 1100 communicates with 

the controller 1200 through an I/O pad 1101 electrically connected to a control logic 38 (see 

FIG. 1). 

[00163] The controller 1200 includes a processor 1210, a NAND controller 1220, and a host 

interface 1230.  According to embodiments, the electronic system 1000 includes a plurality 

of semiconductor devices 1100, and the controller 1200 controls the plurality of semiconductor 

devices 1100. 
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[00164] The processor 1210 controls an overall operation of the electronic system 1000 that 

includes the controller 1200.  The processor 1210 operates based on firmware and accesses 

the non-volatile memory device 1100 under control of the NAND controller 1220.  The 

NAND controller 1220 includes a NAND interface 1221 that communicates with the non-

volatile memory device 1100.  A control command that controls the non-volatile memory 

device 1100, data to be written in the non-volatile memory device 1100, and data to be read 

from the non-volatile memory device 1100 are transmitted through the NAND interface 1221.  

The host interface 1230 provides a communication function between the electronic system 

1000 and an external host.  When the control command is received from an external host 

through the host interface 1230, the processor 1210 controls the non-volatile memory device 

1100 in response to the control command. 

[00165] FIG. 16 is a schematic diagram of an electronic system 2000 that includes a non-volatile 

memory device, according to an embodiment. 

[00166] Referring to FIG. 16, in an embodiment, the electronic system 2000 includes a main 

board 2001, a controller 2002 on the main board 2001, one or more semiconductor packages 

2003, and dynamic random access memory (DRAM) 2004.  The semiconductor package 2003 

and the DRAM 2004 are connected to the controller 2002 by a plurality of wiring patterns 2005 

formed in the main board 2001. 

[00167] The main board 2001 includes a connector 2006 that includes a plurality of pins coupled 

to the external host.  In the connector 2006, the number and arrangement of pins can change 

based on a communication interface between the electronic system 2000 and the external host.  

In embodiments, the electronic system 2000 communicates with the external host on the basis 

of of an interface such as one of  a USB, a peripheral component interconnect express (PCI-

Express), a serial advanced technology attachment (SATA), or a universal flash storage (UFS) 

M-Phy.  In embodiments, the electronic system 2000 operates with power received from the 

external host through the connector 2006.  The electronic system 2000 further includes a 

power management integrated circuit (PMIC) that distributes the power received from the 

external host to the controller 2002 and the semiconductor package 2003. 

[00168] The controller 2002 can record data in the semiconductor package 2003, or can read 

data from the semiconductor package 2003, thereby increasing an operation speed of the 

electronic system 2000. 

[00169] The DRAM 2004 includes a buffer memory that reduces a speed difference between 

the external host and the semiconductor package 2003, which is a data storage space.  The 

DRAM 2004 in the electronic system 2000 may operate as a cache memory, or may temporarily 
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store data for a control operation performed on the semiconductor package 2003.  When the 

electronic system 2000 includes the DRAM 2004, the controller 2002 further includes a DRAM 

controller that controls the DRAM 2004, in addition to a NAND controller that controls the 

semiconductor package 2003. 

[00170] The semiconductor package 2003 includes first and second semiconductor packages 

2003a and 2003b that are spaced apart from each other.  Each of the first and second 

semiconductor packages 2003a and 2003b includes a semiconductor package that includes a 

plurality of semiconductor chips.  Each of the first and second semiconductor packages 2003a 

and 2003b includes a package substrate 2100, a plurality of semiconductor chips 2200 on the 

package substrate 2100, an adhesive layer 2300 on a bottom surface of each of the plurality of 

semiconductor chips 2200, a connection structure 2400 that electrically connects the plurality 

of semiconductor chips 2200 to the package substrate 2100, and a molding layer 2500 that 

covers the plurality of semiconductor chips 2200 and the connection structure 2400 on the 

package substrate 2100. 

[00171] The package substrate 2100 includes a printed circuit board (PCB) that includes a 

plurality of package upper pads 2130.  Each of the plurality of semiconductor chips 2200 

includes an I/O pad 2210.  The I/O pad 2210 corresponds to the I/O pad 1101 of FIG. 15.  

Each of the plurality of semiconductor chips 2200 includes at least one of the non-volatile 

memory device 100 illustrated in FIGS. 1, 3, and 4, the non-volatile memory device 200 

illustrated in FIG. 6, the non-volatile memory device 300 illustrated in FIGS. 8 to 10, or the 

non-volatile memory device 400 illustrated in FIG. 11. 

[00172] In embodiments, the connection structure 2400 is a bonding wire that electrically 

connects the I/O pad 2210 to the package upper pad 2130.  Therefore, in the first and second 

semiconductor packages 2003a and 2003b, the plurality of semiconductor chips 2200 are 

electrically connected to each other by a bonding wire scheme and are connected to the package 

upper pad 2130 of the package substrate 2100.  According to embodiments, in the first and 

second semiconductor packages 2003a and 2003b, the plurality of semiconductor chips 2200 

are electrically connected to each other by a connection structure that includes a through silicon 

via (TSV) instead of the bonding wire scheme. 

[00173] In embodiments, the controller 2002 and the plurality of semiconductor chips 2200 are 

included in one package.  In embodiments, the controller 2002 and the plurality of 

semiconductor chips 2200 are mounted on a separate interposer board that differs from the 

main board 2001, and the controller 2002 and the plurality of semiconductor chips 2200 are 

electrically connected to each other by a wiring formed in the interposer board. 
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[00174] FIG. 17 is a cross-sectional view taken along line II-II’ of FIG. 16 of a semiconductor 

package 2003 that includes a non-volatile memory device, according to an embodiment. 

[00175] Referring to FIG. 17, in an embodiment, in the semiconductor package 2003, a package 

substrate 2100 is a PCB.  The package substrate 2100 includes a package substrate body 

portion 2120, a plurality of package upper pads 2130 (see FIG. 16) disposed on a top surface 

of the package substrate body portion 2120, a plurality of lower pads 2125 disposed on or 

exposed through a bottom surface of the package substrate body portion 2120, and a plurality 

of internal wirings 2135 that electrically connect the plurality of package upper pads 2130 to 

the plurality of lower pads 2125 in the package substrate body portion 2120.  The plurality of 

lower pads 2125 are connected through a plurality of conductive connection portions 2800 to 

the plurality of wiring patterns 2005 on the main board 2001 of the electronic system 2000 

illustrated in FIG. 16.  Each of the plurality of semiconductor chips 2200 includes at least one 

of the non-volatile memory device 100 illustrated in FIGS. 1, 3, and 4, the non-volatile memory 

device 200 illustrated in FIG. 6, the non-volatile memory device 300 illustrated in FIGS. 8 to 

10, or the non-volatile memory device 400 illustrated in FIG. 11. 

[00176] Embodiments are not for limiting but for describing the inventive concept, and the 

scope of the inventive concept is not limited by embodiments.  The scope of the inventive 

concept is construed by the appended claims, and all equivalents are construed as being 

included in the scope of the inventive concept. 

[00177] While embodiments of the inventive concept has been particularly shown and described 

with reference to drawings thereof, it will be understood that various changes in form and 

details may be made therein without departing from the spirit and scope of the following claims. 
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What is claimed is: 

 

1. A non-volatile memory device, comprising: 

a substrate; 

 a stack structure that includes a first gate layer that extends in a horizontal direction 

and a second gate layer that extends in the horizontal direction and is disposed apart from the 

first gate layer in a vertical direction; 

 a plurality of first channel structures that penetrate in the vertical direction through a 

first channel region of the stack structure; 

 a plurality of second channel structures that penetrate in the vertical direction through 

a second channel region of the stack structure; 

 a first anti-fuse structure and a second anti-fuse structure that each penetrates in the 

vertical direction through an anti-fuse region of the stack structure; 

 a first anti-fuse transistor that is electrically connected to the first gate layer through 

the first anti-fuse structure; and 

 a second anti-fuse transistor that is electrically connected to the second gate layer 

through the second anti-fuse structure, wherein 

 the first channel region of the stack structure is spaced apart from the second channel 

region of the stack structure in the horizontal direction, and the anti-fuse region of the stack 

structure is disposed between the first channel region and the second channel region of the 

stack structure. 

 

 2. The non-volatile memory device of claim 1, further comprising: 

 a row decoder electrically connected to the first anti-fuse transistor and the second 

anti-fuse transistor. 

 

 3. The non-volatile memory device of claim 1 or claim 2, wherein  

 the first anti-fuse structure comprises a first anti-fuse conductor that penetrates in the 

vertical direction through the anti-fuse region of the stack structure and is electrically connected 

to the first anti-fuse transistor, a first anti-fuse insulator that surrounds the first anti-fuse 

conductor, and a first conductive path that electrically connects the first anti-fuse conductor to 

the first gate layer across the first anti-fuse insulator, and 

 the second anti-fuse structure comprises a second anti-fuse conductor that penetrates 

in the vertical direction through the anti-fuse region of the stack structure and is electrically 
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connected to the second anti-fuse transistor, a second anti-fuse insulator that surrounds the 

second anti-fuse conductor, and a second conductive path that electrically connects the second 

anti-fuse conductor to the second gate layer across the second anti-fuse insulator. 

 

 4. The non-volatile memory device of claim 3, wherein  

 the first conductive path comprises a same material as the material of at least one of 

the first anti-fuse conductor or the first gate layer, and 

 the second conductive path comprises a same material as the material of at least one 

of the second anti-fuse conductor or the second gate layer. 

 

 5. The non-volatile memory device of claim 3 or claim 4, wherein each of the 

first conductive path and the second conductive path comprises an oxygen vacancy filament. 

 

 6. The non-volatile memory device of any one of claims 1 to 5, wherein  

 the stack structure further comprises a step region that includes end portions of the first 

gate layer and the second gate layer, and 

 the end portions of the first gate layer and the second gate layer have a staircase shape. 

 

 7. The non-volatile memory device of any one of claims 1 to 6, wherein a length 

of the first gate layer in the horizontal direction is the same as a length of the second gate layer 

in the horizontal direction. 

 

 8. A non-volatile memory device, comprising:  

a substrate; 

 a stack structure that includes a first gate layer that extends in a horizontal direction on 

the substrate, a second gate layer that extends in the horizontal direction and is disposed above 

the first gate layer in a vertical direction, an edge portion where ends of the first gate layer and 

the second gate layer have a staircase shape, a first channel region next to the edge portion, and 

a first anti-fuse region next to the first channel region; 

 a plurality of first channel structures that penetrate in the vertical direction through the 

first channel region of the stack structure; 

 a first anti-fuse structure that includes a first anti-fuse conductor that penetrates in the 

vertical direction through the first anti-fuse region of the stack structure, a first anti-fuse 

insulator that surrounds the first anti-fuse conductor, and a first conductive path that electrically 



42 

connects the first anti-fuse conductor to the first gate layer across the first anti-fuse insulator; 

and 

 a second anti-fuse structure that includes a second anti-fuse conductor that penetrates 

in the vertical direction through the first anti-fuse region of the stack structure, a second anti-

fuse insulator that surrounds the second anti-fuse conductor, and a second conductive path that 

electrically connects the second anti-fuse conductor to the second gate layer across the second 

anti-fuse insulator. 

 

 9. The non-volatile memory device of claim 8, further comprising:  

 a first anti-fuse transistor that is electrically connected to the first gate layer through 

the first anti-fuse structure; and 

 a second anti-fuse transistor that is electrically connected to the second gate layer 

through the second anti-fuse structure. 

 

 10. The non-volatile memory device of claim 9, further comprising: 

 a first contact plug that extends in the vertical direction and contacts an end portion of 

the first gate layer; 

 a second contact plug that extends in the vertical direction and contacts an end portion 

of the second gate layer; 

 a first step transistor that is electrically connected to the first gate layer through the 

first contact plug; and 

 a second step transistor that is electrically connected to the second gate layer through 

the second contact plug. 

 

 11. The non-volatile memory device of claim 10, wherein, in a plan view, a 

distance between the first anti-fuse structure and the second anti-fuse structure is less than a 

distance between the first contact plug and the second contact plug. 

 

 12. The non-volatile memory device of claim 10 or claim 11, further comprising: 

 a row decoder that is electrically connected to the first anti-fuse transistor, the second 

anti-fuse transistor, the first step transistor, and the second step transistor. 

 

 13. The non-volatile memory device of any one of claims 10 to 12, further 

comprising: 
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 a pass circuit control circuit that is electrically connected to gates of the first anti-fuse 

transistor, the second anti-fuse transistor, the first step transistor, and the second step transistor. 

 

 14. The non-volatile memory device of any one of claims 10 to 12, wherein a gate 

of the first step transistor is electrically connected to a gate of the first anti-fuse transistor. 

 

 15. The non-volatile memory device of any one of claims 10 to 12, wherein a gate 

of the second step transistor is electrically connected to a gate of the second anti-fuse transistor. 

 

 16. The non-volatile memory device of claim 10 or claim 11, further comprising: 

 a third anti-fuse structure that includes a third anti-fuse conductor that penetrates in 

the vertical direction through a second anti-fuse region of the stack structure, a third anti-fuse 

insulator that surrounds the third anti-fuse conductor, and a third conductive path that 

electrically connects the third anti-fuse conductor to the first gate layer across the third anti-

fuse insulator; 

 a fourth anti-fuse structure that includes a fourth anti-fuse conductor that penetrates in 

the vertical direction through the second anti-fuse region of the stack structure, a fourth anti-

fuse insulator that surrounds the fourth anti-fuse conductor, and a fourth conductive path that 

electrically connects the fourth anti-fuse conductor to the second gate layer across the fourth 

anti-fuse insulator; 

 a third anti-fuse transistor that is electrically connected to the first gate layer through 

the third anti-fuse structure; and 

 a fourth anti-fuse transistor that is electrically connected to the second gate layer 

through the fourth anti-fuse structure. 

 

 17. The non-volatile memory device of claim 16, further comprising: 

 a plurality of second channel structures that penetrate in the vertical direction through 

a second channel region of the stack structure, 

wherein the second channel region of the stack structure is disposed between the 

second anti-fuse region and the first anti-fuse region of the stack structure. 

 

 18. The non-volatile memory device of claim 16 or claim 17, further comprising: 
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 a row decoder that is electrically connected to the first anti-fuse transistor, the second 

anti-fuse transistor, the third anti-fuse transistor, the fourth anti-fuse transistor, the first step 

transistor, and the second step transistor. 

 

 19. A non-volatile memory device, comprising:  

a substrate; 

 a stack structure that includes a first gate layer that extends in a horizontal direction, a 

second gate layer that extends in the horizontal direction and is disposed apart from the first 

gate layer in a vertical direction, a first channel region, a second channel region spaced apart 

from the first channel region in the horizontal direction, and an anti-fuse region disposed 

between the first channel region and the second channel region, wherein a length of the first 

gate layer in the horizontal direction is the same as a length of the second gate layer in the 

horizontal direction; 

 a plurality of first channel structures that penetrate in the vertical direction through the 

first channel region of the stack structure; 

 a plurality of second channel structures that penetrate in the vertical direction through 

the second channel region of the stack structure; 

 a first anti-fuse structure that includes a first anti-fuse conductor that penetrates in the 

vertical direction through the anti-fuse region of the stack structure, a first anti-fuse insulator 

that surrounds the first anti-fuse conductor, and a first conductive path that electrically connects 

the first anti-fuse conductor to the first gate layer across the first anti-fuse insulator; 

 a second anti-fuse structure that includes a second anti-fuse conductor that penetrates 

in the vertical direction through the anti-fuse region of the stack structure, a second anti-fuse 

insulator that surrounds the second anti-fuse conductor, and a second conductive path that 

electrically connects the second anti-fuse conductor to the second gate layer across the second 

anti-fuse insulator; 

 a first anti-fuse transistor that is electrically connected to the first gate layer through 

the first anti-fuse structure; and 

 a second anti-fuse transistor that is electrically connected to the second gate layer 

through the second anti-fuse structure. 

  

  




