
1 

METHODS OF OPERATING MEMORY DEVICES BASED ON SUB-BLOCK 

POSITIONS AND RELATED MEMORY SYSTEMS 

 

CROSS-REFERENCE TO RELATED APPLICATION 

 

[0001] This application claims the benefit of priority to Korean Patent Application No. 10-

2017-0113343, filed on September 5, 2017, in the Korean Intellectual Property Office, the 

disclosure of which is incorporated herein in its entirety by reference. 

 

TECHNICAL FIELD 

[0002] The inventive concept relates to a method of operating a memory device, and more 

particularly, to a method of operating a memory device including a three-dimensional 

nonvolatile memory cell array, the method including a recharge operation, a program 

operation, and a read operation. 

 

BACKGROUND 

[0003] Semiconductor memory devices having a three-dimensional array structure have been 

studied to more efficiently manage memory blocks larger than a conventional two-

dimensional array structure.  For example, a memory operation may be performed on sub-

block units. In particular, recently, a semiconductor memory device capable of supporting a 

partial erase operation in which an erase operation is performed in sub-block units has been 

introduced. 

 

SUMMARY 

[0004] Embodiments according to the inventive concept can provide methods of operating 

memory devices based on sub-block positions and related memory systems and devices.  

Pursuant to these embodiments, a memory device can include a memory block operatively 

connected to a common source line and a plurality of bit lines, wherein the memory block 

includes first and second sub-blocks each having a respective position in the memory block 

relative to the common source line and the plurality of bit lines.  The memory device can be 

operated by receiving a command and an address from outside the memory device and 

performing a precharge operation on the memory block in response to the command, using a 

first precharge path through the memory block or a second precharge path through the 

memory block based on the respective position of the first or second sub-block that includes a 
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word line that is configured to activate responsive to the address. 

[0005] In some embodiments, a memory block can have at least two sub-blocks, where the 

memory block can be connected to a plurality of ground select lines configured to control 

coupling to a common source line and can be connected to a plurality of string select lines 

configured to control coupling to a plurality of bit lines.  The memory device can be 

programmed by receiving a program command from outside the memory device.  It can be 

determined if a plurality of selected word lines configured to activate memory cells 

responsive to the program command are included a first sub-block or are included in a second 

sub-block to provide a selected program sub-block.  A program operation can be performed 

using a first sequence of a plurality of first selected word lines extending in a first direction 

from the plurality of ground select lines toward the plurality of string select lines responsive 

to determining that the plurality of selected word lines are included in the first sub-block and 

the program operation can be performed using a second sequence of a plurality of second 

selected word lines extending in a second direction from the plurality of string select lines 

toward the plurality of ground select lines responsive to determining that the plurality of 

selected word lines are included in the second sub-block. 

[0006] In some embodiments, a memory system can include a memory device including a 

memory block having at least two sub-blocks, where each of the at least two sub-blocks can 

include a plurality of memory cells, and the at least two sub-blocks can be connected to a 

plurality of ground select lines that are configured to control connection to a common source 

line and the at least two sub-blocks can be connected to a plurality of string select lines that 

are configured to control connection to a plurality of bit lines.  A memory controller can be 

configured to control a first precharge operation through the plurality of bit lines and to 

control a second precharge operation through the common source line according to a position 

of a sub-block connected to at least one select word line subject to a program operation or a 

read operation performed on the memory block. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] Embodiments of the inventive concept will be more clearly understood from the 

following detailed description taken in conjunction with the accompanying drawings in 

which: 

[0008] FIGS 1A and 1B show block diagrams schematically illustrating a memory system 

according to one embodiment of the inventive concept; 

[0009] FIG. 2 shows a block diagram illustrating an example of a memory device included in 
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the memory system of FIG. IA; 

[0010] FIG. 3 shows an example of a memory cell array included in the memory device of 

FIG. 2; 

[0011] FIG. 4 shows a circuit diagram illustrating an example of a memory block included in 

the memory cell array of FIG. 2; 

[0012] FIGS. 5A and 5B each show a circuit diagram illustrating another example of the 

memory block included in the memory cell array of FIG. 2; 

[0013] FIGS. 6A and 6B show perspective views of the memory blocks of FIGS. 5A and 5B; 

[0014] FIGS. 7A to 7C show diagrams illustrating various embodiments of sub-blocks 

included in a memory block, and FIG. 7D shows a diagram for explaining data bits to be 

programmed in the memory block of FIG. 7C; 

[0015] FIGS. 8A and 8B show diagrams for explaining a portion that acts as a disturbance for 

a program operation when a memory device supports a partial erase operation; 

[0016] FIG. 9 shows a flowchart illustrating a memory operation according to an 

embodiment of the inventive concept; 

[0017] FIG. 10 shows a flowchart for specifically explaining operation S110 in FIG. 9; 

[0018] FIGS. 11A and 11B are diagrams for explaining a case where a precharge operation is 

performed through a first precharge path; 

[0019] FIGS. 12A and 12B are diagrams for explaining a case where a precharge operation is 

performed through a second precharge path; 

[0020] FIGS. 13A and 13B show diagrams for describing an embodiment of a reference for 

defining the position of a sub-block for a precharge operation of a memory device according 

to the inventive concept; 

[0021] FIGS. 14A to 14C show diagrams for describing an embodiment of a reference for 

defining the position of a sub-block for a precharge operation of a memory device according 

to the inventive concept; 

[0022] FIG. 15 shows a flowchart for explaining a programming method according to the 

position of a sub-block; 

[0023] FIG. 16 shows a flowchart specifically illustrating operation S210 of FIG. 15; 

[0024] FIG. 17 shows a diagram illustrating a cell string for explaining a program operation 

according to an embodiment of the inventive concept; 

[0025] FIGS. 18A to 18C show views for explaining various program operation-related 

embodiments to which the embodiment of FIG. 17 is applied; 



4 

[0026] FIGS. 19A to 19C show diagrams for describing an embodiment of a reference for 

defining the position of a sub-block for a program operation of a memory device according to 

an embodiment of the inventive concept; 

[0027] FIGS. 20A to 20E show diagrams for describing an embodiment of a reference for 

defining the position of a sub-block for a program operation of a memory device according to 

another embodiment of the inventive concept; 

[0028] FIG. 21 shows a flowchart for explaining a precharge operation and a program 

operation according to an embodiment of the inventive concept; 

[0029] FIG. 22 shows a block diagram of a memory controller according to an embodiment 

of the inventive concept; and 

[0030] FIG. 23 shows a block diagram illustrating a computing system including a memory 

system according to embodiments of the inventive concept. 

 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0031] Hereinafter, embodiments of the inventive concept will be described in detail with 

reference to the accompanying drawings. It will be understood that, as used herein, the term 

adjacent includes arrangements where a sub-block (or group of sub-blocks) is directly 

adjacent to a particular structure, such as a source select line or a ground select line, such that 

there is no other sub-block (or group of sub-blocks) that is located between a sub-block (or 

group of sub-blocks) and the particular structure.   For example, in some embodiments, a 

group of sub-blocks may be defined as being adjacent to the source select line that drives the 

group of sub-blocks even though some of the sub-blocks in the group may be closer to the 

ground select line. 

[0032] FIGS 1A and 1B show block diagrams schematically illustrating memory systems 1A 

and 1B according to one embodiment of the inventive concept. 

[0033] Referring to FIG. 1A, the memory system 1A may include a memory controller 10A 

and a memory device 20A. The memory controller 10A may control a memory operation of 

the memory device 20A. In one embodiment, the memory controller 10A provides an address 

ADDR, a command CMD, and a control signal CTRL to perform a program (or write) 

operation, a read operation, and an erase operation on the memory device 20A. The memory 

device 20A may include a memory cell array 22A, and the memory cell array 22A may 

include a plurality of memory cells  where a plurality of word lines cross a plurality of bit 

lines. Furthermore, the memory cell array 22A may include word lines, at least one string 

select line, and at least one ground select line, and may include a plurality of memory blocks. 
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[0034] The memory cells of the memory cell array 22A may be three-dimensional vertical 

memory cells, and each of the memory blocks of the memory cell array 22A may include at 

least two sub-blocks. In one embodiment, the unit of a sub-block may correspond to a block 

unit upon which a partial erase operation can be performed. 

[0035] In one embodiment, the memory cells may be flash memory cells, and the memory 

cell array 22 may be a NAND flash memory cell array. Hereinafter, embodiments of the 

inventive concept will be described in detail in which the memory cells are flash memory 

cells. 

[0036] The memory controller 10A according to one embodiment of the inventive concept 

may include a sub-block position based control module 12A (hereinafter referred to as a 

control module). The control module 12A may control a memory operation of the memory 

device 20A based on the position of a sub-block connected to a word line that is to be 

subjected to a memory operation. The control module 12A may be a hardware block 

including analog circuitry and/or digital circuitry, or may be a software block including a 

plurality of commands executed by the memory controller 10A. 

[0037] In one embodiment, in controlling a precharge operation that is performed by the 

memory device 20A to program data to the memory cells of the memory cell array 22A or 

read data from the memory cells, the control module 12A may control the precharge 

operation according to the position of a sub-block that is connected to a word line to which 

the memory operation is addressed. In one embodiment, to control the precharge operation, 

the control module 12A may determine whether a sub-block connected to a word line that is 

to be subjected to a memory operation, is adjacent to string select lines connected to a 

memory block or ground select lines connected to a memory block, and may select different 

precharge paths according to the result. The memory controller 10A controls the precharge 

operation in the above manner, and then may control the program operation or the read 

operation performed by the memory device 20A. 

[0038] In addition, in one embodiment, when controlling the program operation performed 

by the memory device 20A, the control module 12A may control the program operation 

based on a program sequence that varies according to the position of a sub-block connected 

to a word line to which the memory operation is addressed.  In one embodiment, to control 

the program operation, the control module 12A may determine whether a sub-block 

connected to a word line that is to be subjected to a memory operation is adjacent to string 

select lines connected to a memory block or adjacent to ground select lines connected to a 
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memory block, and selects different program sequences according to the result. 

[0039] When supporting a partial erase operation, the memory system 1A according to 

inventive concept performs a memory operation efficiently in different memory operation 

methods determined according to the position of a sub-block connected to a word line that is 

to be subjected to a memory operation, and thus, data reliability may be improved. 

[0040] Referring to FIG. 1B, unlike FIG. 1A, a control module 24B may be included in a 

memory device 20B. Furthermore, the control module 24B may be implemented in various 

logic forms. For example, the control module 24B may be included in the function of the 

control logic of the memory device 20B. The control module 24B may control such that an 

operation mode is selected according to the position of a sub-block connected to a word line 

that is to be subjected to a memory operation, and based on the selected operation mode, the 

memory device 20B performs a memory operation (for example, a precharge operation or a 

program operation). 

[0041] FIG. 2 shows a block diagram illustrating an example of a memory device 100 

included in the memory system of FIG. 1A. 

[0042] Referring to FIG. 2, the memory device 100 may include a control logic 110, a page 

buffer circuit 120, a data input-output circuit 130, a voltage generator 140, a row decoder 150, 

and a memory cell array 160. The memory cell array 160 may be connected to the row 

decoder 150 via word lines WLs, ground select lines GSLs, string select lines SSL, and may 

be connected to the data input-output circuit 130 via bit lines BLs. The memory cell array 

160 may include a plurality of memory blocks. 

[0043] The memory cell array 160 may include a plurality of cell strings. Each of the cell 

strings may form a channel in a vertical or horizontal direction. In the memory cell array 160, 

a plurality of word lines may be stacked in a vertical direction. Each of the word lines may 

constitute a control gate for the memory cells included in each of the cell strings. In this case, 

a channel of a memory cell may be formed in the vertical direction. According to the 

arrangement of the memory cell array 160, it is possible to separately select each cell string 

that shares a certain bit line BL. Separately selected cell strings may be connected to a 

plurality of ground select lines GSLs that are electrically separated. 

[0044] The row decoder 150 may decode an address received from the memory controller 

10A shown in FIG.1A to select any one of the word lines WLs of the memory cell array 160. 

The row decoder 150 may provide the selected word line of the memory cell array 160 with a 

word line voltage provided by the voltage generator 140. For example, in a program 
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operation, the row decoder 150 may apply a program voltage to a selected word line and 

apply a pass voltage to unselected word lines. In one embodiment, during various memory 

operations, the row decoder 150 may provide a select voltage to string select lines SSLs and 

ground select lines GSLs. 

[0045] The page buffer circuit 120 may operate as a write driver or a sense amplifier in 

accordance with operations performed by the control logic 110. During a program operation, 

the page buffer circuit 120 may provide a voltage corresponding to the data to be 

programmed to the bit lines BLs of the memory cell array 160. During a read operation, the 

page buffer circuit 120 may sense data stored in a memory cell that is selected for the read 

operation through the bit lines BLs and provide the data to the data input-output circuit 130. 

[0046] The data input-output circuit 130 may be connected to the page buffer circuit 120 

through the data lines DLs and may supply input data DATA to the page buffer circuit 120, 

or output data DATA provided by the page buffer circuit 120 to the outside. The data input-

output circuit 130 may provide an input address or command to the control logic 110 or the 

row decoder 150. 

[0047] The control logic 110 may control program, read, and erase operations in response to 

a command (for example, a command CMD received from memory controller 10A of FIG. 

1A) transmitted by the data input-output circuit 130. In one embodiment, when the memory 

device 100 performs the precharge operation, the control logic 110 may control the precharge 

operation in various precharge paths according to the position of a sub-block connected to at 

least one selected word line corresponding to an address (for example, the address ADDR 

received from the memory controller 10A of FIG. 1A) transmitted by the data input-output 

circuit 130. In addition, when the memory device 100 performs the program operation, the 

control logic 110 may control the program operation in various program sequences (for 

example, a program sequence with respect to a plurality of selected word lines) according to 

the position of a sub-block connected to a plurality of select word lines that are to be 

subjected to a program operation.  

[0048] FIG. 3 shows an example of the memory cell array 160 included in the memory 

device 100 of FIG. 2. 

[0049] Referring to FIG. 3, the memory cell array 160 of FIG. 2 may be a flash memory cell 

array. In this regard, the memory cell array 160 may include blocks BLK1 to BLKa in the 

number of a (a is an integer of 2 or more), and each of the blocks BLK1 to BLKa includes 

pages PAG1 to PAGb, and each of the pages PAG1 to PAGb may include sectors SEC1 to 
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SECc in the number of c (c is an integer of 2 or more). For an illustrative purpose only, FIG. 

3 illustrates that only the block BLK1 includes the pages PAG1 to PAGb and the sectors 

SEC1 to SECc. However, the other blocks BLK2 to BLKa may have the same structure as the 

block BLK1. 

[0050] FIG. 4 shows a circuit diagram illustrating an example of the memory block BLK1 

included in the memory cell array 160 of FIG. 2. 

[0051] Referring to FIG. 4, the memory cell array 160 of FIG. 2 may be a memory cell array 

of a NAND flash memory. In this regard, each of the blocks BLK1 to BLKa shown in FIG. 3 

may be implemented as shown in FIG. 4. Referring to FIG. 4, each of the blocks BLK1 to 

BLKa may include cell strings CSTRs in the number of d (d is an integer of 2 or more), 

wherein each of the cell strings CSTRs includes eight memory cells MC connected in series 

in the direction in which the bit lines BL1 to BLd extend. Each of the cell strings CSTRs may 

include a string select transistor SST and a ground select transistor GST which are connected 

to the memory cells MC connected in series. In one embodiment, the string select transistor 

SST may be connected to the string select line SSL and the ground select transistor GST may 

be connected to the ground select line GSL. 

[0052] FIG. 4 shows an embodiment in which eight pages PAG are provided for eight word 

lines WL1 to WL8. However, according to one or more embodiments, the blocks BLK1 to 

BLKa of the memory cell array 160 include memory cells and pages in numbers different 

from those of the memory cells MC and the pages PAG illustrated in FIG. 4. 

[0053] FIGS. 5A and 5B show a circuit diagram illustrating examples of a memory block 

included in the memory cell array 160 of FIG. 2, that is, memory blocks BLKn and BLKn', 

respectively. 

[0054] Referring to FIG. 5A, the memory block BLKn may be a vertical NAND flash 

memory, and each of the memory blocks BLK1 to BLKa shown in FIG. 3 may be 

implemented as shown in FIG. 5. The memory block BLKn may include a plurality of 

NAND strings NS11 to NS33, a plurality of word lines WL1 to WL6, a plurality of bit lines 

BL1 to BL3, a ground select line GSL, a plurality of string select lines SSL1 to SSL3, and a 

common source line CSL. Here, the number of NAND strings, the number of word lines, the 

number of bit lines, the number of ground select lines, the number of string select lines, and 

the connection relationships of the respective lines may vary according to an embodiment. 

[0055] The NAND strings NS11 to NS33 may be connected to the bit lines BL1 to BL3 and 

the common source line CSL therebetween. Each of the NAND strings (for example, NS11) 
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may include a string select transistor SST, a plurality of memory cells MC1 to MC6, and a 

ground select transistor GST connected in series, and the fourth to sixth memory cells may 

constitute a first sub-block SB1, and the first to third memory cells may constitute a second 

sub-block SB2. A sub-block may be a block unit capable of partially erasing a memory 

device. That is, the memory device may perform a separate partial erase operation on each of 

the first sub-block SB1 and the second sub-block SB2. In FIG. 5A, two sub-blocks are 

included in a single memory block, but the present embodiment is only an example, and for 

example, the single memory block may include more sub-blocks. 

[0056] The string select transistor SST may be connected to the string select lines SSL1 to 

SSL3. The memory cells MC1 to MC6 may be connected to the word lines WL1 to WL6, 

respectively. The ground select transistor GST may be connected to the ground select line 

GSL. The string select transistor SST may be connected to the bit line BL corresponding 

thereto, and the ground select transistor GST may be connected to the common source line 

CSL. 

[0057] The word lines (for example, WL1) located at an identical level may be commonly 

connected, and the string select lines SSL1 to SSL3 may be separate lines. When memory 

cells connected to the first word line WL1 and belonging to the NAND strings NS11, NS12, 

and NS13, are programmed, the first word line WL1 and the first string select line SSL1 may 

be selected. 

[0058] The memory device according to an embodiment of the inventive concept may 

perform a partial erase operation on each of the sub-blocks SB1 and SB2. Further, when 

performing a memory operation, the memory device may use different methods according to 

the positions of the sub-blocks SB1 and SB2. 

[0059] Unlike FIG. 5A, FIG. 5B further illustrates a fourth string select line SSL4 to explain 

another example of how to define a sub-block. Referring to FIG. 5B, the memory block 

BLKn' may include a 1-1 sub-block SB1-1, a 1-2 sub-block B1-2, a 2-1 sub-block SB2-1 and 

a 2 -2 sub-block SB2-2. As described above, the 1-1 sub-block SB1-1, the 1-2 sub-block B1-

2, the 2-1 sub-block SB2-1, and the 2 -2 sub-block SB2-2 may be defined according to a 

string select line unit. In one embodiment, the 1-1 sub-block SB1-1 and the 2-1 sub-block 

SB2-1 may be connected to the first string select line SSL1 and the second string select line 

SSL2, and the 1-2 sub-block SB1-2 and the 2-2 sub-block SB2-2 may be connected to the 

third string select line SSL3 and the fourth string select line SSL4. 

[0060] The memory device according to one embodiment of the inventive concept may 
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perform a partial erase operation on each of the 1-1 sub-block SB1-1, the 2-1 sub-block SB2-

1, the 1-2 sub-block SB1-2 and the 2-2 sub-block SB2-2, and further, when performing a 

memory operation, the memory device may use different methods according to the positions 

of the 1-1 sub-block SB1-1, the 2-1 sub-block SB2-1, the 1-2 sub-block SB1-2 and the 2-2 

sub-block SB2-2. 

[0061] FIGS. 6A and 6B show perspective views of the memory blocks BLKn and BLKn' of 

FIGS. 5A and 5B. 

[0062] Referring to FIG. 6A, the memory block BLKn may be formed in a direction 

perpendicular to a substrate SUB. The common source line CSL is located on the substrate 

SUB, and gate electrodes GE and insulation layers IL may be alternately stacked on the 

substrate SUB. In addition, a charge storage layer (CS) may be formed between the gate 

electrodes GE and the insulation layers IL. 

[0063] When the gate electrodes GE and the insulation layers IL, which are alternately 

stacked, are vertically patterned, a V-shaped pillar P may be formed. The pillar P may be 

connected to the substrate SUB through the gate electrodes GE and the insulation layers IL. 

The pillar P may include an outer portion O and an inner portion I, and the outer portion O 

may include a semiconductor material and function as a channel, and the inner portion I may 

include an insulating material such as silicon oxide. 

[0064] The gate electrodes GE of the memory block BLKn may be connected to the ground 

select line GSL, the word lines WL1 to WL6, and the string select line SSL, respectively. The 

pillar P of the memory block BLKn may be connected to the bit lines BL1 to BL3. In one 

embodiment, the fourth to sixth word lines WL4 to WL6 may constitute the first sub-block 

SB1 and the first to third word lines WL1 to WL3 may constitute the second sub-block SB2. 

[0065] FIG. 6B shows a view for explaining the memory block BLKn' formed by using a 

method that is different from the method used to form the memory block BLKn of FIG. 6A. 

Referring to FIG. 6B, the memory block BLKn' may include a channel CH including an 

upper channel CHa and a lower channel CHb. The lower channel CHb may be positioned 

between the upper channel CHa and the substrate SUB. For example, the lower channel CHb 

may be formed by using an etching process and a polysilicon deposition process before the 

channel CHa is formed. After the lower channel CHb is formed, the upper channel CHa may 

be formed on the lower channel CHb by using an etching process and a polysilicon 

deposition process. The channel width of each of the lower channel CHb and the upper 

channel CHa may have an identical profile. For example, a diameter d1 of the upper channel 
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CHa corresponding to the sixth word line WL6 may be substantially equal or similar to a 

diameter d3 of the lower channel CHb corresponding to the second word line WL2. In one 

embodiment, a diameter d2 of the upper channel CHa corresponding to the fifth word line 

WL5 may be substantially equal or similar to a diameter d4 of the lower channel CHb 

corresponding to the first word line WL1. Referring to FIG. 6B, the channel corresponding to 

the first sub-block SB1 is the upper channel CHa, and the channel corresponding to the 

second sub-block SB2 is the lower channel CHb. However, the present embodiment is an 

example only, and the memory block BLKn' may be divided in various manners to form the 

upper channel CHa and the lower channel CHb. Furthermore, embodiments are not limited to 

the upper channel CHa and the lower channel CHb, and more channels may be formed in 

phases. 

[0066] FIGS. 7A to 7C show diagrams illustrating various embodiments of sub-blocks 

included in memory blocks BLKn_a to BLKn_c, and FIG. 7D shows a diagram for 

explaining data bits to be programmed in the memory block BLKn_c of FIG. 7C. 

[0067] Referring to FIG. 7A, the memory block BLKn_a may include the first sub-block SB1 

and the second sub-block SB2. The first sub-block SB1 and the second sub-block SB2 may 

be connected to the same number of word lines, and the number of memory cells included in 

the first sub-block SB1 and the number of memory cells included in the second sub-block 

SB2 may be the same. The first sub-block SB1 may be connected to three word lines, and the 

second sub-block SB2 may be connected to three word lines. The first sub-block SB1 may be 

positioned adjacent to string select lines SSLs, and the position of the first sub-block SB1 

may be defined as adjacent to string select lines SSLs. The second sub-block SB2 may be 

positioned adjacent to ground select lines GSLs, and the position of the second sub-block 

SB2 may be defined as adjacent to ground select lines GSLs. Hereinafter, for the sake of 

consistency, the position of each sub-block is described based on the string select lines SSLs 

or the ground select lines GSLs. However, the position of each sub-block may be described in 

different manners. For example. bit lines or string select transistors may be used instead of 

the string select lines SSLs, and a common source line or ground select transistors may be 

used instead of the ground select lines GSLs. 

[0068] Referring to FIG. 7B, the memory block BLKn_b may include a first sub-block SB1 

to a k-th sub-block SBk. That is, the memory block BLKn_b may include three or more sub-

blocks. Each of the sub-blocks SB1 to SBk may be connected to the same number of word 

lines, and the number of memory cells included in each of the sub-blocks SB1 to SBk may be 
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the same. However, the number of word lines and the number of memory cells explained 

herein are an example only. That is, the number of word lines connected to each of the sub-

blocks SB1 to SBk may vary according to a sub-block, and the number of memory cells 

included in each of the sub-blocks SB1 to SBk may vary according to a sub-block. The 

position of each of the sub-blocks SB1 to SBk may be defined with respect to the string select 

lines SSLs or the ground select lines GSLs. For example, the first to jth sub-blocks SB1 to 

SBj (j is an integer being smaller than k-1) may be defined as adjacent to the string select 

lines SSLs, and the j+1th to kth sub-blocks SBj+1 to SBk may be defined as adjacent to the 

ground select lines GSLs. Details of the present embodiment will be described in connection 

with, for example, FIG. 13A. 

[0069] Referring to FIG. 7C, the memory block BLKn_c may include a first sub-block SB1 

and a second sub-block SB2, wherein the number of word lines connected to the first sub-

block SB1 is different from the number of word lines connected to the second sub-block SB2. 

For example, the first sub-block SB1 may be connected to five word lines, for example, 

fourth to eighth word lines WL4 to WL8, and the second sub-block SB2 may be connected to 

three word lines, for example, first to third word lines WL1 to WL3. Furthermore, the 

number of memory cells included in the first sub-block SB1 may be greater than the number 

of memory cells included in the second sub-block SB2. The first sub-block SB1 may be 

positioned adjacent to string select lines SSLs and the position of the first sub-block SB1 may 

be defined as adjacent to string select lines SSLs. The second sub-block SB2 may be 

positioned adjacent to ground select lines GSLs, and the position of the second sub-block 

SB2 may be defined as adjacent to ground select lines GSLs. 

[0070] FIG. 7D illustrates a threshold voltage distribution of memory cells of the first to third 

word lines WL1 to WL3 of the second sub-block SB2 of FIG. 7C and a threshold voltage 

distribution of memory cells of the fourth to eighth word lines WL4 to WL8 of the first sub-

block SB1 of FIG. 7C. 

[0071] Referring to FIG. 7D, the memory cells of the first to third word lines WL1 to WL3 

may be programmed at a multi-level, and the memory cells of the fourth to eighth word lines 

WL4 to WL8 may be programmed at a single level. Therefore, the number of the threshold 

voltage distributions of the first sub-block SB2 may be different from the number of the 

threshold voltage distributions of the second sub-block SB1. The memory cells of the first to 

third word lines WL1 to WL3 may be used as a multi-level cell and the fourth to eighth word 

lines WL4 to WL8 may be used as a single level cell. That is, the number of data bits 
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programmed in the first sub-block SB1 may be smaller than the number of data bits 

programmed in the second sub-block SB2. Therefore, referring to FIG. 7C, the size of the 

first sub-block SB1 (or the number of memory cells included in the first sub-block SB1) may 

be greater than the size of the second sub-block SB2 (or the number of memory cells included 

in the second sub-block SB2). 

[0072] Although FIG. 7D illustrates a case where the memory cells of the first to third word 

lines WL1 to WL3 and the memory cells of the fourth to eighth word lines WL4 to WL8 are 

programmed at a 2-bit multi-level and a single-level, respectively, embodiments of the 

inventive concept are not limited thereto. In one embodiment, the memory cells of the first to 

third word lines WL1 to WL3 and the memory cells of the fourth to eighth word lines WL4 to 

WL8 may be programmed at a 3-bit triple level and a 2-bit multi-level, respectively. In one 

embodiment, not limited to the embodiment illustrated in connection with FIG. 7D, the 

memory cells of the first to third word lines WL1 to WL3 and the fourth to eighth word lines 

WL4 to WL8 may be programmed at the same level. 

[0073] FIGS. 8A and 8B show diagrams for explaining a portion that acts as a disturbance for 

a program operation when a memory device supports a partial erase operation. 

[0074] Referring to FIG. 8A, since a memory device may perform a partial erase operation in 

the unit of a sub-block, a first sub-block SB1 included in the memory block BLKn_a may be 

in a programmed state PR, and a second sub-block SB2 included in the predetermined 

memory block BLKn_a may be in an erased state ES. Hereinafter, a disturbance occurring 

when a precharge operation is performed to execute a program operation and a read operation 

on memory cells of the memory block BLKn_a will be described. 

[0075] Referring to FIG. 8B, the memory block BLKn_a may include a cell string CSTR. 

The cell string CSTR may include a string select transistor SST for controlling the connection 

between a bit line BL and the cell string CSTR, a ground select transistor GST for controlling 

the connection between a common source line CSL and the cell string CSTR, and a plurality 

of memory cells MC. To program data to predetermined memory cells or to read 

programmed data from the predetermined memory cells, a channel corresponding to the cell 

string CSTR may be pre-charged with a predetermined voltage level. As illustrated in FIG. 

8B, the memory cells of the first sub-block SB1 may be in the programmed state P, and the 

memory cells of the second sub-block SB2 may be in the erased state E. A threshold voltage 

Vth of the memory cells in the programmed state P of the first sub-block SB1 may 

correspond to V2, and a threshold voltage Vth of the memory cells in the erased state E of the 



14 

second sub-block SB may correspond to V1. In this regard, when the cell string CSTR is 

precharged, since a voltage VWL applied to the word lines WL1 to WL6 has the voltage level 

between V1 and V2, it is difficult to form a channel in each of the memory cells of the first 

sub-block SB1, and a voltage (VCC or VPRE) applied through the bit line BL for precharging 

the channel of the cell string CSTR may not be smoothly supplied to the channel of each of 

the memory cells of the second sub-block SB2. That is, when a predetermined voltage (VCC 

or VPRE) is applied to the cell string CSTR through the bit line BL, from among channels of 

the cell string CSTR, the channel corresponding to the second sub-block SB2 of the cell 

string CSTR may not properly be precharged, and thus, the channel corresponding to the 

second sub-block SB2 of the cell string CSTR may act as a disturbance during program-

operation. Accordingly, in order to reduce such disturbance, a memory device according to an 

embodiment of the inventive concept may control the memory operation in different ways 

according to the position of a sub-block connected to a select word line that is to be subjected 

to a memory operation. Hereinafter, details for the embodiments described above will be 

described. 

[0076] FIG. 9 shows a flowchart illustrating a memory operation according to an 

embodiment of the inventive concept. 

[0077] Referring to FIG. 9, the memory device may receive a predetermined command for 

instructing execution of a memory operation and an address indicating selected memory cells 

to be subjected to the memory operation (S100). The memory device may perform a 

precharge operation by using at least one of a first precharge path, which is a path through a 

bit line, and a second precharge path, which is a path through a common source line, 

according to the position of a sub-block connected to a word line corresponding to the 

address (S110). Thereafter, the memory device may perform a program operation or a read 

operation on the selected memory cells based on the command (S120). 

[0078] FIG. 10 shows a flowchart for specifically explaining operation S110 in FIG. 9. 

[0079] Referring to FIG. 10, the memory device may determine whether a sub-block, which 

is connected to a word line selected to perform a memory operation, is adjacent to string 

select lines (S112). When the sub-block connected to the selected word line is found to be 

adjacent to the string select lines (S112, YES), the memory device may receive a precharge 

voltage via the first precharge path and may precharge channels of the cell strings included in 

the memory block (S114). When the sub-block connected to the selected word line is found 

to be not adjacent to the string select lines (S112, NO), the memory device may receive a 
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precharge voltage via the second precharge path and may precharge channels of the cell 

strings included in the memory block (S116). However, the present embodiment is only an 

example. In one or more embodiments, in S112, it may be determined whether the sub-block 

connected to the selected word line is adjacent to ground select lines. In addition, in some 

embodiments a reference is provided based on which the positions of a plurality of sub-

blocks included in the memory block are defined as whether particular sub-blocks are 

adjacent to string select lines or adjacent to ground select lines. In one embodiment, at least 

one of information about the reference and information about the position of each of the sub-

blocks may be stored in a storage of the memory controller 10A or memory device 20A 

illustrated in FIG. 1A. The memory device may use sub-blocks by using the information 

stored in the storage and may perform a memory operation. 

[0080] FIGS. 11A and 11B are diagrams for explaining a case where a precharge operation is 

performed through the first precharge path. 

[0081] FIG. 11A shows a circuit diagram illustrating cell strings 210 to 230 and 310 to 330 

connected to a program bit line (for example, BL1) and an inhibit bit line (for example, BL2), 

respectively. Hereinafter, embodiments will be described assuming that the program bit line 

is a first bit line BL1, the selected word line is a fourth word line WL4, and the selected 

string select line is a third string select line SSL3. For ease of description, the third bit line 

BL3 illustrated in FIG. 5A or FIG. 5B, which is an inhibit bit line, is not illustrated in FIG. 

11A, 

[0082] Referring to FIG. 11A, during a program operation, 0 V may be applied to the 

program bit line BL1, and a voltage VBL having an arbitrary level may be applied to the 

inhibit bit line BL2. It is assumed that a program voltage VPGM is applied to the selected word 

line, for example, the fourth word line WL4 connected to the first sub-block SB1, and a pass 

voltage VPASS is applied to unselected word lines, for example, the first to third word lines 

WL1 to WL3, the fifth word line WL5, and the sixth word line WL6. Cell strings may be 

divided into a cell string group connected to the program bit line BL1 and a cell string group 

connected to the inhibit bit line BL2, wherein the cell string group connected to the program 

bit line BL1 is denoted by 200, and the cell string group connected to the inhibit bit line BL2 

is denoted by 300. When the fourth word line WL4 connected to the first sub-block SB1 is a 

selected word line, since all of the memory cells of the first sub-block SB1 are not 

programmed, the disturbance, which has been described in connection with FIG. 8B, does not 

occur. In other words, in some embodiments, because the cells included in the first sub-block 
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SB1 are adjacent to the string select line, the likelihood of the interference described in FIG. 

8B may be less than using a precharge path that originates using the ground select line. 

Therefore, the memory device may perform the precharge operation by using the first 

precharge path through a bit line. 

[0083] FIG. 11B is a timing diagram illustrating an exemplary bias method by cell strings 

connected to the bit lines BL1 to BL3 of FIG. 11A. Referring to FIG. 11B, a bias state before 

the program operation starts is shown in section A. It is assumed that the string select lines 

SSL1 to SSL3, the word lines WL1 to WL6, the ground select lines GSL1 to GSL3, the bit 

lines BL1 and BL2, and the common source line CSL are initialized to be 0 V in the section 

A. 

[0084] In section B, a voltage (VPRE or a precharge voltage) having an arbitrary level is 

applied to the program bit line BL1, and a voltage VBL having an arbitrary level is applied to 

the inhibit bit lines BL2 and BL3, 0 V may be applied to the ground select lines GSL1 to 

GSL3, and a voltage VCSL having a certain level may be applied to the common source line 

CSL. Since a voltage VSSL having an arbitrary level is applied to the string select lines SSL1 

to SSL3, string select transistors are individually turned on so that the bit lines BL1 to BL3 

may be connected to the cell strings 210 to 230 and 310 to 330, and accordingly, the channel 

of each of the cell strings 210 to 230 and 310 to 330 may be precharged by using the voltage 

VPRE via a corresponding bit line selected from the bit lines BL1 to BL3. Accordingly, the 

channels of the cell strings 210 to 230 and 310 to 330 may be precharged to a predetermined 

voltage VA level. In section B, supply of the voltage to the word lines WL1 to WL6 has not 

yet been started. 

[0085] In section C, 0 V is applied to the program bit line BL1 (PGM_BL) and the unselected 

string select lines SSL1 and SSL2, and the voltages VBL and VSSL may be applied to the 

inhibit bit lines BL2 and BL3 (INH_BL) and the selected string select line SSL3. A pass 

voltage VPASS may be applied to the word lines WL1 to WL6. In this regard, the channels of 

the cell strings 210, 220, and 310 to 330 which are disconnected from the bit lines BL1 to 

BL3 and the common source line CSL and thus in a floating state, may be boosted by a 

coupling effect. 

[0086] In sections D and E, the program voltage VPGM may be applied only to the selected 

word line, that is, the fourth word line WL4. Therefore, the channel potential of each of the 

cell strings 210, 220, and 310 to 330 may be raised to a boosting voltage VBOOST. In sections 

C, D, and E, the voltage VCSL applied in the section B may be directly applied to the common 
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source line CSL. 

[0087] The voltage VPRE applied to the bit lines BL1 to BL3 in the section B shown in FIG. 

11B may have a level that is enough to precharge the channels of the cell strings to a 

predetermined voltage VA level. In one embodiment, the level of the precharge voltage VPRE 

may be the same as or different from the level of a predetermined power supply voltage. In 

addition, the levels of bias voltages in the sections illustrated in FIG. 11B are examples only, 

and such bias voltages may be applied at various levels in each section to implement the 

teachings of the inventive concept. 

[0088] FIGS. 12A and 12B are diagrams for explaining a case where a precharge operation is 

performed through a second precharge path. 

[0089] Unlike FIG. 11A, embodiments will be described in connection with FIG. 12A, 

assuming that a word line selected as a program target is a first word line WL1. Referring to 

FIG. 12A, during a program operation, 0 V may be applied to the program bit line BL1, and a 

voltage VBL having an arbitrary level may be applied to the inhibit bit line BL2. It is assumed 

that a program voltage VPGM is applied to the selected word line, for example, the first word 

line WL1 connected to the second sub-block SB2, and a pass voltage VPASS is applied to 

unselected word lines, for example, the second to sixth word lines WL2 to WL6. When the 

first word line WL1 connected to the second sub-block SB2 is a selected word line, all of the 

memory cells of the first sub-block SB1 may be in a programmed state as illustrated in FIG. 

8A. Thus, the disturbance described in connection with FIG. 8B may occur, if unaddressed. 

Accordingly, the memory device may perform the precharge operation via the second 

precharge path, which is a path through the common source line rather than via the bit line. 

[0090] FIG. 12B is a timing diagram illustrating an exemplary bias method by cell strings 

connected to the bit lines BL1 to BL3 of FIG. 12A. Referring to FIG. 12B, a bias state before 

the program operation starts is shown in section A. It is assumed that the string select lines 

SSL1 to SSL3, the word lines WL1 to WL6, the ground select lines GSL1 to GSL3, the bit 

lines BL1 and BL2, and the common source line CSL are initialized to be 0 V in the section 

A. 

[0091] In section B, 0 V may be applied to the program bit line BL1 (PGM_BL) and the 

string select lines SSL1 to SSL3, a voltage VBL having an arbitrary level may be applied to 

the inhibit bit lines BL2 and BL3 (INH_BL), a voltage VGSL having an arbitrary level may be 

applied to the select lines GSL1 to GSL3, and a voltage VPRE' (or a precharge voltage) having 

an arbitrary level may be applied to the common source line CSL. Since a voltage VGSL is 
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applied to the ground select lines GSL1 to GSL3, string select transistors are individually 

turned on so that the common source line CSL may be connected to the cell strings 210 to 

230 and 310 to 330, and accordingly, the channel of each of the cell strings 210 to 230 and 

310 to 330 may be precharged by using the voltage VPRE' via the common source line CSL. 

Accordingly, the channels of the cell strings 210, 220, and 310 to 330 may be precharged to a 

predetermined voltage VA level. In section B, supply of the voltage to the word lines WL1 to 

WL6 has not yet been started. 

[0092] In section C, 0 V may be applied to the program bit line BL1 (PGM_BL) and the 

unselected string select lines SSL1 and SSL2, the voltage VBL having an arbitrary level may 

be applied to the inhibit bit lines BL2 and BL3 (INH_BL), and the voltage VSSL having an 

arbitrary level may be applied to the selected string select line SSL3. A pass voltage VPASS 

may be applied to the word lines WL1 to WL6. In this regard, the channels of the cell strings 

210, 220, and 310 to 330 which are disconnected from the bit lines BL1 to BL3 and the 

common source line CSL and thus in a floating state, may be boosted by a coupling effect. In 

sections C, D, and E, a voltage VCSL having a level that is different from (or lower than) the 

level of the voltage VPRE' that has been applied to the common source line CSL in the section 

B, may be applied to the common source line CSL. 

[0093] In sections D and E, the program voltage VPGM may be applied only to the selected 

word line, that is, the first word line WL1. Therefore, the channel potential of each of the cell 

strings 210, 220, and 310 to 330 may be raised to a boosting voltage VBOOST. 

[0094] The voltage VPRE' applied to the common source line CSL in the section B shown in 

FIG. 12B may have a level that is enough to precharge the channels of the cell strings to a 

predetermined voltage VA level. In one embodiment, the level of the precharge voltage VPRE' 

may be the same as or different from the level of a power supply voltage VCC. Furthermore, 

in the section B, the voltage applied to the selected string select line SSL3 is shifted from 0 V 

to the power supply voltage VCC. In addition, the levels of bias voltages in the sections 

illustrated in FIG. 12B are examples only, and such bias voltages may be applied at various 

levels in each section to implement the teachings of the inventive concept. 

[0095] FIGS. 13A and 13B show diagrams for describing an embodiment of a reference for 

defining the position of a sub-block for a precharge operation of a memory device according 

to the inventive concept. 

[0096] Referring to FIG. 13A, a memory block BLKm_a may include first to fourth sub-

blocks SB1 to SB4, and the first to fourth sub-blocks SB1 to SB4 may be divided into a first 
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block group BG1 adjacent to string select lines SSLs and a second block group BG2 adjacent 

to ground select lines GSLs. Sub-blocks adjacent to the string select lines SSLs are classified 

as the first block group BG1, and sub-blocks adjacent to the ground select lines GSLs are 

classified as the second block group BG2. In one embodiment, the number of sub-blocks 

included in the first block group BG1 may be identical to the number of sub-blocks included 

in the second block group BG2, and further, the number of memory cells included in the first 

block group BG1 may be identical to the number of memory cells included in the second 

block group BG2. The first block group BG1 may include first and second sub-blocks SB1 

and SB2, and the second block group BG2 may include third and fourth sub-blocks SB3 and 

SB4. Accordingly, when a memory device performs a precharge operation, the memory 

device determines which block group a sub-block connected to the selected word line to be 

subjected to the memory operation belongs to, and based on the result, the memory device 

selects a precharge path, and by using the selected precharge path, the memory device may 

perform the precharge operation. For example, when a sub-block connected to a selected 

word line to be subjected to a memory operation is included in the first block group BG1, the 

memory device may perform a precharge operation by using a first precharge path, that is, a 

path through a bit line; and when a sub-block connected to a selected word line to be 

subjected to a memory operation is included in the second block group BG2, the memory 

device may perform a precharge operation by using a second precharge path, that is, a path 

through a common source line. 

[0097] In one embodiment, the memory controller may store, in a storage, information about 

which block group BG1 or BG2 each of the sub-blocks SB1 to SB4 belongs to, and based on 

the information, the memory controller may control the precharge operation performed by the 

memory device. 

[0098] Referring to FIG. 13B, a memory block BLKm_b may include first to third sub-

blocks SB1 to SB3, and the first to third sub-blocks SB1 to SB3 may be divided into a first 

block group BG1 adjacent to string select lines SSLs and a second block group BG2 adjacent 

to the ground select lines GSLs. In one embodiment, the number of sub-blocks included in 

the first block group BG1 may be different from the number of sub-blocks included in the 

second block group BG2, and further, the number of memory cells included in the first block 

group BG1 may be different from the number of memory cells included in the second block 

group BG2. The first block group BG1 may include first and second sub-blocks SB1 and SB2, 

and the second block group BG2 may include the third sub-block SB3. The precharge 
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operation of the memory device has already been described in detail with reference to FIG. 

13A. Accordingly, the related description will be skipped herein. 

[0099] FIGS. 14A to 14C show diagrams for describing an embodiment of a reference for 

defining the position of a sub-block for a precharge operation of a memory device according 

to the inventive concept. 

[00100] Referring to FIG. 14A, a memory block BLKm_b may include first to third sub-

blocks SB1 to SB3. A first sub-block SB1 may be connected to seventh to ninth word lines 

WL7 to WL9, a second sub-block SB2 may be connected to fourth to sixth word lines WL4 

to WL6, and a third sub-block SB3 may be connected to first to third word lines WL1 to 

WL3. When a precharge operation is performed, the fifth word line WL5 may be a reference 

word line REF_WL used to determine whether each of the sub-blocks SB1 to SB3 is adjacent 

to string select lines SSLs or adjacent to ground select lines GSLs. Hereinafter, it is assumed 

that the fifth word line WL5 is the reference word line REF_WL. In one embodiment, a sub-

block (for example, the third sub-block SB3) below the reference word line REF_WL may be 

classified as a sub-block adjacent to the ground select lines GSLs, and a sub-block above the 

reference word line REF_WL (for example, the first sub-block SB1) may be classified as a 

sub-block adjacent to the string select lines SSLs. In one embodiment, the second sub-block 

SB2 connected to the reference word line REF_WL may be preset to be classified as a sub-

block adjacent to the ground select lines GSLs or a sub-block adjacent to the string select 

lines SSLs. Referring to FIG. 14A, the second sub-block SB2 connected to the reference 

word line REF_WL is preset as being adjacent to the string select lines SSLs. Accordingly, 

when a selected word line corresponding to a selected memory cell which is to be subjected 

to a memory operation is connected to the first sub-block SB1 or the second sub-block SB2, 

the memory device may perform the precharge operation through the first precharge path. In 

one embodiment, when the selected word line is connected to the third sub-block SB3, the 

memory device may perform a precharge operation through the second precharge path. 

[00101] Unlike FIG. 14A, FIG. 14B illustrates an embodiment in which, when the second 

sub-block connected to the reference word line REF_WL, a memory device may perform a 

precharge operation using different precharge paths. In detail, referring to FIG. 14B, when a 

selected word line corresponding to a selected memory cell which is to be subjected to a 

memory operation is a sixth word line WL6 (connected to the second sub-block SB2), the 

memory device may perform the precharge operation through the first precharge path. When 

the selected word line is the fourth word line WL4 (connected to the second sub-block SB2), 
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the memory device may perform a precharge operation through the second precharge path. In 

one embodiment, when the selected word line is the fifth word line WL5 which is the 

reference word line REF_WL, the memory device may be preset to perform a precharge 

operation by using the first precharge path or the second precharge path. Accordingly, when 

the selected word line is any one of the sixth to ninth word lines WL6 to WL9, the memory 

device may perform the precharge operation through the first precharge path, and when the 

selected word line is any one of the first to fourth word lines WL1 to WL4, the memory 

device may perform the precharge operation through the second precharge path. When the 

selected word line is the fifth word line WL5, based on the preset information, the memory 

device may perform the precharge operation through the first precharge path or the second 

precharge path.  In some embodiments, the precharge operation may use a path that alternates 

between the first and second precharge paths. 

[00102] Referring to FIG. 14C, a memory block BLKm_c may include first to third sub-

blocks SB1 to SB3, and may further include dummy memory cells. The dummy memory 

cells may be connected to a dummy word line DWL, and the dummy word line DWL may be 

a reference word line REF_WL used to define the position of a sub-block during the 

precharge operation of the memory device. In one embodiment, a sub-block (for example, the 

third sub-block SB3) below the dummy word line DWL may be classified as a sub-block 

adjacent to the ground select lines GSLs, and a sub-block above the dummy word line DWL 

(for example, the first sub-block SB1 and the second sub-block SB2) may be classified as a 

sub-block adjacent to the string select lines SSLs. Data programmed into the dummy memory 

cells may be dummy data, and data bits programmed into the memory cells included in the 

sub-blocks SB1 to SB3 may be identical to or different from data bits programmed into the 

dummy memory cells. 

[00103] FIG. 15 shows a flowchart for explaining a programming method according to the 

position of a sub-block. 

[00104] Referring to FIG. 15, a memory device may receive a program command transmitted 

by a memory controller (S200). According to the position of a sub-block connected to the 

selected word lines corresponding to memory cells to be subjected to a program operation, 

the memory device may perform the program operation according to the order of selected 

word lines in any one direction of a direction running from a ground select line to a string 

select line (hereinafter referred to as a first direction) or a direction running from the string 

select line to the ground select line (hereinafter referred to as a second direction) (S210). 
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[00105] FIG. 16 shows a flowchart specifically illustrating operation S210 of FIG. 15. 

[00106] Referring to FIG. 16, it may be determined whether a sub-block, connected to a 

plurality of selected word lines corresponding to memory cells to be subjected to a memory 

operation, is adjacent to string select lines (or adjacent to ground select lines) (S212). When 

the sub-block connected to the selected word lines is adjacent to the string select lines (S212, 

YES), the memory device may perform the program operation according to the order of the 

selected word lines in the first direction (S214). When the sub-block connected to the 

selected word lines is not adjacent to the string select lines (S212, NO; or adjacent to the 

ground select lines), the memory device may perform the program operation in the order of 

the selected word lines in the second direction (S216). 

[00107] FIG. 17 shows a diagram illustrating a cell string for explaining a program operation 

according to an embodiment of the inventive concept. 

[00108] Referring to FIG. 17, a memory block may include a cell string CSTR'. The cell 

string CSTR' may include a string select transistor SST for controlling the connection 

between a bit line BL and the cell string CSTR', a ground select transistor GST for 

controlling the connection between a common source line CSL and the cell string CSTR', and 

a plurality of memory cells MC. The first sub-block SB1 may include memory cells 

connected to fourth to sixth word lines WL4 to WL6, and may be classified as a sub-block 

adjacent to the string select line SSL. The second sub-block SB2 may include memory cells 

connected to first to third word lines WL1 to WL3, and may be classified as a sub-block 

adjacent to the ground select line GSL. 

[00109] When a sub-block connected to the plurality of selected fourth to sixth word lines 

WL4 to WL6 corresponding to memory cells to be programmed is the first sub-block SB1, 

the memory device may perform a program operation according to the order of the selected 

fourth to sixth word lines WL4 to WL6 in a first direction 1ST DIRECTION which extends 

from the ground select line GSL toward the string select line SSL. For example, the memory 

device may perform a program operation in the stated program sequence of the fourth word 

line WL4, the fifth word line WL5, and the sixth word line WL6. In one embodiment, when a 

sub-block, connected to the plurality of selected first to third word lines WL1 to WL3 

corresponding to memory cells to be subjected to the program operation, is the second sub-

block SB2, the memory device may perform a program operation according to the order of 

the selected first to third word lines WL1 to WL3 in a second direction (2ND DIRECTION) 

which extends from the string select line SSL toward the ground select line GSL. For 
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example, the memory device may perform a program operation in the stated program 

sequence of the third word line WL3, the second word line WL2, and the first word line WL1. 

[00110] In one embodiment, the memory device may perform the program operation roughly 

according to the order of the selected fourth to sixth word lines WL4 to WL6 in the first 

direction 1ST DIRECTION, and then the memory device may perform the program operation 

finely according to the order of the selected fourth to sixth word lines WL4 to WL6 in the 

first direction 1ST DIRECTION. When the memory cell is a multi-level cell, a lower bit may 

be programmed according to the order of the selected fourth to sixth word lines WL4 to WL6 

in the first direction 1ST DIRECTION, a upper bit can be programmed according to the order 

of the selected fourth to sixth word lines WL4 to WL6 in the first direction 1ST DIRECTION. 

This is an exemplary embodiment, and not limited thereto, the two program methods 

described above may be combined. The above-described programming method can also be 

applied to the second sub-block SB2 that may be programmed in the second direction (2ND 

DIRECTION). 

[00111] In one embodiment, the memory device may perform the program operation in the 

first direction or the second direction, according to the precharge operation that has been 

performed. For example, when the precharge operation is performed through the first 

precharge path, the memory device may perform the program operation according to the 

order of the selected fourth to sixth word lines WL4 to WL6 in the first direction 1ST 

DIRECTION. When the precharge operation is performed through the second precharge path, 

the memory device may perform the program operation according to the order of the selected 

first to third word lines WL1 to WL3 in the second direction 2ND DIRECTION. 

[00112] In one or more embodiments, the memory device may perform the program 

operation by using various methods (for example, a high speed program method, a shadow 

program method, a Reprogram method, a Sun-Who program method, a Sun-E-Who program 

method, etc). The memory device may perform the program operation by changing the 

program sequence according to the position of a sub-block connected to the selected word 

line to be subjected to a program operation by using the selected program method. 

[00113] FIGS. 18A to 18C show views for explaining various program operation-related 

embodiments to which the embodiment of FIG. 17 is applied. 

[00114] Referring to FIG. 18A, a memory block BLK_a may include a plurality of memory 

cells MC connected to first to third string select lines SSL1 to SSL3 and first to sixth word 

lines WL1 to WL6. A first sub-block SB1 may include memory cells connected to the fourth 
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to sixth word lines WL4 to WL6, and a second sub-block SB2 may include memory cells 

connected to the first to third word lines WL1 to WL3. 

[00115] When the memory device performs a program operation on memory cells connected 

to the fourth to sixth word lines WL4 to WL6, the program operation may be sequentially 

performed according to the order of word lines in a first direction 1ST DIRECTION. In one 

embodiment, the memory device may perform a program sequence on the first sub-block SB1 

according to an address scramble (1-> 2-> 3... -> 9). The memory device may perform the 

program operation on memory cells connected to the fourth word line WL4, memory cells 

connected to the fifth word line WL5, and memory cells connected to the sixth word line 

WL6 in this stated order. Regarding memory cells connected to an identical word line, the 

memory device may sequentially perform a program operation on the memory cells in a 

predetermined order. In one embodiment, regarding memory cells connected to an identical 

word line, the program operation may be performed on a memory cell connected to the first 

string select line SSL1, a memory cell connected to the second string select line SSL2, and a 

memory cell connected to a third string select line SSL3 in this stated order. 

[00116] When the memory device performs a program operation on memory cells connected 

to the first to third word lines WL1 to WL3, the program operation may be sequentially 

performed according to the order of word lines in a second direction 2ND DIRECTION. The 

memory device may perform a program sequence on the second sub-block SB2 according to 

an address scramble (1-> 2-> 3... -> 9). The memory device may perform the program 

operation on memory cells connected to the third word line WL3, memory cells connected to 

the second word line WL2, and memory cells connected to the first word line WL1 in this 

stated order. Regarding memory cells connected to an identical word line, the memory device 

may sequentially perform a program operation on the memory cells in a predetermined order. 

In one embodiment, regarding memory cells connected to an identical word line, the program 

operation may be performed on a memory cell connected to the first string select line SSL1, a 

memory cell connected to the second string select line SSL2, and a memory cell connected to 

a third string select line SSL3 in this stated order. 

[00117] Referring to FIG. 18B, a memory block BLK_b may include a plurality of memory 

cells MC connected to first to fourth string select lines SSL1 to SSL4 and first to sixth word 

lines WL1 to WL6. The memory block BLK_b illustrated in FIG. 18B may correspond to the 

configuration of the memory block BLKn' illustrated in FIG. 5B. 

[00118] The 1-1 sub-block SB1-1 may be connected to the fourth to sixth word lines WL4 to 
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WL6, and may include memory cells connected to the first string select line SSL1 and the 

second string select line SSL2, and the 1-2 sub-blocks SB1-2 may be connected to the fourth 

to sixth word lines WL4 to WL6 and may include memory cells connected to the third string 

select line SSL3 and the fourth string select line SSL4. The 2-1 sub-block SB2-1 may be 

connected to the first to third word lines WL1 to WL3, and may include memory cells 

connected to the first string select line SSL1 and the second string select line SSL2, and the 

2-2 sub-blocks SB2-2 may be connected to the first to third word lines WL1 to WL3 and may 

include memory cells connected to the third string select line SSL3 and the fourth string 

select line SSL4. 

[00119] In one embodiment, the memory device may perform a program sequence on each of 

the 1-1 sub-block SB1-1, the 1-2 sub-block SB1-2, the 2-1 sub-block SB2-1, and the 2-2 sub-

block SB2-2 according to an address scramble (1-> 2-> 3... -> 6). When performing a 

program operation on memory cells included in the 1-1 sub-block SB1-1 and the 1-2 sub-

block SB1-2 each adjacent to string select lines, the memory device may perform a program 

operation according to the order of word lines in the first direction 1ST DIRECTION. In one 

embodiment, when performing a program operation on memory cells included in the 2-1 sub-

block SB2-1 and the 2-2 sub-block SB2-2 each adjacent to ground select lines, the memory 

device may perform a program operation according to the order of word lines in the second 

direction 2ND DIRECTION. 

[00120] Regarding memory cells connected to an identical word line from among memory 

cells included in the 1-1 sub-block SB1-1, the 1-2 sub-block SB1-2, the 2-1 sub-block SB2-1, 

and the 2-2 sub-block SB2-2, the memory device may sequentially perform a program 

operation in a predetermined order. In one embodiment, regarding the memory cells 

connected to the fourth word line WL4, the memory device may sequentially perform a 

program operation on memory cells connected to the first string select line SSL1 and memory 

cells connected to the second string select line SSL2 in this stated order. 

[00121] Referring to FIG. 18C, a memory block BLK_c may include a configuration 

corresponding to the memory block BLK_c illustrated in FIG. 18C. In one embodiment, the 

memory device may perform a program sequence on the first sub-block SB1 according to the 

address scramble (1-> 2-> 3...-> 6) by using a shadow programming scheme for memory 

cells connected to the fourth to sixth word lines WL4 to WL6. In this regard, the memory 

device may perform the program operation on the first sub-block SB1 according to the order 

of the word lines in the first direction 1ST DIRECTION. 
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[00122] In one embodiment, the memory device may perform a program sequence on the 

second sub-block SB2 according to the address scramble (1-> 2-> 3...-> 6) by using a shadow 

programming scheme for memory cells connected to the first to third word lines WL1 to 

WL3. In this regard, the memory device may perform the program operation on the second 

sub-block SB2 according to the order of the word lines in the second direction 2ND 

DIRECTION. 

[00123] However, the embodiments described in connection with FIGS. 18A to 18C are 

examples only, and the inventive concept is not limited thereto. For example, there are 

various other embodiments in which a program operation is performed in a program sequence 

that varies according to the position of a sub-block in consideration of the configuration of a 

memory block. 

[00124] FIGS. 19A to 19C show diagrams for describing an embodiment of a reference for 

defining the position of a sub-block for a program operation of a memory device according to 

an embodiment of the inventive concept. 

[00125] Referring to FIG. 19A, the memory block BLKm_a may include the first to fourth 

sub-blocks SB1 to SB4, and the first to fourth sub-blocks SB1 to SB4 may be organized into 

the first block group BG1 adjacent to the string select lines SSLs and the second block group 

BG2 adjacent to the ground select lines GSLs. Sub-blocks adjacent to the string select lines 

SSLs are classified as the first block group BG1, and sub-blocks adjacent to the ground select 

lines GSLs are classified as the second block group BG2. In one embodiment, the number of 

sub-blocks included in the first block group BG1 may be identical to the number of sub-

blocks included in the second block group BG2, and further, the number of memory cells 

included in the first block group BG1 may be identical to the number of memory cells 

included in the second block group BG2. The first block group BG1 may include the first and 

second sub-blocks SB1 and SB2, and the second block group BG2 may include the third and 

fourth sub-blocks SB3 and SB4. Accordingly, when a memory device performs a program 

operation, the memory device determines which block group a sub-block connected to 

selected word lines to be subjected to the memory operation belongs to, and based on the 

result, the memory device selects a program sequence, and by using the selected program 

sequence, the memory device may perform the program operation. For example, when a sub-

block connected to a selected word line to be subjected to a memory operation is included in 

the first block group BG1, the memory device may perform a program operation by using a 

first direction as the program sequence; and when a sub-block connected to a selected word 
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line to be subjected to a memory operation is included in the second block group BG2, the 

memory device may perform a program operation by using a second direction as the program 

sequence. 

[00126] In one embodiment, the memory controller may store, in a storage, information 

about which block group BG1 or BG2 each of the sub-blocks SB1 to SB4 belongs to, and 

based on the information, the memory controller may control the program operation of the 

memory device. 

[00127] Referring to FIG. 19B, the memory block BLKm_b may include the first to third 

sub-blocks SB1 to SB3, and the first to third sub-blocks SB1 to SB3 may be divided into the 

first block group BG1 adjacent to the string select lines SSLs and the second block group 

BG2 adjacent to the ground select lines GSLs. In one embodiment, the number of sub-blocks 

included in the first block group BG1 may be different from the number of sub-blocks 

included in the second block group BG2, and further, the number of memory cells included in 

the first block group BG1 may be different from the number of memory cells included in the 

second block group BG2. The first block group BG1 may include first and second sub-blocks 

SB1 and SB2, and the second block group BG2 may include the third sub-block SB3. The 

program operation of the memory device has already been described in detail with reference 

to FIG. 19A. Accordingly, the related description will be skipped herein. 

[00128] FIGS. 19A and FIG. 19B illustrate embodiments in which a block group of sub-

blocks classified to perform a precharge operation in different precharge paths is identical to 

a block group of sub-blocks classified to perform a program operation in different program 

sequences. However, FIG. 19C illustrates an embodiment in which block groups BG_A1 and 

BG_A2 of sub-blocks SB1 to SB4 classified to perform a precharge operation in different 

precharge paths are different from block groups BG_B1 and BG_B2 of sub-blocks SB1 to 

SB4 classified to perform a program operation in different program sequences. Referring to 

FIG. 19C, the memory block BLKm_a may include the first to fourth sub-blocks SB1 to SB4. 

In one embodiment, to perform a precharge operation in different precharge paths, sub-blocks 

adjacent to the string select lines SSLs may be defined as the first block group BG_A1, and 

sub-blocks adjacent to the ground select lines GSLs may be defined as the second block 

group BG_A2, wherein the first block group BG_A1 may include first to third sub-blocks 

SB1 to SB3, and the second block group BG_A2 may include the fourth sub-block SB4. 

[00129] In one embodiment, to perform a program operation in different program sequences, 

sub-blocks adjacent to the string select lines SSLs may be defined as the first block group 
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BG_B1, and sub-blocks adjacent to the ground select lines GSLs may be defined as the 

second block group BG_B2, wherein the first block group BG_B1 may include the first sub-

block SB1 and the second sub-blocks SB2, and the second block group BG_B2 may include 

the third sub-block SB3 and the fourth sub-block SB4. 

[00130] As described above, the reference (for example, a block group) defining the position 

of a sub-block may be set differently depending on the type of a memory operation.  

[00131] FIGS. 20A to 20E show diagrams for describing an embodiment of a reference for 

defining the position of a sub-block for a program operation of a memory device according to 

another embodiment of the inventive concept. 

[00132] Referring to FIG. 20A, the memory block BLKm_b may include the first to third 

sub-blocks SB1 to SB3. The first sub-block SB1 may be connected to the seventh to ninth 

word lines WL7 to WL9, the second sub-block SB2 may be connected to the fourth to sixth 

word lines WL4 to WL6, and the third sub-block SB3 may be connected to the first to third 

word lines WL1 to WL3. When a program operation is performed, the fifth word line WL5 

may be a reference word line REF_WL used to determine whether each of the sub-blocks 

SB1 to SB3 is adjacent to string select lines SSLs or adjacent to ground select lines GSLs. 

Hereinafter, it is assumed that the fifth word line WL5 is the reference word line REF_WL. 

In one embodiment, a sub-block (for example, the third sub-block SB3) below the reference 

word line REF_WL may be classified as a sub-block adjacent to the ground select lines GSLs, 

and a sub-block above the reference word line REF_WL (for example, the first sub-block 

SB1) may be classified as a sub-block adjacent to the string select lines SSLs. In one 

embodiment, the second sub-block SB2 connected to the reference word line REF_WL may 

be preset to be classified as a sub-block adjacent to the ground select lines GSLs or a sub-

block adjacent to the string select lines SSLs. Referring to FIG. 20A, the second sub-block 

SB2 connected to the reference word line REF_WL is preset as being adjacent to the string 

select lines SSLs. Accordingly, when a plurality of selected word lines corresponding to the 

selected memory cells to be subjected to a program operation are connected to the first sub-

block SB1 or the second sub-block SB2, the memory device may perform a program 

operation according to the order of the selected word lines in the first direction 1ST 

DIRECTION. In one embodiment, when the selected word lines are connected to the third 

sub-block SB3, the memory device may perform a program operation according to the order 

of the selected word lines in the second direction 2ND DIRECTION. 

[00133] Unlike FIG. 20A, FIG. 20B illustrates an embodiment in which, even in the second 
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sub-block connected to the reference word line REF_WL, a memory device may perform a 

program operation by using different program sequences. In detail, referring to FIG. 20B, 

when selected word lines corresponding to selected memory cells which are to be subjected 

to a memory operation are the sixth word line WL6 (connected to the second sub-block SB2) 

to the ninth word line WL9, the memory device may perform the program operation 

according to the order of selected word lines in the first direction 1ST DIRECTION. When the 

selected word lines are the first word line WL1 to the fourth word line WL4 (connected to the 

second sub-block SB2), the memory device may perform a program operation according to 

the order of the selected word lines in the second direction 2ND DIRECTION. 

[00134] Referring to FIG. 20C, the memory block BLKm_c may include the first to third 

sub-blocks SB1 to SB3, and may further include dummy memory cells. The dummy memory 

cells may be connected to a dummy word line DWL, and the dummy word line DWL may be 

a reference word line REF_WL used to define the position of a sub-block during the program 

operation of the memory device. In one embodiment, a sub-block (for example, the third sub-

block SB3) below the dummy word line DWL may be classified as a sub-block adjacent to 

the ground select lines GSLs, and a sub-block above the dummy word line DWL (for 

example, the first sub-block SB1 and the second sub-block SB2) may be classified as a sub-

block adjacent to the string select lines SSLs. 

[00135] FIG. 20D illustrates an embodiment in which a first reference word line REF_WLA 

used as a reference to define the positions of the sub-blocks SB1 to SB3 to perform a 

precharge operation in different precharge paths are different from a second reference word 

line REF_WLB used as a reference to define the positions of the sub-blocks SB1 to SB3 to 

perform a program operation in different program sequences. Referring to FIG. 20D, the 

memory block BLKm_b may include the first to third sub-blocks SB1 to SB3. For example, 

the first reference word line REF_WLA may be the seventh word line WL7 connected to the 

first sub-block SB1, and the second reference word line REF_WLB may be the fifth word 

line WL5 connected to the second sub-block SB2. 

[00136] Accordingly, when performing the precharge operation on the memory cells of the 

selected word line connected to the first sub-block SB1, the memory device may use the first 

precharge path, and when performing the precharge operation on the memory cells of the 

selected word line connected to the second sub-block SB2 or the third sub-block SB3, the 

memory device may use the second precharge path. In one embodiment, when performing a 

program operation on memory cells of a plurality of selected word lines connected to the first 
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sub-block SB1 or the second sub-block SB2, the memory device may perform a program 

operation according to the order of the selected word lines in the first direction 1ST 

DIRECTION. and when performing the program operation on memory cells of a plurality of 

selected word lines connected to the third sub-block SB3, the memory device may perform a 

program operation according to the order of the selected word lines in the second direction 

2ND DIRECTION. 

[00137] FIG. 20E illustrates an embodiment in which a first dummy word line DWLA 

(REF_WLA) used as a reference to define the positions of the sub-blocks SB1 to SB3 to 

perform a precharge operation in different precharge paths are different from a second 

dummy word line DWLB (REF_WLB) used as a reference to define the positions of the sub-

blocks SB1 to SB3 to perform a program operation in different program sequences. Referring 

to FIG. 20E, the memory block BLKm_d may include the first to third sub-blocks SB1 to 

SB3, and may include dummy memory cells. Some dummy memory cells may be connected 

to the first dummy word lines DWLA (REF_WLA) and the remaining dummy memory cells 

may be connected to the second dummy word lines DWLB (REF_WLB). 

[00138] In one embodiment, during a precharge operation, sub-blocks (for example, the 

second sub-block SB2 and the third sub-block SB3) below the first dummy word line DWLA 

(REF_WLA) may be classified as a sub-block adjacent to ground select lines GSLs, and a 

sub-block (for example, the first sub-block SB1) above the first dummy word line DWLA 

(REF_WLA) may be classified as a sub-block adjacent to the string select lines SSLs. During 

a program operation, a sub-block (for example, the third sub-block SB3) below the second 

dummy word lines DWLB (REF_WLB) may be classified as a sub-block adjacent to the 

ground select lines GSLs, and a sub-block (for example, the first sub-block SB1 and the 

second sub-block SB2) above the second dummy word line DWLB, (REF_WLB) may be 

classified as a sub-block adjacent to the string select lines SSLs. 

[00139] FIG. 21 shows a flowchart for explaining a precharge operation and a program 

operation according to an embodiment of the inventive concept. 

[00140] Referring to FIG. 21 a memory device may receive a program command transmitted 

by a memory controller (S300). The memory device may determine the position of a sub-

block connected to a selected word line that is to be subjected to a program operation by 

referring to a first reference, and based on the result, the memory device may select a 

precharge path (S310). The memory device may perform a precharge operation on cell strings 

included in a memory block through the selected precharge path (S320). The memory device 



31 

may determine the position of a sub-block connected to a selected word line by referring to a 

second reference, and based on the result, the memory device may select a reference direction 

for the program sequence (S330). The memory device may perform a program operation 

according to the order of the selected word lines in the reference direction selected for the 

program sequence (S340). 

[00141] FIG. 22 shows a schematic block diagram of a memory controller 400 according to 

an embodiment of the inventive concept. 

[00142] Referring to FIG. 22, the memory controller 400 may include a control module 410 

and a storage 420. The storage 420 may be a predetermined memory area included in the 

memory controller 400 or may be a storage device separate from the memory controller 400. 

The storage 420 may store various information used when the control module 410 controls a 

memory operation performed by a memory device. In one embodiment, the storage 420 may 

include sub-block position information PI used for the control module 410 to identify the 

location of each sub-block included in the memory block during a precharge operation or a 

program operation. 

[00143] The sub-block position information PI may include block group information BG 

INFO BI about a first block group including sub-blocks adjacent to string select lines and a 

second block group including sub-blocks adjacent to ground select lines. For example, the 

block group information BG INFO may be information about sub-blocks included in each 

block group, or information about block groups that are optionally used by the control 

module 410 when the control module 410 controls the precharge operation and the program 

operation as described in FIG. 19C. 

[00144] The sub-block position information PI may include information REF_WL INFO RI 

about a reference word line to be used as a reference for determining whether each sub-block 

is adjacent to string select lines or adjacent to ground select lines. For example, the 

information REF_WL INFO RI about the reference word line may include address 

information about the reference word line, and may further include address information for a 

dummy word line. In one or more embodiments, as described in FIGS. 20D and 20E, the 

information about a reference word line may be included the information being optionally 

used by the control module 410 when the control module 410 controls the precharge 

operation and the program operation. 

[00145] The sub-block position information PI may include other preset information OI. The 

other preset information OI, as described in FIGS. 14A, 14B, 20A, and 20B, may include at 
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least one piece of information of first preset information about whether a sub-block 

connected to the reference word line is adjacent string select lines or ground select lines, and 

a second preset information about how a precharge operation or a program operation is 

performed when the reference word line is a selected word line during a memory operation. 

[00146] The sub-block position information PI may be preset by receiving an external signal 

transmitted from outside the memory system (for example, a host). The sub-block position 

information PI may include information about the position of a sub-block that is set to be 

classified differently according to an environment when the memory device performs a 

memory operation (for example, a low or high temperature operating-environment, a P/E 

cycle for memory blocks included in a memory device, or a change according to a process 

etc). The control module 410 may control the memory operation of the memory device by 

using information matched with the environment in which a memory operation is performed 

among the sub-block position information PI. 

[00147] FIG. 23 shows a block diagram schematically illustrating a computing system 1000 

including a memory system 1100 according to embodiments of the inventive concept. 

[00148] Referring to FIG. 23, the computing system 1000 may include the memory system 

1100, a processor 1200, a RAM 1300, an input-output device 1400, and a power supply 1500. 

Although not illustrated in FIG. 23, the computing system 1000 may further include ports for 

communicating with video cards, sound cards, memory cards, USB devices, or other 

electronic devices. The computing system 1000 may be implemented as a personal computer 

or a portable electronic device such as a notebook computer, a mobile phone, a personal 

digital assistant (PDA), a camera, and the like. The processor 1200 may perform certain 

calculations or tasks. 

[00149] According to one embodiment, the processor 1200 may be a micro-processor or a 

central processing unit (CPU). The processor 1200 may communicate with the RAM 1300, 

the input-output device 1400, and the memory system 1100 via a bus 1600, such as an 

address bus, a control bus, and a data bus. In this regard, the memory system 1100 may be 

embodied by using embodiments described in connection with FIG. 22. That is, the memory 

system 1100 may perform a memory operation in such a way that a memory operation mode 

is changed according to the position of a sub-block connected to at least one selected word 

line that are to be subjected to the memory operation carried out by a memory controller 1120. 

According to one embodiment, the processor 1200 may also be connected to an expansion 

bus, such as a peripheral component interconnect (PCI) bus. The RAM 1300 may store data 
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for the operation of the computing system 1000. For example, the RAM 1300 may be 

implemented as a DRAM, a mobile DRAM, an SRAM, a PRAM, an FRAM, an RRAM, 

and/or an MRAM. The input-output device 1400 may include: an input unit, such as a 

keyboard, a keypad, a mouse, etc.; and an output unit, such as a printer, a display, and the like. 

The power supply 1500 may supply the operating voltage required for operation of 

computing system 1000. 

[00150] While the inventive concept has been particularly shown and described with 

reference to embodiments 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: 

 

 1. A method of operating a memory device that comprises a memory block 

operatively connected to a common source line and a plurality of bit lines, wherein the 

memory block includes first and second sub-blocks each having a respective position in the 

memory block relative to the common source line and the plurality of bit lines, the method 

comprising: 

receiving a command and an address from outside the memory device, and 

performing a precharge operation on the memory block in response to the command, 

using a first precharge path through the memory block or a second precharge path through the 

memory block based on the respective position of the first or second sub-block that includes a 

word line that is configured to activate responsive to the address. 

 

 2. The method of claim 1, wherein the first and second sub-blocks are each  

configured to perform a respective partial erase operation. 

 

 3. The method of claim 1,  wherein the first precharge path is through the 

plurality of bit lines and the second precharge path is through the common source line, 

wherein the memory block further comprises: 

a plurality of string select transistors configured to control connection of the plurality 

of bit lines to a plurality of strings of memory cells in the memory block responsive to a 

plurality of string select lines; and  

a plurality of ground select transistors configured to control connection of the 

common source line to the plurality of strings of memory cells responsive to a plurality of 

ground select lines, wherein the first sub-block is adjacent to the plurality of string select 

lines and the second sub-block is adjacent to the plurality of ground select lines; 

performing the precharge operation via the first precharge path when the word line 

that is configured to activate responsive to the address is in the first sub-block.  

 

 4. The method of claim 3, wherein performing of the precharge operation 

includes: 

disabling the plurality of ground select transistors;  

enabling the plurality of string select transistors; and 
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applying a precharge voltage to the plurality of bit lines. 

 

 5. The method of claim 3, wherein performing of the precharge operation 

includes: 

performing the precharge operation via the second precharge path when the word line 

that is configured to activate responsive to the address is in the second sub-block.  

 

 6. The method of claim 5, wherein performing of the precharge operation 

further includes: 

disabling the plurality of string select transistors;  

enabling the plurality of ground select transistors; and  

applying a precharge voltage to the common source line. 

 

 7. The method of claim 1, wherein performing the precharge operation further 

comprises: 

identifying whether the first sub-block or the second sub-block that includes the word 

line configured to activate responsive to the address is included in a first block group that is 

adjacent to a plurality of string select transistors configured to control connection of the 

plurality of bit lines to the memory block or is included in a second block group that is 

adjacent to a plurality of ground select transistors configured to control connection of the 

common source line to the memory block to provide an identification result; and 

performing the precharge operation via the first precharge path or via the second 

precharge path based on the identification result. 

 

 8. The method of claim 7, wherein performing the precharge operation further 

comprises: 

performing the precharge operation via the first precharge path when the 

identification result indicates that the word line configured to activate responsive to the 

address is in the first block group; and 

performing the precharge operation via the second precharge path when the 

identification result indicates that the word line configured to activate responsive to the 

address is in the second block group. 
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 9. The method of claim 1, wherein performing the precharge operation further 

comprises: 

defining a reference word line included in the memory block to provide a reference 

sub-block to indicate which sub-blocks included in the memory block are adjacent to a 

plurality of string select transistors; 

determining whether the word line configured to activate responsive to the address is 

included in a sub-block that is adjacent to the plurality of string select transistors that are 

configured to connect the plurality of bit lines to the memory block or is adjacent to a 

plurality of ground select transistors that are configured to connect a plurality of ground 

select lines to the memory block to provide an identification result; and 

performing the precharge operation via the first precharge path or via the second 

precharge path based on the identification result. 

 

 10. The method of claim 9, wherein the memory block further comprises: 

 a plurality of dummy memory cells connected to the reference word line. 

 

 11. A method of operating a memory device including a memory block having at 

least two sub-blocks, the memory block connected to a plurality of ground select lines 

configured to control coupling to a common source line and connected to a plurality of string 

select lines configured to control coupling to a plurality of bit lines, the method comprising: 

receiving a program command from outside the memory device;  

determining if a plurality of selected word lines configured to activate memory cells 

responsive to the program command are included a first sub-block or are included in a second 

sub-block to provide a selected program sub-block;  

performing a program operation using a first sequence of a plurality of first selected 

word lines extending in a first direction from the plurality of ground select lines toward the 

plurality of string select lines responsive to determining that the plurality of selected word 

lines are included in the first sub-block; and  

performing the program operation using a second sequence of a plurality of second 

selected word lines extending in a second direction from the plurality of string select lines 

toward the plurality of ground select lines responsive to determining that the plurality of 

selected word lines are included in the second sub-block. 
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 12. The method of claim 11, wherein the selected program sub-block is adjacent 

to the plurality of string select lines, wherein performing the program operation comprises 

performing the program operation using the first sequence of the plurality of first selected 

word lines in the first direction. 

 

 13. The method of claim 11, wherein the selected program sub-block is adjacent 

to the plurality of ground select lines, wherein performing the program operation comprises 

performing the program operation using the second sequence of the plurality of second 

selected word lines in the second direction. 

 

 14. The method of claim 11, further comprising: 

 performing a precharge operation associated with the program operation using a first 

precharge path or a second precharge path determined based on a position of a selected 

precharge sub-block connected to the plurality of selected word lines, wherein the first 

precharge path is through the plurality of bit lines and the second precharge path is through 

the common source line. 

 

 15. The method of claim 14, further comprising: 

performing the precharge operation via the first precharge path when the selected 

precharge sub-block connected to the plurality of selected word lines is adjacent to the 

plurality of string select lines; and 

 performing the precharge operation via the second precharge path when the selected 

precharge sub-block connected to the plurality of selected word lines is adjacent to the 

plurality of ground select lines. 

 

 16. The method of claim 11, wherein a number of data bits programmed in a 

memory cell included in the first sub-block is identical to or different from a number of data 

bits in a memory cell included in the second sub-block.  

 

 17. A memory system including:  

 a memory device including a memory block having at least two sub-blocks, each of 

the at least two sub-blocks including a plurality of memory cells, and the at least two sub-

blocks connected to a plurality of ground select lines configured to control connection to a 
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common source line and the at least two sub-blocks connected to a plurality of string select 

lines configured to control connection to a plurality of bit lines; and   

a memory controller configured to control a first precharge operation through the 

plurality of bit lines and to control a second precharge operation through the common source 

line according to a position of a sub-block connected to at least one select word line subject 

to a program operation or a read operation performed on the memory block. 

 

 18. The memory system of claim 17, wherein the memory controller is 

configured to control a partial erase operation on the memory block at a sub-block level. 

 

 19. The memory system of claim 17, wherein 

the memory controller is configured to control the program operation on a plurality 

of selected word lines in an order of selected word lines in a first direction extending from the 

plurality of ground select lines toward the plurality of string select lines and in a second 

direction extending from the plurality of string select lines toward the plurality of ground 

select lines. 

 

 20. The memory system of claim 19, wherein when the first precharge operation 

is performed the memory controller is configured to carry out the program operation on 

selected word lines in an order in the first direction, and 

when the second precharge operation is performed the memory controller is 

configure to carry out the program operation selected word lines in an order the second 

direction. 

 

  


