NONVOLATILE MEMORY DEVICE AND METHOD OF DETECTING DEFECTIVE
MEMORY CELL BLOCK OF NONVOLATILE MEMORY DEVICE

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This patent application is based on and claims priority to Korean Patent Application
No. 10-2020-0101411, filed on 12 August 2020, in the Korean Intellectual Property Office, the

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

TECHNICAL FIELD

[0002] The inventive concept relates to a memory device, and more particularly, to a
nonvolatile memory device and a method of detecting a defective memory cell block in the
nonvolatile memory device.
BACKGROUND

[0003] A memory device for storing data is classified into volatile memory devices and
nonvolatile memory devices. A flash memory device, which is an example of a nonvolatile
memory device, may be used in mobile phones, digital cameras, personal digital assistants (PDAs),
portable computer devices, stationary computer devices, and other devices.

[0004] When a nonvolatile memory performs an erase operation by applying an erase
command voltage through a substrate, whether leakage has occurred in a word line may be
determined by determining a voltage level of a word line where a leakage current has occurred and
a voltage level of a normal word line after performing the erase operation. However, when a
nonvolatile memory performs a gate induced drain leakage (GIDL) erase operation, a difference
in voltage levels of a leakage word line and a normal word line is not large, making it difficult to

detect a memory cell block including the leakage word line.



SUMMARY

[0005] The inventive concept provides a nonvolatile memory device in which a defective
memory cell block is detected after a gate induced drain leakage (GIDL) erase operation and an
operating method of the nonvolatile memory device.

[0006] According to an aspect of the disclosure, there is provided a method of detecting a
defective memory cell block in a nonvolatile memory system, the method comprising: performing,
after an erase operation, a read operation on one or more memory cells included in a target memory
cell block based on an off-cell detection voltage that is different from a read reference voltage;
counting a number of hard off-cells having a higher threshold voltage than the off-cell detection
voltage among the one or more memory cells based on a result of performing the read operation;
and identifying whether the target memory cell block is a defective memory cell block based on
the number of hard off-cells.

[0007] According to another aspect of the disclosure, there is provided a nonvolatile
memory system comprising: a memory device including a plurality of memory cell blocks; and a
memory controller comprising: a command generator configured to output an off-cell detection
command signal to direct the memory device to perform a hard off-cell detection operation after
the memory device performs an erase operation; and a defective memory cell block identifier
configured to output a signal indicating whether a target memory cell block is a defective memory
cell block based on a number of hard oft-cells among one or more memory cells included in the
target memory cell block according to the off-cell detection command signal, wherein the memory
device is configured to perform, based on the off-cell detection command signal, a read operation
on the one or more memory cells based on an off-cell detection voltage that is different from a
read reference voltage.

[0008] According to another aspect of the disclosure, there is provided a nonvolatile
memory controller comprising: a memory storing one or more instruction; and a processor

configured to execute the one or more instructions to implement: a command generator configured
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to output an off-cell detection command signal to direct the memory device to perform a hard oft-
cell detection operation after the memory device performs an erase operation; and a defective
memory cell block identifier configured to output a signal indicating whether a memory cell block
including a target cell string is a defective memory cell block based on a number of hard oft-cells
among one or more memory cells included in a target memory cell block according to the off-cell
detection command signal.

[0009] According to another aspect of the disclosure, there is provided a memory device
comprising: a voltage generating circuit configured to apply an off-cell detection voltage that is
different from a read reference voltage to a target memory cell to perform a hard off-cell detection
operation on the target memory cell after the memory device performs an erase operation; a sensing
amplifier configured to receive an output current from the target cell string based on the off-cell
detection voltage; and a control circuit configured to output a signal indicating that the target
memory cell is a hard off-cell based on the output current of the target memory cell being less than
a threshold current.

[0010] According to another aspect of the disclosure, there is provided a method of
detecting an hard off-cell comprising: applying an off-cell detection voltage that is different from
a read reference voltage to a target memory cell to perform a hard off-cell detection operation on
the target memory cell after the memory device performs an erase operation; sensing an output
current from the target memory cell based on the off-cell detection voltage; and outputting a signal
indicating that the target memory cell is the hard off-cell based on the output current of the target

memory cell being less than a threshold current.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Embodiments of the inventive concept will be more clearly understood from the
following detailed description taken in conjunction with the accompanying drawings in which:
[0012] FIG. 1 is a block diagram of a memory system according to an example

embodiment;



[0013] FIG. 2 is a block diagram of a memory device according to an example embodiment;

[0014] FIG. 3 is a block diagram of a memory controller according to an example
embodiment;
[0015] FIG. 4 is a diagram illustrating a vertically stacked memory cell array, according to

an example embodiment;

[0016] FIG. 5 is a diagram illustrating a cell string including a leakage word line, according
to an example embodiment;

[0017] FIG. 6 is a diagram illustrating a memory cell according to an example embodiment,
in which, leakage has occurred between a word line and a channel;

[0018] FIG. 7Ais a diagram illustrating a memory cell according to a comparative example
to which an erase command voltage is input via a substrate, and FIG. 7B is a diagram illustrating
voltage levels of a leakage word line and a normal word line according to the application of the
erase command voltage;

[0019] FIG. 8A is a diagram illustrating a memory cell according to an example
embodiment, to which a gate induced drain leakage (GIDL) erase command voltage is input, and
FIG. 8B is a diagram illustrating a voltage level of a leakage word line and a normal word line
according to the application of the GIDL erase command voltage;

[0020] FIG. 9 is a flowchart of a method of detecting a defective memory cell block,
according to an example embodiment;

[0021] FIG. 10 is a diagram illustrating threshold voltage levels of a normal memory cell,
from which data is erased, and a hard off-cell, according to an example embodiment;

[0022] FIG. 11 is a diagram illustrating a cell string in which an off-cell detection voltage
and a channel open command voltage are respectively applied to a leakage word line and a normal

word line, according to an example embodiment;



[0023] FIG. 12A is a table comparing a voltage difference between a target word line to be
detected and a channel as a voltage is applied to each of a leakage word line and a normal word
line, according to an example embodiment;

[0024] FIG. 12B is a graph showing a voltage level difference among voltages applied to
a memory cell array;

[0025] FIG. 13 is a flowchart of a hard off-cell determining method according to an
example embodiment;

[0026] FIG. 14 is a flowchart of a method of determining a defective memory cell block,
according to an example embodiment;

[0027] FIG. 15 is a table showing off-cell information stored in an off-cell information
storage block, according to an example embodiment;

[0028] FIG. 16 is a flowchart of an operation sequence of a memory controller and a
memory device, according to an example embodiment;

[0029] FIG. 17 is a flowchart of an operation sequence of a memory controller and a
memory device, according to another example embodiment; and

[0030] FIG. 18 is a diagram illustrating a memory device having a chip to chip (C2C)

structure, according to an example embodiment.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0031] Hereinafter, exemplary embodiments of the inventive concept will be described in
detail with reference to the accompanying drawings.

[0032] FIG. 1 is a schematic structural block diagram of a memory system according to an
example embodiment.

[0033] Referring to FIG. 1, the memory system 1 may include a memory device 10 and a
memory controller 20, and the memory device 10 may include a memory cell array 11, a row

decoder 12, a sensing amplifier (amp) 13, and a page buffer 14, and the memory controller 20 may



include a command generator 21, a defective memory cell block determiner 22, and an off-cell
counter 23.

[0034] According to an example embodiment, the memory controller 20 may include a
processor and a random access memory (RAM). The processor may include a central processing
unit or a microprocessor, and the like, and may control an overall operation of the memory
controller. The processor may communicate with a memory device 10 through the memory
interface. The processor may use the RAM as an operation memory, cache memory, or buffer
memory to control the memory device.

[0035] The memory controller 20 may control program operations, read operations, and
erase operations on the memory device 10 by providing an address, a command, and a control
signal to the memory device 10 to read data stored in the memory device 10 or write data to the
memory device 10 in response to a read/write request from a host. Also, data for a program
operation and read data may be transmitted or received between the memory controller 20 and the
memory device 10. However, the inventive concept is not limited thereto, and as such, according
to an example embodiment, hard off-cell counting information and hard off-cell information may
be transmitted or received in a defective memory cell block detecting operation.

[0036] A defective memory cell block detecting operation may be an operation of detecting
a subject memory cell block on which data writing or reading has become impossible due to a
defect in a word line of the subject memory cell block and/or a memory cell connected to the word
line. For example, a current leakage occurring in a memory cell may cause a voltage applied to a
substrate to leak and be applied to a word line. When a target memory cell block is determined to
be a memory cell block on which no writing or reading may be performed, the memory controller
20 may designate the memory cell block as a defective memory cell block and exclude the
defective memory cell block during a reading or writing operation of the memory device 10.
[0037] The memory cell array 11 may include a plurality of memory cells. For example,

the plurality of memory cells may be, for example, flash memory cells. Hereinafter, the examples
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embodiments will be described based on NAND flash memory cells included as the plurality of
memory cells. However, the inventive concept is not limited thereto, and in another example
embodiment, the plurality of memory cells may be resistive memory cells such as resistive read
only memory (ReRAM), phase change RAM (PRAM), or magnetic RAM (MRAM).

[0038] The row decoder 12 is a component connected to the memory cell array 11 via a
plurality of word lines and may apply a read reference voltage or an off-cell detection voltage to
memory cells of a target cell string. The row decoder 12 may apply a read reference voltage or an
off-cell detection voltage to memory cells based on a command of the memory controller 20, and
may specify, based on a word line address, a word line to which a voltage is to be applied. A target
cell string is a cell string, the number of hard off-cells of which is to be counted, from among
memory cell blocks. According to an example embodiment, the target cell string may be a single
cell string, but is not limited thereto and as such, according to another example embodiment, the
target cell string may also include a plurality of cell strings. For example, a target cell string may
be a set of cell strings that share a string select line in a memory cell block. Hereinafter, a target
cell string refers to a single cell string or a plurality of cell strings, on which an operation of
counting hard off-cells is to be performed.

[0039] The sensing amp 13 may be connected to the memory cell array 11 and detect data
stored in the memory cell array 11. The sensing amp 13 may compare a current output from the
memory cell array 11 with a reference current, and may determine a status of data written to a
target memory cell based on a result of the comparison. For example, the sensing amp 13 may
include a comparator, and when a current level output from the memory cell array 11 is higher
than a reference current, a target memory cell may be determined to be an on-cell, and when the
output current level is lower than a reference current, the target memory cell may be determined
to be an off-cell.

[0040] The page buffer 14 may include a plurality of latches, and may store in at least some

of the plurality of latches, hard off-cell information based on a status of data of a target memory
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cell output from the sensing amp 13. According to an example embodiment, the page buffer 14
may store the hard off-cell information temporarily. According to an example embodiment, the
page buffer 14 may count the number of hard off-cells from among memory cells of a target cell
string.

[0041] Referring to FIG. 1, the page buffer 14 and the sensing amp 13 are included as
separate components but are not limited thereto, and the page buffer 14 may include the sensing
amp 13 and the page buffer 14 may detect data stored in the memory cell array 11. Meanwhile, in
a program operation, the page buffer 14 may operate as a write driver to input data to be stored in
the memory cell array 11.

[0042] The command generator 21 of the memory controller 20 may generate an off-cell
detection command signal to direct the memory device 10 to perform a hard off-cell detection
operation after performing an erase operation. An off-cell detection command signal may be a
code including a series of bits, and the memory device 10 may perform an off-cell detection
operation to detect a defective memory cell block based on receiving an off-cell detection
command signal.

[0043] The off-cell counter 23 of the memory controller 20 may count the number of hard
off-cells in some memory cells based on hard off-cell information detected from the some memory
cells of a target memory cell block according to an off-cell command signal. Hard off-cell
information refers to information generated as a result of a read operation performed on a target
cell string, and may indicate whether a memory cell to be read is a hard off-cell.

[0044] The defective memory cell block determiner 22 of the memory controller 20 may
determine whether a memory cell block including a target cell string is a defective memory cell
block by receiving hard off-cell counting information from the off-cell counter 23 or the page
buffer 14. For example, in response to the number of hard off-cells counted from a target cell string,
the number exceeding the reference number of off-cells, a memory cell block including the target

cell string may be determined to be a defective memory cell block.
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[0045] In FIG. 1, the command generator 21, the off-cell counter 23, and the defective
memory cell block determiner 22 of the memory controller 20 are illustrated as different
components, but they may also refer to software modules included in single hardware and
performing different functions. Also, according to another example embodiment, the memory
controller 20 may include other components in addition to the command generator 21, the off-cell
counter 23, and the defective memory cell block determiner 22.

[0046] FIG. 2 is a schematic structural block diagram of the memory device 10 according
to an example embodiment.

[0047] Referring to FIG. 2, the memory device 10 may include a memory cell array 11, a
row decoder 12, a sensing amp 13, a page buffer 14, a voltage generator 15, and a control logic 16.
The memory cell array 11 according to the example embodiment may be an example of the
memory cell array 11 of FIG. 1, and the configuration of the memory device 10 is not limited to
FIG. 2, and may further include other components such as a data input/output unit. According to
an example embodiment, one or more of the elements of the memory device 10 and the memory
controller may be implemented by a circuit.

[0048] The memory cell array 11 may include a plurality of memory cell blocks BLK1,
BLK2, ..., BLKz, and each memory cell block may include a plurality of cell strings including a
plurality of memory cells. The memory device 10 according to the inventive concept may perform
a hard off-cell detection operation on some memory cells of a target memory cell block, and the
hard off-cell detection operation may be performed in units of cell strings. Hereinafter, a target
cell string may be referred to as a set of memory cells on which a hard off-cell detection operation
is performed. The memory cell array 11 may be connected to the row decoder 12 via word lines
WL, string select lines SSL, and ground select lines GSL. Each memory cell may store one or
more bits, and in detail, each memory cell may be used as a single-level cell, a multi-level cell, or

atriple-level cell.



[0049] The control logic 16 may output various signals to write data to the memory cell
array 11, read data from the memory cell array 11, or erase data stored in the memory cell array
11, based on a command CMD, an address ADDR, and a control signal CTRL received from the
memory controller 20. Furthermore, the control logic 16 may output various signals for detecting
an off-cell by receiving an off-cell detection command. Accordingly, the control logic 16 may
control various operations in the memory device 10 overall.

[0050] Various control signals output from the control logic 16 may be provided to the
voltage generator 15, the row decoder 12, and the page buffer 14. In detail, the control logic 16
may provide a voltage control signal CTRL _vol to the voltage generator 15, a row address (X-
ADDR) to the row decoder 12, and a column address (Y-ADDR) to the page buffer 14. However,
the inventive concept is not limited thereto, and the control logic 16 may further provide other
control signals to the voltage generator 15, the row decoder 12, and the page buffer 14.

[0051] The voltage generator 15 may generate various types of voltages for performing
program, read, erase, and off-cell read operations on the memory cell array 11 based on a voltage
control signal. In detail, the voltage generator 15 may apply a read reference voltage Vreap t0 a
target memory cell, from which data is to be read, from among memory cells connected to the
word lines WL. Also, the voltage generator 15 may apply a read reference voltage Vreapo to the
other memory cells than the target memory cell. Moreover, the voltage generator 15 may apply a
channel open voltage Voren for opening a channel between a source end and a drain end may be
applied. In addition, the voltage generator 15 may further generate a string select line driving
voltage (VssL) for driving the string select lines SSL and a ground select line driving voltage for
driving the ground select lines GSL. In addition, the voltage generator 15 may further generate a
gated induced drain leakage (GIDL) erase voltage (VciLp) and an off-cell detection voltage Vper

for detecting a hard off-cell, which are to be provided to the memory cell array 11.

10



[0052] In addition, the voltage generator 15 according to an example embodiment may
apply a word line voltage, a bit line voltage, a string select line voltage, and a ground select line
voltage to the memory cell array 11 to perform an erase operation.

[0053] The row decoder 12 may specify a word line on which an off-cell detection
operation is to be performed, from among the word lines WL, in response to a row address X-
ADDR received from the control logic 16. In detail, an off-cell detection voltage Vper may be
applied to a target word line on which an off-cell detection operation is to be performed, and a
channel open voltage Voren may be applied to the other word lines except the target word line.
Also, the row decoder 12 may select some string select lines from among the string select lines
SSL or some ground select lines from among the ground select lines GSL to select a target cell
string on which off-cell detection is to be performed, in response to a row address X-ADDR
received from the control logic 16.

[0054] The page buffer 14 may determine a bit line BL on which a hard off-cell detection
operation with respect to the memory cell array 11 is to be performed. The page buffer 14 may
receive off-cell detection result information from a cell string connected to each bit line BL, and
store an off-cell detection result in at least one of the plurality of latches. For example, off-cell
detection result information with respect to whether a target memory cell is a hard off-cell may be
received from the sensing amp 13, and when the target memory cell is a hard off-cell, the number
of hard off-cells may be cumulatively stored in a latch. The page buffer 14 may perform a detection
operation on all word lines of a target cell string and transmit hard off-cell number information
accumulated in a latch, to the control logic 16.

[0055] The sensing amp 13 may receive a current distinguished according to an on or off
state of a target memory cell from a target cell string. The sensing amp 13 may compare a current
output from the target cell string with a reference current to output whether the target memory cell
is on or off. According to an example embodiment, the reference current may be a threshold current.

For example, when the output current is lower than the threshold current, a channel of the target
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memory cell is not opened, and therefore, it may be determined that no current is output from the
target cell string. Accordingly, when the output current is lower than the threshold current, the
target memory cell may be determined to be a hard off-cell. In contrast, when the output current is
equal to or higher than the threshold current, a channel of the target memory cell is opened, and
therefore, it may be determined that a current is output from the target cell string. Accordingly,
when the output current is equal to or higher than the threshold current, the target memory cell
may be determined to be a normal memory cell.

[0056] The page buffer 14 and the sensing amp 13 are respectively connected to the
plurality of bit lines BL, and when a target cell string includes a plurality of cell strings, the page
buffer 14 connected to each bit line may count the number of hard off-cells of each cell string, and
a sum of the numbers of hard off-cells may be determined to be the number of hard off-cells of the
target cell string. According to an example embodiment the page buffer 14 may output the data
(DATA) from the memory cell array 11 and/or the counted number of hard off-cells (CNT) to the
control logic 16.

[0057] FIG. 3 is a schematic structural block diagram of the memory controller 20
according to an example embodiment.

[0058] Referring to FIG. 3, the memory controller 20 may include a command generator
21, a defective memory cell block determiner 22, and an off-cell counter 23. The command
generator 21 may output a command signal CMD to the memory device 10 in response to a request
from a host device, and in response to receiving a request for detecting a defective memory cell
block, the command generator 21 may generate an off-cell detection command signal to direct a
hard off-cell detection operation. The command generator 21 may output, to the memory device
10 and the defective memory cell block determiner 22, an address ADDR of a target memory cell
block and a target cell string, which are subject to detection, together with a command signal CMD.
Furthermore, the command generator 21 may output a control signal CTRL for controlling the

memory device 10, to the memory device 10. The control signal CTRL may be a control signal for
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determining a voltage applied from the memory device 10 to a word line; for example, when
perform ing an off-cell detection operation after performing an erase operation, the command
generator 21 may set a value between a threshold voltage level of an erased memory cell and a
threshold voltage level of a hard off-cell as an off-cell detection voltage, and output a control signal
for applying the off-cell detection voltage to the word line.

[0059] The off-cell counter 23 may receive hard off-cell information regarding whether a
target memory cell is a hard off-cell, from the memory device 10, as data DATA, and while
determining whether each of all memory cells of a target cell string is a hard off-cell, the off-cell
counter 23 may count hard off-cells of the target cell string. The off-cell counter 23 may generate
counting information CNT by counting all hard off-cells of the target cell string and provide the
counting information CNT to the defective memory cell block determiner 22.

[0060] The defective memory cell block determiner 22 may receive the counting
information CNT from the page buffer 14 or the off-cell counter 23, and may determine whether
a memory cell block including the target cell string is a defective memory cell block, based on the
number of counted hard off-cells. In detail, the defective memory cell block determiner 22 may
compare the number of hard off-cells included in the target cell string to the reference number of
off-cells corresponding to the target cell string, and when the number of hard off-cells is
determined to exceed the reference number of off-cells, the target memory cell block may be
determined to be a defective memory cell block. The defective memory cell block determiner 22
that has determined the target memory cell block to be a defective memory cell block may output
a signal (SIG_defective memory cell block) indicating that the target memory cell block is a
defective memory cell block, to the host device and/or the memory device 10, thereby blocking an
operation of writing data to or reading data from the target memory cell block. As the memory
controller 20 determines the target memory cell block as a defective memory cell block, an

uncorrectable error correction code (UECC) during a reading operation may be prevented.
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[0061] FIG. 4 is a diagram illustrating a memory cell array 11 that is vertically stacked,
according to an example embodiment.

[0062] Referring to FIG. 4, a memory block BLK may include NAND strings NS11
through NS33, first through eighth word lines WL1 through WLS, first through third bit lines BL1
through BL3, ground select lines GSL1 through GSL3, string select lines SSL1 through SSL3, and
a common source line CSL. The memory block BLK may correspond to one of the memory blocks
BLK1 through BLKz of FIG. 2. The number of NAND strings, the number of word lines, the
number of bit lines, the number of ground select lines, and the number of string select lines may
be variously modified according to example embodiments.

[0063] According to an example embodiment, the NAND strings NS11, NS21, and NS31
may be provided between the first bit line BL1 and the common source line CSL, NAND strings
NS12, NS22, and NS32 may be provided between the second bit line BL2 and the common source
line CSL and NAND strings NS13, NS23, and NS33 may be provided between the third bit line
BL3 and the common source line CSL. Each NAND string (for example, NS11) may include a
string select transistor SST, a plurality of memory cells MC1 through MCS, and a ground select
transistor GST that are serially connected.

[0064] The string select transistor SST is connected to a corresponding string select line
from among the string select lines SSL1 through SSL3. The memory cells MC1 through MC8 are
respectively connected to the corresponding first through eighth word lines WL1 through WLS.
The ground select transistor GST is connected to a corresponding ground select line from among
the ground select lines GSL1 through GSL3. The string select transistor SST is connected to a
corresponding bit line from among the first through third bit lines BL1 through BL3, and the
ground select transistor GST is connected to the common source line CSL.

[0065] FIG. 5isadiagram illustrating a cell string including a leakage word line, according
to an example embodiment. FIG. 6 is a diagram illustrating a memory cell in which leakage has

occurred between a word line and a channel, according to an example embodiment.
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[0066] Referring to FIG. 5, according to an example embodiment, a string select line SSL
may be specified in a memory cell block, and the memory device 10 may select a target cell string.
For example, as the string select line SSL of FIG. 5 is specified, a voltage for performing a read,
program, or erase operation may be applied, and accordingly, the memory device 10 may perform
a read, program, or erase operation on the target cell string.

[0067] The memory device 10 may apply an erase command voltage to the memory cell
array 11 via a bit line, and when performing an erase operation based on GIDL, an erase operation
may be performed using a smaller current than when applying an erase command voltage via a
substrate SUB.

[0068] According to a GIDL erase method, a transistor of the ground select line GSL
and/or the string select line SSL located at both ends of a cell string may perform an operation of
a GIDL transistor, and when an erase command voltage is applied to a drain electrode (or a source
electrode) of the GIDL transistor, a GIDL voltage of a lower level than the erase command voltage
may be applied to a gate electrode. When a voltage difference between the drain electrode and the
gate electrode of the GIDL transistor is equal to or higher than a voltage level at which a GIDL
current may be generated, the GIDL current is generated and holes according to the GIDL current
are formed in a channel area CH of the cell string, thereby charging the channel area. Accordingly,
the memory device 10 according to the inventive concept may perform an erase operation through
a bit line and/or the substrate SUB based on GIDL.

[0069] A memory cell may be deteriorated in an operation of performing programming,
reading, or erasing data on the memory cell array 11, and accordingly, a leakage current may occur
between a word line and a channel. That is, when a voltage for reading or writing is applied to a
word line, a current may leak to a channel, and a memory cell may malfunction. For instance, in
the memory cell, a determination of whether electrons are to be tunneled in a floating gate is based
on a difference in potentials between the channel and a control gate, and since the current may

leak to the channel, the memory cell may not function properly. Hereinafter, a word line, between
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which and a channel leakage is caused, is referred to as a leakage word line, and a memory cell
where leakage occurs is referred to as a leakage memory cell 500.

[0070] For example, referring to FIG. 5, when writing data to a leakage memory cell 500
to which a leakage word line is connected, a positive voltage is to be applied through the leakage
word line and a drain end, and electrons are to be tunneled to a floating gate based on a difference
in potentials between a channel and a control gate. However, as leakage is caused between the
leakage word line and the channel, a high potential difference between the channel and the control
gate is not induced, thus preventing writing data to the corresponding memory cell.

[0071] FIG. 7TA is adiagram illustrating a memory cell to which an erase command voltage
is input via a substrate, according to a comparative example, and FIG. 7B is a diagram illustrating
voltage levels of a leakage word line and a normal word line according to the application of the
erase command voltage.

[0072] The memory device 10 may apply an erase command voltage to a memory cell via
a channel hole. When an erase command voltage is applied to a normal memory cell, electrons
trapped in a floating gate may go out of the floating gate through a tunnel oxide layer, thus enabling
the memory device 10 to erase data written to the normal memory cell. When an erase command
voltage is applied to a normal memory cell, as a word line WL and a channel hole SUB are
separated, it is ideal when a word line voltage is not affected despite application of an erase
command voltage Verase to the normal memory cell through the channel hole SUB. However, when
an erase command voltage of a high level is applied as in a first time period of FIG. 7B, a voltage
of a normal word line may also increase accordingly.

[0073] When an erase command voltage Vense is applied to the leakage memory cell 500
connected to a leakage word line WLA4, a leakage current is generated between the channel hole
SUB and the leakage word line WL4, and thus, a portion of the erase command voltage Verase

through the channel hole SUB may be applied to the leakage word line WL4. Accordingly, while
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performing an erase operation as in a first time period of FIG. 7B, a higher voltage may be applied
to the leakage word line WL4 than the normal word line.

[0074] In the first time period T1 of FIG. 7B, when the memory device 10 starts applying
a high-level erase command voltage Verse to @ memory cell via the channel hole SUB, a certain
voltage may also be applied to the normal word line. However, a higher voltage than the voltage
applied to the normal word line may be applied to the leakage word line WL4, due to leakage
between the substrate SUB and the leakage word line WL4. When the memory device 10 applies
an erase command voltage Verse to the memory device 10 in a second time period T2, a portion of
the applied voltage may leak through a pass transistor connected to a word line. Here, in the normal
word line, the voltage leaking through the pass transistor may be more than the voltage applied as
the erase command voltage Verase, and thus, a voltage level of the normal word line may decrease.
In contrast, as a portion of a voltage may also leak from the leakage word line WL4 through a pass
transistor, a voltage of the leakage word line WL4 may also decrease. However, as a higher voltage
is applied to the leakage word line than to the normal word line due to a leakage current, the voltage
leaking from the leakage word line to the pass transistor may be less than that leaking from the
normal word line.

[0075] After the erase command voltage Verse 1s applied in the second time period T2, the
memory device 10 may measure a voltage of each word line, and determine a word line having a
voltage higher than a reference voltage Viet, as the leakage word line WL4. That is, the memory
device 10 may measure voltage levels of word lines while the erase command voltage Verase s
being applied, and determine whether to determine a memory cell block as a defective memory
cell block, based on the voltage levels of the word lines.

[0076] FIG. 8A is a diagram illustrating a memory cell to which a GIDL erase command
voltage VaipL is input, according to an example embodiment, and FIG. 8B is a diagram illustrating
a voltage level of a leakage word line WL4 and a normal word line according to the application of

the GIDL erase command voltage.
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[0077] The memory device 10 according to an example embodiment may apply an erase
command voltage via a bit line, and perform an erase operation on memory cells of a target cell
string based on GIDL. By applying the erase command voltage, the memory device 10 may induce
a channel to be formed between a drain end and a source end, and accordingly, electrons trapped
in a floating gate may leak to the outside through a tunnel oxide layer. When a GIDL erase
command voltage Vaipr is applied to a normal memory cell, a word line and a channel hole are
separated. However, due to the application of the GIDL erase command voltage VaipL, a certain
voltage increase may occur in a normal word line as in a third time period of FIG. §B.

[0078] As illustrated in FIG. 8A, when a GIDL erase command voltage VgipL is applied to
the leakage memory cell 500 connected to the leakage word line WL4, a leakage current is
generated, and thus, a portion of the GIDL erase command voltage VaioL may be applied to the
leakage word line WL4. However, unlike FIG. 7B, the GIDL erase command voltage VgL may
be a very small voltage level compared to the erase command voltage of FIG. 7B, and a leakage
current according to the GIDL erase command voltage VgipL may also be very small.

[0079] In a third time period (T3) of FIG. 8B, when the memory device 10 starts applying
a GIDL erase command voltage Vgip to a cell string via a bit line, a certain voltage may be applied
to a normal word line, and as the GIDL erase command voltage VaipL of a low level is applied, a
voltage of a similar level as that applied to the normal word line may be applied to the leakage
word line WL4. When the memory device 10 applies an erase command voltage to the memory
device 10 in a fourth time period T4, a portion of the applied voltage may leak through a pass
transistor connected to a word line. Here, as the GIDL erase command voltage VaipL has a low
level, a voltage level of the leakage word line WL4 may be similar to that of the normal word line.
[0080] Accordingly, when the memory device 10 performs an erase operation by applying
a GIDL erase command voltage VgL, while performing the erase operation, a difference in
voltage levels between the leakage word line WL4 and the normal word line may not be so great

as to detect the leakage word line WL4. That is, it may be difficult to detect a defective memory
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cell block from among memory cell blocks on which an erase operation is performed by applying
a GIDL erase command voltage VaipL by using the method of determining a defective memory
cell block described above with reference to FIGS. 7A and 7B. Accordingly, in a method of
detecting a defective memory cell block described below, a defective memory cell block is detected
when the memory device 10 performs an erase operation by applying a GIDL erase command
voltage VgipL having a low voltage level, and thus, an erase operation described below will be
assumed to be an erase operation performed based on the GIDL erase command voltage Vaipr.
[0081] FIG. 9 is a flowchart of a method of detecting a defective memory cell block,
according to an example embodiment.

[0082] Referring to FIGS. 1 and 9, after performing an erase operation, a nonvolatile
memory system determines whether there is a hard off-cell in a target cell string, and then may
determine whether a target memory cell block is a defective memory cell block based on the
number of hard off-cells of the target cell string. A hard off-cell may be a memory cell having a
threshold voltage for generating a current channel between a drain end and a source end due to
leakage in a channel hole, the threshold voltage being higher than a threshold voltage of a normal
memory cell.

[0083] In operation S10, after performing an erase operation, the memory device 10 may
perform a read operation on a plurality of memory cells connected to a target cell string, based on
an off-cell detection voltage that is different from a read reference voltage. The read reference
voltage may be a voltage input to a target word line to be read, to distinguish an off-cell to which
no data is written, from an on-cell to which data is written, during a read operation. The off-cell
detection voltage may be a voltage input to a target word line to be detected, to distinguish a hard
off-cell from a normal memory cell based on a reference voltage that is different from the read
reference voltage.

[0084] In operation S20, the memory system may determine whether a target memory cell

is a hard off-cell based on a result of performing the read operation and count the number of hard
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off-cells of the target cell string. A result of performing a read operation may be information
indicating whether a channel between a source end and a drain end of a target memory cell is
opened, by applying an off-cell detection voltage to the target memory cell. When a channel of the
target memory cell is not opened, the memory system may determine the target memory cell to be
a hard off-cell.

[0085] In operation S30, the memory system may determine whether a memory cell block
including the target cell string is a defective memory cell block based on the number of counted
hard off-cells. When the memory controller 20 has determined that the memory cell block is a
defective memory cell block, the memory controller 20 may transmit, to the memory device 10 or
a host device, a signal indicating that the memory cell block is a defective memory cell block,
thereby preventing writing or reading of data to or from the memory cell block. Accordingly, the
memory system according to the inventive concept may prevent UECC caused by incorrectly
reading data from a hard off-cell.

[0086] FIG. 10 is a diagram illustrating threshold voltage levels of a normal memory cell,
from which data is erased, and a hard off-cell, according to an example embodiment.

[0087] The command generator 21 of the memory controller 20 may generate an off-cell
detection command signal in response to receiving a defective memory cell block detection
command from a host. An off-cell detection command signal may be a code including a series of
bits, and may be a command signal directing the memory device 10 to perform a hard off-cell
detection operation. In addition, the command generator 21 may generate a command to set an off-
cell detection voltage such that the memory device 10 performs a hard off-cell detection operation.
[0088] Referring to FIG. 10, a threshold voltage of a hard off-cell 1020 may have a higher
voltage level than a memory cell 1010 that is normally erased, and the memory cell 1010, which
is normally erased, may have a threshold voltage of a same level as that of a memory cell to which
data is not written. Accordingly, when the memory device 10 has received an off-cell detection

command signal, the voltage generator 15 may output, as an off-cell detection voltage, a voltage
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between the threshold voltage of the memory cell 1010, which is normally erased, and the
threshold voltage of the hard off-cell 1020, and as the row decoder 12 applies the off-cell detection
voltage to a target word line, the memory device 10 may determine whether a target memory cell
connected to the target word line is a hard off-cell. Here, by applying a channel open voltage to
the other word lines except for the target word line, a current channel between a source end and a
drain end of the other memory cells than the target memory cell may be opened.

[0089] FIG. 11 is a diagram illustrating a cell string in which an off-cell detection voltage
Vper and a channel open voltage Voren are respectively applied to a leakage word line and a
normal word line, according to an example embodiment.

[0090] Referring to FIG. 11, the memory device 10 may apply an off-cell detection voltage
Vper to a target memory cell, which is to be detected as to whether it is a hard off-cell, via a target
word line, and may apply a channel open voltage through the other word lines. In FIG. 11, for the
convenience of description, a channel open voltage Voren applied to only one word line is
illustrated. However, the memory device 10 according to the inventive concept may also apply a
channel open voltage Voren to more than one word line except the target word line or all word
lines except the target word line.

[0091] According to the example of FIG. 11, a first bit line BL1 may be connected to a
cell string including memory cells in which no leakage is generated between a channel hole and a
word line. However, a second bit line BL2 may be connected to a cell string including a leakage
memory cell in which leakage occurred between a channel hole and a word line. Here, cell strings
connected to the first bit line BL1 may share a first channel hole CH1, and cell strings connected
to the second bit line BL2 may share a second channel hole CH2.

[0092] When the memory device 10 applies an off-cell detection voltage Vper to a third
word line WL3 to determine whether memory cells connected to the third word line WL3 are hard
off-cells, a channel open voltage Voren may be applied to the word lines other than the third word

line WL3. From among memory cells sharing the first channel CH1, in memory cells that have
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received the channel open voltage Voren Vvia a word line, a current channel may be formed. Here,
when a memory cell, which is connected to the third word line WL3 and which is normally erased,
receives the off-cell detection voltage Vpet, the off-cell detection voltage Vper is higher than a
threshold voltage of the normally erased memory cell, thus forming current channel. Accordingly,
as a current channel is formed in cell strings including normally erased memory cells, a current
indicating that a memory cell connected to the third word line WL3 is not a hard off-cell may be
output.

[0093] On the other hand, in respect of cell strings sharing the second channel CH2, due
to the leakage memory cell connected to the fourth word line WL4, the memory device 10 may
determine a target memory cell connected to the third word line WL3 to be a hard off-cell.

[0094] FIG. 12A is a table comparing a voltage difference between a target word line to
be detected and a channel as a voltage is applied to each of a leakage word line and a normal word
line, according to an example embodiment. FIG. 12B is a graph showing a voltage level difference
among voltages applied to a memory cell array.

[0095] In the memory cell array 11 of FIG. 11 according to an example embodiment, there
is no leakage memory cell in the cell string connected to the first bit line BL1, but a leakage
memory cell is connected to the fourth word line WL4 in the cell string connected to the second
bit line BL2. The memory device 10 may perform a hard off-cell detection operation on memory
cells connected to the third word line WL3, and apply an off-cell detection voltage VpeT to the
memory cells via the third word line WL3. Here, a channel open voltage Vopen may be applied to
the other word lines except for the third word line WL3, and a channel open voltage Vopen may
also be applied to the leakage memory cell. Referring to FIG. 12A, when a channel open voltage
Voren IS applied to the leakage memory cell, at least a portion of a voltage applied to the word line
of the leakage memory cell may leak to the second channel CH2, and a voltage of the second
channel CH2 may become equal to a voltage of the fourth word line WL4. According to the

example embodiment of FIGS. 12A and 12B, a voltage of the second channel CH2 and the voltage
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of the fourth word line WL4 are described to be equalized due to leakage, but are not limited
thereto, and the voltage of the second channel CH2 may have a voltage level between a voltage
level of the first channel CH1 and a voltage level of the fourth word line WLA4.

[0096] Referring to FIGS. 12A and 12B, since no leakage current occurs in cell strings
sharing the first channel CH1, a substrate voltage Vsug formed in a read operation may be applied
to the first channel CH1. However, as a leakage current occurs in cell strings sharing the second
channel CH2, a voltage corresponding to the channel open voltage Voren may be applied to the
second channel CH2. Here, whether a current channel is formed between a source end and a drain
end may be determined based on a potential difference between a voltage applied from a word line
of a memory cell and a voltage applied to a channel. A potential difference between a word line
and a channel of a target memory cell to be detected, from among the memory cells connected to
the first channel CH1, may correspond to a difference between an off-cell detection voltage Vet
and a substrate voltage Vsus. A difference between the off-cell detection voltage Voer and the
substrate voltage Vsus may be higher than a threshold voltage of a normally erased memory cell,
and thus, a current channel of the memory cell may be opened.

[0097] In contrast, a potential difference between a word line and a channel of a target
memory cell among memory cells connected to the second channel CH2 may correspond to a
difference between the off-cell detection voltage Vper and the channel open voltage Vopen.
According to the example embodiment of FIG. 12B, the channel open voltage Vopen may be higher
than the off-cell detection voltage Vet and thus a potential difference may have a negative value.
Accordingly, as a difference between the off-cell detection voltage Vper and the channel open
voltage Voren is lower than a threshold voltage of a target memory cell, no current channel may
be formed. In the example embodiment of FIG. 12B, the off-cell detection voltage Vper is set to
be lower than the channel open voltage, but the inventive concept is not limited thereto, and the

off-cell detection voltage Vper may be set to be higher than the channel open voltage Voren but
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lower than a threshold voltage of a memory cell from which a difference between the off-cell
detection voltage Vpet and the channel open voltage Vopen is erased.

[0098] That is, according to the inventive concept, in a method of detecting a hard off-cell,
when current leakage has occurred in at least one of memory cells sharing a channel, and when a
detection operation is performed on a memory cell where current leakage is not caused, a voltage
level of the channel is increased, and accordingly, a threshold voltage for forming a current channel
of hard off-cells increases. Thus, when leakage occurs, the memory device 10 may determine at
least one of the memory cells shared in a channel, to be a hard off-cell.

[0099] FIG. 13 is a flowchart of a hard off-cell determining method performed in a target
cell string, according to an example embodiment.

[0100] The target cell string according to the inventive concept is connected to a plurality
of word lines, and by receiving an off-cell detection voltage via the plurality of word lines, the
memory device 10 may determine whether a memory cell connected to each word line is a hard
off-cell or not. For example, the row decoder 12 may sequentially apply an off-cell detection
voltage to word lines connected to a target cell string, and the sensing amp 13 may determine
whether a target memory cell is a hard off-cell based on a current level output from the target cell
string.

[0101] The memory device 10 directed to perform a hard off-cell detection operation may
perform a hard off-cell detection operation sequentially from a first word line connected to a target
cell string. In operation S110, the memory device 10 may apply an off-cell detection voltage to
the target word line. When the memory device 10 has received an off-cell detection command
signal, the voltage generator 15 may output an off-cell detection voltage, and the row decoder 12
may apply the off-cell detection voltage to the target word line based on a received row address.
[0102] In operation S120, as the off-cell detection voltage is applied to the target memory
cell via the target word line, the memory device 10 may measure a current level output from the

target cell string. Here, as a channel open voltage is applied to the other word lines except the
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target word line, channels of memory cells connected to the other word lines are opened and thus
a current may flow therethrough, and the target cell string may output different current levels
according to whether a channel of a target memory cell to which an off-cell detection voltage is
applied is opened. For example, when a threshold voltage of a target memory cell is lower than an
off-cell detection voltage, a channel of the target memory cell is opened, and accordingly, a cell
string may output a high current level.

[0103] In operation S130, the sensing amp 13 may compare a current output from the target
cell string with a reference current. According to an example embodiment, the reference current
may be a previously designated threshold current. When it is determined that the output current is
greater than the threshold current and when it is determined that the output current is equal to or
lower than the threshold current, the sensing amp 13 may be a comparator circuit outputting
currents or voltages of different levels from each other.

[0104] When the sensing amp 13 has determined that the output current is greater than the
threshold current, in operation S140, the sensing amp 13 may output a comparison result indicating
that the target memory cell is a normally erased cell. On the other hand, when the sensing amp 13
has determined that the output current is equal to or lower than the threshold current, in operation
S150, the sensing amp 13 may output a comparison result indicating that the target memory cell
is a hard off-cell. For example, as the sensing amp 13 outputs a comparison result of a high voltage
level, the memory device 10 may determine the target memory cell to be a normally erased cell.
On the other hand, as the sensing amp 13 outputs a comparison result of a low voltage level, the
memory device 10 may determine the target memory cell to be a hard off-cell.

[0105] When the target memory cell is determined to be a hard off-cell, the memory device
10 or the memory controller 20 may cumulatively count the number of hard off-cells one by one
and may repeat the hard off-cell detection operation on a next word line to count the number of

hard off-cells of the target cell string.
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[0106] For instance, in operation S160, it may be determined whether the current word line
is the last word line, and based on a determination that the current word line is not the last word
line, the memory device 10 or the memory controller 20 may repeat the hard off-cell detection
operation on a next word line to count the number of hard off-cells of the target cell string.
However, if it is determined that the current word line is the last word line, the memory device 10
or the memory controller 20 may proceed to operation S30 illustrated in FIG. 14.

[0107] FIG. 14 is a flowchart of a method of determining a defective memory cell block,
according to an example embodiment.

[0108] Referring to FIGS. 9 and 14, the memory controller 20 according to the inventive
concept may determine whether a memory cell block including a cell string is a defective memory
cell block by comparing a reference number of off-cells stored in accordance with each cell string
to the number of hard off-cells counted in operation S20.

[0109] In operation S310, the memory controller 20 may load the reference number of off-
cells corresponding to the target cell string from an off-cell information storage block of the
memory cell array 11. The off-cell information storage block may be a memory cell block storing
off-cell information, and the off-cell information may be a data table storing the reference number
of off-cells measured from each cell string of memory cell blocks after a process performed by the
memory device 10, as illustrated in FIG. 15 and described later. After the process, a hard off-cell
may be generated due to a defect of an off-string where a cell string is not connected to a substrate,
instead of a defect where a current is leaked from a word line to a channel hole; however, such a
defect may be less fatal to writing or reading of data compared to the defect of leakage of a current
to a channel hole. Off-cell information may be information storing, as a reference number of off-
cells, the number of off-cells of a cell string, generated by defect due to the off-string.

[0110] In operation S320, the memory controller 20 may compare the reference number of
off-cells corresponding to each cell string with the number of hard off-cells counted in operation

S20. When a current leakage has not occurred in a channel hole, even when a hard off-cell is
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detected from a target cell string, the number of hard off-cells may be equal to or less than the
reference number of off-cells.

[0111] Accordingly, in operation S330, when the number of hard off-cells of the target cell
string is greater than the reference number of off-cells, the memory controller 20 may determine
the entire memory cell block including the target cell string to be a defective memory cell block,
and in operation S340, when the number of hard off-cells is equal to or less than the reference
number of off-cells, the memory controller 20 may determine the target cell string to be a normal
cell string and count hard off-cells of a next cell string.

[0112] FIG. 15 is a table showing off-cell information stored in an off-cell information
storage block, according to an example embodiment.

[0113] The memory controller 20 according to an example embodiment may determine
whether a target memory cell block including a target cell string is a defective memory cell block
based on a reference number of off-cells stored in off-cell information. Referring to FIG. 15, the
target cell string may be a set of cell strings that share a string select line, and the memory device
10 may perform a hard off-cell detection operation on the target cell string by applying an open
voltage to the string select line.

[0114] When an address of a cell string, from which a hard off-cell is to be detected using
the memory controller 20 or the memory device 10, is specified by an address of a string select
line, hard off-cells of the target cell string are counted, and the memory controller 20 may count a
reference number of off-cells corresponding to the address of the string select line from off-cell
information. For example, when the memory controller 20 or the memory device 10 operates to
detect hard off-cells from a cell string group connected to a third string select line of a second
memory block, the memory device 10 may count hard off-cells of the target cell string. Referring
to the example embodiment of FIG. 15, as off-cell information, the reference number of off-cells
of the cell string group connected to the third string select line of the second memory cell block is

two, and accordingly, the memory controller 20 may determine whether the counted hard off-cells
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are more than two. When the memory controller 20 has determined that the number of counted
hard off-cells is greater than two, the second memory cell block may be determined to be a
defective memory cell block.

[0115] FIG. 16 is a flowchart of an operation sequence of a memory controller 20 and a
memory device 10, according to an example embodiment.

[0116] In operation S1610, the memory controller 20 may generate an off-cell detection
command when receiving a hard off-cell detection instruction from a host device or every
designated period. An off-cell detection command may be a signal for directing the memory device
10 to perform a hard off-cell detection operation and may be a code including a series of bits. In
operation S1620, after generating an off-cell detection command, the memory controller 20 may
transmit the off-cell detection command to the memory device 10.

[0117] In operation S1630, the memory device 10 may perform hard off-cell detection by
receiving the off-cell detection command. The memory device 10 may apply an off-cell detection
voltage to each memory cell of a target cell string, which is at least a portion of a target memory
cell block, and determine whether each memory cell is a hard off-cell.

[0118] In operation S1640, the page buffer 14 of the memory device 10 may count the
number of hard off-cells of the target cell string, and in operation S1650, the memory device 10
may transmit the number of counted hard off-cells of the target cell string to the memory controller
20. The page buffer 14 of the memory device 10 may include a plurality of latches, and in response
to receiving information indicating that a memory cell is a hard off-cell, from the sensing amp 13,
the page buffer 14 may store the counting number by increasing the counting number one by one.
[0119] In operation S1660, the memory controller 20 may load off-cell number
information and compare the off-cell number information with the number of hard off-cells, and
in operation S1670, the memory controller 20 may determine whether a memory cell block

including the target cell string is a defective memory cell block, based on a result of the comparison.
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[0120] FIG. 17 is a flowchart of an operation sequence of a memory controller 20 and a
memory device 10, according to another example embodiment.

[0121] While the page buffer 14 of the memory device 10 may count the number of hard
off-cells of a target cell string in the example embodiment of FIG. 16, referring to FIG. 17, the
memory device 10 according to the inventive concept may transmit hard off-cell information to
the memory controller 20 every time when performing a hard off-cell detection operation.
Operations S1710 through S1730 are described above with reference to FIG. 16 and thus detailed
description thereof will be omitted here.

[0122] In operation S1740, the memory device 10 may perform a hard off-cell detection
operation on a target cell string, and transmit, as hard off-cell information, information regarding
whether a target memory cell is a hard off-cell, to the memory controller 20. In operation S1750,
in response to receiving a signal indicating that the target memory cell is a hard off-cell, the off-
cell counter 23 of the memory controller 20 may accumulate the number of hard off-cells one by
one.

[0123] In operation S1760, in response to receiving an end signal indicating that a hard
off-cell detection operation is performed on all memory cells of the target cell string, the memory
controller 20 may compare the reference number of off-cells with the number of counted hard off-
cells.

[0124] In operation S1770, the memory controller 20 may determine whether a memory
cell block including the target cell string is a defective memory cell block based on a result of
comparing the reference number of off-cells with the number of hard off-cells.

[0125] FIG. 18 is a diagram illustrating a memory device having a chip to chip (C2C)
structure, according to an example embodiment.

[0126] Referring to FIG. 18, a memory device 400 may have a C2C structure. A C2C
structure may be formed by manufacturing an upper chip including a cell area CELL on a first

wafer, and manufacturing a lower chip including a peripheral circuit area PERI on a second wafer
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different from the first wafer, and then connecting the upper chip and the lower chip to each other
using a bonding method. For example, the bonding method may be a method of electrically
connecting a bonding metal formed on an uppermost metal layer of an upper chip to a bonding
metal formed on an uppermost metal layer of a lower chip. For example, when the bonding metal
includes copper (Cu), the bonding method may be a Cu-Cu bonding method, and the bonding
metal may also include aluminum or tungsten.

[0127] A peripheral circuit area PERI and a cell area CELL of the memory device 400 may
each include an external pad bonding area PA, a word line bonding area WLBA, and a bit line
bonding area BLBA.

[0128] The peripheral circuit area PERI may include a first substrate 210, an interlayer
insulating layer 215, a plurality of circuit elements 220a, 220b, and 220c formed on the first
substrate 210, first metal layers 230a, 230b, and 230c respectively connected to the plurality of
circuit elements 220a, 220b, and 220c, and second metal layers 240a, 240b, and 240c respectively
formed on the first metal layers 230a, 230b, and 230c. In an example embodiment, the first metal
layers 230a, 230b, and 230c may include tungsten that has a relatively high resistance, and the
second metal layers 240a, 240b, and 240c may include copper that has a relatively low resistance.
[0129] According to an example embodiment, only the first metal layers 230a, 230b, and
230c and the second metal layers 240a, 240b, and 240c are illustrated and described, but the
inventive concept is not limited thereto, and according to another example embodiment, at least
one metal layer may be further formed on the second metal layers 240a, 240b, and 240c. At least
a portion of the at least one metal layer formed on the second metal layers 240a, 240b, and 240c
may include, for example, aluminum that has a lower resistance than copper, of which the second
metal layers 240a, 240b, and 240c are formed.

[0130] The interlayer insulating layer 215 may be disposed on the first substrate 210 to

cover the plurality of circuit elements 220a, 220b, and 220c, the first metal layers 230a, 230b, and
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230c, and the second metal layers 240a, 240b, and 240c, and may include an insulating material
such as silicon oxide or silicon nitride.

[0131] Lower bonding metals 271b and 272b may be formed on the second metal layer
240Db in the word line bonding area WLBA. In the word line bonding area WLBA, the lower
bonding metals 271b and 272b of the peripheral circuit area PERI may be electrically connected
to upper bonding metals 371b and 372b of the cell area CELL by using a bonding method, and the
lower bonding metals 271b and 272b and the upper bonding metals 371b and 372b may include,
for example, aluminum, copper, or tungsten.

[0132] The cell area CELL may provide at least one memory block. The cell area CELL
may include a second substrate 310 and a common source line 320. A plurality of word lines 331
through 338 (collectively 330) may be stacked on the second substrate 310 in a direction
perpendicular to an upper surface of the second substrate 310 (Z-axis direction). String select lines
and a ground select line may be arranged on and under each of the word lines 330, and the plurality
of word lines 330 may be arranged between the string select lines and the ground select line.
[0133] In the bit line bonding area BLBA, a channel structure CH may extend in a direction
perpendicular to the upper surface of the second substrate 310 and pass through the word lines 330,
the string select lines, and the ground select line. The channel structure CH may include, for
example, a data storage layer, a channel layer, and a buried insulating layer, and the channel layer
may be electrically connected to a first metal layer 350c and a second metal layer 360c. For
example, the first metal layer 350c may be a bit line contact, and the second metal layer 360c may
be a bit line. In an example embodiment, the bit line 360c may extend in a first direction parallel
to the upper surface of the second substrate 310 (Y-axis direction).

[0134] In the example embodiment illustrated in FIG. 18, an area where the channel
structure CH and the bit line 360c or the like are arranged may be defined as the bit line bonding
area BLBA. The bit line 360c may be electrically connected to the circuit elements 220c providing

a page buffer 393 in the peripheral circuit area PERI in the bit line bonding area BLBA. For
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example, the bit line 360c may be connected to the upper bonding metals 371c and 372c in the
peripheral circuit area PERI, and the upper bonding metals 371c and 372c may be connected to
the lower bonding metals 271c and 272c that are connected to the circuit elements 220c of the
page buffer 393.

[0135] In the word line bonding area WLBA, the word lines 330 may extend in a second
direction parallel to the upper surface of the second substrate 310 (X-axis direction) and may be
connected to a plurality of cell contact plugs 341 through 347 (collectively 340). The word lines
330 and the cell contact plugs 340 may be connected to each other via pads provided by at least
some of the word lines 330 extending by different lengths in the second direction. A first metal
layer 350b and a second metal layer 360b may be sequentially connected on the cell contact plugs
340 connected to the word lines 330. The cell contact plugs 340 may be connected to the peripheral
circuit area PERI in the word line bonding area WLBA via the upper bonding metals 371b and
372b of the cell area CELL and the lower bonding metals 271b and 272b of the peripheral circuit
area PERI.

[0136] The cell contact plugs 340 may be electrically connected to the circuit elements
220b that provide a row decoder 394 in the peripheral circuit area PERI. In an example
embodiment, an operating voltage of the circuit elements 220b providing the row decoder 394 may
be different from an operating voltage of the circuit elements 220c providing the page buffer 393.
For example, the operating voltage of the circuit elements 220c providing the page buffer 393 may
be higher than the operating voltage of the circuit elements 220b that provide the row decoder 394.
[0137] A common source line contact plug 380 may be arranged in the external pad
bonding area PA. The common source line contact plug 380 may include a conductive material
such as a metal, a metal compound, or polysilicon, and may be electrically connected to the
common source line 320. A first metal layer 350a and a second metal layer 360a may be

sequentially stacked on the common source line contact plug 380. For example, an area where the
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common source line contact plug 380, the first metal layer 350a, and the second metal layer 360a
are arranged may be defined as the external pad bonding area PA.

[0138] In the external pad bonding area PA, first and second input/output pads 205 and
305 may be arranged. Referring to FIG. 18, a lower insulating layer 201 covering a lower surface
of the first substrate 210 may be formed under the first substrate 210, and a first input/output pad
205 may be formed on the lower insulating layer 201. The first input/output pad 205 is connected
to at least one of the plurality of circuit elements 220a, 220b, and 220c arranged in the peripheral
circuit area PERI, via a first input/output contact plug 203, and may be separated from the first
substrate 210 via the lower insulating layer 201. Also, a lateral insulating layer may be arranged
between the first input/output contact plug 203 and the first substrate 210 to electrically isolate the
first input/output contact plug 203 from the first substrate 210.

[0139] Referring to FIG. 18, an upper insulating layer 301 covering the upper surface of
the second substrate 310 may be formed on the second substrate 310, and a second input/output
pad 305 may be arranged on the upper insulating layer 301. The second input/output pad 305 may
be connected to at least one of the plurality of circuit elements 220a, 220b, and 220c arranged in
the peripheral circuit area PERI, via a second input/output contact plug 303.

[0140] According to example embodiments, in an area in which the second input/output
contact plug 303 is disposed, the second substrate 310 and the common source line 320 or the like
may not be arranged. In addition, the second input/output pad 305 may not overlap the word lines
330 in a third direction (Z-axis direction). Referring to FIG. 18, the second input/output contact
plug 303 is separated from the second substrate 310 in a direction parallel to the upper surface of
the second substrate 310, and may pass through an interlayer insulating layer 315 of the cell area
CELL to be connected to the second input/output pad 305.

[0141] According to example embodiments, the first input/output pad 205 and the second
input/output pad 305 may be formed selectively. For example, the memory device 400 may include

only the first input/output pad 205 arranged on the first substrate 210 or only the second
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input/output pad 305 arranged on the second substrate 310. Alternatively, the memory device 400
may include both the first input/output pad 205 and the second input/output pad 305.

[0142] In each of the external pad bonding area PA and the bit line bonding area BLBA
that are included in each of the cell area CELL and the peripheral circuit area PERI, a metal pattern
of an uppermost metal layer of each of the cell area CELL and the peripheral circuit area PERI
may be a dummy pattern or the uppermost metal layer may be hollow.

[0143] In the external pad bonding area PA of the memory device 400, a lower metal
pattern 273a having a same pattern as an upper metal pattern 372a of the cell area CELL may be
formed in the uppermost metal layer of the peripheral circuit area PERI to correspond to the upper
metal pattern 372a formed in the uppermost metal layer of the cell area CELL. The lower metal
pattern 273a formed in the uppermost metal layer of the peripheral circuit area PERI may not be
connected to an additional contact in the peripheral circuit area PERI. Similarly, an upper metal
pattern having a same pattern as a lower metal pattern of the peripheral circuit area PERI may be
formed on an upper metal layer of the cell area CELL to correspond to the lower metal pattern
formed in the uppermost metal layer of the peripheral circuit area PERI in the external pad bonding
area PA.

[0144] The lower bonding metals 271b and 272b may be formed on the second metal layer
240Db in the word line bonding area WLBA. In the word line bonding area WLBA, the lower
bonding metals 271b and 272b of the peripheral circuit area PERI may be electrically connected
to the upper bonding metals 371b and 372b of the cell area CELL by using a bonding method.
[0145] Also, an upper metal pattern 392 having a same pattern as a lower metal pattern
252 of the peripheral circuit area PERI may be formed in the uppermost metal layer of the cell
area CELL to correspond to the lower metal pattern 252 formed in the uppermost metal layer of
the peripheral circuit area PERI in the bit line bonding area BLBA. No contact may be formed on

the upper metal pattern 392 formed in the uppermost metal layer of the cell area CELL.
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[0146] While the inventive concept has been particularly shown and described with
reference to example 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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CLAIMS

What is Claimed is:

1. A method of detecting a defective memory cell block in a nonvolatile memory
system, the method comprising:

performing, after an erase operation, a read operation on one or more memory cells
included in a target memory cell block based on an off-cell detection voltage that is different from
a read reference voltage;

counting a number of hard off-cells having a higher threshold voltage than the off-cell
detection voltage among the one or more memory cells based on a result of performing the read
operation; and

identifying whether the target memory cell block is a defective memory cell block based

on the number of hard off-cells.

2. The method of claim 1, wherein the performing of the read operation comprises
setting, as the off-cell detection voltage, a value between a threshold voltage level of an erased

memory cell and a threshold voltage level of a hard off-cell.

3. The method of claim 1 or claim 2, wherein the performing of the read operation
comprises:

applying the off-cell detection voltage to each of a plurality of word lines connected to the
target memory cell block; and

measuring an output current from a cell string connected to a target memory cell.

4. The method of claim 3, wherein the counting the number of hard off-cells

comprises identifying whether the target memory cell is a hard off-cell based on the output current.
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5. The method of claim 4, wherein the counting the number of hard off-cells
comprises identifying the target memory cell as the hard off-cell based on the output current being

less than a threshold current.

6. The method of any one of claims 1 to 5, wherein the identifying whether the target
memory cell block is the defective memory cell block comprises:

comparing the number of hard off-cells with a reference number of off-cells; and

identifying whether the target memory cell block is the defective memory cell block based

on a result of the comparing.

7. The method of claim 6, wherein the reference number of off-cells comprises an

initial number of off-cells corresponding to string select lines of the target memory cell block.

8. The method of claim 6 or claim 7, wherein the identifying whether the target
memory cell block is the defective memory cell block comprises identifying the target memory
cell block as the defective memory cell block based on the number of hard off-cells exceeding the

reference number of off-cells.

9. A nonvolatile memory system comprising:

a memory device including a plurality of memory cell blocks; and

a memory controller comprising: a command generator configured to output an off-cell
detection command signal to direct the memory device to perform a hard off-cell detection
operation after the memory device performs an erase operation; and a defective memory
cell block identifier configured to output a signal indicating whether a target memory cell

block is a defective memory cell block based on a number of hard off-cells among one or
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more memory cells included in the target memory cell block according to the off-cell

detection command signal,

wherein the memory device is configured to perform, based on the off-cell detection
command signal, a read operation on the one or more memory cells based on an off-cell detection

voltage that is different from a read reference voltage.

10.  The nonvolatile memory system of claim 9, wherein the memory device comprises
a voltage generator configured to output, as the off-cell detection voltage, a value between a
threshold voltage level of an erased memory cell and a threshold voltage level of a hard off-cell,

based on the off-cell detection command signal.

11.  The nonvolatile memory system of claim 9 or claim 10, wherein the memory device
comprises:

a memory cell array in which a plurality of word lines are connected to memory cells of
target cell string such that a voltage is applied to the memory cells;

a row decoder configured to apply the off-cell detection voltage to a target memory cell
via a target word line from among the plurality of word lines; and

a sensing amplifier configured to receive an output current from the target cell string based

on the off-cell detection voltage.

12. The nonvolatile memory system of claim 11, wherein the sensing amplifier outputs

a signal indicating whether the target memory cell is a hard off-cell, based on the output current.

13. The nonvolatile memory system of claim 12, wherein the sensing amplifier outputs
asignal indicating that the target memory cell is the hard off-cell based on the output current being

less than a threshold current.
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14.  The nonvolatile memory system of any one of claims 9 to 13, wherein the memory
device comprises a pager buffer configured to count the number of hard off-cells from among the

one or more memory cells based on a result of the performing of the read operation.

15.  The nonvolatile memory system of any one of claims 9 to 13, wherein the memory
controller comprises an off-cell counter configured to receive a result of the performing of the read
operation and count the number of hard off-cells of the one or more memory cells based on the

result of the performing of the read operation.

16.  The nonvolatile memory system of any one of claims 9 to 15, wherein the memory
device comprises an off-cell information storage block configured to store a block address, a string
select line (SSL) address, and information of a reference number of off-cells corresponding to the
block address and the SSL address,

wherein the defective memory cell block identifier configured to identify whether the target
memory cell block is the defective memory cell block by comparing the reference number of off-

cells with the number of hard off-cells.

17.  The nonvolatile memory system of claim 16, wherein, in the off-cell information
storage block, an initial number of off-cells corresponding to each string select line of the memory

cell blocks is stored to correspond to the block address and the SSL address.

18. The nonvolatile memory system of claim 16 or claim 17, wherein the defective
memory cell block identifier is further configured to identify the target memory cell block as the
defective memory cell block based on the number of hard off-cells exceeding the reference number

of off-cells.
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19. A nonvolatile memory controller comprising:
a memory storing one or more instructions; and
a processor configured to execute the one or more instructions to implement:

a command generator configured to output an off-cell detection command signal to
direct a memory device to perform a hard off-cell detection operation after the memory
device performs an erase operation; and

a defective memory cell block identifier configured to output a signal indicating
whether a memory cell block including a target cell string is a defective memory cell block
based on a number of hard off-cells among one or more memory cells included in a target

memory cell block according to the off-cell detection command signal.

20.  The nonvolatile memory controller of claim 19, wherein the command generator is
further configured to output a command signal directing to set, as an off-cell detection voltage, a
value between a threshold voltage level of an erased memory cell and a threshold voltage level of

a hard off-cell.
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