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MEMORY DEVICE PERFORMING PROGRAM OPERATION AND

METHOD OF OPERATING THE SAME

CROSS-REFERENCE TO RELATED APPLICATION
[0001] The present application claims priority to Korean patent
application number 10-2023-0019552 filed on February 14, 2023,
in the Korean Intellectual Property Office, the entire disclosure of
which is incorporated by reference herein.

BACKGROUND

1. Technical Field
[0002] The present disclosure relates to a semiconductor device,
and more particularly, to a program operation of a memory device.
2. Description of Related Art
[0003] A memory device is a device storing data, and may be
classified as a volatile memory device or a nonvolatile memory
device.
[0004] The memory device may include a memory cell array. The
memory cell array may include a stack in which a plurality of
insulating layers and a plurality of conductive layers are
alternately stacked, and a channel hole passing through the stack.
A three-dimensional memory device may form a plurality of
channel regions by dividing one channel hole into two or more
regions through a cutting structure. Accordingly, because two or

more memory cells may be formed along the channel hole in one
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layer of a conductive layer, an integration degree of the memory
cells may be increased.

[0005] A coupling effect may occur between memory cells facing
each other through a plurality of separately formed channel
regions. The coupling effect may refer to an effect in which
memory cells interfere with each other as a distance between the
memory cells is shortened due to a high integration degree. A
threshold voltage distribution of the memory cells may be changed

due to the coupling effect.

SUMMARY

[0006] An embodiment of the present disclosure provides a
memory device and a method of operating the same capable of
improving a threshold voltage distribution of a memory cell.

[0007] According to an embodiment of the present disclosure, a
method of operating a memory device may include: performing a
first program operation on first memory cells connected to a first
channel region among a plurality of channel regions formed by
separating one channel hole into the plurality of channel regions,
based on a first verify voltage; performing a second program
operation on second memory cells connected to a second channel
region among the plurality of channel regions, based on a second
verify voltage; determining third memory cells having a threshold

voltage lower than a target threshold voltage distribution among
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the first memory cells while performing the second program
operation; and performing a third program operation on the third
memory cells.

[0008] According to an embodiment of the present disclosure, a
method of operating a memory device may include: performing a
first program operation so that first memory cells connected to a
first channel region among a plurality of channel regions, formed
by separating one channel hole into the plurality of channel
regions, are included in a first target threshold voltage
distribution; performing a second program operation so that
second memory cells connected to a second channel region among
the plurality of channel regions are included in a second target
threshold voltage distribution; detecting third memory cells
having a threshold voltage lower than the second target threshold
voltage distribution among the first memory cells while performing
the second program operation; and performing a third program
operation on the third memory cells.

[0009] According to an embodiment of the present disclosure, a
memory device may include: first memory cells connected to a
first channel region; second memory cells connected to a second
channel region adjacent to the first channel region; a voltage
generator configured to generate a plurality of program voltages,
a first verify voltage, and a second verify voltage higher than the

first verify voltage; a row decoder configured to apply the plurality
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of program voltages to a word line connected to selected memory
cells among the first memory cells or to apply the plurality of
program voltages to a word line connected to selected memory
cells among the second memory cells; a page buffer group
configured to sense the first memory cells based on the first verify
voltage or sense the second memory cells based on the second
verify voltage; and control logic configured to control the voltage
generator, the row decoder, and the page buffer group to perform
a program operation on the first memory cells based on the
plurality of program voltages and the first verify voltage, perform
the program operation on the second memory cells based on the
plurality of program voltages and the second verify voltage, and
additionally perform the program operation on some memory cells
among the first memory cells.

[0010] According to the present technology, a memory device and
a method of operating the same capable of improving a threshold

voltage distribution of a memory cell are provided.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] FIG. 1 is a flowchart illustrating a method of operating a
memory device according to an embodiment of the present
disclosure.
[0012] FIG. 2 is a diagram illustrating a memory device according

to an embodiment of the present disclosure.
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[0013] FIGs. 3A and 3B are diagrams illustrating a structure of a
memory cell according to an embodiment of the present disclosure.
[0014] FIG. 4 is a diagram illustrating a threshold voltage
distribution of a memory cell according to an embodiment of the
present disclosure.

[0015] FIG. 5 is a diagram illustrating first to third program
operations according to an embodiment of the present disclosure.
[0016] FIG. 6 is a diagram illustrating a threshold voltage
distribution of a memory cell during the first to third program
operations of FIG. 5.

[0017] FIG. 7 is a diagram illustrating voltages generated during
a program operation according to an embodiment of the present
disclosure.

[0018] FIGs. 8A and 8B are a diagram and a table illustrating an
order in which a program operation is performed according to an
embodiment of the present disclosure.

[0019] FIG. 9 is a diagram illustrating a time point when an
operation of determining a third memory cell is performed
according to an embodiment of the disclosure.

[0020] FIG. 10 is a diagram illustrating a method of determining

a third memory cell according to an embodiment of the disclosure.

DETAILED DESCRIPTION

[0021] Specific structural or functional descriptions of
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embodiments according to the concept of the present disclosure
disclosed in the present specification or application are illustrated
only to describe the embodiments according to the concept of the
present disclosure. The embodiments according to the concept of
the present disclosure may be carried out in various forms and are
not limited to the embodiments described in the present
specification or application.

[0022] FIG. 1 is a flowchart illustrating a method of operating a
memory device according to an embodiment of the present
disclosure. The method of FIG. 1 may be performed by a memory
device 1000 of FIG. 2. The memory device 1000 is described in
detail with reference to FIG. 2 to be described later.

[0023] Referring to FIG. 1, in step S101, the memory device 1000
may perform a first program operation on first memory cells
connected to a first channel region among a plurality of channel
regions, based on a first verify voltage. The plurality of channel
regions may be formed by separating one channel hole.

[0024] Specifically, the memory device 1000 may perform the
first program operation so that the first memory cells are included
in a first target threshold voltage distribution.

[0025] In step S103, the memory device 1000 may perform a
second program operation on second memory cells connected to a
second channel region among the plurality of channel regions,

based on a second verify voltage. In an embodiment, the second
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verify voltage may be a voltage for verifying whether the second
memory cells are included in the target threshold voltage
distribution. In an embodiment, the first verify voltage may be
lower than the second verify voltage.

[0026] Specifically, the memory device 1000 may perform the
second program operation so that the second memory cells are
included in a second target threshold voltage distribution. At this
time, the second target threshold voltage distribution may be a
final target threshold voltage distribution. In an embodiment, the
first target threshold voltage distribution may include threshold
voltages lower than a highest threshold voltage of the second
target threshold voltage distribution.

[0027] In step S105, the memory device 1000 may determine
third memory cells having a threshold voltage lower than the
target threshold voltage distribution among the first memory cells
while performing the second program operation. In an
embodiment, the third memory cells may be memory cells included
in selected memory cells among the first memory cells. That is,
the third memory cells may refer to memory cells which are to be
programmed to have a specific program state rather than an erase
state but are not included in the target threshold voltage
distribution even after a program voltage is applied according to
the first program operation and the second program operation.

[0028] In step S107, the memory device 1000 may perform a
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third program operation on the third memory cells.

[0029] Meanwhile, each program operation may include at least
one or more program loops. Each program loop may include a
program voltage apply operation of applying the program voltage
to a selected word line and a verify operation of verifying a
program state of memory cells.

[0030] Specifically, the memory device 1000 may perform the
third program operation so that the third memory cells are
included in the second target threshold voltage distribution.
[0031] FIG. 2 is a diagram illustrating a memory device according
to an embodiment of the present disclosure.

[0032] Referring to FIG. 2, the memory device 1000 may include
a memory cell array 1100, a peripheral circuit 1200, and control
logic 1300.

[0033] The memory cell array 1100 includes a plurality of memory
blocks BLK1 to BLKz.

[0034] The plurality of memory blocks BLK1 to BLKz may be
connected to a row decoder 1210 through row lines RL. Here, the
row lines RL may include at least one or more source select lines
SSL, a plurality of word lines WL1 to WLm, and at least one or
more drain select lines DSL. The plurality of memory blocks BLK1
to BLKz may be connected to a page buffer group 1230 through
bit lines BL1 to BLm.

[0035] The plurality of memory blocks BLK1 to BLKz may include
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a plurality of memory cell strings ST. The bit lines BL1 to BLm
may be connected to a channel region of each of the memory cell
strings ST, and a source line SL may be commonly connected to
the channel regions of the memory cell strings ST. The memory
cell string ST may include at least one or more source select
transistors SST, the plurality of memory cells MC1 to MCm, and at
least one or more drain select transistors DST connected in series
between the source line SL and the bit lines BL1 to BLm. The
source select transistor SST, the plurality of memory cells MC1 to
MCm, and the drain select transistor DST may be connected by the
channel region of the memory cell string ST.

[0036] Each of the plurality of memory blocks BLK1 to BLKz may
include the plurality of memory cells MC1 to MCm. Memory cells
MC1 to MCm connected to the same word line may be defined as
one page PG. In an embodiment, the page PG may be a unit for
storing data in the memory device 1000 or reading data stored in
the memory device 1000.

[0037] The peripheral circuit 1200 may be configured to perform
the program operation, a read operation, or an erase operation on
a selected region of the memory cell array 1100 under control of
the control logic 1300.

[0038] The peripheral circuit 1200 may include the row decoder
1210, a voltage generator 1220, the page buffer group 1230, a

column decoder 1240, an input/output circuit 1250, and a sensing
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circuit 1260.

[0039] The row decoder 1210 may be configured to decode a row
address RADD received from the control logic 1300. The row
decoder 1210 selects at least one memory block among the
memory blocks BLK1 to BLKz according to a decoded address. In
addition, the row decoder 1210 may select at least one word line
of the selected memory block according to the decoded address.
The row decoder 1210 may apply voltages Vop generated by the
voltage generator 1220 to the selected word line.

[0040] For example, during the program operation, the row
decoder 1210 may apply a program voltage to the selected word
line and apply a program pass voltage of a level lower than that
of the program voltage to unselected word lines. During a
program verify operation, the row decoder 1210 may apply a verify
voltage to the selected word line and apply a verify pass voltage
higher than the verify voltage to the unselected word lines.
[0041] The voltage generator 1220 may be configured to generate
a plurality of voltages using an external power voltage supplied to
the memory device 1000. Specifically, the voltage generator 1220
may generate various operation voltages Vop used for the program,
read, and erase operations in response to an operation signal
OPSIG. The plurality of generated voltages Vop may be supplied
to the memory cell array 1100 by the row decoder 1210.

[0042] In an embodiment, the voltage generator 1220 may
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generate a first program voltage, a first program pass voltage, a
first verify voltage, a first verify pass voltage, and the like to be
used in a first program operation. In addition, the voltage
generator 1220 may generate a second program voltage, a second
program pass voltage, a second verify voltage, a second verify
pass voltage, and the like to be used in a second program
operation.

[0043] The page buffer group 1230 includes a plurality of page
buffers PB1 to PBm. The plurality of page buffers PB1 to PBm may
temporarily store data received through the plurality of bit lines
BL1 to BLm in response to page buffer control signals PBSIGNALS.
In addition, during the read or verify operation of the plurality of
page buffers PB1 to PBm, the plurality of memory cells MC1 to
MCm may be sensed. Specifically, the plurality of page buffers
PB1 to PBm may sense a voltage or a current of the plurality of
bit lines BL1 to BLm connected to the plurality of memory cells
MC1 to MCm.

[0044] The column decoder 1240 may transfer data between
the input/output circuit 1250 and the page buffer group 1230 in
response to a column address CADD. The column decoder 1240
may exchange the data DATA with the input/output circuit 1250
through column lines CL and may exchange the data DATA with
the page buffer group 1230 through data lines DL.

[0045] The input/output circuit 1250 may transfer a command
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CMD and an address ADDR received from a memory controller (not
shown) to the control logic 1300 or exchange data DATA with the
column decoder 1240.

[0046] During the read operation or the verify operation, the
sensing circuit 1260 may generate a reference current in response
to an allowable bit VRYBIT, compare a sensing voltage VPB
received from the page buffer group 1230 with a reference voltage
generated by the reference current, and output a pass signal PASS
or a fail signal FAIL. Alternatively, the sensing circuit 1260 may
generate the reference voltage in response to the allowable bit
VRYBIT, compare a sensing current IPB received from the page
buffer group 1230 with a reference current generated by the
reference voltage, and output the pass signal PASS or the fail
signal FAIL.

[0047] The control logic 1300 may output the operation signal
OPSIG, the row address RADD, the page buffer control signals
PBSIGNALS, and the allowable bit VRYBIT in response to the
command CMD and the address ADDR to control the peripheral
circuit 1200. The control logic 1300 may be implemented as
hardware, software, or a combination of hardware and software.
For example, the control logic 1300 may be a control logic circuit
operating in accordance with an algorithm and/or a processor
executing control logic code.

[0048] In an embodiment, the control logic 1300 may include a
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program operation controller 1310. In an embodiment, the
program operation controller 1310 may be implemented as
hardware, software, or a combination of hardware and software.
For example, the program operation controller 1310 may be a
circuit that operates according to an algorithm, a processor, or a
processor that executes a code.

[0049] The program operation controller 1310 may control the
program operation of the memory device 1000. For example, the
program operation controller 1310 may control the peripheral
circuit 1200 to perform the first program operation on the first
memory cells. In addition, the program operation controller 1310
may control the peripheral circuit 1200 to perform the second
program operation on the second memory cells. In addition, the
program operation controller 1310 may determine the third
memory cells among the first memory cells and control the
peripheral circuit 1200 to perform the third program operation on
the third memory cells.

[0050] FIGs. 3A and 3B are diagrams illustrating a structure of a
memory cell according to an embodiment of the present disclosure.
[0051] In FIGs. 3A and 3B, a structure in which a channel hole
CHH is divided into two channel regions is described for
convenience of description, but is not necessarily limited thereto.
According to an embodiment, the channel hole may be divided into

three or more channel regions.
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[0052] Specifically, FIG. 3A may represent a perspective view of
memory cells included in the channel hole CHH, and FIG. 3B may
represent a cross-sectional view of the memory cells.

[0053] Referring to FIGs. 3A and 3B, one channel hole CHH may
be divided into a first channel region CH1 and a second channel
region CH2 through a cutting structure. Here, the channel region
may mean a channel region of a memory cell string. First memory
cells MC1 may be connected to the first channel region CH1, and
second memory cells MC2 may be connected to the second channel
region CH2. Accordingly, a plurality of memory cells may be
formed in one layer.

[0054] In addition, because the first memory cells MC1 and the
second memory cells MC2 are adjacent to each other, a coupling
effect may occur. Accordingly, when the program operation is
performed on the first memory cells MC1, a threshold voltage
distribution of the second memory cells MC2 may be affected by
the coupling effect. In addition, when the program operation is
performed on the second memory cells MC2, a threshold voltage
distribution of the first memory cells MC1 may be affected by the
coupling effect. This is described in detail with reference to FIG. 4
to be described later.

[0055] FIG. 4 is a diagram illustrating a threshold voltage
distribution of a memory cell according to an embodiment of the

present disclosure. In FIG. 4, the horizontal axis indicates the
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threshold voltage Vth and the vertical axis indicates the number
of memory cells. In FIG. 4, a threshold voltage distribution of the
first memory cells MC1 after a first program operation PGM1 is
completed, a threshold voltage distribution of the second memory
cells MC2 after a second program operation PGM2 is completed,
and the threshold voltage distribution of the first memory cells
MC1 after the second program operation PGM2 is completed may
be shown, in an order from a graph shown at the uppermost end.
In addition, a program voltage and a verify voltage used in the
first program operation PGM1 and the second program operation
PGM2 may be the same.

[0056] Referring to FIG. 4, after the first program operation PGM1
on the first memory cells MC1 is completed, selected memory cells
among the first memory cells MC1 may have a target threshold
voltage distribution TARGET corresponding to a target program
state P. In addition, unselected memory cells among the first
memory cells MC1 may have a threshold voltage distribution
corresponding to an erase state E.

[0057] Thereafter, when the second program operation PGM2 on
the second memory cells MC2 is completed, selected memory cells
among the second memory cells MC2 may have a target threshold
voltage distribution TARGET corresponding to the target program
state P. In addition, unselected memory cells among the second

memory cells MC2 may have the threshold voltage distribution
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corresponding to the erase state E.

[0058] Meanwhile, when the second program operation PGM2 on
the second memory cells MC2 is completed, the threshold voltage
distribution of the selected memory cells among the first memory
cells MC1 may be changed due to the coupling effect. Specifically,
the threshold voltage distribution of the selected memory cells
among the first memory cells MC1 may become widened, and
memory cells having a threshold voltage higher than the target
threshold voltage distribution TARGET may be generated.

[0059] Hereinafter, first to third program operations for
improving the threshold voltage distribution of the first memory
cells MC1 is described.

[0060] FIG. 5 is a diagram illustrating first to third program
operations according to an embodiment of the present disclosure.
[0061] Referring to FIG. 5, a method in which the memory device
1000 performs the first to third program operations is shown over
time. The memory device 1000 may receive a program command
from the memory controller through input/output terminals
DQ<7:0> of the input/output circuit 1250. However, although not
shown, the memory device 1000 may also receive data to be
programmed and an address indicating a region in which the data
is to be programmed, together with the program command. When
a ready busy signal RB_N is output at a low level, the ready busy

signal RB_N may indicate that the memory device 1000 is in a
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busy state. When the ready busy signal RB_N is output at a high
level, the ready busy signal RB_N may indicate that the memory
device 1000 is in a ready state.

[0062] The memory device 1000 may receive a first program
command PGM1 CMD.

[0063] The memory device 1000 may perform the first program
operation PGM1 on the first memory cells MC1 based on the first
verify voltage in response to the first program command PGM1
CMD. When the first program operation PGM1 is completed, the
memory device 1000 may indicate the ready state through the
ready busy signal RB_N.

[0064] The memory device 1000 may receive a second program
command PGM2 CMD.

[0065] The memory device 1000 may perform the second program
operation PGM2 on the second memory cells MC2 based on the
second verify voltage in response to the second program command
PGM2 CMD. In addition, the memory device 1000 may determine
third memory cells MC3 among the first memory cells MC1 while
performing the second program operation PGM2 in response to the
second program command PGM2 CMD.

[0066] When the second program operation PGM2 is completed,
the memory device 1000 may perform a third program operation
PGM3 on the third memory cells MC3 in response to the second

program command PGM2 CMD.
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[0067] In an embodiment, during the third program operation
PGM3, remaining cells except for the third memory cells among
the first memory cells may be set to a program inhibit voltage.
Accordingly, the program pass voltage may be applied to the
remaining cells.

[0068] Meanwhile, the program voltage, the program pass voltage,
the verify voltage, and the verify pass voltage used during the
third program operation PGM3 may be set variously according to
an embodiment.

[0069] FIG. 6 is a diagram illustrating a threshold voltage
distribution of a memory cell during the first to third program
operations of FIG. 5. In FIG. 6, the horizontal axis indicates the
threshold voltage Vth and the vertical axis indicates the number
of memory cells. In FIG. 6, the threshold voltage distribution of
the first memory cells MC1 after the first program operation PGM1
is completed, the threshold voltage distribution of the second
memory cells MC2 after the second program operation PGM2 is
completed, the threshold voltage distribution of the first memory
cells MC1 after the second program operation PGM2 is completed,
and the threshold voltage distribution of the first memory cells
MC1 after the third program operation PGM3 is completed may be
shown in an order from a graph shown at the uppermost end.
[0070] Referring to FIG. 6, after the first program operation PGM1

on the first memory cells MC1 is completed, the selected memory
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cells among the first memory cells MC1 may have a first target
threshold voltage distribution TARGET1 lower than a second target
threshold voltage distribution which is a final target. In addition,
the unselected memory cells among the first memory cells MC1
may have the threshold voltage distribution corresponding to the
erase state E.

[0071] Thereafter, when the second program operation PGM2 on
the second memory cells MC2 is completed, the selected memory
cells among the second memory cells MC2 may have the second
target threshold voltage distribution TARGET2 corresponding to
the target program state P. In addition, the unselected memory
cells among the second memory cells MC2 may have the threshold
voltage distribution corresponding to the erase state E.

[0072] In addition, when the second program operation PGM2 on
the second memory cells MC2 is completed, the threshold voltage
distribution of the selected memory cells among the first memory
cells MC1 may be changed due to the coupling effect. Specifically,
the threshold voltage distribution of the selected memory cells
among the first memory cells MC1 may become widened.
Accordingly, memory cells having a threshold voltage higher than
the second target threshold voltage distribution TARGET2 among
the first memory cells MC1 do not exist. However, the third
memory cells MC3 having a threshold voltage lower than the

second target threshold voltage distribution TARGET2 among the
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first memory cells MC1 may exist.

[0073] Thereafter, when the third program operation PGM3 on the
third memory cells MC3 is completed, the third memory cells MC3
may have the second target threshold voltage distribution
TARGET2. Accordingly, all of the first memory cells may have the
second target threshold voltage distribution TARGET?2.

[0074] FIG. 7 is a diagram illustrating voltages generated during
a program operation according to an embodiment of the present
disclosure.

[0075] Referring to FIG. 7, the memory device 1000 may apply a
plurality of program voltages to word lines connected to selected
memory cells among the first memory cells in the first program
operation PGM1. At this time, the plurality of program voltages
may be voltages increasing by a first unit voltage AV1 from the
first program voltage Vpgm1 which is a start program voltage.
[0076] The memory device 1000 may apply the plurality of
program voltages to word lines connected to selected memory
cells among the second memory cells in the second program
operation PGM2. At this time, the plurality of program voltages
may be voltages increasing by a second unit voltage AV2 from the
second program voltage Vpgm2 which is a start program voltage.
[0077] In an embodiment, the second program voltage Vpgm?2
may be higher than the first program voltage Vpgm1. In addition,

the second unit voltage AV2 may be lower than the first unit
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voltage AV1.

[0078] In addition, the memory device 1000 may verify a program
state of the first memory cells based on a first verify voltage Vvfyl
after each program voltage is applied in the first program
operation PGM1.

[0079] The memory device 1000 may verify a program state of
the second memory cells based on a second verify voltage Vvfy2
in the second program operation PGM2. In an embodiment, the
first verify voltage Vvfyl may be lower than the second verify
voltage Vvfy2.

[0080] In addition, the memory device 1000 may apply a first
program pass voltage VpassPl to a word line connected to
unselected memory cells among the first memory cells
simultaneously with applying the plurality of program voltages to
the word lines connected to the selected memory cells in the first
program operation PGM1.

[0081] The memory device 1000 may apply a second program
pass voltage VpassP2 to a word line connected to unselected
memory cells among the second memory cells simultaneously with
applying the plurality of program voltages to the word line
connected to the selected memory cells in the second program
operation PGM2. In an embodiment, the second program pass
voltage VpassP2 may be higher than the first program pass voltage

VpassP1.
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[0082] In addition, in an operation of verifying the program state
of the first memory cells, the memory device 1000 may apply the
first verify voltage Vvfyl to the word line connected to the
selected memory cells, and apply a first verify pass voltage
VpassV1l to the word line connected to the unselected memory
cells.

[0083] In an operation of verifying the program state of the
second memory cells, the memory device 1000 may apply the
second verify voltage Vvfy2 to the word line connected to the
selected memory cells, and apply a second verify pass voltage
VpassV2 to the word line connected to the unselected memory
cells. In an embodiment, the second verify pass voltage VpassV2
may be higher than the first verify pass voltage VpassV1.

[0084] FIGs. 8A and 8B are a diagram and a table illustrating an
order in which a program operation is performed according to an
embodiment of the present disclosure. Specifically, FIG. 8A may
represent a cross-sectional view of memory cells, and FIG. 8B may
represent a characteristic of the memory cells.

[0085] Referring to FIGs. 8A and 8B, in a process of separating
the channel hole, the first channel region and the second channel
region may not be accurately separated. In this case, the cross-
sectional areas of memory cells connected to each channel region,
the number of bits stored in the memory cells, and the like may

be different.
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[0086] For example, when the channel hole is separated, left
memory cells MCL may be smaller than right memory cells MCR.
In this case, each of the left memory cells MCL may stores fewer
bits than each of the right memory cells MCR.

[0087] In an embodiment, the memory device 1000 may first
perform the program operation on memory cells having a
relatively small number of bits stored in the memory cells, and
then perform the program operation on memory cells having a
relatively large number of bits stored in the memory cells.

[0088] For example, the memory device 1000 may perform the
first program operation on the left memory cells MCL and perform
the second program operation on the right memory cells MCR. In
other words, each of memory cells which are targets of the first
program operation may store bits of the number less than that of
each of memory cells which are targets of the second program
operation.

[0089] FIG. 9 is a diagram illustrating a time point when an
operation of determining a third memory cell is performed
according to an embodiment of the disclosure.

[0090] Referring to FIG. 9, the second program operation PGM2
may include a plurality of program loops PL1 to PLn.

[0091] Each of the plurality of program loops PL1 to PLn may
include a program voltage apply operation and a verify operation.

[0092] In an embodiment, the memory device 1000 may
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determine the third memory cell MC3 while performing any one
verify operation among a plurality of verify operations included in
the second program operation PGM2. Specifically, the memory
device 1000 may determine the third memory cell MC3 while
performing a verify operation included in the last program loop
PLn.

[0093] In an embodiment, the memory device 1000 may perform
any one verify operation longer than remaining verify operations
except for the any one verify operation among the plurality of
verify operations. For example, a performance period tVRF2 of
the verify operation included in the last program loop PLn may be
longer than a performance period tVRF1 of the remaining verify
operations.

[0094] FIG. 10 is a diagram illustrating a method of determining
a third memory cell according to an embodiment of the disclosure.
In FIG. 10, the horizontal axis indicates the threshold voltage Vth
and the vertical axis indicates the number of memory cells. The
target threshold voltage distribution TARGET of FIG. 10 may
represent the second target threshold voltage distribution
TARGET2 of FIG. 6 as the final target threshold voltage
distribution. In addition, a graph of FIG. 10 may represent the
threshold voltage distribution of the first memory cells MC1 after
a last program voltage apply operation of the second program

operation is completed.
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[0095] Referring to FIG. 10, in step S11, the memory device 1000
may determine fourth memory cells MC4 among the first memory
cells MC1. At this time, the fourth memory cells MC4 may have a
threshold voltage lower than a lowest threshold voltage Vlow of
the target threshold voltage distribution TARGET. Specifically, the
memory device 1000 may sense the fourth memory cells MC4
based on the lowest threshold voltage Viow.

[0096] Thereafter, the memory device 1000 may determine the
third memory cells MC3 based on data DATA and the fourth
memory cells MC4.

[0097] Specifically, in step S12, the memory device 1000 may
compare the data DATA to be programmed to the first memory
cells MC1 and the fourth memory cells MC4. At this time, the data
DATA may be data DATA received from the memory controller
during the first program operation and backed up in the page
buffer group.

[0098] In step S13, the memory device 1000 may determine the
third memory cell MC3 based on a result of comparing the data
DATA and the fourth memory cells MC4. Specifically, the memory
device 1000 may check memory cells having the erase state E
through the data DATA. The memory device 1000 may determine
the third memory cells MC3 by removing the memory cells having

the erase state E among the fourth memory cells MC4.
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WHAT IS CLAIMED IS:

1. A method of operating a memory device, the method
comprising:

performing a first program operation on first memory cells
connected to a first channel region among a plurality of channel
regions formed by separating one channel hole into the plurality
of channel regions, based on a first verify voltage;

performing a second program operation on second memory
cells connected to a second channel region among the plurality of
channel regions, based on a second verify voltage;

determining third memory cells having a threshold voltage
lower than a target threshold voltage distribution among the first
memory cells while performing the second program operation; and

performing a third program operation on the third memory

cells.

2. The method of claim 1, wherein the first verify voltage is

lower than the second verify voltage.

3. The method of claim 1, wherein each of the first memory

cells stores fewer bits than each of the second memory cells.

4. The method of claim 1, wherein performing the first

program operation comprises:
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applying a plurality of program voltages increasing by a first
unit voltage from a first program voltage to word lines connected
to selected memory cells among the first memory cells; and

verifying a program state of the first memory cells based on

the first verify voltage.

5. The method of claim 4, wherein performing the second
program operation comprises:

applying a plurality of program voltages increasing by a
second unit voltage lower than the first unit voltage from a second
program voltage higher than the first program voltage to word
lines connected to selected memory cells among the second
memory cells; and

verifying a program state of the second memory cells based

on the second verify voltage.

6. The method of claim 5, wherein performing the first
program operation further comprises applying a first program pass
voltage to a word line connected to unselected memory cells
among the first memory cells simultaneously with applying the

plurality of program voltages increasing by the first unit voltage.

7. The method of claim 6, wherein performing the second

program operation further comprises applying a second program
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pass voltage higher than the first program pass voltage to a word
line connected to unselected memory cells among the second
memory cells simultaneously with applying the plurality of

program voltages increasing by the second unit voltage.

8. The method of claim 5, wherein verifying the program
state of the first memory cells comprises:

applying the first verify voltage to a word line connected to
selected memory cells among the first memory cells; and

applying a first verify pass voltage to a word line connected

to unselected memory cells among the first memory cells.

9. The method of claim 8, wherein verifying the program
state of the second memory cells comprises:

applying the second verify voltage to a word line connected
to selected memory cells among the second memory cells; and

applying a second verify pass voltage higher than the first
verify pass voltage to a word line connected to unselected memory

cells among the second memory cells.

10. The method of claim 1, wherein the third memory cells

are memory cells included in selected memory cells among the

first memory cells.
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11. The method of claim 1, wherein determining comprises:

determining fourth memory cells having a threshold voltage
lower than a lowest threshold voltage of the target threshold
voltage distribution among the first memory cells; and

determining the third memory cells based on data to be

programmed to the first memory cells and the fourth memory cells.

12. The method of claim 1, wherein determining comprises
determining the third memory cells while any one verify operation
among a plurality of verify operations included in the second

program operation is performed.

13. The method of claim 12, wherein performing the second
program operation comprises performing the any one verify
operation longer than other verify operations except for the any

one verify operation among the plurality of verify operations.

14. The method of claim 1, wherein performing the second
program operation, detecting, and performing the third program

operation are performed in response to one program command.

15. A method of operating a memory device, the method
comprising:
performing a first program operation so that first memory
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cells connected to a first channel region among a plurality of
channel regions, formed by separating one channel hole into the
plurality of channel regions, are included in a first target threshold
voltage distribution;

performing a second program operation so that second
memory cells connected to a second channel region among the
plurality of channel regions are included in a second target
threshold voltage distribution;

detecting third memory cells having a threshold voltage
lower than the second target threshold voltage distribution among
the first memory cells while performing the second program
operation; and

performing a third program operation on the third memory

cells.

16. The method of claim 15, wherein the first target
threshold voltage distribution includes threshold voltages lower
than a highest threshold voltage of the second target threshold

voltage distribution.

17. The method of claim 15, wherein performing the third
program operation comprises performing the third program
operation so that the third memory cells are included in the second

target threshold voltage distribution.
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18. A memory device comprising:

first memory cells connected to a first channel region;

second memory cells connected to a second channel region
adjacent to the first channel region;

a voltage generator configured to generate a plurality of
program voltages, a first verify voltage, and a second verify
voltage higher than the first verify voltage;

a row decoder configured to apply the plurality of program
voltages to a word line connected to selected memory cells among
the first memory cells or to apply the plurality of program voltages
to a word line connected to selected memory cells among the
second memory cells;

a page buffer group configured to sense the first memory
cells based on the first verify voltage or sense the second memory
cells based on the second verify voltage; and

control logic configured to control the voltage generator, the
row decoder, and the page buffer group to perform a program
operation on the first memory cells based on the plurality of
program voltages and the first verify voltage, perform the program
operation on the second memory cells based on the plurality of
program voltages and the second verify voltage, and additionally
perform the program operation on some memory cells among the

first memory cells.
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19. The memory device of claim 18, wherein the first channel
region and the second channel region are formed by separating
one channel hole into a plurality of channel regions including the

5 first channel region and the second channel region.
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