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MEMORY DEVICE, METHOD OF OPERATING MEMORY DEVICE, AND
COMPUTER SYSTEM INCLUDING MEMORY DEVICE

CROSS-REFERENCE TO RELATED APPLICATION(S)
[0001] This patent application claims priority to Korean Patent Application No. 10-
2019-0134681 filed on 28 October 2019 in the Korean Intellectual Property Office, the

subject matter of which is hereby incorporated by reference.

TECHNICAL FIELD
[0002] Exemplary embodiments of the inventive concept relate generally to memory

device(s) and computer system(s) including same.

BACKGROUND

[0003] A memory device includes a plurality of memory cells. Data may be written to,
read from, or erase from one or more of the memory cells during one or more data access
operation(s) (e.g., a write (or program) operation, a read operation, and an erase
operation). Typically, a fixed number of data bit(s), data byte(s), data page(s), data
plane(s), or data block(s) is the subject of a data access operation.

[0004] Neuromorphic computer systems (e.g., computer systems used in autonomous
driving vehicles) have adopted various methods of distributing, storing and accessing
various data according to its frequency of use (e.g., the number of times the data is
accessed over a defined period of time). When memory cells are programmed using a
method that fails to take into consideration the frequency of use for the data being
programmed, the overall reliability and/or operating efficiency of the memory device may

be degraded.
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SUMMARY
[0005] Embodiments of the inventive concept provide memory devices in which data
may be distributed across, selectively stored in, and read from multiple memory areas
using different data access operations. Data may be stored in this manner depending on
the frequency of use of the data in order to efficiently manage storage space and to
improve data reliability.
[0006] According to one embodiment, a memory device includes; a memory area
including a first memory area including first memory cells storing N-bit data and a second
memory area including second memory cells storing M-bit data, where 'M" and 'N' are
natural numbers and M is greater than N, and a controller configured to read data stored
in the first memory area using a first read operation, read data stored in the second
memory area using a second read operation different from the first read operation, and
selectively store data in one of the first memory area and the second memory area based
on a frequency of use (FOU) of the data.
[0007] According to another embodiment, a memory device includes; a memory area
including a first memory area including first memory cells operated as single-level
memory cells (SLC), another memory area including memory cells operated as multi-
level memory cells (MLC), and a security area, and a controller configured to read data
stored in the first memory area using a first read operation, read data stored in the another
memory area using a second read operation different from the first read operation,
selectively store data in one of the first memory area and the another memory area based
on a frequency of use (FOU) of the data and an importance weighting of the data, and
store data having a low FOU and a high importance weighting in the security area.

[0008] According to another embodiment, a computer system includes; a processor
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configured to control execution of a first operation at a first speed, control execution of a
second operation at a second speed different from the first speed, and provide data to a
memory device, wherein the memory device includes a memory area including a first
memory area including memory cells storing N-bit data and a second memory area
including memory cells storing M-bit data, where 'M" and 'N' are natural numbers and M
is greater than N and a controller. The controller may be configured to read data stored
in the first memory area using a first read operation in response to execution of the first
operation, read data stored in the second memory area using a second read operation
different from the first read operation in response to execution of the second operation,
and store the data provided by the processor in one of the first memory area and the second
memory area based on a frequency of use (FOU) of the data.

[0009] According to another embodiment, a method of operating a memory device
including a memory area is provided, where the memory area includes a first memory
area including memory cells storing N-bit data and a second memory area including
memory cells storing M-bit data, where 'M' and 'N' are natural numbers and M is greater
than N.  The method includes; reading data stored in the first memory area using a first
read operation, reading data stored in the second memory area using a second read
operation different from the first read operation, and storing data in one of the first

memory area and the second memory area based on a frequency of use (FOU) of the data.

BRIEF DESCRIPTION OF DRAWINGS
[0010] The above and other aspects, features, and advantages of the inventive concept
will be clearly understood upon consideration of the following detailed description, taken
in conjunction with the accompanying drawings.

[0011] FIG. 1 is a block diagram illustrating a computer system according to an
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embodiment of the inventive concept.

[0012] FIG. 2 is a flowchart summarizing in one example a method of operating a
memory device according to an embodiment of the inventive concept.

[0013] FIG. 3 is a conceptual diagram illustrating threshold voltage distributions for
memory cell of a memory device according to an embodiment of the inventive concept.
[0014] FIGS. 4, 5 and 6 are block diagrams respectively illustrating possible
configurations for a memory device according to embodiments of the inventive concepts.
[0015] FIG. 7 is a perspective view illustrating in one example a three-dimensional (3D)
memory device according to embodiments of the inventive concept.

[0016] FIGS. 8 and 9 are respective cross-sectional views further illustrating possible
methods of operating the 3D memory device of FIG. 7.

[0017] FIG. 10 is another flowchart summarizing in another example a method of
operating a memory device according to an embodiment of the inventive concept.
[0018] FIG. 11 is a circuit diagram illustrating in one example the execution of a read
operation by a memory device according to an embodiment of the inventive concept.
[0019] FIGS. 12 and 13 collectively illustrate the execution of a first read operation by
a memory device according to an embodiment of the inventive concept.

[0020] FIGS. 14 and 15 collectively illustrate the execution of a second read operation
by a memory device according to an embodiment of the inventive concept.

[0021] FIG. 16 is yet another flowchart summarizing in another example a method of
operating a memory device according to an embodiment of the inventive concept.
[0022] FIG. 17 is a general block diagram illustrating a computer system according to
an embodiment of the inventive concept.

[0023] FIGS. 18 and 19 respectively illustrate operation of an autonomous driving

vehicle including a memory device according to an embodiment of the inventive concept.
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DETAILED DESCRIPTION
[0024] Hereinafter, embodiments of the inventive concept will be described in some
additional detail with reference to the accompanying drawings.
[0025] Figure (FIG.) 1 is a block diagram of a computer system 10 according to an
embodiment of the inventive concept.
[0026] Referring to FIG. 1, the computer system 10 may generally include a processor
20 and a memory device 30. The processor 20 controls the overall operation of the
computer system 10 and may be implemented as an application processor, a central
processing unit, etc. In certain embodiments of the inventive concept, the computer
system 10 may be a neuromorphic computer system - that is, a computational system
mimicking the nature, configuration and/or operating characteristics of neurons in a
nervous system of a living organism.  Thus, the processor 20 may include a
neuromorphic model which mimics neurons in a neural network.
[0027] In the illustrated example of FIG. 1, the memory device 30 includes a controller
40 and a memory area 50, where the memory area 50 is divided (conceptually and/or
physically) into at least a first memory area 51 and a second memory area 52. The
memory area 50 may also include one or more "another memory area" besides the first
memory area 51 and the second memory area 52. Each of the first memory area 51 and
the second memory area 52 includes a plurality of memory cells, where the first memory
area 51 may include a different number, arrangement and/or type of memory cells than
the second memory area 52. Here, the first memory cells of the first memory area 51
and the second memory cells of the second memory area 52 may be arranged in different
memory planes, different memory blocks, and/or different arrangements defined by word

line connections, for example.
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[0028] The controller 40 may "access" (e.g., write, program, read and erase) data in the
first memory area 51 using a first set of data access operations and access the second
memory area 52 using a second set of data access operations, different from the first set
of data access operations.  For example, in certain embodiments of the inventive concept,
the controller 40 may access N bits of data in relation to the memory cells included in the
first memory area 51, and access M bits of data in relation to the memory cells included
in the second memory area 52, where 'M' and 'N' are positive integers and M may be
greater than N. Thus, a first program operation from the first set of data access
operations may be used to store N bits of data per memory cell in the first memory area
51, and a second program operation from the second set of data access operations may be
used to store M bits of data per memory cell in the second memory area 52.

[0029] In this regard, the controller 40 may dynamically choose to store data in either
the first memory area 51 or the second memory area 52 depending on the frequency of
use of the data. For example, the controller 40 may store data having a relatively high
frequency of use (hereafter, "high frequency data") in the first memory area 51 and data
having a relatively low frequency of use (hereafter, "low frequency data™) in the second
memory area 52. In various embodiments of the inventive concept, the controller 40
may determine or define a "frequency of use" (hereafter, "FOU") for data using one or
more techniques, such as (e.g.,) retention time, elapsed time since the data was stored at
a specific address, counter information, where a counter may be incremented each time
the data is accessed according to one or more data access operations, etc.

[0030] The controller 40 may determine to store data in either the first memory area 51
or the second memory area 52 by comparing a current FOU for the data with a
predetermined FOU reference value. Thus, data having a relatively low FOU may be

stored in the second memory area 52, while data having a relatively high FOU may be



10

15

20

25

stored in the first memory area 51. The conceptual and/or physical distinction between
the first memory area 51 and the second memory area 52 may be made by the controller
40 and/or the processor 20 according to such factors as memory cell characteristic(s),
different address location(s), defined rotation, random selection, etc.

[0031] In addition, the controller 40 may read data stored in the first memory area 51
using a first read operation of the first set of data access operations, and may read data
stored in the second memory area 52 using a second read operation of the second set of
data access operations, where the first read operation and the second read operation may
be different from one another. For example, in certain embodiments of the inventive
concept, the first read operation may be a voltage sensing operation, and the second read
operation may be a current sensing operation. It follows from this particular example
that the first read operation and the second read operation may have different operating
speeds and/or different data reading accuracies. That is, a relatively slower and more
accurate data reading operation may be used to read one type of data stored in one memory
area, while a relatively faster yet less accurate data reading operation may be used to read
another type of data stored in a different memory area. Accordingly, data distinguished
by its FOU may be read data using a read operation that is most appropriate in speed and
accuracy to that data. In certain embodiments of the inventive concept, such read
optimized data may be provided to the processor 20 including a neuromorphic circuit and
associated data processing operations designed to receive data at different speeds and
with different read accuracies.

[0032] As an example, the processor 20 may be designed to execute a first operation at
a first data processing speed and execute a second operation at second data processing
speed lower than the first data processing speed. Accordingly, the memory device 30

may access data from the first memory area 51 using one or more operations selected
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from the first set of data access operations, and access data from the second memory area
52 using one or more operations selected from the second set of data access operations.
Thus, the memory device 30 may read data from the first memory area 51 at a relatively
high speed and transmit the read data to the processor 20 in a manner consistent with the
requirements (or expectations) of the first operation. Yet, the memory device 30 may
also read data from the second memory area 52 at a relatively low speed in a manner
consistent with the requirements (or expectations) of the second operation. As a result,
different data may be variously and efficiently read, as needed, using a high speed data
read operation or a low speed data read operation, depending on the nature of the data
being read (e.qg., its FOU) and accordingly, its stored location in memory. This approach
allows better conservation of overall memory space and power consumption.

[0033] FIG. 2is a flowchart illustrating in one example a method of operating a memory
device according to an embodiment of the inventive concept. Hereinafter, for ease of
description, operation of the memory device 30 shown in FIG. 1 will be described with
reference to FIG. 2.

[0034] Referring to FIG. 2, the operating method begins when data is received by the
memory device 30 (S10). Here, the memory device 30 may receive data from various
external devices such as the processor 20, a sensor, a communication module, etc.
[0035] Upon receiving the data in the memory device 30, a weight for the data may be
obtained (S11). For example, a number of weights may be stored in the first memory
area51. Each weight may be a value assignable to data to indicate an importance of the
data (e.g.,) in a neuromorphic computer system. In this regard each weight may be
considered an "importance weighting."

[0036] Once an appropriate weight has been selected, the controller 40 included in the

memory device 30 may be used to weight the data in order to generate corresponding
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weighted data, and the weighted data may be stored (S12). In certain embodiments, the
controller 40 may include an artificial intelligence (Al) operation module capable of
executing one or more operation(s) that effectively weight data. Here, data weighting
may take into account a FOU for the data or for similar data in the neuromorphic computer
system. Data weighted according to a high FOU may be stored in the first memory area
51, and data weighted according to a low FOU may be stored in the second memory area
52.

[0037] Once data has been stored in the memory area 50, the memory device 30 may
periodically detect (check, or update) the FOU of the stored data (S13) to essentially
determine a current FOU for the stored data.  As an example, the memory device 30 may
periodically detect the FOU of stored data as part of one or more housing keeping
operation(s). Alternately or additionally, the memory device 30 may detect the FOU of
stored data when the size of available storage space in the first memory area 51 (or the
second memory area 52) falls below a critical threshold.

[0038] The memory device 30 may compare the current FOU of the stored data with the
FOU reference value. If the current FOU of the stored data is less than or equal to the
FOU reference value (S14=YES), the data is stored in the second memory area 52 (S15),
else if the current FOU of the stored data is not less than or equal to the FOU reference
value (S14=NO), the data is stored in the first memory area 51 (S16).

[0039] In this manner, the memory device 30 may appropriately sort stored data between
the first memory area 51 and the second memory area 52 according to a current FOU of
the stored data, recognizing that the FOU of the stored data may change over time and/or
with continued use of the memory device 30. Alternately or additionally, the memory
device may move (or allocate) stored data between the first memory area 51 and the

second memory area 52 using various FOU thresholds, respective and/or available
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memory area capacities, data use demands, power levels, etc.

[0040] FIG. 3 illustrates the operation of a memory device according to an embodiment
of the inventive concept.

[0041] FIG. 3 compares threshold voltage distributions 60, 70, 80 and 90 and illustrates
various operations associated with first, second, third and fourth memory regions of a
memory device. In FIG. 3, it is assumed that memory cells provided by the memory
device have been divided into the first, second, third and fourth memory areas, and that
first memory cells of the first memory area, second memory cells of the second memory
area, third memory cells of the third memory area, and fourth memory cells of the fourth
memory area are differently accessed according to a different number of data stored per
memory cell.

[0042] The first, second, third and fourth memory regions may be included in (e.g.,
commonly fabricated on) a single memory device implemented as a single (or unitary)
semiconductor chip. The division (or definition) of the first, second, third and fourth
memory areas may be provided according to memory plane(s), memory block(s),
wordline(s), etc.

[0043] Each of the first memory cells of the first memory area may be used to store a
single data bit per memory cell and may be referred to a Single Level memory Cells (SLC).
Stated in other terms, the first memory cells may be "operated as™ SLC. Hence, data
may be stored in each of the first memory cells according to an erased state EO and a
programmed state PO, where erased state EO indicates a threshold voltage distribution for
unprogrammed memory cells, and the programmed state PO indicates a threshold voltage
distribution for programmed memory cells.

[0044] Each of the second memory cells of the second memory area may be used to store

two (2) bit data according to an erased state EO and first, second and third programmed
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states P1, P2 and P3.

[0045] Each of the third memory cells of the third memory area may be used to store
three (3) bit data according to an erased state EO and first through seventh programmed
states P1 to P7, and each of the fourth memory cells of the fourth memory area may be
used to store four (4) bit data according to an erased state EO and first through fifteenth
programmed states P1 to P15.

[0046] The second, third and fourth memory cells described in relation to FIG. 3 are
examples of Multi-Level memory Cells (MLC). Alternately stated, the second, third
and fourth memory cells may be operated as MLC.

[0047] Assuming a memory device consistent with FIG. 3, the first memory cells of the
first memory area provide a much greater sensing margin than the second, third and fourth
memory cells of the second, third and fourth memory areas. Therefore, data stored in
the first memory cells of the first memory area may be read using one or more voltage
sensing operation(s) having relatively low accuracy but offering high reading speed.
Whereas the second memory cells, the third memory cells, and the fourth memory cells
of the second, third and fourth memory regions provide successively lower sensing
margins. Therefore, data stored in the second, third and fourth memory areas may be
read using one or more current sensing operation(s) having low reading speed but offering
high reading accuracy.

[0048] In certain embodiments of the inventive concept, a memory device consistent
with FIG. 3 may store data having a highest range of FOUs in the first (SLC) memory
area 60, a first lower range of FOUs in the second memory area 70, a second lower range
of FOUs in the third memory area 80 and, a lowest range of FOUs in the fourth memory
area 90.

[0049] In this regard, at least a portion of the MLC provided by the third memory area

11
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80 and/or the fourth memory area 90 may be designated as residing in (or occupying) a
security area. MLC in the security area are deemed to be functionally "not-erase"
memory cells, where not-erase memory cells are not allowed to be erased by normally
occurring operations, such as the erase operation or a variety of house-keeping operations.
That is, only particular data access operations having an elevated level of authority may
be used to erase (or reallocate) not-erase memory cells.

[0050] In this manner, a memory device according to embodiments of the inventive
concept may store certain data having a very low FOU in the security area (hereafter,
"security data™), where such security data may be retained over long periods of time
without being erased. Alternately or additionally, certain data having very high
importance weighting among data having a relatively low FOU may be stored in the
security area. However the security data is defined, any attempt to erase or overwrite
security data in the memory device may result in a system warning to a user, for example,
or some other non-routine memory device response designed to ensure preservation of
the security data.

[0051] FIGS. 4,5 and 6 are conceptual diagrams illustrating in various examples certain
memory device and methods of operating same according to embodiments of the
inventive concept.

[0052] Referring to FIGS. 4, 5 and 6, memory devices 100, 200, and 300 respectively
include memory areas 110, 210, and 310, controllers 120, 220, and 320, input/output
interfaces (I/0 interfaces) 130, 230, and 330. Each of the memory regions 110, 210, and
310 may include a plurality of memory planes 111, 112, 113 and 114 (hereafter,
inclusively indicated as "111-114"), 211-214, and 311-314, and peripheral circuit regions
115, 215, and 315. Each of the memory planes 111-114, 211-214, and 311-314 may

include memory cells. Inthe illustrated embodiments, the peripheral circuit regions 115,
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215, and 315 may be disposed below the memory cells.  In this context, the term "below™
(like such terms as "above", "beside", "higher"”, "lower", etc.) denotes a geometric
relationship between elements that assumes an arbitrary set of directions or coordinates.
Those skilled in the art will understand that such relative geometric relationships may be
drawn from the accompanying drawings to further describe certain embodiments of the
inventive concept. The inventive concept is, however, not limited to only the illustrated
relationships.

[0053] The controller 120, 220, and 320 may be used to control the memory areas 110,
210, and 310 during the execution of various data access operations, and during the
exchange of data between an external device through the 1/0 interfaces 130, 230, and 330,
respectively. In addition, the controllers 120, 220, and 320 may be used to execute a
data weighting operation for data to be stored in the memory areas 110, 210, and 310.
In this regard, possible weights assignable to various data may be stored in the first
memory planes 111, 211, and 311.

[0054] In the embodiment illustrated in FIG. 4, each of the memory planes 111-114 may
be used to store data in a respectively different manner. For example, first memory cells
of the first memory plane 111 may be used as SLC, second memory cells of the second
memory plane 112 may be used as 2-bit MLC, third memory cells of the third memory
plane 113 may be used as 3-bit MLC, and fourth memory cells of the fourth memory
plane 114 may be used as 4-bit MLC.

[0055] The controller 120 may be used to detect FOU of data stored in the memory
planes 111-114 in order to sort the stored data (e.g., by transferring and re-storing the
stored data according to a detected, current FOU) among the memory planes 111-114
depending on the frequency of use. As an example, the controller 120 may transfer and

store data in the first memory plane 111 when the stored data FOU is greater than a first
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FOU reference value. The controller 120 may transfer and store data in the second
memory plane 112 when the stored data FOU is less than or equal to the first FOU
reference value but greater than a second FOU reference value, less than the first FOU
reference value. The controller 120 may transfer and store data in the third memory
plane 113 when the stored data FOU is less than or equal to the second FOU reference
value but greater than a third FOU reference value, the controller 120 may transfer and
store data in the fourth memory plane 114 when the stored data FOU is less than or equal
to the third FOU reference value. That is, three different FOU reference values may be
used to appropriately sort stored data according to current FOU into one of the memory
planes 111-114.

[0056] With data stored across multiple memory planes in this manner, the controller
120 may perform different read operations to memory cells respectively disposed in at
least a portion of the memory planes 111-114. For example, the controller 120 may read
data stored in the first memory plane 111 using a voltage sensing operation, yet read data
stored in the second, third and fourth memory planes 112, 113 and 114 using one or more
current sensing operation(s).

[0057] In the embodiment illustrated in FIG. 5, the respective memory planes 211-214
are further divided into first through nth memory blocks BLK1 to BLKn. Here, each
memory cell in the respective first memory blocks BLK1 may be used as SLC, each
memory cell in the respective second memory blocks BLK2 through Nth memory blocks
BLKn may be variously used as n-bit MLC, where 'n" is a positive integer greater than 1.
Here, for example, the memory cells of the respective second memory blocks BLK2 and
the memory cells of the respective third memory blocks BLK3 may be used as 2-bit MLC.
Alternately, the memory cells of the respective second memory blocks BLK2 may be

used as 2-bit MLC, the memory cells of the respective third memory blocks BLK3 may
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be used as 3-bit MLC, and the memory cells of the respective fourth memory blocks
BLK4 may be used as 4-bit MLC. Alternately, some of the memory cells in designated
portions of the respective second memory blocks BLK2 may be used as 2-bit MLC, and
some of the memory cells in designated portions of the respective third memory blocks
BLK3 may be used as 2-bit MLC. Thus, in the illustrated example of FIG. 5, the number
of data bits that may be stored in the memory cells of respective memory blocks BLK1
to BLKn is subject to design choice.

[0058] The controller 220 may be used to organize various memory blocks BLK1 to
BLKn into a single read-unit (or a single write-unit) that may receive a selected read
method (or write method), like the ones described above. And as before, the allocation
of data among the various memory planes 211-214 and various memory blocks BLK1 to
BLKn may be made in accordance with stored data FOU and associated FOU reference
values.

[0059] In the embodiment illustrated in FIG. 6, each of the memory blocks BLK1 to
BLKn in each of the memory planes 311-314 may be further divided into first through m-
th pages PG1 to PGm, where respective pages PG1 to PGm may be used to access data
differently. For example, memory cells of the first page PG1 may be used as SLC data,
memory cells of the second page PG2 may be used as 2-bit MLC, memory cells of the
third page PG3 may be used as 3-bit MLC, and memory cells of the m-th page PGm may
be used as 4-bit MLC.

[0060] Here, the pages PG1 to PGm may be defined in relation to connected wordlines
included in each of the memory blocks BLK1 to BLKn. In the embodiment illustrated
in FIG. 6, the number of bits of data stored in memory cells may vary depending on the
pages PG1 to PGm. Accordingly, the controller 320 may define each of the pages PG1

to PGm as a single unit area to apply a reading method. Also, the controller 320 may
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define each of the memory pages PG1 to PGm as a single unit to determine an area in
which data is to be stored, according to a FOU.

[0061] FIG. 7 is a perspective drawing illustrating one possible configuration for a three-
dimensional (3D) memory device 400 according to embodiments of the inventive concept.
[0062] Referring to FIG. 7, the memory device 400 incudes a cell region C disposed
above a peripheral circuit region P. The peripheral circuit region P may be disposed
below the cell region C and may include peripheral circuits such as a page buffer circuit,
a decoder circuit, etc. The cell region C may include a memory cell array. The
peripheral circuit region P may include a first substrate 401, and the cell region C may
include a second substrate 402, different from the first substrate 401.

[0063] For example, the peripheral circuit region P may include a plurality of peripheral
circuit elements 403 provided on the first substrate 401, a plurality of interconnection
lines 405 connected to the peripheral circuit elements 403, and a first interlayer dielectric
407 covering the peripheral circuit elements 403 and the interconnection lines 405. The
peripheral circuit elements 403, included in the peripheral circuit region P, may provide
circuits required to drive the memory device 400, for example, a page buffer circuit, a
decoder circuit, a power generator, and the like.

[0064] The second substrate 402, included in the cell region C, may be disposed above
the first interlayer dielectric 407. The cell region C may include a ground select line
GSL, wordlines WL, string select lines SSL1 and SSL2, and a plurality of insulating
layers IL stacked on the second substrate 402. Insulating layers IL may be alternately
stacked with the ground select line GSL, the wordlines WL, and the string select lines
SSL1 and SSL2. The number of the ground select line GSL and the string select lines
SSL1 and SSL2 is not limited to that illustrated in FIG. 7 and may be changed.

[0065] The cell region C may include channel structures CH extending in a first direction
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(a Z-axis direction) perpendicular to an upper surface of the second substrate 402. The
channel structures CH may be connected to the second substrate 402 through the ground
select line GSL, the wordlines WL, and the string selection lines SSL1 and SSL2. The
channel structures CH may include a channel region 410, a buried insulating layer 420
filling an internal space of the channel region 410, a bitline connection layer 430, and the
like. Each of the channel structures CH may be connected to at least one bitline through
the bitline connection layer 430. For example, the ground select line GSL, the wordlines
WL, the string select lines SSL1 and SSL2, the insulating layers IL, and the channel
structures CH may be defined as a stacked structure.

[0066] At least one gate insulating layer may be disposed on an external side of the
channel region 410. In an embodiment, a gate insulating layer may include a tunneling
layer, a charge storage layer, a blocking layer, and the like, sequentially disposed from
the channel region 410.  According to an embodiment, at least one of the tunneling layer,
the charge storage layer, and the blocking layer may be formed to surround the ground
select line GSL, the wordlines WL, and the string select lines SSL1 and SSL2.

[0067] The ground select line GSL, the wordlines WL, and the string select lines SSL1
and SSL2 may be covered with the interlayer dielectric 450. In addition, the ground
select line GSL, the wordlines WL, and the string select lines SSL1 and SSL2 may be
divided into a plurality of regions by wordline cuts 440. In an embodiment, the string
select lines SSL1 and SSL2 may be divided by an isolation insulating layer 460 into a
plurality of regions between a pair of wordline cuts 440 adjacent to each other in a second
direction (a Y-axis direction) parallel to an surface of the second substrate 402.

[0068] In an embodiment, dummy channel structures DCH may be provided in a region
in which the isolation insulating layer 460 is disposed. The dummy channel structures

DCH may be the same as the channel structures CH, but may not be connected to a bitline.
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[0069] According to certain embodiments, to address process difficulties caused by an
increase in the number of wordlines WL, a portion of the wordlines WL may be stacked
and a lower channel structure may be formed, and then, the remainder of the wordlines
WL may be stacked and an upper channel structures may be formed. In this case, each
of the channel structures CH may include a lower channel structure and an upper channel
structure isolated from each other in the first direction.

[0070] Characteristics of a memory cell may be degraded in a region adjacent to a
boundary on which the upper channel structure and the lower channel structure are
connected to each other. Therefore, a dummy wordline may be disposed in the region
adjacent to the boundary. The dummy wordline may be connected to a dummy memory
cell, and valid data may not be stored in the dummy memory cell.

[0071] FIGS. 8 and 9 are respective cross-sectional diagrams further illustrating a
method of operating 3D memory devices according to embodiments of the inventive
concept.

[0072] In FIGS. 8 and 9, a number of data bits stored in each memory cell may vary
depending on the location of memory cells in relation to the wordlines WL1 to WL12.
And a read operation selected from a group of available read operations may be performed
by a controller to variably read data depending on memory cell location in relation to the
wordlines WL1 to WL12.

[0073] Referring to FIGS. 8 and 9, memory devices 500 and 600 may include substrates
501 and 601 and ground select lines GSL stacked in a direction perpendicular to upper
surfaces of the substrates 501 and 601, wordlines WL1 to WL12, string select lines SSL1
and SSL2, and channel structures CH extending in a direction perpendicular to the upper
surface of the substrate 501, respectively. Each of the channel structures CH may

include channel regions 520 and 620 and buried insulating layers 530 and 630. A gate
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insulating layer, including at least a portion of a tunneling layer, a charge storage layer,
and a blocking layer, may be disposed on an external side of each of the channel regions
520 and 620.

[0074] The ground select line GSL, the wordlines WL1 to WL12, and the string select
lines SSL1 and SSL2 may be divided into a plurality of regions by the wordline cuts 540
and 640. Each of the string select lines SSL1 to SSL2 may be divided into two or more
regions between a pair of wordline cuts 540 and 640 adjacent to each other.

[0075] In the embodiment illustrated in FIG. 8, 1-bit data may be stored in each of the
memory cells connected to a first group of wordlines WL1 to WL3 and 2-bit data may be
stored in each of the memory cells connected to a second group of wordlines WL4 to
WL6. In addition, 3-bit data may be stored in each of the memory cells connected to a
third group of wordlines WL7 to WL9, and 4-bit data may be stored in each of the memory
cells connected to a fourth group wordlines WL10 to WL12.

[0076] In one embodiment, each of the channel structures CH and the wordline cuts 540
may have a tapered shape having a width decreased in a direction toward the substrate
501. Accordingly, the first group of wordlines WL1 to WL3, relatively close to the
substrate 501, may have a relatively larger area and relatively lower resistance than the
fourth group of wordlines WL10 to WL12 relatively distant from the substrate 501. As
a result, resistance characteristics of the memory cells connected to the first group of
wordlines WL1 to WL3 may be superior to resistance characteristics of the memory cells
connected to the fourth group of wordlines WL10 to WL12.

[0077] In an embodiment, data having a relatively high FOU may be stored in memory
cells connected to the first group of wordlines WL1 to WL3 (i.e., the memory cells may
be operated as SLC), and data may be read from the memory cells connected to the first

group of wordlines WL1 to WL3 using a read operation having relatively high speed (e.g.,
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a voltage sensing operation). Accordingly, the speed of access to data having a high
FOU may be increased to improve performance of the memory device 500.

[0078] In an embodiment illustrated in FIG. 9, 4-bit data may be stored in memory cells
connected to the first group of wordlines WL1 to WL3, 3-bit data may be stored in
memory cells connected to the second group of wordlines WL4 to WL6. In addition, 2-
bit data may be stored in memory cells connected to the third group of wordlines WL7 to
WLY9, and single bit data may be stored memory cells connected to the fourth group of
wordlines WL10 to WL12.

[0079] Similarly to the embodiment illustrated in FIG. 8, each of the channel structures
CH and the wordline cuts 540 may have a tapered shape having a width decreased in a
direction toward the substrate 601. However, in FIG. 9, single bit data may be stored in
memory cells connected to the fourth group of wordlines WL10 to WL12, each having
relatively high resistances, and a voltage sensing operation having high reading speed
may be applied.

[0080] In addition, 4-bit data may be stored in memory cells connected to the first group
of wordlines WL1 to WL3, each having relatively low resistance, and a current sensing
operation having low reading speed but high accuracy may be applied. In other words,
in the embodiment illustrated in FIG. 9, reliability of the memory device 600 may be
improved by storing 4-bit data in memory cells connected to the first group of wordlines
WL1 to WL3 and applying a current sensing operation having high accuracy to memory
cells connected to the first group of wordlines WL1 to WL3. In addition, in the
embodiment illustrated in FIG. 9, a decrease in read operation speed caused by use of the
current sensing operation may be significantly reduced by storing four bits of data in the
memory cells connected to the first group of wordlines WL1 to WL3 having improved

resistance characteristics.
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[0081] FIG. 10 is a flowchart summarizing in one example a method of operating a
memory device according to embodiments of the inventive concept.

[0082] Referring to FIG. 10, the method of operating a memory device according to an
embodiment of the inventive concept begins when the memory device receives a read
command (S20). The memory device may receive the read command from an external
device, such as a host connected to or incorporating the memory device.

[0083] A controller of the memory device may be used to determine an address included
in the read command or otherwise provided (S21). The controller may also be used to
determine whether the address is located in the first memory area of the memory device
(S22), where the first memory area is assumed to be an area in which the memory cells
are used as SLC, as compared with a second memory area in which the memory cells are
used as MLC.

[0084] If the address is determined to be the first memory area (S22=YES), the controller
may read the data using a first read operation (S23), else if the address is determined to
not be the first memory area (S22=NO), the controller may read the data using a second
read operation, different from the first read operation (S24). And once the data is read,
it may be output to the host (S25).

[0085] Here, the first read operation may be a voltage sensing operation.  For example,
the controller may control a first page buffer connected to the first memory area to read
data from selected memory cell(s) among the memory cells of the first memory area.
[0086] As an example, the first page buffer may precharge a selected bitline connected
to a selected memory cell during a first time, and the first page buffer may develop the
selected bitline during a second time subsequent to the first time. The first page buffer
may sense a voltage on a sensing node by connecting the sensing node, connected to at

least one latch, to a selected bitline while developing the selected bitline to read data from
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the selected memory cell.

[0087] In contrast, the second read operation may involve the execution of a current
sensing operation. For example, the controller may control a second page buffer
connected to the second memory area to read data from selected memory cell(s) among
memory cells of a memory area other than the first memory area (e.g., a second memory
area).

[0088] The second page buffer may include a sensing node to which at least two latches
are connected, and may precharge a selected bitline, connected to a selected memory cell,
and the sensing node during a first time. During a second time subsequent to the first
time, the second page buffer may detect a change in a voltage on the sensing node
depending on current, flowing from the sensing node to the selected bitline, to read data
from the selected memory cell. In an embodiment, the first page buffer reading data of
the first memory area and the second page buffer reading data of the second memory area
may have the same structure.  Alternatively, the remainder of circuits may have the same
structure except for the number of latches.

[0089] FIG. 11 is a circuit diagram illustrating in one example a read operation that may
be executed by a memory device according to an embodiment of the inventive concept.
[0090] In FIG. 11, a page buffer 710 may be included in a memory device 700. The
page buffer 710 described with reference to FIG. 11 may be applied to both a voltage
sensing operation, having relatively high reading speed, and a current sensing operation
having low reading speed but providing an accurate read operation.

[0091] Referring to FIG. 11, the page buffer 710 may include a PMOS element PM1,
first to third NMOS elements NM1 to NM3, and latches LAT1 to LAT3. The number
of latches LAT1 to LAT3 may vary depending on embodiment, and the latches LATL1 to

LAT3 may be connected to a sensing node SO.
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[0092] The page buffer 710 may be connected to a memory cell string 720 through a
bitline BL. The memory cell string 720 may be included in a memory area and may
include memory cells MC1 to MCn connected to each other in series. Although not
illustrated in FIG. 11, a string selection element and a ground selection element may be
connected to both ends of the memory cells MC1 to MCn. The memory cells MC1 to
MCn may be connected to wordlines WL1 to WLn. In certain embodiments, one bitline
BL may be connected to two or more memory cell strings 720.

[0093] Hereinafter, certain read operations that may be used by a memory device
according to embodiments of the inventive concept will be described with reference to
FIGS. 12, 13, 14 and 15.

[0094] FIGS. 12 and 13 illustrate one possible first read operation that may be used by
a memory device according to an embodiment of the inventive concept.

[0095] FIG. 12 is a graph illustrating a first read operation (e.g., a voltage sensing
operation) that may be applied to a memory device according to an embodiment of the
inventive concept. FIG. 13 is a graph illustrating a threshold voltage distribution for
memory cell(s) being read by the first read operation. The memory cell(s) may have
either an erased state EO or a programmed state PO depending on the programmed state
of the memory cell(s).

[0096] Referring to FIG. 12, during a first period extending to time t1, a bitline BL may
be precharged to increase a bitline voltage VBL. As an example, a PMOS element PM1
may be turned ON by a loading signal LOAD during the first time to input a power supply
voltage VDD to the sensing node SO. Thus, a voltage on the sensing node SO may be
increased to a precharge voltage VPRE. For example, the precharge voltage VPRE may
be determined by the power supply voltage VDD and a threshold voltage of the PMOS

element PM1.
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[0097] In addition, a first NMOS element NM1 and the second NMOS element NM2
may be turned ON by a bitline select signal BLSLT and a control signal BLSHF during
the first time. Accordingly, a precharging operation may be performed to increase a
voltage on the bitline BL. A third NMOS element NM3 may be turned OFF by a holding
signal SHLD during the first time.

[0098] At time t1 and extending to time t2, the PMOS element PM1 may be turned OFF
by the loading signal LOAD. As the PMOS element PM1 is turned OFF, power supply
to the sensing node SO and the bitline BL may be cut off and a development operation
depending on a state of the memory cell string 720 may be performed. As an example,
in a read operation, a reading voltage may be input to a selected wordline WLSEL and a
pass voltage may be input to the remaining unselected wordlines. The reading voltage
may be a voltage between the erased state EO and the programmed state PO.

[0099] When a selected memory cell MCSEL has an erased state EO, a threshold voltage
of the selected memory cell MCSEL may be lower than the reading voltage and the
selected memory cell MCSEL may be defined as an ON-cell.  Accordingly, due to the
development operation performed for the second time, current may flow through the
memory cell string 720 and a sensing node voltage VSO may be rapidly decreased, as
illustrated in FIG. 12.

[00100] On the other hand, when the selected memory cell MCSEL has a programmed
state PO, the threshold voltage of the selected memory cell MCSEL is higher than the
reading voltage and the selected memory cell MCSEL may be defined as an OFF-cell.
Accordingly, due to the development operation performed until time t2, little or no current
flows through the memory cell string 720 and the sensing node voltage VSO may be
slowly decreased, as illustrated in FIG. 12.

[00101] A controller of the memory device may compare the sensing node voltage
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VSO at a specific point in time (e.g., time t2) with a predetermined reference voltage
VREF to read data from the selected memory cell MCSEL. In an embodiment, the
controller of the memory device may read data during the development operation
performed at the second time. For example, a speed of the read operation may be
increased by comparing the sensing node voltage VSO and the reference voltage VREF
during the development operation rather than after completion of the development
operation.

[00102] The controller of the memory device may count the number of times of reading
whenever reading data of the selected memory cell MCSEL. The controller may
calculate a FOU for the stored data in the selected memory cell MCSEL using (e.g.,) the
number of read times for the selected memory cell MCSEL and retention time, time
elapsed since data was stored in the selected memory cell MCSEL, etc. In an
embodiment, when the FOU is determined to be less than or equal to a FOU reference
value, the data stored in the selected memory cell MCSEL may be transferred and stored
to a MLC memory cell.

[00103] FIGS. 14 and 15 illustrate one possible second read operation that may be used
by a memory device according to embodiments of the inventive concept.

[00104] FIG. 14 is a graph illustrating a second read operation (e.g., a current sensing
operation) that may be applied to a memory device according to an embodiment of the
inventive concept. FIG. 15 is a graph illustrating a threshold voltage distribution for a
memory cell being read by the second read operation. The memory cell may have either
one of an erased state EO and programmed states P1 to P7 depending on whether the
memory cell is programmed. In the embodiment illustrated in FIG. 15, it is assumed
that the memory cell operates as a 3-bit MLC (for example, TLC(triple level memory

cell)). Alternately, the memory cell may be operated as a 4-bit MLC (for example,
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QLC(quad level memory cell)).

[00105] Referring to FIG. 14, voltages on a sensing node SO and a bitline BL may be
increased by a page buffer. A PMOS element PM1 may be turned ON by a loading
signal LOAD to input a power supply voltage VDD to the sensing node SO. Thus, a
sensing node voltage VSO may be increased to a precharge voltage VPRE. For example,
the precharge voltage VPRE may be determined by the power supply voltage VDD and
a threshold voltage of the PMOS element PML1.

[00106] Then, a first NMOS element NM1 and a second NMOS element NM2 may be
turned ON and a bitline voltage VBL may be increased by a bitline selection signal
BLSLT and a control signal BLSHF. While the operations are performed, a third
NMOS element NM3 may be turned OFF by a holding signal SHLD.

[00107] When a precharging operation on the bitline voltage VBL is completed, the
PMOQOS element PM1 may be turned OFF by a loading signal LOAD. When the PMOS
element PM1 is turned OFF, the sensing node voltage VSO may be changed depending
on current flowing through a memory cell string 720 connected to a bitline BL. As an
example, in a read operation, a reading voltage may be input to a selected wordline
WLSEL and a pass voltage may be input to the remaining unselected wordlines. The
reading voltage may be a voltage between a pair of adjacent states among the erase state
EO and the programmed states P1 to P7.

[00108] When the threshold voltage of the selected memory cell MCSEL is lower than
the reading voltage, for example, when the selected memory cell MCSEL is an ON-cell,
current flowing from the sensing node SO to a memory cell string 720 connected to the
bitline BL may be relatively high. Accordingly, the sensing node voltage VSO may be
rapidly decreased, as illustrated in FIG. 14.

[00109] In contrast, when the threshold voltage of the selected memory cell MCSEL
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is higher than the reading voltage, for example, when the selected memory cell MCSEL
is an OFF-cell, the current flowing from the sensing node SO to a memory cell string 720
connected to the bitline BL may be relatively low. Accordingly, the sensing node
voltage VSO may be hardly decreased or may be slowly decreased, as illustrated in FIG.
14. The page buffer 710 may compare the sensing node voltage VSO with a trip voltage
VTR after completion of development to read data from the selected memory cell MCSEL.
[00110] As described above with reference to FIGS. 12 and 13, the controller of the
memory device may count the number of read times for the selected memory cell MCSEL.
The controller may calculate a FOU for the data stored in the selected memory cell
MCSEL using (e.g.,) the number of read times for the selected memory cell MCSEL and
retention time, time elapsed since the data was stored in the selected memory cell MCSEL,
etc. When the FOU is greater than a FOU reference value, the data stored in the selected
memory cell MCSEL may be transferred and stored to SLC memory cells.  Alternatively,
when the FOU is less than or equal to the FOU reference value, data stored in the selected
memory cell MCSEL may be transferred and stored to a 4-bit MLC memory cell.

[00111] Asdescribed in relation to the embodiments described with reference to FIGS.
12, 13, 14 and 15, the first read operation may be a voltage sensing operation and the
second read operation may be a current sensing operation. However, these are merely
exemplary and the inventive concept is not limited thereto. For example, current
sensing operation(s) may be used for both the first read operation and the second read
operation, or voltage sensing operation(s) may be used in both the first read operation and
the second read operation. Alternatively, the current sensing operation may be used as
the first read operation and the voltage sensing operation may be used as the second read
operation. As an example, when the voltage sensing operation is used as the second

read operation, the sensing node voltage VSO may be compared with the reference
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voltage VREF after completion of development for the sensing node SO to improve
accuracy of the read operation.

[00112] FIG. 16 is a flowchart summarizing in one example a method of operating a
memory device according to an embodiment of the inventive concept.

[00113] Referring to FIG. 16, the controller of the memory device may detect the FOU
of data that has been stored in a second memory area (S30). Here, it is assumed that the
second memory area is an area including MLC storing M-bit data, where 'M' is a positive
integer.

[00114] Here again, the FOU of stored data may be determined using retention time,
time elapsed since the data was stored in the second memory area, the number read
operations executed in relation to the address of the stored data, etc. As an example, the
FOU may be calculated by dividing the number of read operations executed in relation to
the address of the stored data by the retention time.

[00115] Once the FOU of the stored data is detected, the controller of the memory
device may compare the FOU with a predetermined FOU reference value and determine
whether the FOU is less than or equal to the reference value (S31). If the FOU is not
less than or equal to the FOU reference value (S31=NO), the data is stored in the first
memory area (S32), where the first memory area is an area in which memory cell stores
N-bit data, where 'N' may be a positive integer less than M. For example, the memory
cells of the second memory area may be MLC and the memory cells of the first memory
area may be SLC or MLC storing fewer bits than the MLC of the second area.
Accordingly, the number of memory cells in which data is stored in the first memory area
may be greater than the number of memory cells in which data is stored in the second
memory area.

[00116] However, if the FOU is determined to be less than or equal to the FOU
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reference value (S31=YES), the controller may confirm (e.g.,) to a user of a host device
incorporating the memory device whether the data should be erased (S33). If the user
confirms the erasure (S33=YES), the controller may erase the data (S34), else if the user
does not confirm erasure (S33=NO), the controller stores the data in a security area (S35).
[00117] As noted above, the security area is an area in which no-erase data may be
protected from normal operations (e.g., a normal erase operation). The security area
may be part of the second memory area. Alternatively, the security area may be
implemented in a memory area different from the first memory area and the second
memory area. In an embodiment, the security area may be implemented in a memory
area in which memory cells are high count MLC, like 4-bit, quad-level cells in order to
efficiently manage storage space of the memory device.

[00118] In an embodiment, the memory device may designate data having a high
importance weighting and also a very low FOU as security data. ~ As the high importance
weighting of the security data may indicate a critical future need for the data by a host
device incorporating the memory device, the security data may be safely stored in the
security area. In this regard, the weight assigned to the security data stored in the
security area may be greater than a predetermined threshold value.

[00119] FIG. 17 is a block diagram of a computer system according to an embodiment
of the inventive concept.

[00120] A computer system 1000 of FIG. 17 may include a display 1010, a sensor unit
1020, a memory 1030, a communications unit 1040, a processor 1050, a port 1060, and
the like. The computer system 1000 may further include a power supply, an input/output
(1/0) device, and the like. Among the components illustrated in FIG. 17, the port 1050
may be provided for the electronic device 1000 to communicate with a video card, a sound

card, a memory card, a USB device, or the like. As an example, the computer system
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1000 may be a neuromorphic computer system including the memory 1030, the processor
1050, and the like, and may include an artificial intelligence (Al) operation module.
[00121] The processor 1050 may include a neuromorphic circuit which mimics a shape
of neurons in hardware, and may control overall operation of the computer system 1000.
The processor 1050 may execute at least a portion of operations at different processing
speeds, and the memory device 1030 may read data requested by the processor 1050 at
different speeds according to the request of the processor 1050.

[00122] The memory 1030 may include a plurality of memory devices, and each of the
memory devices may be a semiconductor chip. A single memory device may have
memory areas in which data are stored in different manners. In an embodiment, the
memory controller included in the memory 1030 may store data in the memory areas after
weighting the data and dividing the weighted data.

[00123] As an example, a single memory device may include a first memory area,
including a plurality of memory cells in which N-bit data is stored, and a second memory
area including a plurality of memory cells in which M-bit data is stored, where 'M' and
'N' are positive integers and M may be greater than N.  Each of the first memory area
and the second memory area may be implemented in different memory planes, memory
blocks, pages, etc.

[00124] The memory controller may store data having a high FOU in the first memory
area and data having a low FOU in the second memory area depending on a FOU of stored
data. The memory controller may read data, stored in the first memory area in a first
read operation having high reading speed, and data stored in the second memory area in
a second read operation having high accuracy. The first read operation may be a voltage
sensing operation, and the second read operation may be a current sensing operation.

[00125] Accordingly, an optimized operation of the memory device 1030 may be
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implemented in response to the processor 1050 processing operations at different speeds
to each other. In an embodiment, the memory 1030 may store data, required for an
operation executed by the processor 1050 at high speed, in a first memory area and may
read the stored data in a first read operation. In addition, the memory 1030 may store
data, required for an operation executed by the processor 1050 at relatively slow speed,
in a second memory area and may read the stored data in a second read operation.
[00126] FIGS. 18 and 19 generally illustrate an autonomous driving vehicle including
a memory device according to embodiments of the inventive concept.

[00127] Referring to FIG. 18, an autonomous driving vehicle according to an
embodiment may be mounted on a vehicle to implement an autonomous driving vehicle
1100. The autonomous driving vehicle, mounted on the autonomous vehicle 1100, may
include various sensors configured to collect situation information of the surroundings.
As an example, the autonomous driving vehicle 1100 may detect the movement of a
preceding vehicle 1200, which is driving in front, through an image sensor and/or an event
sensor mounted on a front of the autonomous driving vehicle 1100. The autonomous
driving vehicle 1100 may further include sensors configured to sense not only the front
of the autonomous vehicle 1100 but also another vehicle 1300 which is driving in a front
lane, a pedestrian around the autonomous vehicle 1100, and the like.

[00128] Among the sensors configured to collecting situation information around the
autonomous driving vehicle 1100, at least one sensor may have a predetermined field of
view (FoV), as illustrated in FIG. 18. As an example, when a sensor mounted on the
front of the autonomous driving vehicle 1100 has a FoV as illustrated FIG. 18,
information detected in a center of the sensor may be relatively frequently used by the
autonomous driving vehicle 1100. This may be because most information,

corresponding to the movement of the preceding vehicle 1200, is included in the
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information detected in the center of the sensor and events occur relatively frequently.
[00129] The autonomous driving vehicle device 1100 may process information,
collected by the sensors of the autonomous vehicle 1100, in real time to control the
movement thereof, and may store at least a portion of the information, collected by the
sensors, in a memory device. Thus, data expected to have a relatively high FOU in the
operation of the autonomous driving vehicle 1100 may be stored in a memory area in
which data may be quickly read from the memory device.

[00130] A memory device, included in an autonomous driving vehicle, includes a first
memory area including a plurality of memory cells in which N bits of data are stored, and
a second memory area including a plurality of memory cells M or more bits data are
stored, where M and N are positive integers and M may be greater than N.  Each of the
first and second memory areas may be implemented in different memory planes, memory
blocks, pages, and the like.

[00131] The memory controller may store data, expected to have a high FOU in the
first memory area, and data expected to have a low FOU in the second memory area.
The memory controller may read data, stored in the first memory area in a first read
operation having high reading speed, and data stored in the second memory area in a
second read operation having high accuracy. The first read operation may be a voltage
sensing operation, and the second read operation may be a current sensing operation.
[00132] Referring to FIG. 19, a sensor may be mounted on an autonomous driving
vehicle 2000 as a component of the autonomous driving vehicle 200 to collect information
around the autonomous vehicle 2000. The sensor may collect information in a
predetermined sensing area, and the sensing area may include first to fifth sensing areas
SAlto SA5. However, this is merely exemplary, and the sensing area of the sensor may

be divided into more sensing areas or less sensing areas. In addition, the arrangement
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of the sensing areas may be modified to be different than is depicted in FIG. 19.

[00133] The sensor may include an image sensor and/or an event sensor, and
information collected by the sensor may be transmitted to the memory device mounted in
the autonomous driving vehicle 2000 as sensing data. The memory device may weight
the sensing data and store the weighted sensing data in one of the memory areas
depending on locations of sensing areas SAL to SA5 in which information corresponding
to the sensing data is collected, the type of information included in the sensing data, and
the like.

[00134] Referring to FIG. 19, different types of information may be collected in the
sensing areas SA1 to SA5 depending on the respective locations of the sensing areas SA1
to SAS of the sensor.  For example, first sensing data obtained by the sensor in the first
sensing area SA1 may include information on the preceding vehicle 2100 driving ahead
of the autonomous driving vehicle 2000 on which the autonomous vehicle is mounted.
The first sensing data may include information of a distance from the preceding vehicle
2100. Alternatively, the first sensing data may include information required to
determine the distance from the preceding vehicle 2100, for example, type and size of the
preceding vehicle 2100.

[00135] Second sensing data, third sensing data, and fourth sensing data, respectively
obtained in the second sensing area SA2, the third sensing area SA3, the fourth sensing
area SA4 by the sensor, may include information corresponding to a surrounding vehicle
2200 driving around the autonomous driving vehicle 2000. In addition, information on
a background 2300 may be maintained included in the fifth sensing area SA5.

[00136] Accordingly, it is predicated that the autonomous driving vehicle 2000 will
use the first sensing data relatively more frequently and will use the fifth sensing data

relatively less frequently. When the memory device mounted on the autonomous
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vehicle 2000 receives sensing data from the sensor, the memory controller may determine
which area, among the first to fifth sensing areas SA1 to SA5, is a sensing area from
which the sensing data is obtained. Accordingly, the sensing data may be distributed
and stored in the memory areas.

[00137] For example, the first sensing data, obtained by sensing the preceding vehicle
2100 by the sensor, may be stored in the first memory area, and the fourth sensing data
and/or the fifth sensing data may be stored in the second memory area. According to
certain embodiments, the first sensing data and the second sensing data may be weighted.
Each memory cell of the first memory area may store N bits of data, and each memory
cell of the second memory area may store M bits of data, where M and N are positive
integers and M may be greater than N.  As described above, different reading manners
may be applied to the first memory area and the second memory area.

[00138] As described above, according to an embodiment, a single memory chip may
include a first memory region in which a single memory cell stores N bits of data, a second
memory region in which a single memory cell stores M bits of data, where M is greater
than N, and a controller. The controller may read data from the first memory area and
data of the second memory area in different reading manner to each other. Data having
a high FOU may be stored in the first memory area and data having a low FOU may be
stored in the second memory area. Accordingly, a storage space of the memory device
may be efficiently used and reliability and reading speed may be improved. In addition,
a memory device optimized for a neuromorphic computer system and an autonomous
driving vehicle may be provided.

[00139] While embodiments of the inventive concept have been shown and described
above, it will be apparent to those skilled in the art that modifications and variations could

be made without departing from the scope of the inventive concept as defined by the
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What is claimed is:

1. A memory device comprising:

a memory area including a first memory area including first memory cells storing
N-bit data and a second memory area including second memory cells storing M-bit data,
where 'M' and 'N' are natural numbers and M is greater than N; and

a controller configured to read data stored in the first memory area using a first
read operation, read data stored in the second memory area using a second read operation
different from the first read operation, and selectively store data in one of the first memory

area and the second memory area based on a frequency of use (FOU) of the data.

2. The memory device of claim 1, wherein the controller is further configured
to compare the FOU of the data with a FOU reference value, and to store the data in the
second memory area upon determining that the FOU of the data is less than or equal to
the FOU reference value, and to store the data in the first memory area upon determining

that the FOU of the data is not less than or equal to the FOU reference value.

3. The memory device of claim 1, wherein the controller is further configured
to store the data in the second memory area upon receipt of the data in the memory device,
periodically detect a current FOU of the stored data, and to store the data in the first
memory area upon determining that the current FOU of the data is not less than or equal

to a FOU reference value.

4. The memory device of any one of claims 1 to 3, wherein the memory area

includes a first memory plane including the first memory area, and a second memory
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plane different from the first memory plane including the second memory area.

5. The memory device of any one of claims 1 to 4, wherein the memory area
includes a first memory bock including the first memory area, a second memory block
including the second memory area, and

the first memory block and the second memory block are included in a single

memory plane.

6. The memory device of any one of claims 1 to 5, wherein the first memory
cells are connected to a first group of wordlines and the second memory cells are
connected to a second group of wordlines different from the first group of wordlines, and
the first group of wordlines and the second group of wordlines are included in a single

memory block.

7. The memory device of claim 6, wherein the first group of wordlines are

disposed below the second group of wordlines in the memory block.

8. The memory device of any one of claims 1 to 7, wherein the first read
operation is a voltage sensing operation and the second read operation is a current sensing

operation.

9. The memory device of claim 8, wherein during the voltage sensing operation,
the controller is further configured to precharge a selected bitline connected to a selected
memory cell among the first memory cells and to connect the selected memory cell with

a sensing node while developing the selected bitline.
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10. The memory device of any one of claims 1 to 9, wherein the controller is
further configured to compare the FOU of the data with a first FOU reference value and
a second FOU reference value less than the first FOU reference value,

to store the data in the first memory area, upon determining that the FOU of the
data is greater than the first FOU reference value, upon determining that the FOU of the
data is less than or equal to the first FOU reference value and greater than the second
FOU reference value, and

to store the data in a memory area other than the first memory area and the second
memory area, upon determining that the FOU of the data is less than or equal to the second

FOU reference value.

11. The memory device of any one of claims 1 to 10, wherein N=1 and M=2,
and

the memory area further includes a third memory area including third memory
cells each storing 3-bit data and a fourth memory area including fourth memory cells

storing 4-bit data.

12.  The memory device of claim 10 or claim 11, wherein the controller is
further configured to compare the FOU of the data with a third FOU reference value,

to store the data in the third memory area, upon determining that the FOU of the
data is less than or equal to the second FOU reference value and greater than the third
FOU reference value, and

to store the data in the fourth memory area, upon determining that the FOU of

the data is less than or equal to the third FOU reference value.

38



10

15

20

25

13. The memory device of claim 11 or claim 12, wherein the controller is
further configured to allow erasure of the data stored in the fourth memory area only upon

receiving a user confirmation.

14. The memory device of claim 13, wherein the controller stores the data in a
security area upon receiving the user confirmation when a weight assigned to the data

exceeds a threshold value.

15.  The memory device of any one of claims 1 to 14, wherein the memory area

and the controller are commonly integrated on a single semiconductor chip.

16. A memory device comprising:
a memory area including a first memory area including first memory cells,
another memory area including memory cells, and a security area; and
a controller configured to:
read data stored in the first memory area using a first read operation;
read data stored in the another memory area using a second read
operation different from the first read operation;
selectively store data in one of the first memory area and the another
memory area based on a frequency of use (FOU) of the data and an importance weighting
of the data; and
store data having a FOU lower than a predetermined reference value and a
weight higher than a predetermined threshold value in the security area,

wherein each of the first memory cells stores 1-bit data, and each of the memory cells
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stores 2 or more bits data.

17. The memory device of claim 16, wherein the another memory area includes
a second memory area including memory cells storing 2-bit data, a third memory area
including memory cells storing 3-bit data, and a fourth memory area including memory
cells storing 4-bit data, and

the security area includes at least a portion of at least one of the third memory

area and the fourth memory area.

18. The memory device of claim 16 or claim 17, wherein the first read operation

is a voltage sensing operation and the second read operation is a current sensing operation.

19. The memory device of any one of claims 16 to 18, wherein the first read
operation reads data stored in the first memory area faster than the second read operation

reads data stored in the second memory area.

20. A computer system comprising:

a processor configured to control execution of a first operation at a first speed,
control execution of a second operation at a second speed different from the first speed,
and provide data to a memory device,

wherein the memory device comprises:

a memory area including a first memory area including memory cells
operated as single level memory cells (SLC) and a second memory area including memory
cells operated as at least one of multi level memory cells (MLC), triple level memory cells (TLC)

and quad level memory cells (QLC); and
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a controller configured to:
read data stored in the first memory area using a first read
operation in response to execution of the first operation;
read data stored in the second memory area using a second read
operation different from the first read operation in response to execution of the second
operation; and
store the data provided by the processor in one of the first

memory area and the second memory area based on a frequency of use (FOU) of the data.
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