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MEMORY DEVICE, MEMORY SYSTEM AND AUTONOMOUS DRIVING

APPARATUS

CROSS-REFERENCE TO RELATED APPLICATION(S)
[0001] This patent application claims benefit of priority to Korean Patent Application No.
10-2019-0134680 filed on October 28, 2019 in the Korean Intellectual Property Office, the

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

TECHNICAL FIELD
[0002] Example embodiments of the present inventive concept relate to a memory device,

a memory system and an autonomous driving apparatus.

BACKGROUND
[0003] A memory device may provide functions of writing or erasing data and reading
written data. A memory device may include a plurality of memory cells, and generally, an
amount of data writable to each memory cell may have a fixed value. In a neuromorphic
computer system, an autonomous driving apparatus, or the like, suggested recently, a
distributed storage method has been employed for storing data in consideration of
importance of data. When memory cells are programmed by a single method without
consideration of importance of data, reliability and/or operational efficiency of a memory

device may degrade.

SUMMARY
[0004] An example embodiment of the present inventive concept is to provide a memory
device in which a single memory chip included in a memory device includes a first memory
area for storing N-bit data (N is a natural number) and a second memory area for storing M-
bit data (M is a natural number greater than N) and data may be stored in the first memory

area or the second memory area according to importance of data such that operation
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efficiency may improve, a computer system including the same, and an autonomous driving
apparatus.

[0005] According to an example embodiment of the present inventive concept, a memory
device includes a first memory area including a first memory cell array having a plurality of
first memory cells each for storing N-bit data, where N is a natural number, and a first
peripheral circuit for controlling the first memory cells according to an N-bit data access
scheme and disposed below the first memory cell array, a second memory area including a
second memory cell array having a plurality of second memory cells each for storing M-bit
data, where M is a natural number greater than N, and a second peripheral circuit for
controlling the second memory cells according to an M-bit data access scheme and disposed
below the second memory cell array, and the first memory area and the second memory area
are included in a single semiconductor chip and share an input and output interface, and a
controller configured to generate calculation data by applying a weight stored in the first
memory area to sensing data in response to receiving the sensing data obtained by an
external sensor, and store the calculation data in one of the first memory area or the second
memory area according to the weight.

[0006] According to an example embodiment of the present inventive concept, a memory
system includes a first memory device provided as a first semiconductor chip, a second
memory device sharing an input and output bus to which data is transmitted with the first
memory device, and provided as a second semiconductor chip different from the first
semiconductor chip, and an external interface connected to the input and output bus and
configured to transmit and receive the data with an external device, each of the first memory
device and the second memory device includes a first memory plane including a first
memory cell array having first memory cells each for storing N-bit data, where N is a natural
number, and a first page buffer circuit disposed below the first memory cell array and
configured to perform a program operation and a read operation according to an N-bit data
access scheme for at least one first select memory cell of the first memory cells, and a second

memory plane including a second memory cell array having second memory cells each for
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storing M-bit data, where M is a natural number greater than N, and a second page buffer
circuit disposed below the second memory cell array and configured to perform a program
operation and a read operation according to an M-bit data access scheme for at least one
second select memory cell of the second memory cells.

[0007] According to an example embodiment of the present inventive concept, a
autonomous driving apparatus implementing an autonomous driving function of a vehicle
includes a sensor configured to monitor a first sensing area and to output first sensing data
in response to an event generated in a first space external to the vehicle and corresponding
to the first sensing area, and configured to monitor a second sensing area and to output
second sensing data in response to an event generated in a second space different from the
first space and corresponding to the second sensing area;, a processor configured to control
movement of the vehicle according to the first sensing data and the second sensing data, and
a memory device configured to generate first calculation data by applying a first weight to
the first sensing data, generate second calculation data by applying a second weight lower
than the first weight to the second sensing data, store the first calculation data in a first
memory plane having memory cells each for storing N-bit data according to an N-bit data
access scheme, where N is a natural number, and store the second calculation data in a
second memory plane having memory cells each for storing M-bit data according to an M-

bit data access scheme, where M is a natural number greater than N.

BRIEF DESCRIPTION OF DRAWINGS
[0008] The above and other aspects, features, and advantages of the present inventive
concept will be more clearly understood from the following detailed description, taken in
conjunction with the accompanying drawings, in which:
FIGS. 1 to 3 are diagrams illustrating an autonomous driving apparatus according
to an example embodiment of the present inventive concept;
FIG. 4 is a block diagram illustrating a computer system according to an example

embodiment of the present inventive concept;
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FIG. 5 is a block diagram illustrating a memory system according to an example
embodiment of the present inventive concept;

FIG. 6 is a block diagram illustrating a memory device according to an example
embodiment of the present inventive concept;

FIG. 7 is a flowchart illustrating operations of a memory device according to an
example embodiment of the present inventive concept;

FIG. 8 is a diagram illustrating a sensor interlocked with a memory device according
to an example embodiment of the present inventive concept;

FIGS. 9, 10A, and 10B are diagrams illustrating operations of a memory device in
an autonomous driving apparatus according to an example embodiment of the present
inventive concept;

FIGS. 11 and 12 are diagrams illustrating a structure of a memory device according
to an example embodiment of the present inventive concept;

FIGS. 13A-13D are diagrams illustrating operations of a memory device according
to example embodiments of the present inventive concept;

FIG. 14 is a diagram illustrating a structure of a memory device according to an
example embodiment of the present inventive concept;

FIGS. 15 to 17 are diagrams illustrating operations of a memory device according
to an example embodiment of the present inventive concept;

FIGS. 18A and 18B are diagrams illustrating a page buffer included in a memory
device according to an example embodiment of the present inventive concept;

FIGS. 19 and 20 are diagrams illustrating voltage generators included in a memory
device according to an example embodiment of the present inventive concept; and

FIGS. 21 and 22 are diagrams illustrating operations of a memory device according

to an example embodiment of the present inventive concept.

DETAILED DESCRIPTION

[0009] Hereinafter, embodiments of the present inventive concept will be described as
4
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follows, with reference to the accompanying drawings.

[0010] FIGS. 1 to 3 are diagrams illustrating an autonomous driving apparatus according
to an example embodiment.

[0011] Referring to FIG. 1, an autonomous driving apparatus in this example embodiment
may be mounted on a vehicle and may be used to implement an autonomous driving vehicle
10. The autonomous driving apparatus mounted on the autonomous driving vehicle 10 may
include various sensors for collecting information on ambient conditions of the vehicle. As
an example, the autonomous driving apparatus may sense movement of a preceding vehicle
20 travelling in front of the autonomous driving vehicle 10 through an image sensor and/or
an event sensor mounted on the front side of the autonomous driving vehicle 10. The
autonomous driving apparatus may further include sensors for sensing a further vehicle 30
travelling on an adjacent lane and pedestrians near the autonomous driving vehicle 10, in
addition to the front area of the autonomous driving vehicle 10.

[0012] At least one of the sensors for collecting the information on ambient conditions of
the autonomous driving vehicle may have a predetermined field of view FoV as illustrated
in FIG. 1. As an example, when a sensor mounted on the front side of the autonomous
driving vehicle 10 has a field of view FoV as illustrated in FIG. 1, the information detected
from a center of the sensor may have a relatively high importance. That is because most of
information corresponding to the movement of the preceding vehicle 20 may be included in
the information detected from the center of the sensor.

[0013] The autonomous driving apparatus may process the information collected by the
sensors of the autonomous driving vehicle 10 in real time and may control movement of the
autonomous driving vehicle 10, and may store at least a portion of the information collected
by the sensors in a memory device. Thus, data having a relatively high importance in relation
to the driving of the autonomous driving vehicle 10 may be stored in an area of the memory
device having high reliability (e.g., a relatively high reliability), and data having relatively
low importance may be stored in an area having lower reliability (e.g., a relatively lower

reliability).
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[0014] In an example embodiment, the memory device may include a first memory area
and a second memory area. Each of memory cells of the first memory area may store 1-bit
data, and each of memory cells of the second memory area may store 2 or more bits of data.
Data having high importance may be stored in the first memory area, and data having lower
importance may be stored in the second memory area. Also, the first memory area and the
second memory area may be implemented in a single memory device, such as a single
memory chip, and if desired, the first memory area and the second memory area may be
operated simultaneously such that operational performance of the memory device may
improve and a storage space may be divided in an efficient manner. As used herein, a
memory device may refer, for example, to a device such as a semiconductor chip (e.g.,
memory chip formed on a die from a wafer and including an integrated circuit including a
memory cell array), a stack of semiconductor chips, a semiconductor package including one
or more semiconductor chips stacked on a package substrate, or a package-on-package
device including a plurality of packages. These devices may be formed using ball grid
arrays, wire bonding, through substrate vias, or other electrical connection elements, and
may include memory devices such as volatile or non-volatile memory devices.
Semiconductor packages may include a package substrate, one or more semiconductor chips,
and an encapsulant formed on the package substrate and covering the semiconductor chips.
[0015] Referring to FIG. 2, an autonomous driving apparatus 40 in the example
embodiment of FIGS. 1-3 may include a sensor unit 41, a processor 46, a memory system
47, a vehicle body control module (BCM) 48, and other elements. The sensor unit 41 may
include a plurality of sensors 42 to 45, and the plurality of sensors 42 to 45 may include an
image sensor, an event sensor, an illumination sensor, a GPS device, an acceleration sensor,
and the like.

[0016] The data collected by the sensors 42 to 45 may be transferred to the processor 46.
The processor 46 may store data collected by the sensors 42 to 45 in the memory system 47
and may control the vehicle body control module 48 based on the data collected by the

sensors 42 to 45 to determine movement of the vehicle. For example, if the sensors 42-45
6



10

15

20

25

detect a vehicle in front of the autonomous driving apparatus 40 suddenly stopping, the
processor 46, based on receiving the sensed data, may control the mechanical systems of the
autonomous driving apparatus 40 to apply the brakes to slow down the autonomous driving
apparatus 40. The memory system 47 may include two or more memory devices, and a
system controller for controlling the memory devices. Each of the memory devices may be
provided as a single semiconductor chip.

[0017] Other than the system controller of the memory system 47, in some embodiments,
each of the memory devices included in the memory system 47 may include a memory
controller, and the memory controller may include an artificial intelligence (Al) calculation
circuit such as a neural network. The memory controller may generate calculation data by
applying a predetermined weight to the data received from the sensors 42 to 45 or the
processor 46, and may store the calculation data in a memory chip. A single memory device
(e.g., single memory chip) may have a first memory area and a second memory area, and
the number of bits of data stored in each of the memory cells of the first memory area may
be different from the number of bits of data stored in each of the memory cells of the second
memory area. The memory controller may be part of the same single semiconductor chip
that includes the first and second memory areas, or may be a different semiconductor chip
to be part of a memory device (e.g., memory system 47) along with the memory chip, for
example, in package form. The memory device (e.g., memory system 47) may therefore
be configured so that a first set of memory cells in a first area of a single memory chip are
accessed based on a single-level cell (SLC) access scheme, and a second set of memory cells
in a second area of the single memory chip are accessed based on a multilevel cell (MLC)
access scheme.

[0018] The memory controller may store the calculation data to which a relatively high
weight is applied, for example data having a relatively high importance, in the first memory
area, and may store calculation data to which a relatively low weight is applied in the second
memory area. As a result, each of the memory cells of the first memory area may store N-

bit data, and each of the memory cells of the second memory area may store M-bit data,
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where M and N area natural numbers, and M may be greater than N. In this manner, the
memory controller may store the calculation data having a relatively high importance in the
first memory area having relatively higher reliability, and may store the calculation data
having relatively low importance in the second memory area having a relatively low
reliability. Accordingly, operational performance and reliability of each of the memory
devices included in the memory system 47 may improve, and a storage space may be
managed in an efficient manner. In example embodiments, at least a portion of the above-
described operations of the memory controller may be performed by a system controller of
the memory system 47 (e.g., a controller outside of memory system 47, such as a separate
controller chip).

[0019] As an example, each of the memory cells of the first memory area may be a single-
level memory cell configured for storing 1-bit data, and each of the memory cells of the
second memory area may be a multilevel memory cell configured for storing 2 or more bits
of data. To accomplish this, a memory controller may be configured to access memory
cells in the first memory area according to a single-level memory cell access scheme, and
may be configured to access memory cells in the second memory area according to a
multilevel memory cell access scheme. Hereinafter, when various memory areas are
described as having different-bit data stored, a memory controller may be configured to
access each area according to an appropriate memory cell access scheme for the number of
bits stored by each cell in that area. In example embodiments, at least one memory device
may include first to fourth memory areas. In this case, each of the memory cells of the second
memory area may store 2-bit data, each of the memory cells of the third memory area may
store 3-bit data, and each of the memory cells of the fourth memory area may store 4-bit
data. As an example, the calculation data stored in the first memory area may have the
highest importance, and the calculation stored in the fourth memory area may have the least
importance.

[0020] FIG. 3is adiagram illustrating an example of image data obtained by a sensor of an

autonomous driving vehicle on which an autonomous driving apparatus is mounted.
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Referring to FIG. 3, image data 50 may be obtained by a sensor mounted on the front side
of the autonomous driving vehicle. Accordingly, the image data 50 may include a front area
51 of the autonomous driving vehicle, a preceding vehicle 52 travelling on the same lane on
which the autonomous driving vehicle travels, a travelling vehicle 53 near the autonomous
driving vehicle, a background 54, and other information.

[0021] In the image data 50 in the example embodiment illustrated in FIG. 3, data of an
area on which the front area 51 of the autonomous driving vehicle and the background 54
are displayed may rarely affect the driving of the autonomous driving vehicle. Therefore,
the front area 51 of the autonomous driving vehicle and the background 54 may be
considered as having a relatively low importance.

[0022] A distance to the preceding vehicle 52, movement of the travelling vehicle 53
changing a lane, and the like, may be considered important factors in relation to safe driving
of the autonomous driving vehicle. Accordingly, data of the area of the image data 50
including the preceding vehicle 52 and the travelling vehicle 53 may have a relatively high
importance in relation to the driving of the autonomous driving vehicle.

[0023] The memory device of the autonomous driving apparatus may apply different
weights to different areas of the image data 50 received from the sensor and may store the
image data 50. As an example, a relatively high weight may be applied to data of the area
including the preceding vehicle 52 and the travelling vehicle 53, and a relatively low weight
may be applied to data of the area on which the front area 51 of the autonomous driving
vehicle and the background 54 are displayed. The memory device may store the data applied
with a relatively high weight and the data applied with a relatively low weight in different
memory areas separately.

[0024] FIG. 4 is a block diagram illustrating a computer system according to an example
embodiment.

[0025] A computer system 60 in the example embodiment illustrated in FIG. 4 may include
a display 61, a sensor unit 62, a memory 63, a communicator 64, a processor 65, a port 66,

and other elements. The computer system 60 may further include a power device, an input
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and output device, and other devices, in addition to the above-mentioned elements. Among
the elements illustrated in FIG. 4, the port 66 may be provided for the computer system 60
to communicate with a video card, a sound card, a memory card, a USB device, and the like.
As an example, the computer system 60 may be implemented by a neuromorphic computer
system including a circuit that mimics the form of neurons in a nervous system of a living
organism, and the memory 63 and the processor 65 may include an artificial intelligence
calculation module.

[0026] As is traditional in the field of the disclosed technology, features and embodiments
are described, and illustrated in the drawings, in terms of functional blocks, units and/or
modules. Those skilled in the art will appreciate that these blocks, units and/or modules
are physically implemented by electronic (or optical) circuits such as logic circuits, discrete
components, microprocessors, hard-wired circuits, memory elements, wiring connections,
and the like, which may be formed using semiconductor-based fabrication techniques or
other manufacturing technologies. In the case of the blocks, units and/or modules being
implemented by microprocessors or similar, they may be programmed using software (e.g.,
microcode) to perform various functions discussed herein and may optionally be driven by
firmware and/or software. Alternatively, each block, unit and/or module may be
implemented by dedicated hardware, or as a combination of dedicated hardware to perform
some functions and a processor (e.g., one or more programmed microprocessors and
associated circuitry) to perform other functions.

[0027] The processor 65 may include a neuromorphic circuit mimicking the form of
neurons as hardware, and may control overall operations of the computer system 60. The
memory 63 may be a storage medium for storing data. The memory 63 may include a
plurality of memory devices, and each of the memory devices may include one or more
semiconductor chips. A single memory device (e.g., a single memory chip in some
embodiments) may include memory areas for storing data by different methods, and a
memory controller included in the memory 63 may apply weights to different pieces of data

and may store the different pieces of data in different memory areas separately, according
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to different respective memory access schemes.

[0028] As an example embodiment, a single memory device (e.g., single memory chip)
may include a first memory area including a plurality of single-level memory cells for
storing 1-bit data and a second memory area including a plurality of multilevel memory cells
for storing 2 or more bits of data. The first memory area and the second memory area may
be implemented in different memory planes. A weight applied to the data by the memory
controller may also be stored in the memory 63, and the weight may be stored in the first
memory area having a relatively high reading speed in consideration of a characteristic that
the weight is frequently read out by the memory controller.

[0029] FIG. 5 is a block diagram illustrating a memory system according to an example
embodiment.

[0030] Referring to FIG. 5, a memory system 100 in the example embodiment may include
a plurality of memory devices 110 to 140, a system controller 150, an external interface 160,
and other elements.

[0031] The system controller 150 may control overall operations of the memory system
100, and may transmit data to and receive data from an external device through the external
interface 160. The system controller 150 may also transmit data to be stored in the memory
system 100 to at least one of the memory devices 110 to 140 through an input and output
bus 170, and may receive data output by a read operation performed by at least one of the
memory devices 110 to 140 through the input and output bus 170. In the example
embodiment illustrated in FIG. 5, the external interface 160 may be separated from the
system controller 150, but an example embodiment thereof is not limited thereto. The
external interface 160 may be configured to be included in the system controller 150. The
external interface 160 may be a single interface configured to receive and transmit data with
an external device.

[0032] The memory devices 110 to 140, which may each be, for example, an individual
memory chip, may include respective first memory planes 111, 121, 131, and 141 and

second memory planes 112, 122, 132, and 142. As an example, each of the first memory
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planes 111, 121, 131, and 141 may include a first memory cell array having first memory
cells for storing N-bit data (N is a natural number), and a first peripheral circuit disposed
below the first memory cell array and controlling the first memory cells. Similarly, each of
the second memory planes 112, 122, 132, and 142 may include a second memory cell array
having second memory cells for storing M-bit data (M is a natural number greater than N),
and a second peripheral circuit disposed below the second memory cell array and controlling
the second memory cells. On each semiconductor chip, the first memory plane and second
memory plane may be disposed at the same vertical level, for example, side-by-side. The
first peripheral circuit and the second peripheral circuit may have similar structures, and may
include an analog circuit having a voltage generator, a page buffer circuit, and a decoder
circuit, for example.

[0033] Operations of the memory devices 110 to 140 will be described based on a first
memory device 110 as an example. In an example embodiment, operations of the second to
fourth memory devices 120 to 140 may be understood with reference to the descriptions of
the operations of the first memory device 110.

[0034] In the first memory device 110, the first memory plane 111 and the second memory
plane 112 may have the same structure, and may share a single input and output interface
through a memory controller included in the first memory device 110. When the system
controller 150 transmits data to be stored in the memory system 100 to the input and output
bus 170, the memory controller of the first memory device 110 may receive the data and
may apply a weight to the data, thereby generating calculation data.

[0035] The weight may be stored in the first memory plane 111, and the memory controller
may determine a level of the weight in accordance with information included in the data. As
an example, when sensing data is received from a sensor connected through the external
interface 160, the memory controller may determine a level of the weight on the basis of an
amount of change in event information included in the sensing data. Alternatively, a level
of the weight may be determined in accordance with a position of a sensing area and/or a

field of view sensed by the sensor generating the sensing data. The sensing data may be an
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individual piece of sensed data (e.g., speed), or may be data determined by the sensor based
on one or more pieces of sensed data (e.g., change in speed).

[0036] In example embodiments, pieces of data applied with different weights may be
transmitted through the input and output bus 170. The memory controller of the first memory
device 110 may apply a first weight and a second weight to the pieces of data and may
generate first calculation data and second calculation data. The memory controller may store
the first calculation data in the first memory plane, and may store the second calculation data
in the second memory plane. In one example embodiment, the first weight may be greater
than the second weight. As an example, the memory controller may perform an operation of
storing the first calculation data in the first memory plane and an operation of storing the
second calculation data in the second memory plane simultaneously.

[0037] As another example, first calculation data applied with different weights may only
be stored in the first memory device 110, and second calculation data may only be stored in
the second memory device 120. In an example embodiment, calculation for generating
calculation data by applying a weight, and distribution of the calculation data may be
performed by the system controller 150.

[0038] As the memory devices 110 to 140 share a single input and output bus, in the above-
described example embodiment, the first calculation data and the second calculation data
may not be simultaneously stored. In the example embodiment, to simultaneously store the
first calculation data and the second calculation data, the number of the input and output
buses 170 may need to be increased, but an increased number of the input and output buses
170 may increase power consumption and manufacturing costs of the memory system 100.
[0039] Also, when the first calculation data and the second calculation data are
simultaneously stored by increasing the number of the input and output buses 170, the
number of the simultaneously operating input and output buses 170 and the number of
simultaneously operating the memory devices 110 to 140 may increase. Accordingly, load
driven by a host connected to the external interface 160 or the system controller 150 may

increase, which may be disadvantageous in terms of high-speed driving.
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[0040] In an example embodiment, each of the memory devices 110 to 140 may include
the first memory planes 111, 121, 131, and 141 and the second memory planes 112, 122,
132, and 142, which may operate by different methods. Accordingly, the first calculation
data and the second calculation data to which different weights are applied may be
simultaneously stored in one of the memory devices 110 to 140, which may be advantageous
in terms of power consumption, manufacturing costs, and high-speed operation.

[0041] In example embodiments, each of the memory devices 110 to 140 may further
include a third memory plane and a fourth memory plane. In this case, each of the first
memory cells of the first memory planes 111, 121, 131, and 141 may store 1-bit data, and
each of the second memory cells of the second memory planes 112, 122, 132, and 142 may
store two-bit data. Each of third memory cells of the third memory plane may store 3-bit
data, and each of fourth memory cells of the fourth memory plane may store 4-bit data. The
memory controller may store calculation data having a relatively higher weight in the first
memory plane, and may store calculation data having a relatively lower weight in the fourth
memory plane.

[0042] FIG. 6 is a block diagram illustrating a memory device according to an example
embodiment. For example, the memory device shown in FIG. 6 may represent an example
embodiment of one of the memory devices 110, 120, 130, or 140 shown in FIG. 5.

[0043] Referring to FIG. 6, a memory device 200 in this example embodiment may include
a storage area 210, a controller 220, and an input and output interface 230. The storage area
210 may include a plurality of memory areas 211 to 213.

[0044] Each of the memory areas 211 to 213 may include a memory cell array in which
memory cells are disposed, and a peripheral circuit in which circuits for controlling the
memory cell array is disposed. For example, the first memory area 211 may include a first
memory cell array and a first peripheral circuit. In each of the memory areas 211 to 213, the
peripheral circuit may be disposed below the memory cell array. For example, the memory
areas 211 to 213 may have a cell-on-peri (COP) structure in which the memory cell array is

disposed on the peripheral circuit.
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[0045] Each memory cell array may include memory cells, and the memory cells may
provide memory cell strings. The memory cells in each of the memory cell strings may be
connected to each other in series, and a switch device may be connected to each of both ends
of each memory cell. The memory cells included in each of the memory cell strings may be
connected to each other in a direction perpendicular to an upper surface of a substrate.
Accordingly, the memory device 200 may be configured as a vertical-type memory device.
[0046] The peripheral circuit may include circuits for controlling the memory cell array,
such as a page buffer circuit and a decoder circuit, for example. In example embodiments,
the peripheral circuit may include a power circuit generating a voltage required for driving
the page buffer circuit and the decoder circuit. The decoder circuit may be connected to the
memory cells through word lines, and the page buffer circuit may be connected to the
memory cells through bit lines.

[0047] The controller 220 may include an artificial intelligence calculation module, and
may transmit data to and receive data from an external device, such as an external processor
or sensor, or the like, through the input and output interface 230. For example, the controller
220 may generate calculation data by applying a predetermined weight to sensing data
received from an external sensor, and may store calculation data in the storage area 210. A
weight applied to sensing data by the controller may also be stored in the storage area 210.
For example, weight information or a weight index may be applied to data sensed from a
sensor to determine calculated data to be stored in a storage area. The calculated data may
be stored along with the weight information in the storage area.

[0048] As least a portion of the memory areas 211 to 213 may store data by different
methods. For example, each of the memory cells of the first memory area 211 may store N-
bit data. Each of the memory cells of the second memory area 212 may store M-bit data, and
M may be a natural number greater than N.

[0049] Inanexample, the controller 220 may store the calculation data (e.g., data calculated
or determined based on sensed data from a sensor, among other factors) applied with a

relatively high weight in the first memory area 211, and may store the calculation data
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applied with a relatively low weight in the second memory area 212. The controller 220 may
store the calculation data in the first memory area 211 or the second memory area 212 on
the basis of a comparison relationship between the weight applied when the calculation data
Is used and a reference value.

[0050] As an example, each of the memory cells of the first memory area 211 may store 1-
bit data, and each of the memory cells of the second memory area 212 may store 2 or more
bits of data. The first memory area 211 may have reliability higher than that of the second
memory area 212. The controller 220 may generate calculation data by applying a relatively
higher weight to relatively more important sensing data, and may store the calculation data
in the first memory area 211, thereby improving reliability of the memory device 200.
[0051] Also, in an example embodiment, in the storage area 210 of the memory device
implemented as a single semiconductor chip, the first memory area 211, a memory plane
having single-level memory cells, and the second memory area 212, a memory plane having
multilevel memory cells may be implemented. As the first memory area 211 and the second
memory area 212 are included in a single semiconductor chip, the first memory area 211
and the second memory area 212 may share the input and output interface 230.

[0052] Differently from the aforementioned example embodiments, two memory devices
implemented as different semiconductor chips may be driven by single-level memory cells
and multilevel memory cells, respectively. In this case, two or more buses connected to a
host may be required to simultaneously drive the two memory devices, which may cause
loss in terms of a design and production costs. Also, even when two or more busses are
prepared to simultaneously drive the two memory devices, it may be necessary to input
signals to and output signals from the input and output interfaces of the two memory devices
simultaneously, which may consume relatively high power.

[0053] In contrast, in certain example embodiments, the first memory area 211 and the
second memory area 212 included in a single semiconductor chip and sharing the input and
output interface may be driven by single-level memory cells and multilevel memory cells,

respectively. Accordingly, the calculation data applied with a relatively high weight and the
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calculation data applied with a relatively low weight may be transmitted to and received
from a host using only a signal input and output through the single input and output interface.
Consequently, the calculation data applied with various weights may be processed in parallel
without increasing the number of the buses, and the single-level memory cells and the
multilevel memory cells may be simultaneously driven through the single input and output
interface such that an increase of power consumption may be reduced, and high-speed
driving may be implemented.

[0054] In an example embodiment, the first memory area 211 and the second memory area
212 may simultaneously operate. For example, while a program operation or a read
operation is performed in the first memory area 211, a program operation or a read operation
may also be performed in the second memory area 212. Types of the operations performed
in the first memory area 211 and the second memory area 212 may be the same or different.
In addition, addresses at which the operations are performed in the first memory area 211
and the second memory area 212 may also be the same or different.

[0055] The memory cell arrays included in the memory areas 211 to 213 may have the
same structure. For example, physical structures of the memory cell arrays included in the
memory areas 211 to 213 may be the same, and accordingly, the number of the single-level
memory cells included in the first memory area 211 may be the same as the number of the
multilevel memory cells included in the second memory area 212,

[0056] A peripheral circuit included in the memory areas 211 to 213 may have different
structures. As an example, a first page buffer circuit included in the peripheral circuit of the
first memory area 211 may have a structure different from a structure of a second page buffer
circuit included in the peripheral circuit of the second memory area 212. The first page buffer
circuit may include a lower number of latches than a number of latches included in the
second page buffer circuit, and accordingly, an area in which the first page buffer circuit is
disposed may be smaller than an area in which the second page buffer circuit is disposed.
Other than the page buffer circuit, circuits for generating a voltage required for driving the

memory cells may be configured differently in the first memory area 211 and the second
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memory area 212.

[0057] FIG. 7 is a flowchart illustrating operations of a memory device according to an
example embodiment.

[0058] Referring to FIG. 7, an operation of a memory device in the example embodiment
may start with receiving sensing data from a sensor by a memory device (S10). The memory
device may receive sensing data through a separate processor or may directly receive the
sensing data from a sensor. In an example embodiment, the sensor may be attached to an
autonomous driving vehicle and may collect ambient information, and the memory device
may be mounted on the autonomous driving vehicle.

[0059] When the sensing data is received, a memory controller of the memory device may
obtain weight data stored in the memory area (S20). Different weight data may be associated
with different types of sensing data, and may be stored in association with these types of
sensing data. As an example, whenever the memory device receives the sensing data, the
memory controller may read out the weight data, and thus, the weight data may be stored in
a memory area securing relatively high reliability. For example, the memory area in which
the weight data is stored may be a memory plane in which each of memory cells stores 1-bit
or 2-bit data.

[0060] The memory controller reading out the weight data may apply a weight to the
sensing data and may generate calculation data (S30). The memory controller may store the
calculation data in the memory area (S40). In operation S40, the memory controller may
determine a memory area for storing the calculation data in accordance with a weight used
as a basis of the calculation data, rather than determining a memory area for storing based
on sensing data itself. The calculation data may be, for example, the sensing data with a
weight attached to it. For example, the calculation data may reflect the original sensing
data as marked by a weight.

[0061] The memory controller may compare the weight used as a basis of the calculation
data with reference values, and may determine a memory area for storing the calculation

data according to a result of the comparison. As an example, when the weight is equal to or
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higher than a first reference value, a memory area for storing the calculation data may be a
first memory plane in which each of memory cells stores 1-bit data. When the weight is
smaller than the first reference value and equal to or higher than a second reference value, a
memory area for storing the calculation data may be a second memory plane in which each
of memory cells stores 2-bit data. When the weight is smaller than the second reference
value and equal to or higher than a third reference value, the calculation data may be stored
in a third memory plane in which each of memory cells store 3-bit data. When the weight is
smaller than the third reference value and equal to or higher than a fourth reference value,
the calculation data may be stored in a fourth memory plane in which each of memory cells
stores 4-bit data.

[0062] The first to fourth memory planes may be included in a memory device provided as
a single semiconductor chip and may share a single input and output interface. Also, the
memory controller may control the memory areas such that at least two or more of the first
to fourth memory planes may perform at least one of a program operation or a read operation
simultaneously.

[0063] FIG. 8isadiagram illustrating a sensor interlocked with a memory device according
to an example embodiment.

[0064] Referring to FIG. 8, a sensor in the example embodiment may be configured as one
of elements of an autonomous driving apparatus, and may be mounted on an autonomous
driving vehicle 300 and may collect information on ambient conditions of the autonomous
driving vehicle 300. The sensor may collect information in a sensor area SA, and the sensor
area SA may include first to fifth sensing areas SA1 to SA5. In this manner, the sensor may
monitor the different sensing areas SA1 to SA5. However, an example embodiment
thereof is not limited thereto, and the sensor area SA may divided into a greater or lower
number of sensing areas. Also, positions of the sensing areas may be varied, differently from
the example embodiment illustrated in FIG. 8.

[0065] A sensor may include an image sensor and/or an event sensor, and information

collected by the sensor may be configured as sensing data and may be transmitted to a
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memory device mounted on the autonomous driving vehicle 300. The memory device may
apply a weight to the sensing data in accordance with positions of the sensing areas SA1 to
SA5 in which information corresponding to the sensing data is collected, types of the
information included in the sensing data, and the like, and may store the sensing data in one
of the memory areas. In the description below, the example embodiment will be described
in greater detail with reference to FIGS. 8 to 10.

[0066] FIGS. 9, 10A, and 10B are diagrams illustrating operations of a memory device in
an autonomous driving apparatus according to an example embodiment.

[0067] Referringto FIG. 9, different types of information may be collected in sensing areas
SALl to SA5 in accordance with positions of the sensing areas SA1 to SA5 of a sensor. For
example, first sensing data obtained from the first sensing area SALl by the sensor may
include information on a preceding vehicle 301 travelling in front of an autonomous driving
vehicle 300 on which an autonomous driving apparatus is mounted. The first sensing data
may include information on a distance to the preceding vehicle 301. Alternatively, the first
sensing data may include information required for determining a distance to the preceding
vehicle 301, such as information on a type and a size of the preceding vehicle 301, for
example.

[0068] Second sensing data, third sensing data, and fourth sensing data obtained from the
second sensing area SA2, the third sensing area SA3, and the fourth sensing area SA4 by the
sensor may include information on an additional vehicle 302 travelling near an autonomous
driving vehicle. Also, the fifth sensing area SA5 may mainly include information on a
background.

[0069] Accordingly, the first sensing data may be classified as data having a relatively high
importance, and the fifth sensing data may be classified as data having a relatively low
importance. When a memory device mounted on the autonomous driving vehicle 300
receives sensing data from the sensor, a memory controller may determine which one of the
first to fifth sensing areas is a sensing area from which sensing data is obtained, and the

memory controller may apply a weight to the sensing data according to a result of the
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determination.

[0070] For example, a first weight may be applied to the first sensing data obtained by the
sensor sensing the preceding vehicle 301, and a second weight may be applied to the second
sensing data obtained by the sensor sensing the additional vehicle 302. The first weight may
be greater than the second weight. The memory controller may store first calculation data
generated by applying the first weight to the first sensing data in the first memory area, and
may store second calculation data generated by applying a second weight to the second
sensing data in the second memory area. Each of memory cells of the first memory area may
store N-bit data, and each of memory cells of the second memory area may store M-bit data.
In the above-described example, M and N are natural numbers and M is greater than N.
[0071] The fifth sensing data obtained from the fifth sensing area SA5 which mainly
includes the background 303 by the sensor may be stored in the memory area in which each
of the memory cells stores the highest number of bits of data. As an example, when one of
the memory cells of memory planes of the memory device stores 4-bit data, a fifth weight
may be applied to the fifth sensing data and the fifth sensing data may be stored in a
corresponding memory plane. As an example, the fifth weight may have the least value
among weights which the memory controller applies to the sensing data.

[0072] In an example embodiment illustrated in FIGS. 10A and 10B, a sensor may be
configured as an event sensor. As an example, the sensor may operate asynchronously and
may sense an event generated around an autonomous driving vehicle 300. When sensing
data is received from the sensor sensing the event, a memory controller may determine
strength, a type, and the like, of the event on the basis of an amount of change between the
sensing data and previous sensing data stored in a memory device.

[0073] Forexample, as illustrated in FIGS. 10A and 10B, when a speed of the autonomous
driving vehicle 300 decreases, the sensing data obtained by the sensor sensing the
autonomous driving vehicle 300 may greatly change, differently from the previous sensing
data. For example, there may be a relatively great difference between the previous sensing

data obtained by the sensor sensing the preceding vehicle 301 in the example embodiment
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illustrated in FIG. 10A and the sensing data obtained by the sensor sensing the preceding
vehicle 301 in the example embodiment illustrated in FIG. 10B.

[0074] In one embodiment, the greater the amount of change between the sensing data and
the previous sensing data, the higher the weight the memory controller of the memory device
interlocked with the sensor may apply to the sensing data. Also, the memory controller may
store sensing data in a first memory area including first memory cells each storing N-bit data.
As the first memory cells have stability and a reading speed higher than those of second
memory cells storing M-bit data greater N-bit data, data corresponding to an important event,
such as a distance to the preceding vehicle 301, may be stored in the first memory area.
[0075] FIGS. 11 and 12 are diagrams illustrating a structure of a memory device according
to an example embodiment. In example embodiments, these structures may be used to
implement the memory chips discussed above, in connection with FIGS. 5 and 6.

[0076] FIGS. 11 and 12 are perspective diagrams illustrating memory devices 400 and
400A according to an example embodiment. Referring to FIG. 11, a memory device 400 in
the example embodiment may include a cell region C and a peripheral circuit area P disposed
upwardly and downwardly. The peripheral circuit area P may be disposed below the cell
region C, and may include peripheral circuits such as a page buffer circuit, a decoder circuit,
and the like. The cell region C may include a memory cell array. The peripheral circuit area
P may include a first substrate 401, and the cell region C may include a second substrate 402
different from the first substrate 401.

[0077] For example, the peripheral circuit area P may include a plurality of peripheral
circuit devices 403 disposed on the first substrate 401, a plurality of wiring lines 405
connected to the peripheral circuit devices 403, and a first interlayer insulating layer 407
covering the peripheral circuit devices 403 and the wiring lines 405. The peripheral circuit
devices 403 included in the peripheral circuit area P may provide a circuit for driving the
memory device 400, such as a page buffer circuit, a decoder circuit, a power generator, and
the like, for example.

[0078] The second substrate 402 included in the cell region C may be disposed on the first
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interlayer insulating layer 407. The cell region C may include a ground select line GSL,
word lines WL, and string select lines SSL1 and SSL2, stacked on the second substrate 402,
and a plurality of insulating layers IL. The insulating layers IL may be alternately layered
with the ground select line GSL, the word lines WL, and the string select lines SSL1 and
SSL2. The number of the ground select line GSL and the number of string select lines SSL1
and SSL2 may not be limited to the examples illustrated in FIG. 11, and may be varied.
[0079] The cell region C may include channel structures CH extending in a first direction
(Z axis direction) perpendicular to an upper surface of the second substrate 402, and the
channel structures CH may penetrate the ground select line GSL, the word lines WL, and
the string select lines SSL1 and SSL2 and may be connected to the second substrate 402.
The channel structures CH may include a channel region 410, a buried insulating layer 420
filling an internal space of the channel region 410, and a bit line connecting layer 430. Each
of the channel structures CH may be connected to at least one bit line through the bit line
connecting layer 430. As an example, the ground select line GSL, the word lines WL, the
string select lines SSL1 and SSL2, the insulating layers IL, and the channel structures CH
may be defined as a stack structure.

[0080] At least one gate insulating layer may be disposed in an outer region of the channel
region 410. In an example embodiment, the gate insulating layer may include a tunneling
layer, an electric charge storage layer, and a blocking layer. In example embodiments, at
least one of the tunneling layer, the electric charge storage layer, and the blocking layer may
be configured to surround the ground select line GSL, the word lines WL, and the string
select lines SSL1 and SSL2.

[0081] The ground select line GSL, the word lines WL, and the string select lines SSL1
and SSL2 may be covered by an interlayer insulating layer 450. Also, the ground select line
GSL, the word lines WL, and the string select lines SSL1 and SSL2 may be divided into a
plurality of regions by word line cuts 440. In an example embodiment, the string select lines
SSL1 and SSL2 may be divided into a plurality of areas by a separation insulating layer 460

between a pair of adjacent word line cuts 440 in a second direction (Y axis direction) parallel
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to an upper surface of the second substrate 402.

[0082] In an example embodiment, in a region in which the separation insulating layer 460
is disposed, dummy channel structures DCH may be disposed. The dummy channel
structures DCH may have a structure the same as the channel structures CH, and may not be
connected to a bit line.

[0083] Referring to FIG. 12, the memory device 400A in the example embodiment may
include a cell region C and a peripheral circuit area P disposed upwardly and downwardly.
The memory device 400 in the example embodiment illustrated in FIG. 12 may have a
structure similar to the structure of the memory device 400A in the example embodiment
illustrated in FIG. 10. Thus, the descriptions of similar elements described with reference to
FIG. 10 may not be provided.

[0084] In the example embodiment illustrated in FIG. 12, to overcome difficulty in process
caused by an increased number of the word lines WL, a portion of the word lines WL may
be stacked and a lower channel structure may be formed, and then the other portion of the
word lines WL may be stacked and an upper channel structure may be formed. Accordingly,
as illustrated in FIG. 12, structures of a channel region 410A and a buried insulating layer
420A may be different from the examples illustrated in FIG. 11. As an example, the lower
channel structure and the word lines penetrated by the lower channel structure may be
defined as a lower stack structure, and the upper channel structure and the word lines
penetrated by the upper channel structure may be defined as an upper stack structure.
[0085] The lower channel structure may extend from the second substrate 402, and the
upper channel structure may extend from the lower channel structure and may be connected
to a bit line through the bit line connecting layer 430. In each of the channel structures DCH,
the channel region 410A of the upper channel structure may be connected to the channel
region 410A of the lower channel structure.

[0086] Properties of a memory cell may be deteriorated in a region adjacent to a boundary
at which the upper channel structure is connected to the lower channel structure.

Accordingly, a dummy word line DWL may be disposed on the region adjacent to the
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boundary. The dummy word line DWL may be connected to a dummy memory cell, and
valid data may not be stored in the dummy memory cell.

[0087] FIGS. 13A to 13D show a diagram illustrating operations of a memory device
according to an example embodiment.

[0088] FIGS. 13A to 13D illustrate operations of first to fourth memory planes included in
a memory device according to an example embodiment. The graphs in FIG. 13A to 13D
illustrate distribution of threshold voltages of memory cells according to stored data. The
first to fourth memory planes may be included in a single memory device provided to a
single semiconductor chip and may share a single input and output interface. The first to
fourth memory planes may be disposed at the same vertical levels as each other within the
memory chip, and may be horizontally separated with respect to each other.  Also, two or
more of the first to fourth memory planes may operate simultaneously.

[0089] Each of the memory cells of the first memory plane may store 1-bit data. Each of
the memory cells may have one of an erase state EO and a program state PO as illustrated in
FIG. 13A according to stored data. The erase state EO may indicate distribution of a
threshold voltage of memory cells which have not been programed, and the program state
PO may indicate a distribution of a threshold voltage of memory cells which have been
programed. To implement the single-bit storage for the memory cells of the first memory
plane, a memory controller may be configured to access memory cells of the first memory
plane according to a single-bit storage scheme according to the erase state EO and program
state PO.

[0090] Each of memory cells of the second memory plane may store 2-bit data. Each of
memory cells may have an erase state EO and one of first to third program states P1 to P3 as
illustrated in FIG. 13B according to stored data. The erase state EO may illustrate distribution
of threshold voltages of memory cells which have not be programed, and the first to third
program states P1 to P3 may illustrate distribution of threshold voltages of memory cells
which have been programed based on different data. To implement the 2-bit storage for the

memory cells of the second memory plane, the memory controller may be configured to
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access memory cells of the second memory plane according to a 2-bit storage scheme
according to the erase state EO and program states P1 to P3.

[0091] Each of memory cells of the third memory plane may store 3-bit data. Each of the
memory cells may have an erase state EO and one of first to seventh program states P1 to P7
as illustrated in FIG. 13C according to stored data. Similarly, each of memory cells of the
fourth memory plane may store 4-bit data. Each of the memory cells may have an erase state
EO and one of first to fifteenth program states P1 to P15 as illustrated in FIG. 13D according
to stored data. To implement the 3-bit storage for the memory cells of the third memory
plane or the 4-bit storage for the memory cells of the fourth memory plane, the memory
controller may be configured to access memory cells of the third memory plane according
to a 3-bit storage scheme according to the erase state EO and program states P1 to P7, and to
access memory cells of the fourth memory plane according to a 4-bit storage scheme
according to the erase state EO and program states P1 to P15.

[0092] As the numbers of bits of data stored in memory cells of the different memory planes
are different, peripheral circuits included in the first to fourth memory planes may be
configured differently. As an example, a page buffer circuit included in a peripheral circuit
of the first memory plane may include the least number of latches, and a page buffer circuit
included in a peripheral circuit of the fourth memory plane may include the highest number
of latches. Accordingly, areas in which peripheral circuits are disposed in the memory planes,
respectively, may be different from each other.

[0093] In example embodiments, memory planes storing data by different methods may be
disposed adjacent to each other. As an example, the first memory plane and the second
memory plane may be disposed adjacent to each other. Also, at least a portion of the
peripheral circuit of the second memory plane disposed in a relatively large area may be
disposed in a region of the first memory plane. Accordingly, integration density of the
memory device may improve. In the description below, an example embodiment will be
described with reference to FIG. 14.

[0094] FIG. 14 is a diagram illustrating a structure of a memory device according to an
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example embodiment.

[0095] Referring to FIG. 14, a memory device 500 may include a first memory area 510
and a second memory area 520. The first memory area 510 may include a first memory cell
array 511 and a first peripheral circuit 512 disposed below the first memory cell array 511.
The second memory area 520 may include a second memory cell array 521 and a second
peripheral circuit 522 disposed below the second memory cell array 521.  The first memory
area 510 and second memory area 520 of the memory device 500 may be part of a single
semiconductor chip.

[0096] Ineach of memory cells of the first memory cell array 511, N-bit data may be stored.
M-bit data may be stored in each of memory cells of the second memory cell array 521, and
M may be greater than N. The first memory cell array 511 and the second memory cell array
521 may have the same (e.g., identical) structure, and may include the same number of
memory cells. Accordingly, in the memory device 500 in the example embodiment, memory
areas disposed adjacent to each other may include the same number of memory cells, and
may have different data storage capacities.

[0097] The first peripheral circuit 512 and the second peripheral circuit 522 for driving
memory cells of the first and second memory cell arrays 511 and 521 having the same
structure may have different structures. For example, the first page buffer circuit of the first
peripheral circuit 512 may include a smaller number of latches than the number of latches
of the second page buffer circuit of the second peripheral circuit 522. Also, the number of
voltages (e.g., voltage levels) output by a voltage generator of the first peripheral circuit 512
may be smaller than the number of voltages output by a voltage generator of the second
peripheral circuit 522. Accordingly, the first peripheral circuit 512 may be disposed in an
area smaller than an area of the second peripheral circuit 522.

[0098] In an example embodiment, to improve integration density of the memory device
500, at least a portion 522A of the second peripheral circuit 522 may be disposed in an
adjacent region occupied by first memory area 510. As illustrated in FIG. 14, at least a

portion 522A of the second peripheral circuit 522 may be disposed below the first memory
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cell array 511. Accordingly, integration density of the memory device 500 may improve.
[0099] In example embodiments, the first memory area 510 and the second memory area
520 may be simultaneously operated such that operation efficiency of the memory device
500 may improve. In this example embodiment, while a program operation or a read
operation is performed in the first memory area 510, a program operation or a read operation
may be performed in the second memory area 520 simultaneously. In the description below,
an example embodiment will be described with reference to FIGS. 15 to 17.

[00100] FIGS. 15to 17 are diagrams illustrating operations of a memory device according
to an example embodiment.

[00101] In the example embodiments illustrated in FIGS. 15 to 17, a memory device 600
may include a first memory area 610 and a second memory area 620. The number of bits of
data stored in each of memory cells of the first memory area 610 may be different from the
number of bits of data stored in each of memory cells of the second memory area 620. As
an example, each of the memory cells of the first memory area 610 may store N-bit data (N
is a natural number), and each of memory cells of the second memory area 620 may store
M-bit data (M is a natural number greater than N).

[00102] The first memory area 610 and the second memory area 620 may have the same
general structure. As an example, the first memory area 610 may include a first memory cell
array 611, a first decoder circuit 612, and a first page buffer circuit 613. The first decoder
circuit 612 may select at least one of word lines connected to memory cells of the first
memory cell array 611, and may input a voltage required for a program operation, a read
operation, an erase operation, and the like, to the word lines. The first page buffer circuit
613 may write data in the memory cells of the first memory cell array 611 or may read out
data stored in the memory cells. The second memory area 620 may have the same
components connected in the same way. However, certain components, such as the
peripheral circuit components (e.g., page buffer and decoder circuits), may have different
specific structures from each other, as discussed previously.

[00103] A controller 630 may drive the first memory area 610 and the second memory
28



10

15

20

25

area 620 simultaneously. In example embodiments, operations simultaneously performed in
the first memory area 610 and the second memory area 620 may be the same operation or
different operations. Also, an address at which an operation is performed in the first memory
area 610 and an address at which an operation is performed in the second memory area 620
may be the same or different.

[00104] Referring to FIG. 15, a controller 630 may perform a first operation, a program
operation, for example, in memory cells of the first memory cell array 611 corresponding to
afirst address 615. The controller 630 may also perform a second operation, a read operation,
for example, in memory cells of a second memory cell array 621 corresponding to a first
address 625. As such, in the example embodiment illustrated in FIG. 15, different operations
may be performed at the same address of the first memory cell array 611 and the second
memory cell array 621.

[00105] Referring to FIG. 16, the controller 630 may perform a first operation, a program
operation, for example, in memory cells of the first memory cell array 611 corresponding to
the first address 615. The controller 630 may also perform a first operation in memory cells
of the second memory cell array 621 corresponding to a second address 627. In other words,
in the example embodiment illustrated in FIG. 16, the same operation may be performed at
different addresses of the first memory cell array 611 and the second memory cell array 621
by the controller 630. However, an example embodiment thereof is not limited thereto. Data
processed at the first address 615 of the first memory cell array 611 and at the second address
627 of the second memory cell array 621 may be different from each other.

[00106] Inthe example embodiment illustrated in FIG. 17, the controller 630 may perform
a first operation, a program operation, for example in memory cells of the first memory cell
array 611 corresponding to the first address 615. The controller 630 may also perform a
second operation, a read operation, for example, in memory cells of the second memory cell
array 621 corresponding to a second address 627. In the example embodiment illustrated in
FIG. 17, different operations may be performed at different addresses of the first memory

cell array 611 and the second memory cell array 621 by the controller 630.
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[00107] Inthe example embodiments illustrated in FIGS. 15 and 17, the first memory area
610 and the second memory area 620 may be configured as areas included in a single
semiconductor chip, having multiple memory planes, for example, and the memory device
600 may be provided as a single semiconductor chip. Accordingly, the controller 630 may
process a program operation and/or a read operation by operating two or more memory
planes simultaneously such that data processing efficiency may increase.

[00108] Inthese example embodiments, the first memory area 610 and the second memory
area 620 may operate simultaneously by a control command and data transferred through a
single input and output interface and the controller 630. Accordingly, differently from a
method of assigning memory cells of two or more semiconductor chips to a single-level
memory cell and a multilevel memory cell and simultaneously driving the two or more
semiconductor chips, the number of busses required for communication between a host and
the memory device 600 may decrease, and a high-speed driving may be implemented at
relatively low power consumption.

[00109] FIGS. 18A and 18B are diagrams illustrating a page buffer included in a memory
device according to an example embodiment.

[00110] Each of page buffer circuits 700A and 700B illustrated in FIGS. 18A and 18B
may be a circuit connected to a single bit line. The page buffer circuits 700A and 700B may
have different structures depending on an operation method of a memory cell array
connected to each of the page buffer circuits.

[00111] The first page buffer circuit 700A in the example embodiment illustrated in FIG.
18A may be connected to a memory cell array in which a single memory cell stores 1-bit
data. The first page buffer circuit 700A may include a precharge circuit 710A for
precharging a bit line connected to memory cells, and a latch circuit 720A for storing data
read out from a selected memory cell or storing data to be written in a selected memory cell.
[00112] Referring to FIG. 18B, a second page buffer circuit 700B may be connected to a
memory cell array in which a single memory sell stores 2-bit data. The second page buffer

circuit 700B may include a precharge circuit 710B for precharging a bit line, and latch
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circuits 720B and 730B for storing data read out from a selected memory cell or storing data
to be written in a selected memory cell.

[00113] Each of memory cells of a memory cell array connected to the second page buffer
circuit 700B may store a greater number of bits of data than each of memory cells of a
memory cell array connected to the first page buffer circuit 700A. Accordingly, the second
page buffer circuit 700B may include a greater number of latch circuits 720B and 730B than
the first page buffer circuit 700A, and may occupy a relatively greater area.

[00114] As described above, the memory device in the example embodiment may have a
COP structure in which the memory cell arrays are disposed on the peripheral circuits.
Accordingly, the page buffer circuits 700A and 700B may be disposed below the memory
cell arrays. In the example embodiment, a first memory area including a first page buffer
circuit 700A may be disposed adjacent to a second memory area including the second page
buffer circuit 700B. Also, at least a portion of the second page buffer circuit 700B requiring
a relatively large area may be disposed in a region occupied by the first memory area, from
a top-down view. For example, the first page buffer circuit 700A and at least a portion of
the second page buffer circuit 700B may be disposed below the first memory area and the
first memory cell array. Accordingly, an area in which the peripheral circuits are disposed
may be used in an efficient manner such that integration density of the memory device may
improve.

[00115] FIGS. 19 and 20 are diagrams illustrating voltage generators included in a
memory device according to an example embodiment.

[00116] Referring to FIG. 19, a peripheral circuit of the memory device in example
embodiments may include a voltage generator 800. The voltage generator 800 may be
included in each of memory areas included in the memory device. As an example, a first
memory area of the memory device may include a first voltage generator, and a second
memory area of the memory device may include a second voltage generator. The first
voltage generator and the second voltage generator may have different structures.

[00117] The voltage generator 800 may include an oscillator 810, a charge pump 820, a
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regulator 830, and a word line voltage generator 840. In an example embodiment, the charge
pump 820 may operate in response to receiving a clock signal output by the oscillator 810
and a complementary clock signal having a phase difference of 180 degrees with the clock
signal.

[00118] The charge pump 820 may include a plurality of unit circuits connected to each
other in series. As an example, odd-numbered unit circuits of the unit circuits may operate
by a clock signal, and even-numbered unit circuits may operate by a complementary clock
signal, or vice versa. The number of unit circuits included in the charge pump 820 may be
varied depending on memory areas.

[00119] The word line voltage generator 840 may generate voltages to be input to word
lines in each of a program operation and a read operation. As an example, the word line
voltage generator 840 may generate a pass voltage, a read voltage, a program voltage, and
the like. When the voltage generator 800 is included in a peripheral circuit of the first
memory area in which each of memory cells stores N-bit data (N is a natural number), the
number of voltages (i.e., voltage levels) generated by the word line voltage generator 840,
the number of pass voltages, for example, may be relatively small. When the voltage
generator 800 is included in a peripheral circuit of the second memory area in which each
of memory cells stores M-bit data (M is a natural number greater than N), the number of
voltages (i.e., voltage levels) generated by the word line voltage generator 840, the number
of pass voltages, for example, may be relatively high.

[00120] Accordingly, the charge pump 820 of the voltage generator 800 included in the
second memory area may include a greater number of unit circuits than the number of unit
circuits included in the charge pump 820 of the voltage generator 800 included in the first
memory area. The voltage generator 800 of the second memory area may occupy a greater
area than an area of the voltage generator 800 of the first memory area. In the example
embodiment, at least a portion of the voltage generator 800 of the second memory area may
be disposed in a peripheral circuit located to overlap a region occupied by the first memory

area, from a top-down view. Accordingly, an area in which the peripheral circuits are
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disposed may be used in an efficient manner, and integration density of the memory device
may improve.

[00121] Referring to FIG. 20, a voltage generator 900 in the example embodiment may
include a calculation amplifier 910, a transistor 920, a current mirror circuit 930, and a
voltage divider 940. The calculation amplifier 910 and the transistor 920 may provide a
charging circuit. The calculation amplifier 910 may output a difference between a reference
voltage VREF and a feedback voltage VFB, and the transistor 920 may amplify an output
of the calculation amplifier 910 and may generate a first current 11.

[00122] The current mirror circuit 930 may include a first mirror transistor 931 and a
second mirror transistor 932, and may receive a power voltage VDD. The current mirror
circuit 930 may mirror the first current 11 output by the charging circuit and may output the
first current 11 to the voltage divider 940. The voltage divider 940 may include first resistor
R1 and second resistor R2, and a feedback voltage VFB may be determined based on
magnitudes of the first resistor R1 and second resistor R2. An output voltage VOUT may be
output from a node disposed between the mirror circuit 930 and the voltage divider 940, and
the greater the second resistor R2, the more the output voltage VOUT may increase.
[00123] The voltage generator 900 included in a peripheral circuit of the first memory area
in which N-bit data is stored in each of memory cells may be implemented as the second
resistor R2 having a relatively small area. The voltage generator 900 included in a peripheral
circuit of the second memory area in which M-bit data is stored in each of memory cells
may be implemented as the second resistor R2 having a relatively large area. M may be
greater than N.

[00124] Accordingly, the voltage generator 900 of the second memory area may occupy a
relatively large area as compared to the voltage generator 900 of the first memory area. In
the example embodiment, at least a portion of devices included in the voltage generator 900
of the second memory area may be disposed in a peripheral circuit that overlaps the first
memory area. Accordingly, the area in which the peripheral circuits are disposed may be

used in an efficient manner, and integration density of the memory device may improve.
33



10

15

20

25

[00125] FIGS. 21 and 22 are diagrams illustrating operations of a memory device
according to an example embodiment.

[00126] Referring to FIG. 21, a memory device 1000 in the example embodiment may
include first to third memory cell strings 1100, 1200, and 1300. As an example, the first
memory cell string 1100 may be one of memory cell strings included in a first memory area
of the memory device 1000. Similarly, the second memory cell string 1200 may be one of
memory cell strings included in a second memory area of the memory device 1000, and the
third memory cell string 1300 may be one of memory cell strings included in a third memory
area of the memory device 1000. The first to third memory cell strings 1100, 1200, and 1300
may correspond to first to third memory planes, respectively.

[00127] The first to third memory areas that include memory cells may have the same
structure, and accordingly, the first to third memory cell strings 1100, 1200, and 1300 may
also have the same structure. As an example, the first memory cell string 1100 may be
connected to a plurality of memory cells MC1 to MC128 in series. The number of the
memory cells MC1 to MC128 may be varied in example embodiments. The memory cells
MC1 to MC128 may be connected to a bit line BL through a string select transistor SST,
and may be connected to a source line SL through a ground select transistor GST.

[00128] The first to third memory strings may store data by different methods. As an
example, each of the memory cells MC1 to MC128 of the first memory string may store 1-
bit data according to a 1-bit data storage scheme, each of memory cells of the second
memory area may store 2-bit data according to a 2-bit data storage scheme, and each of
memory cells of the third memory area may store 4-bit data according to a 4-bit data storage
scheme.

[00129] In the memory device 1000 in the example embodiment, in a read operation for
reading out data, different pass voltages may be input to the first to third memory areas.
Referring to FIG. 21, a read voltage VRD may be input to a select memory cell MCi in the
first memory cell string 1100, and a pass voltage VPS may be input to remaining non-

selected memory cells in common. In the second memory cell string 1200, a first pass
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voltage VPS1 may be input to a portion (MC1-MCi-1) of non-selected memory cells, and a
second pass voltage VPS2 different from the first pass voltage VPS1 may be input to
remaining memory cells (MCi+1-MC128) of the non-selected memory cells. Four different
pass voltages VPS1 to VPS4 may be input to the non-selected memory cells of the third
memory cell string 1300.

[00130] Depending on the number of pass voltages required for a read operation, a
peripheral circuit of the third memory area may include a voltage generator having an area
greater than an area of peripheral circuits of the second memory area and the first memory
area. In the example embodiment, at least a portion of devices of the voltage generator
included in a peripheral circuit of the third memory area may be disposed to overlap the first
memory area or the second memory area. Accordingly, the peripheral circuit of the memory
device may be disposed in an efficient manner, and integration density of the memory device
may improve.

[00131] Referring to FIG. 22, a memory device 2000 in the example embodiment may
include first and second memory cell strings 2100 and 2200. The first memory cell string
2100 and the second memory cell string 2200 may be included in different memory blocks
in a single memory plane of the memory device 2000.

[00132] As an example, the first memory cell string 2100 may be in a state in which non-
selected memory cells other than a selected memory cell MCi are not programed.
Accordingly, in a read operation for the selected memory cell MCi of the first memory cell
string 2100, a single pass voltage VPS may be input to the non-selected memory cells in
common.

[00133] In the second memory cell string 2200, a portion (MC1-MCi-1) of the non-
selected memory cells other than the selected memory cell MCi may be programmed. In a
read operation for the selected memory cell MCi of the second memory cell string 2200, the
memory device 2000 may input a first pass voltage VPS1 to the programed non-selected
memory cells (MC1-MCi-1), and may input a second pass voltage VPS2 different from the

first pass voltage VPS1 to non-selected memory cells (MCi+1-MC128) which have not been
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programed. In an example embodiment, the first pass voltage VPS1 may be less than the
first pass voltage VPSL.

[00134] According to the aforementioned example embodiments, a first memory area in
which a single memory cell stores N-bit data and a second memory area in which a single
memory cell stores M-bit data greater than N-bit data may be included in a single memory
chip, and a peripheral circuit of the second memory area occupying a relatively large area
may be disposed to overlap the first memory area. Also, data may be stored in the first
memory area or the second memory area depending on an importance of data to be stored.
Accordingly, integration density of the memory device may improve and operation
efficiency may increase at the same time, and a memory device and a memory system
optimized to a neuromorphic computer system and an autonomous driving apparatus may
be provided.

[00135] While the example embodiments 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 present invention as defined by the appended claims.
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What Is Claimed Is:

1. A memory device, comprising:

a first memory area including a first memory cell array having a plurality of first
memory cells each for storing N-bit data, where N is a natural number, and a first peripheral
circuit for controlling the first memory cells according to an N-bit data access scheme and
disposed below the first memory cell array;

a second memory area including a second memory cell array having a plurality of
second memory cells each for storing M-bit data, where M is a natural number greater than
N, and a second peripheral circuit for controlling the second memory cells according to an
M-bit data access scheme and disposed below the second memory cell array, wherein the
first memory area and the second memory area are included in a single semiconductor chip
and share an input and output interface; and

a controller configured to generate calculation data by applying a weight stored in
the first memory area to sensing data in response to receiving the sensing data obtained by
an external sensor, and store the calculation data in one of the first memory area or the second

memory area according to the weight.

2. The memory device of claim 1, wherein the controller is configured to store
the calculation data having a weight higher than a predetermined reference value in the first
memory area, and to store the calculation data having a weight lower than the reference

value in the second memory area.

3. The memory device of claim 1 or claim 2,

wherein the first peripheral circuit includes a first page buffer circuit and a first
decoder circuit, and the second peripheral circuit includes a second page buffer circuit and
a second decoder circuit, and

wherein an area in which the first page buffer circuit is disposed is smaller than an
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area in which the second page buffer circuit is disposed.

4. The memory device of claim 3,

wherein the first memory area and the second memory area are disposed adjacent
to each other, and

wherein at least a portion of circuit devices included in the second peripheral circuit
is disposed below the first memory cell array to overlap the first memory cell array from a

top-down view.

5. The memory device of any one of claims 1 to 4, wherein the first memory
area is configured as a first memory plane, and the second memory area is configured as a

second memory plane.

6. The memory device of any one of claims 1 to 5, wherein the first memory

cell array and the second memory cell array have identical structure.

7. The memory device of any one of claims 1 to 6, wherein the controller is
configured to perform a program operation or a read operation for a first address of the first
memory area simultaneously with a program operation or a read operation for a second

address of the second memory area.

8. A memory system, comprising:

a first memory device provided as a first semiconductor chip;

a second memory device sharing an input and output bus to which data is
transmitted with the first memory device, and provided as a second semiconductor chip
different from the first semiconductor chip; and

an external interface connected to the input and output bus and configured to

transmit and receive the data with an external device,
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wherein each of the first memory device and the second memory device includes:

a first memory plane including a first memory cell array having first memory cells
each for storing N-bit data, where N is a natural number, and a first page buffer circuit
disposed below the first memory cell array and configured to perform a program operation
and a read operation according to an N-bit data access scheme for at least one first select
memory cell of the first memory cells; and

a second memory plane including a second memory cell array having second
memory cells each for storing M-bit data, where M is a natural number greater than N, and
a second page buffer circuit disposed below the second memory cell array and configured
to perform a program operation and a read operation according to an M-bit data access

scheme for at least one second select memory cell of the second memory cells.

9. The memory system of claim 8§,

wherein each of the first memory cells are configured to store 1-bit data, and each
of the second memory cells are configured to store 2-bit data, and

wherein each of the first memory device and the second memory device further
includes a third memory plane having third memory cells each configured to store 3-bit data

and a fourth memory plane having fourth memory cells each configured to store 4-bit data.

10. The memory system of claim 9, wherein each of the first memory device
and the second memory device includes a memory controller configured to generate
calculation data by applying a weight stored in the first memory plane to data in response to
receiving the data through the input and output bus, and store the calculation data in at least

one of the first to fourth memory planes.

11. The memory system of claim 10,
wherein the first memory plane stores the calculation data having a weight equal to

or higher than a first reference value,
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wherein the second memory plane stores the calculation data having a weight
smaller than the first reference value and equal to or higher than a second reference value,

wherein the third memory plane stores the calculation data having a weight smaller
than the second reference value and equal to or higher than a third reference value, and

wherein the fourth memory plane stores the calculation data having a weight

smaller than the third reference value and equal to or higher than a fourth reference value.

12. The memory system of claim 10 or claim 11,

wherein the data is sensing data received from a sensor connected to the external
interface, and

wherein the memory controller is configured to determine the weight based on an

amount of change in event information included in the sensing data.

13. The memory system of any one of claims 9 to 12, wherein, in each of the
first memory device and the second memory device, the first to fourth memory planes share

a single input and output interface.

14. The memory system of any one of claims 9 to 13, wherein, in each of the
first memory device and the second memory device, at least two or more of the first to fourth

memory planes perform at least one of a program operation and a read operation.

15. An autonomous driving apparatus implementing an autonomous driving
function of a vehicle, the autonomous driving apparatus comprising:

a sensor configured to monitor a first sensing area and to output first sensing data
in response to an event generated in a first space external to the vehicle and corresponding
to the first sensing area, and configured to monitor a second sensing area and to output
second sensing data in response to an event generated in a second space different from the

first space and corresponding to the second sensing area;
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a processor configured to control movement of the vehicle according to the first
sensing data and the second sensing data; and

a memory device configured to generate first calculation data by applying a first
weight to the first sensing data, generate second calculation data by applying a second
weight lower than the first weight to the second sensing data, store the first calculation data
in a first memory plane having memory cells each for storing N-bit data according to an N-
bit data access scheme, where N is a natural number, and store the second calculation data
in a second memory plane having memory cells each for storing M-bit data according to an

M-bit data access scheme, where M is a natural number greater than N.

16. The autonomous driving apparatus of claim 15, wherein each of the first
memory plane and the second memory plane includes a memory cell array and a peripheral

circuit disposed below the memory cell array.

17. The autonomous driving apparatus of claim 15 or claim 16, wherein the
sensor is mounted on a front surface of the vehicle, and a field of view of the first sensing

area is smaller than a field of view of the second sensing area.

18. The autonomous driving apparatus of any one of claims 15 to 17, wherein
the first memory plane stores weight information including the first weight and the second

weight.

19. The autonomous driving apparatus of any one of claims 15 to 18, wherein
a level of the first weight is proportional to an amount of change between the first sensing
data and previous sensing data output from the first sensing area earlier and stored in the

first memory plane.

20. The autonomous driving apparatus of any one of claims 15 to 18, wherein
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the event is sensed based on a difference between previous sensing data output by the sensor

earlier and stored in the memory device and the first sensing data or the second sensing data.
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