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FIG. 1A
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FIG. 1B
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FIG. SA
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NONVOLATILE MEMORY DEVICE WITH
INCREASED ENDURANCE AND METHOD OF
OPERATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2011-00446775, filed on May 12, 2011, in
the Korean Intellectual Property Office, the disclosure of

which 1s incorporated herein 1n 1ts entirety by reference.

BACKGROUND

[0002] One or more example embodiments relate to a non-
volatile memory device and/or a method of operating the
same.

[0003] Non-volatile memory 1s a type of semiconductor
memory device memory that can retain stored information
when not powered. Since non-volatile memory devices pro-
vide good data retention, they are often used as storage media
in memory systems. Non-volatile memory devices have
gained much attention as a highly-integrated large-capacity
device for replacing existing hard disks or floppy disks. Cur-
rent non-volatile memory devices are used as storage media
of mobile phones, digital cameras, MP3 players, and solid
state drives (SSDs).

[0004] Systems such as personal computers or mobile ter-
minals require a file system 1n order to use a memory device.
A file system denotes a structure or software that 1s used to
store data 1n a memory device included in systems, and an
example of the file system 1s a file allocation table (FAT) file
system. In a file system such as a FAT f{ile system, user data
such as texts, images, and sounds, and metadata for using a
memory device may be stored in a non-volatile memory
device. Metadata denotes data other than user data and may
include a variety of software constituting a file system, vari-
ous translation layers associated with an operation of a
memory device, or a variety of file information such as the file
names, sizes, creation time, and the like of files stored 1n the
memory device.

[0005] An operating system or an application may fre-
quently update metadata during operation thereof. Each piece
of metadata 1s located in a certain space of the memory
device, and thus updates to certain metadata may result 1n a
specific region ol a non-volatile memory device being
updated more frequently than other regions. However, non-
volatile memory devices such as flash memory devices or
phase change RAMs (PRAMSs) have a limit 1n update endur-
ance, and thus, when a specific region 1s frequently updated,
the lifespan of the non-volatile memory devices may be
decreased. To address this problem, there has been conven-
tionally proposed a block-by-block wear leveling technique.
However, the technique of block-by-block wear leveling may
result 1n an inellicient data copying operation since the opera-
tion 1s performed on a block-by-block basis during the update
ol small-si1ze metadata.

SUMMARY

[0006] The inventive concepts provide a non-volatile
memory device with increased endurance by reducing the
number of times a specific region 1s updated, and a method of
operating the non-volatile memory device.

[0007] According to an embodiment, there 1s provided a
non-volatile memory device including: a memory unit con-

Nov. 15, 2012

figured to store user data and metadata; and a memory con-
troller unit configured to access the memory unit 1n response
to a request from an external host, create metadata which 1s to
be recorded 1n the memory unit, and convert a format of the

metadata based on a result of counting a number of times the
memory unit 1s accessed.

[0008] The memory controller unit may include a metadata
provision unit configured to generate and convert the meta-
data and provide the metadata to the memory unit; a metadata
detection unit configured to receive the metadata from the
memory unit and extract at least one piece of information
included 1n the metadata; and a counter configured to count
the number of times the memory unit 1s accessed.

[0009] The metadata may include a plurality of segments
that store a plurality of pieces of information, and the meta-
data provision unit may be configured to convert the format of
the metadata by varying storage locations of the plurality of
segments on the memory unit.

[0010] The metadata may include file information associ-
ated with the user data, and the memory controller unit may be
coniigured to convert a format of the file information based on
a result of counting the number of times the user data stored
in the memory unit 1s accessed.

[0011] The file information may be a directory entry of a
file allocation table (FAT) file system.

[0012] The memory controller unit may be configured to
count a number of times a write operation 1s performed on the
user data stored 1n the memory unit and convert the format of
the file information based on a result of the counting.

[0013] The memory unit may include a first memory con-
figured to store the user data and a second memory configured
to store the metadata.

[0014] The second memory may be a Phase-change Ran-
dom Access Memory (PRAM).
[0015] According to another embodiment, there 1s pro-

vided a method of operating a non-volatile memory device,
the method including: storing user data and metadata i a
memory, the memory including a plurality of pieces of infor-
mation; performing an access operation on the memory to
read at least one of the user data and the metadata; converting
a format of the metadata by varying storage locations of the
plurality of pieces of information; and updating the format-
converted metadata 1n the memory.

[0016] In another embodiment, there i1s provided a semi-
conductor device including: a memory umt configured to
store user data and metadata; and a memory controller con-
figured to, generate the metadata, generate a memory count
value representing a number of times a memory unit 1s
accessed, convert the metadata based on the generated
memory count value, and record the user data and metadata in
the memory unit.

[0017] The metadata may comprise a plurality of informa-
tion segments; and the memory controller may be configured
to convert the metadata by shifting the information segments
to different locations within the memory unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Exemplary embodiments of the inventive concepts
will be more clearly understood from the following detailed
description taken in conjunction with the accompanying
drawings 1n which:
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[0019] FIGS. 1A and 1B are block diagrams of a memory
system 1ncluding a non-volatile memory device, according to
one or more example embodiments of the imnventive concepts
and;

[0020] FIG. 2 illustrates an example format of metadata
that 1s applied to the inventive concepts;

[0021] FIG. 3 15 a block diagram of an example embodi-
ment of the non-volatile memory device of FIGS. 1A and 1B;
[0022] FIG. 4 illustrates an example of converting a format
ol a directory entry of a file allocation table (FAT) file system
as an example of metadata;

[0023] FIGS. 5A and 5B 1llustrate another example of con-
verting a format of metadata;

[0024] FIG. 6 1s a flowchart of a method of operating a
non-volatile memory device, according to an example
embodiment of the inventive concepts;

[0025] FIG. 7 1s a flowchart of a method of operating a
semiconductor memory device, according to another
example embodiment of the inventive concepts; and

[0026] FIG. 8 1s a block diagram of an example of a
memory system including a non-volatile memory device,
according to an example embodiment of the inventive con-
cepts.

L1

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

[0027] Expressions such as “at least one of,” when preced-
ing a list of elements, modify the entire list of elements and do
not modily the individual elements of the list.

[0028] FIGS. 1A and 1B are block diagrams of a memory
system 100 including a non-volatile memory device 1000,
according to one or more example embodiments of the mnven-
tive concepts. As shown 1n FIG. 1A, the memory system 100
may include the non-volatile memory device 1000 and a host
2000. The non-volatile memory device 1000 may include a
memory controller unit 1100 for controlling a memory opera-
tion such as writing, reading, and the like of data, and a
memory unit 1200 including at least one non-volatile
memory. The memory unit 1200 may include one type of
non-volatile memory or at least two types of non-volatile
memories. FIG. 1A illustrates an example in which the
memory unit 1200 includes a phase change RAM (PRAM)
1210 and a flash memory 1220 as different types of non-
volatile memory and FIG. 1B illustrates an example 1n which
the memory unit 1200 includes a PRAM 1230 as one type of
non-volatile memory.

[0029] The memory umt 1200 may include a region storing
user data, and a region storing metadata M_DATA. The user
data may include data such as files used by a user, and the
metadata M_DATA may include other various dataa. The
metadata M_DATA may include a variety of software for a
memory operation, for example, a flash translation layer
(FTL) for an operation of the flash memory 1220, or infor-
mation associated with files stored 1n the memory unit 1200.
[0030] Such a storage example 1s shown in FIG. 1A, where
the PRAM 1210 may store the metadata M_DATA in the
memory unit 1200, and the flash memory 1220 may store the
user data. Alternatively, the PRAM 1210 may store the user
data in addition to the metadata M DATA or the flash
memory 1220 may further store at least a part of the metadata
M_ DATA 1n addition to the user data.

[0031] The names of the components of the memory sys-
tem 100 are only an example applicable to the mmventive
concepts. The memory controller unit 1100 and the memory
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unit 1200 may be implemented with different semiconductor
chips (or different semiconductor devices). The memory con-
troller unit 1100 may be named a memory controller and the
memory unit 1200 may be named a memory device. The
memory system 100 may be defined as including only the
memory controller and the memory device, and a memory
system 1ncluding a memory controller and a memory device
may be implemented using a memory card such as a secure
digital (SD) memory card or an multi-media card (MMC).

[0032] The non-volatile memory device 1000 and the host
2000 may be connected to each other by a standardized inter-
face such as ATA, SATA, USB, SCSI, ESDI, PCE-express, or
IDE interface, or may also be connected to each other by other
interfaces. The host 2000 may be any device that uses the
non-volatile memory device 1000, such as a personal digital
assistance (PDA), a computer, a digital audio player, a digital
camera, a mobile terminal, or the like.

[0033] The memory system 100 may use various types of
memories, and special management of memories 1s needed
for some reasons such as the fact that the memories have
different data umits on which read and write operations or an
erasure operation 1s performed or the fact that overwriting 1s
not performed on some memories. Accordingly, as shown in
FIG. 1A, the memory controller unit 1100 may include at
least one software module as a translation layer for driving the
memory unit 1200. For example, the memory controller unit
1100 may include a host interface module 1110 that interfaces
with the host 2000, a format conversion module 1120 that
controls generation of the metadata M_DATA which will be
stored 1n the memory unit 1200 and controls conversion of the
format of the metadata M_DATA, an address conversion
module 1130 that maps an address from the host 2000 with an
address of the memory unit 1200, and a memory interface
module 1140 that generates various control signals for con-
trolling an operation of the memory unit 1200.

[0034] The format conversion module 1120 controls gen-
eration and format conversion of the metadata M DATA
which 1s to be stored in the memory unit 1200. File informa-
tion, which 1s an example of the metadata M_DATA, may
include a variety of pieces of information such as a name, a
storage location, a size, and a creation time of a file. The file
information may be created when the file 1s mitially stored 1n
the memory unit 1200 and stored with the file 1n the memory
unit 1200. To store the metadata M_DATA, a command
CMD, an address ADD, and the metadata M_DATA are pro-
vided from the memory controller unit 1100 to the memory
unit 1200. As described above, 1t 1s assumed that the file being
user data 1s stored in the flash memory 1220 and that the
metadata M_DATA corresponding to the file 1s stored 1n the
PRAM 1210.

[0035] When a file stored in the memory unit 1200 1s
accessed, metadata M_DATA corresponding to the file may
be updated. For example, when a write operation 1s performed
on a file stored 1n the memory umt 1200, information such as
a write time and a size of the file, may be updated 1n the
metadata M_DATA. The updated metadata M_DATA 1nfor-
mation 1s re-written to a fixed region (for example, a region
where information such as a write time and a size of a file 1s

stored) of the PRAM 1210.

[0036] The PRAM 1210 has a limited operational lifespan.
For example, the lifespan of the PRAM 1210 may be limited
to about 10°8 to 1079 read/write operations. The wear-out of
a specific region of the PRAM 1210 may render the entire
memory umt 1200 moperable. Therefore, when a file 1s fre-







