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(57) Abstract: Systems and methods for optimizing lifespan of a storage device are provided. A request to store data to the storage
device is received. The storage device includes a plurality of regions. A determination is made that a first group of regions of the
plurality of regions is associated with an error measurement threshold that is lower than a second group of regions of the plurality of

o regions. A region of the storage device that is in the first group of regions is selected based on the determination. The data is stored

W

to the selected region.
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METHODS AND APPARATUS FOR OPTIMIZING LIFESPAN OF A
STORAGE DEVICE

Cross Reference to Related Application

[0001] This disclosure claims the benefit of U.S.
5 Provisional Application No. 61/838,008, filed June 21,
2013, and U.S. Application No. 14/305,383, filed June 16,

2014 which are incorporated herein by reference.

Field Of Use

[0002] The present disclosure relates generally to
10 solid state storage device systems and methods, and, more
particularly, to optimizing lifespan of a solid state

storage device.

Background

[0003] The background description provided herein is
15 for the purpose of generally presenting the context of

the disclosure. Work of the inventors hereof, to the

extent the work is described in this background section,

as well as aspects of the description that may not
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otherwise qualify as prior art at the time of filing, is
neither expressly nor impliedly admitted as prior art
against the present disclosure.

[0004] The lifespan of typical solid state storage
devices (e.g., NAND flash storage devices) is often
determined based on how many program/erase cycles (P/E
cycles) are performed on the device. The wear level of
these devices tends to increase proportionally with the
number of P/E cycles which causes a larger number of read
errors. However, the number of P/E cycles each device
can perform varies between devices. As such, typical
devices that determine the lifespan of a given device
based on the number of P/E cycles lead to inaccuracies

(e.g., labeling bad devices/blocks prematurely).

Summary

[0005] In some embodiments, lifespan of a storage
device is optimized. A request to store data to the
storage device 1s received. The storage device includes a
plurality of regions. A determination is made that a
first group of regions of the plurality of regions is
associated with an error measurement threshold that is
lower than a second group of regions of the plurality of
regions. A region of the storage device that is in the
first group of regions is selected based on the
determining. The data is stored to the selected region.
[0006] In some implementations, each of the plurality
of regions is associated with a wear-level. In some
implementations, the wear-level associated with the
selected region is adjusted in response to storing the

data to the selected region. 1In some embodiments, the
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wear-level associated with the selected region is reset
in response to moving the selected region to a different
group. In some embodiments, the wear-level represents at
least one of an erase count, program-erase (P/E) cycle,
and number of error bits that occur in a read operation.
[0007] In some embodiments, the data stored to the
selected region is read. An error number representing
how many errors result from reading the data from the
selected region is computed. 1In response to determining
that the error number is greater than the error
measurement threshold associated with the first group of
regions, the selected region is moved to the second group
of regions from the first group of regions.

[0008] In some embodiments, in response to determining
that a first decoding technique fails to decode the data
stored in the selected portion, a determination is made
as to whether a second decoding technique successfully
decodes the data stored in the selected portion. The
second decoding technique may be more complex than the
first decoding technique. 1In response to determining
that the second decoding technique successfully decodes
the data, the selected region is moved to the second
group of regions from the first group of regions.

[0009] In some embodiments, a size associated with the
request to store the data is identified. A determination
is made as to whether a size of the regions that are in
the first group corresponds to at least the identified
size. In some implementations, the error measurement

threshold represents at least one of a number of read
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errors and a level of decoding complexity used to decode
data read from a given one of the regions.

[0010] In some embodiments, a system optimizes
lifespan of a storage device. The system includes
control circuitry configured to receive a request to
store data to the storage device, wherein the storage
device comprises a plurality of regions. The control
circuitry is configured to determine that a first group
of regions of the plurality of regions is associated with
an error measurement threshold that is lower than a
second group of regions of the plurality of regions. The
control circuitry is configured to select a region of the
storage device that is in the first group of regions
based on the determination. The control circuitry is
configured to store the data to the selected region.
[0011] In some implementations, each of the plurality
of regions is associated with a wear-level. The control
circuitry is further configured to adjust the wear-level
associated with the selected region in response to
storing the data to the selected region. In some
implementations, the control circuitry is further
configured to reset the wear-level associated with the
selected region in response to moving the selected region
to a different group. The wear-level may represent at
least one of an erase count, program-erase (P/E) cycle,
and number of error bits that occur in a read operation.
[0012] In some embodiments, the control circuitry is
further configured to in response to determining that a
first decoding technique fails to decode the data stored

in the selected portion, determine whether a second
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decoding technique successfully decodes the data stored
in the selected portion, wherein the second decoding
technique i1s more complex than the first decoding
technique. 1In response to determining that the second
decoding technique successfully decodes the data, the
control circuitry is further configured to move the
selected region to the second group of regions from the
first group of regions.

[0013] In some embodiments, the control circuitry is
further configured to identify a size associated with the
request to store the data. The control circuitry is
further configured to determine whether a size of the
regions that are in the first group corresponds to at
least the identified size. 1In some implementations, the
error measurement threshold may represent at least one of
a number of read errors and a level of decoding
complexity used to decode data read from a given one of
the regions.

[0014] In some embodiments, a storage device is
divided into a plurality of regions. An error
characteristic is associated with each of the plurality
of regions. Each of the plurality of regions is grouped
into a corresponding one of a plurality of groups based
on the associated error characteristic of the respective
region, wherein each group corresponds to a different

error measurement threshold.

Brief Description of the Drawings

[0015] The details of one or more implementations are
set forth in the accompanying drawings and the

description below. Other features and various advantages
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detailed description, taken in conjunction with the
accompanying drawings in which:

[0016] FIG. 1 is a diagram of an illustrative storage
device system in accordance with an embodiment of the
present disclosure;

[0017] FIG. 2 is a diagram of an illustrative storage
block grouping table in accordance with an embodiment of
the present disclosure; and

[0018] FIGS. 3 and 4 are illustrate processes for
optimizing the lifespan of a storage device in accordance

with an embodiment of the present disclosure.

Detailed Description

[0019] This disclosure generally relates to optimizing
the lifespan of a storage device. For illustrative
purposes, this disclosure is described in the context of
a solid state storage device (e.g., a flash storage
device or a NAND-based storage device). It should be
understood, however, that this disclosure is applicable
to any other type of non-volatile storage device (e.g.,
magnetic storage device, ROM, PROM, EPROM, EEPROM,
nvSRAM, FeRAM, MRAM, PRAM, CBRAM, SONOS, RRAM, NRAM,
Millipede memory, or holographic storage device).

[0020] FIG. 1 is a diagram of an illustrative storage
device system 100 in accordance with an embodiment of the
present disclosure. System 100 includes control
circuitry 110, a solid state storage device 120, a
storage block grouping table 130, and error

correction/detection circuitry 140.
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[0021] In some embodiments, control circuitry 110 may
receive data 140 from another system component (not
shown). For example, data 140 may be provided by an
application or another storage device (e.g., DRAM). Data
140 may include a user data portion, an address portion
and a control portion indicating a read or write request
(e.g., indicating whether to read or write the user data
portion to the address portion).

[0022] Storage block grouping table 130 may include a
mapping of blocks of storage device 120 and group
numbers. For example, storage device 120 may include a
plurality of portions or regions (e.g., blocks). Each
portion or region may be configured to store a
predetermined number of bits of information. In some
implementations, each portion or region may include an
information portion. The information portion may store
or track a number of P/E cycles performed on the given
portion or region and/or the number of read errors that
occurred in the portion or region. Initially, all of the
portions or regions may be associated with a first group
number (e.g., Group 0) which may be the lowest level
group. In some embodiments, control circuitry 110 may
associate all portions or regions of storage device 120
with the first group number when system 100 is reset or
receives a reset signal. To associate all the portions
or regions of storage device 120 with the first group
number, control circuitry 110 may store in table 130
identifiers of all the portions or regions in storage
device 120 in a row corresponding to the first level

group. In some embodiments, all portions or regions of
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storage device 120 may be associated with the first group
number just once after storage device 120 is produced in
a factory. Subsequent associations between portions or
regions of storage device 120 with different group
numbers may not change when the system is reset or
receives a reset signal.

[0023] In some embodiments, table 130 may be divided
into a plurality of groups. FEach group may be associated
with a different level and a different error measurement
threshold. In some implementations, the error
measurement threshold may represent a number of read
errors that result from reading data from a given portion
or region. In some implementations, the error
measurement threshold may represent a level of decoding
complexity used to decode data read from a given portion
or region (e.g., one level may be an LDPC decoding
technique that uses hard information and another level
with greater complexity may be an LDPC decoding technique
that uses soft information). For example, table 130 may
include four groups. A first group, at the lowest level,
may be associated with a first error measurement
threshold (e.g., a first maximum number of read errors).
A second group, at a level higher than the first group,
may be associated with a second error measurement
threshold (e.g., a second maximum number of read errors).
The second error measurement threshold may be greater
than the first error measurement threshold. A third
group, at a level higher than the second group, may be
associated with a third error measurement threshold

(e.g., a third maximum number of read errors). The third
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error measurement threshold may be greater than the first
and second error measurement thresholds. Namely, the
second error measurement threshold may be a value that is
between a value of the first and a value of the third
error measurement thresholds. A fourth group, at the
highest level than the other groups, may not be
associated with an error measurement threshold, but may
represent portions or regions for which an uncorrectable
number of errors occurred during read operations. In
some implementations, portions or regions associated with
lower levels may be associated with a longer lifespan
than blocks associated with higher levels. As such, when
storing information to storage device 120, control
circuitry 110 may select portions or regions at the
lowest level first to maximize the lifespan of storage
device 120.

[0024] When a read operation is performed on a portion
or region that results in a number of errors that is not
correctable, the block is labeled a “bad block.” As
referred to herein, the phrase “bad block” should be
understood to mean a portion or region having
uncorrectable errors and/or other fatal errors. Control
circuitry 110 may avoid writing data to portions or
regions labeled bad blocks when receiving a write
request. In some implementations, when the number of bad
blocks of device 120 reaches a given threshold, device
120 is determined to be a bad device and no longer
useable.

[0025] In some embodiments, to optimize a lifespan of

storage device 120, control circuitry 110 may search for
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blocks of storage device 120 having the lowest or
smallest P/E cycles when writing data to storage device
120. For example, in response to receiving a request to
store data to storage device 120, control circuitry 110
may identify portions or regions of storage device 120
having the lowest P/E cycles as target portions or
regions. Control circuitry 110 may store the received
data to these target portions or regions.

[0026] In some embodiments, control circuitry 110 may
select portions or regions of storage device 120 to which
to write data based on a group number associated with the
portion or region. For example, control circuitry 110
may first search for portions or regions associated with
a lowest level in table 130 as target portions or regions
to which to write data. In response to determining that
the number of portions or regions available to write data
to (e.g., free blocks) at the lowest is sufficient to
store the size of the received data, control circuitry
110 may store the data to the portions or regions in the
lowest level (e.g., Group 0). 1In response to determining
that the number of portions or regions available to write
data to (e.g., free blocks) at the lowest is insufficient
to store the size of the received data, control circuitry
110 may then search for free blocks at the next level
(e.g., Group 1) for storing a remaining portion of the
data that could not be stored in first level portions or
regions.

[0027] In some embodiments, when storing data to
portions or regions of storage device 120, control

circuitry 110 may store data to those free blocks at that
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level that have the lowest P/E cycle count among the
other free blocks in the same level. For example,
control circuitry 110 may determine that the first group
includes ten free portions or regions, but only three are
needed to store the received data. Control circuitry 110
may retrieve the portion or region information from each
of the free portions or regions to determine the P/E
cycle count of each portion or region in the first group.
Control circuitry 110 may select three of the ten
portions or regions having the lowest P/E cycle count
between the ten portions or regions. Control circuitry
110 may store the data to the selected three portions or
regions and may update the P/E cycle count information
associated with those portions or regions. As such, data
will be stored to the least used or the portions or
regions having the largest relative lifespan among other
portions or regions in the same group.

[0028] In some embodiments, control circuitry 110 may
move portions or regions from being associated with one
level to being associated with a higher level based on an
error measurement (e.g., number of read errors). For
example, control circuitry 110 may receive a request to
read information from a given portion or region. Control
circuitry 110 may retrieve the information from the given
portion or region and perform error correction/detection
on the retrieved information using error
correction/detection circuitry 140. Error
correction/detection circuitry 140 may transmit decoded
read data to control circuitry 110 for transmission to

the requesting device.
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[0029] Error correction/detection circuitry 140 may
include any types or combination of different error
correction/detection circuitries. For example, error
correction/detection circuitry 140 may include a single-
or multi-stage low density parity check (LDPC) decoder.
The LDPC decoder may decode or perform error correction
in multiple stages. The received data may be decoded
using decoding techniques having increasing levels of
complexity. Specifically, if a first decoding technique
fails to decode the read data, a more complex decoding
technique may be employed to attempt to correct the read
data. For example, a first LDPC stage may decode the
data using hard information. If the first LDPC stage
fails to correct errors, a second LDPC stage may be
employed which decodes the data using 2-bit or n-bit
information. If the second LDPC stage fails to correct
errors, a third LDPC stage may be employed which decodes
the data using soft information.

[0030] In some implementations, error
correction/detection circuitry 140 may transmit a signal
indicating an error measurement value associated with
reading the data from the portion or region. For
example, error correction/detection circuitry 140 may
transmit a signal indicating a number of errors that were
detected/corrected in the read data. Alternatively, or
in addition, error correction/detection circuitry 140 may
transmit a signal indicating the number of decoding
levels or the decoding complexity that was employed to
decode or correct errors in the read data. Based on the

number of errors and/or based on the decoding complexity
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employed to decode the read data, control circuitry 110
may instruct table 130 to move the given portion or
region from being associated with a given level to the
next higher level. For example, control circuitry 110
may instruct table 130 to move the given portion or
region from being associated with a second level to being
associated with a third level.

[0031] In some embodiments, in response to receiving
the request to read data from a given portion or region,
control circuitry 110 may cross-reference table 130 to
determine which group the portion or region is associated
with. Control circuitry 110 may retrieve an error
measurement threshold associated with the group of the
portion or region. In some implementations, control
circuitry 110 may compare information contained in the
error measurement value received from error
correction/detection circuitry 140 with the error
measurement threshold associated with the portion or
region. In response to determining that the error
measurement value does not exceed the error measurement
threshold, control circuitry 110 may not change the group
associated with the portion or region in table 130. 1In
response to determining that the error measurement value
exceeds the error measurement threshold, control
circuitry 110 may increase the group level of the portion
or region. Specifically, control circuitry 110 may
associlate the portion or region with the next level group
(e.g., from group 1 to group 2) in table 130 in response
to determining that the error measurement value exceeds

the error measurement threshold. In addition, in
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response to determining that the error measurement value
exceeds the error measurement threshold and moving the
portion or region to be associated with a higher level
group, control circuitry 110 may reset or clear the P/E
cycle count included in the portion or region information
for the given portion or region. By resetting or
clearing the P/E cycle count of the portion or region,
control circuitry 110 ensures that the portion or region
last added to the group of portions or regions is also
going to be selected to be written to after other
portions or regions in the same group are selected to be
written to. Namely, the lifespan of a given portion or
region in a particular group is determined based on how
recently the portion or region was added to the group.
[0032] For example, error measurement value received
from error correction/detection circuitry 140 may
indicate a number of read errors that occurred as a
result of retrieving data from a given portion or region
of storage device 120. Control circuitry 110 may compare
the number of read errors with the error measurement
threshold associated with the portion or region. 1In
response to determining that the number of read errors
does not exceed the error measurement threshold, control
circuitry 110 may not change the group associated with
the portion or region in table 130. 1In response to
determining that the number of read errors exceeds the
error measurement threshold, control circuitry 110 may
increase the group level of the portion or region.
Specifically, control circuitry 110 may associate the

portion or region with the next level group (e.g., from
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group 1 to group 2) in table 130 in response to
determining that the number of read errors exceeds the
error measurement threshold. 1In addition, in response to
determining that the number of read errors exceeds the
error measurement threshold and moving the portion or
region to be associated with a higher level group,
control circuitry 110 may reset or clear the P/E cycle
count included in the portion or region information for
the given portion or region. In some implementations,
the P/E cycle count may not be reset or cleared in
response to determining that the number of read errors
exceeds the error measurement threshold.

[0033] In some embodiments, two or more P/E cycle
counts may be maintained for each portion or region of
storage device 120. A first P/E cycle count may
represent the total P/E cycles that have been accumulated
since storage device 120 was manufactured. The first P/E
cycle count may not be cleared when a portion or region
is associated with a next level (e.g., when the portion
or region is promoted from group 1 to group 2). A second
P/E cycle count may represent the total number of P/E
cycles that have accumulated since the corresponding
portion or region was associated with a next level (e.qg.,
since the portion or region is promoted from group 1 to
group 2). In particular, the first P/E cycle count may
represent the lifetime P/E cycle count of a given portion
or region, while the second P/E cycle count may represent
the P/E cycles accumulated during the time the given
portion or region has been associated with a given level.

As referred to herein, the term “P/E cycle count” is used
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interchangeably with the term “erase count” and should be
understood to have the same meaning.

[0034] For example, error measurement value received
from error correction/detection circuitry 140 may
indicate a level of complexity used to decode the read
data from a given portion or region of storage device
120. Control circuitry 110 may compare the level of
complexity used to decode the read data with the error
measurement threshold associated with the portion or
region. In response to determining that the level of
complexity used to decode the read data does not exceed
the error measurement threshold, control circuitry 110
may not change the group associated with the portion or
region in table 130. In response to determining that the
level of complexity used to decode the read data exceeds
the error measurement threshold, control circuitry 110
may increase the group level of the portion or region.
Specifically, control circuitry 110 may associate the
portion or region with the next level group (e.g., from
group 1 to group 2) in table 130 in response to
determining that the level of complexity used to decode
the read data exceeds the error measurement threshold.

In addition, in response to determining that the level of
complexity used to decode the read data exceeds the error
measurement threshold and moving the portion or region to
be associated with a higher level group, control
circuitry 110 may reset or clear the P/E cycle count
included in the portion or region information for the

given portion or region.
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[0035] FIG. 2 is a diagram of an illustrative storage
block grouping table 130 in accordance with an embodiment
of the present disclosure. As discussed above, table 130
may include a plurality of groups 210. Each group 210
may represent portions or regions of storage device 120
for which an error measurement value 220 is less than, or
equal to, an error measurement threshold 230. Group O
may be associated with a first error measurement
threshold 230 that is less, or smaller than, a second
error measurement threshold 230 associated with Group 1.
Similarly, the second error measurement threshold
associated with Group 1 may be less, or smaller than, a
third error measurement threshold 230 associated with
Group 2. The Group in table 130 (e.g., Group 3) with the
highest level may represent bad blocks.

[0036] For example, first group 210 may include, or be
associated with, multiple regions 240 of storage device
120. FEach region 240 may be identical in size or may
differ in size. Each region 240 may include an
information segment 242. Information segment 242 may
specify a number of P/E cycles performed on the given
portion or region 240 and/or the number of read errors
that occurred in the portion or region 240. Control
circuitry 110 may update information segment 242 each
time data is written to and/or read from the
corresponding region 240. In some implementations,
control circuitry 110 may clear the information stored in
information segment 242 when the corresponding region 240
is moved to or associated with another group (e.g., Group

2). For example, control circuitry 110 may reset or
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clear the P/E cycle count specified in information
segment 242 for the given portion or region 240 after
control circuitry 110 instructs table 130 to move region
240 to another group.

[0037] The portions or regions of storage device 120
may be organized in table 130 as a linked list
corresponding to a respective group. The linked list may
be sorted in ascending or descending order according to
the P/E cycle count of each respective portion or region
in the group. Based on the sorting, control circuitry
110 selects portions or regions in a group as targets to
write data starting with the head of the linked list when
the list is sorted in ascending order of P/E cycle count.
In response to determining a need to move a portion or
region from one group to another, control circuitry 110
may remove the portion or region from one linked list and
add the portion or region to the tail of the linked 1list
of the next adjacent group. For example, control
circuitry 110 may remove the portion or region from the
linked 1list of Group 1 and add the portion or region to
the tail of the linked 1list of Group 2. Other methods
and data structures for organizing and tracking which
portions or regions of storage device 120 are associated
with which levels may be employed, such as a table or an
array.

[0038] FIG. 3 is an illustrate process 300 for
optimizing the lifespan of a storage device in accordance
with an embodiment of the present disclosure. At 310,

data is read from a portion of a storage device. For
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example, control circuitry 110 may receive a request to
read data from a particular block of storage device 120.
[0039] At 320, errors are corrected using a first
complexity level technique. For example, error
correction/detection circuitry 140 may receive the read
data from the block and attempt to correct errors in the
block using LDPC with hard information.

[0040] At 330, a determination is made as to whether
the errors were successfully corrected. In response to
determining that the errors were successfully corrected,
the process proceeds to 394, otherwise the process
proceeds to 340. For example, error correction/detection
circuitry 140 may transmit a signal to control circuitry
110 indicating whether the data was successfully read and
decoded, a decoding level or type used to decode the
data, and/or a number of errors that resulted from
reading the data.

[0041] At 340, errors are corrected using a second
complexity level technique. The second complexity level
may be more complex than the first complexity level
technique. For example, error correction/detection
circuitry 140 may receive the read data from the block
and attempt to correct errors in the block using LDPC
with 2-bit information.

[0042] At 350, a determination is made as to whether
the errors were successfully corrected. In response to
determining that the errors were successfully corrected,
the process proceeds to 360, otherwise the process
proceeds to 380. For example, error correction/detection

circuitry 140 may transmit a signal to control circuitry
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110 indicating whether the data was successfully read and
decoded, a decoding level or type used to decode the
data, and/or a number of errors that resulted from
reading the data.

[0043] At 360, a determination is made as to whether a
group number associated with the portion from which the
data was read is less than a group associated with the
second complexity level decoding technique (e.g.,

Group 1). In response to determining that the group
number associated with the portion is less than Group 1,
the process proceeds to 370, otherwise the process
proceeds to 394. For example, control circuitry 110 may
cross—reference table 130 to determine which list the
block is in from where data was read. Table 130 may
identify the group number associated with the block and
return the information to control circuitry 110. Control
circuitry 110 may also cross-reference table 130 to
identify the error measurement threshold associated with
the group number associated with the block to determine
whether the error measurement (e.g., type of decoding
used to correct the data) exceeds the error measurement
threshold of the associated group. When the error
measurement exceeds the error measurement threshold of
the group, control circuitry 110 may proceed to 370.
[0044] At 370, the portion from where data was read is
promoted or moved to Group 1 (e.g., the group associated
with the second complexity level decoding technique).

For example, control circuitry 110 may instruct table 130
to unlink the block from the current group and link the
block with the list associated with the next adjacent
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group of blocks. Control circuitry 110 may also reset or
clear the P/E cycle count of the block.

[0045] At 380, errors are corrected using a third
complexity level technique. The third complexity level
may be more complex than the first and second complexity
level techniques. For example, error
correction/detection circuitry 140 may receive the read
data from the block and attempt to correct errors in the
block using LDPC with soft information.

[0046] At 382, a determination is made as to whether
the errors were successfully corrected. In response to
determining that the errors were successfully corrected,
the process proceeds to 390, otherwise the process
proceeds to 384. For example, error correction/detection
circuitry 140 may transmit a signal to control circuitry
110 indicating whether the data was successfully read and
decoded, a decoding level or type used to decode the
data, and/or a number of errors that resulted from
reading the data.

[0047] At 384, bad block management is initiated. For
example, control circuitry 110 may instruct table 130 to
move the block to the highest group that represents bad
blocks. This prevents writing or reading from the block
in the future.

[0048] At 390, a determination is made as to whether a
group number associated with the portion from which the
data was read is less than a group associated with the
third complexity level decoding technique (e.g.,

Group 2). In response to determining that the group

number associated with the portion is less than Group 2,
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the process proceeds to 392, otherwise the process
proceeds to 394. For example, control circuitry 110 may
cross—reference table 130 to determine which list the
block is in from where data was read. Table 130 may
identify the group number associated with the block and
return the information to control circuitry 110. Control
circuitry 110 may also cross-reference table 130 to
identify the error measurement threshold associated with
the group number associated with the block to determine
whether the error measurement (e.g., type of decoding
used to correct the data) exceeds the error measurement
threshold of the associated group. When the error
measurement exceeds the error measurement threshold of
the group, control circuitry 110 may proceed to 392.
[0049] At 392, the portion from where data was read is
promoted or moved to Group 2 (e.g., the group associated
with the third complexity level decoding technique). For
example, control circuitry 110 may instruct table 130 to
unlink the block from the current group and link the
block with the list associated with the next adjacent
group of blocks. Control circuitry 110 may also reset or
clear the P/E cycle count of the block.

[0050] At 394, the read data is sent to the requesting
device. For example, control circuitry 110 may return
the information stored in a given block of storage device
120 to another system component that requested that
information (e.g., a central processing unit (CPU)).
[0051] FIG. 4 is an illustrate process 400 for
optimizing the lifespan of a storage device in accordance

with an embodiment of the present disclosure. At 410, a
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request to store data to the storage device is received,
where the storage device includes a plurality of regions,
each of the plurality of regions is associated with a
wear—-level. For example, control circuitry 110 may
receive a request to store data to a particular block of
storage device 120. The particular block may include
information indicating the P/E cycle count of the block
and the block may be associated with a group representing
blocks having less than a threshold error measurement
value.

[0052] At 420, a determination is made as to a first
group of regions of the plurality of regions that is
associated with an error measurement threshold that is
lower than a second group of regions of the plurality of
regions. For example, control circuitry 110 may identify
which groups within table 130 has portions or regions and
is associated with the lowest error measurement threshold
of the groups having portions or regions free.

[0053] At 430, a region of the storage device is
selected that is in the first group of regions. For
example, control circuitry 110 may retrieve from table
130 one or more blocks having the lowest P/E cycle count
among a remaining set of blocks in the group (e.g., the
one or more blocks that are first in the linked list of
blocks of the group).

[0054] At 440, data is stored to the selected region.
[0055] The foregoing describes methods and an
apparatus for storing information in a solid state
storage device based on data classification. The above-

described embodiments of the present disclosure are
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presented for the purposes of illustration and not of
limitation. Furthermore, the present disclosure is not
limited to a particular implementation. For example, one
or more steps of methods described above may be performed
in a different order (or concurrently) and still achieve
desirable results. 1In addition, the disclosure may be
implemented in hardware, such as on an application-
specific integrated circuit (ASIC) or on a field-
programmable gate array (FPGA). The disclosure may also

be implemented in software.
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What is Claimed is:

1. A method for optimizing lifespan of a

storage device, the method comprising:

receiving a request to store data to the
storage device, wherein the storage device comprises a
plurality of regions;

determining that a first group of regions
of the plurality of regions is associated with an error
measurement threshold that is lower than a second group
of regions of the plurality of regions;

selecting a region of the storage device
that is in the first group of regions based on the
determining; and

storing the data to the selected region.

2. The method of claim 1, wherein each of the
plurality of regions is associated with a wear-level
further comprising adjusting the wear-level associated
with the selected region in response to storing the data

to the selected region.

3. The method of claim 2 further comprising:

reading the data stored to the selected
region;

computing an error number representing how
many errors result from reading the data from the
selected region; and

in response to determining that the error
number is greater than the error measurement threshold

associated with the first group of regions, moving the
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selected region to the second group of regions from the

first group of regions.

4, The method of claim 2 further comprising
resetting the wear-level associated with the selected
region in response to moving the selected region to a

different group.

5. The method of claim 2, wherein the wear-
level represents at least one of an erase count, program-
erase (P/E) cycle, and number of error bits that occur in

a read operation.

6. The method of claim 1 further comprising:

in response to determining that a first
decoding technique fails to decode the data stored in the
selected portion, determining whether a second decoding
technique successfully decodes the data stored in the
selected portion, wherein the second decoding techniqgue
is more complex than the first decoding technique; and

in response to determining that the second
decoding technique successfully decodes the data, moving
the selected region to the second group of regions from

the first group of regions.
7. The method of claim 6, wherein the first
decoding technique and the second decoding technique

includes Low-Density Parity-Check (LDPC) error correction.

8. The method of claim 1 further comprising:
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identifying a size associated with the
request to store the data; and

determining whether a size of the regions
that are in the first group corresponds to at least the

identified size.

9. The method of claim 8 further comprising:
in response to determining that the size
of the regions in the first group is less than the
identified size, selecting, as the selected region, a
region of the storage device that is in the second group

of regions instead of the first group of regions.

10. The method of claim 1, wherein the error
measurement threshold represents at least one of a number
of read errors and a level of decoding complexity used to

decode data read from a given one of the regions.

11. A system for optimizing lifespan of a
storage device, the system comprising:
control circuitry configured to:
receive a request to store data to the
storage device, wherein the storage device comprises a
plurality of regions;
determine that a first group of regions of
the plurality of regions is associated with an error
measurement threshold that is lower than a second group

of regions of the plurality of regions;
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select a region of the storage device that
is in the first group of regions based on the
determination; and

store the data to the selected region.

12. The system of claim 11, wherein each of
the plurality of regions is associated with a wear-level,
and wherein the control circuitry is further configured
to adjust the wear-level associated with the selected
region in response to storing the data to the selected

region.

13. The system of claim 12, wherein the

control circuitry is further configured to:

read the data stored to the selected
region;

compute an error number representing how
many errors result from reading the data from the
selected region; and

in response to determining that the error
number is greater than the error measurement threshold
associated with the first group of regions, move the
selected region to the second group of regions from the

first group of regions.

14. The system of claim 12, wherein the
control circuitry is further configured to reset the
wear—-level associated with the selected region in
response to moving the selected region to a different

group.
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15. The system of claim 12, wherein the wear-
level represents at least one of an erase count, program-—
erase (P/E) cycle, and number of error bits that occur in

a read operation.

16. The system of claim 11, wherein the

control circuitry is further configured to:

in response to determining that a first
decoding technique fails to decode the data stored in the
selected portion, determine whether a second decoding
technique successfully decodes the data stored in the
selected portion, wherein the second decoding techniqgue
is more complex than the first decoding technique; and

in response to determining that the second
decoding technique successfully decodes the data, move
the selected region to the second group of regions from

the first group of regions.

17. The system of claim 16, wherein the first

decoding technique and the second decoding technique

includes Low-Density Parity-Check (LDPC) error correction.

18. The system of claim 11, wherein the
control circuitry is further configured to:
identify a size associated with the
request to store the data; and
determine whether a size of the regions
that are in the first group corresponds to at least the

identified size.
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19. The system of claim 18, wherein the
control circuitry is further configured to:
in response to determining that the size
of the regions in the first group is less than the
identified size, select, as the selected region, a region
of the storage device that is in the second group of

regions instead of the first group of regions.

20. The system of claim 11, wherein the error
measurement threshold represents at least one of a number
of read errors and a level of decoding complexity used to

decode data read from a given one of the regions.

21. A method for managing lifespan of a

storage device, the method comprising:

dividing the storage device into a
plurality of regions;

associating an error characteristic with
each of the plurality of regions; and

grouping each of the plurality of regions
into a corresponding one of a plurality of groups based
on the associated error characteristic of the respective
region, wherein each group corresponds to a different

error measurement threshold.



PCT/US2014/042871

WO 2014/205034

1/4

S

Aynoa
UOIoa1a/uonoslIon
047

)

a0lAa(]
sbeiolg

071

AN

te3ilielg N

0L

sige] Buidnoin
yo0id ebeloig

01



PCT/US2014/042871

WO 2014/205034

/4

AR L

O H2oid

09 Y30id

fjrenccccnee 5 & 4§ ~Gfjprnnonnnn)

Oju] %o0Ig Oiul H20ig
001 YooY 9 YooY

NN
Gju] %2019 Ojul Yo0ig
0L M20id 2 Y30id

AN
iU Mo0id - OU} ¥00IY
L H{20ig 0 Mo0id
0Pz

(s404173 8|0RIDBII0N

un / ¥ooig peg)
¢ dnousy

{(z siyl > siou3g)
Z dnousy

0ee 0cd

/ol

(1 syl > si0u7)
L dnois

(0 siyL > siou=)

0 dnoiny gz

ﬁ!ﬁmmW



WO 2014/205034

300 %

360~
NO

370~

PCT/US2014/042871
34

310~

Read Data from Portion
of Storage Device

320~ {

Correct Errors with First

Complexity Level Technique

330~

cCess ™,

340~

Correct Errors with Second
Complexity Level Technique

< Groupt

350-

Yes ~Success™,
~ ?

380~

Correct Errors with Third

Complexity Level Technique

384~

382~

Fromote
to Group 1

| Bad Block
" Management

Coess ™

~Su

392~

Promote (o GroupZ

2

R
iy

394~ ¥

R

Send Read Data o
Requesting Device




WO 2014/205034 PCT/US2014/042871
4i4

410~

Receive Request to Store Data o the Slorage
Device, the Storage Device Includes a Plurality
of Regions Associated with a Wear Level

420"‘\ ¥

Determine a First Group of Regions Associated
with an Error Measurement Threshold Lower
than a Second Group of Regions

430\ ¥

Select Region of the Storage Device
that is in the First Group

440~ ¥
Store Data to the Selected Region




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/042871

A. CLASSIFICATION OF SUBJECT MATTER

INV. G11C16/34
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

G11C

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, PAJ, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y paragraphs [0037],
figure 3

[0049],

13 December 2012 (2012-12-13)

figures 1-4

paragraphs [0021], [0022]

Y US 2012/317459 Al (YEO ENGLING [US] ET AL)

paragraph [0019] - paragraph [0022];

X US 2011/622931 Al (ELEFTHERIOU EVANGELOS S 1-5,
[CH] ET AL) 27 January 2011 (2011-01-27)
[0054] ;

11-15,21
6-10,
16-20

6-10,
16-20

A US 2010/332923 Al (D ABREU MANUEL ANTONIO 1-21
[US] ET AL) 30 December 2010 (2010-12-30)

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

11 September 2014

Date of mailing of the international search report

23/09/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Ramcke, Ties

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2014/042871
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2011022931 Al 27-01-2011 US 2011022931 Al 27-01-2011
US 2013117600 Al 09-05-2013
US 2013191704 Al 25-07-2013
US 2012317459 Al 13-12-2012 CN 102915766 A 06-02-2013
US 2012317459 Al 13-12-2012
US 2010332923 Al 30-12-2010  EP 2449556 A2 09-05-2012
KR 20120111937 A 11-10-2012
TW 201110131 A 16-03-2011
US 2010332923 Al 30-12-2010
WO 2011008451 A2 20-01-2011

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - wo-search-report
	Page 37 - wo-search-report

