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FIG. 1

(57) Abstract: Systems and methods are provided for handling temporary data that is stored in a non-volatile memory, such as
NAND flash memory. The temporary data may include hibernation data or any other data needed for only one boot cycle of an elec-
tronic device. When storing the temporary data in one or more pages of the non-volatile memory, the electronic device can store a
temporary marker as part of the metadata in at least one of the pages. This way, on the next bootup of the electronic device, the elec -
tronic device can use the temporary marker to determine that the associated page contains unneeded data. The electronic device can

therefore invalidate the page and omit the page from its metadata tables.
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NON-VOLATILE TEMPORARY DATA HANDLING

Background of the Disclosure

[0001] NAND flash memory, as well as other types of
non-volatile memories (“NVMs”), are commonly used in
5 electronic device for mass storage. For example,

consumery electronics such as portable media plavers,
often include NAND flash memory to store music, videos,
and other media programs. Such data is typically
intended to be stored for long periods of time, such as

10 on the order of days, months, or even vyears.
{00021 NVMs may also be used in electronic devices
for purposes other than long-term storage. For
example, the electronic device may temporarily store
data from a volatile memory into a NVM to enable the

15 volatile memory to power down during a reduced power,
hibernation state without losing the data. As ancther
example, a NVM can be used in virtual memory schemes to
increase the apparent size of the electronic device’s

volatile memory.

20 Summary of the Disclosure

[0003] Systems and methods are provided for
processing data intended for short-term storage in a

non-volatile memory, such as a flash memory. By
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allowing short-term storage to be handled differently
from long-term data, the memory management efficiency
and effectiveness of a NVM can be increased.

[0004] Short-term storage may include the storage of

5 data in a NVM that is needed only during a current
instance of an operating system, and is no longer
useful once the electronic device is shut down or
rebooted (or even earlier). This data may be referred
to as “non-volatile temporary data” or “NV temporary

10 data,” since the data is needed temporarily, but is
stored on a persistent non-volatile medium. NV
temporary data can include, for example, hardware-based
hibernation data, application-generated data,
application-based hibernation data, swap files, and

15 other temporary files.

{0005} In some embodiments, when storing NV
temporary data, the electronic device can decorate the
NV temporary data with a temporary marker. For
example, for each page of the NVM in which the

20 electronic device stores NV temporary data, the
electronic device can include a temporary marker in the
metadata of the page. Alternatively, the electronic
device can provide a temporary marker in at least one
page of a block storing NV temporary data. This allows

25 the electronic device to distinguish the NV temporary
data from information needed across multiple device
bootups.

[0006] During bootup of the electronic device, the
electronic device may be configured to perform various

30 startup procedures, such as constructing metadata
tables. The metadata tables can include, for example,
a table indicating which logical addresses issued by

the file system (e.g., logical block addresses
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{(“LBAs”)) are currently allocated and/or a logical-to-
physical address map. The electronic device may create
the metadata tables by scanning through the pages of
the NVM and determining whether each page includes a
temporary marker {(or whether each page is in a block
marked for storing NV temporary data). If a page
includes a temporary marker, the data included in the
page was useful only in the previous boot of the
electronic device and is not needed in the current
boot. Thus, the electronic device can mark the page as
having invalid data and omit the page {(and its stored
metadata) from the metadata tables. By performing such
cleanup operationg at bootup, the electronic device can
ensure efficient use of the NVM memory locations from
the outset. That is, at no point during the current
boot cycle will the electronic device perform needless
operations during garbage collection or wear leveling
to maintain the obsolete NV temporary data.
[0007] In some embodiments, the electronic device
can select memory locations and/or programming
techniques for storing data based on whether the data
is NV temporary data. For example, the electronic
device can select lower-performance memory locations,
such as less reliable pages or blocks f{e.g., high
cycled blocks), to store NV temporary data. In some
embodiments, the electronic device can select higher-
speed memory locations or programming techniques for
storing NV tempcorary data, such as single-level cell

{“SLC") blocks.

Brief Description of the Drawings

{00081 The above and other aspects and advantages of

the invention will be apparent upon consideration of
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the following detailed description, taken in
conjunction with accompanying drawings, in which like
reference characters refer to like parts throughout,
and in which:

[0009] FIG. 1 is a block diagram of an illustrative
electronic device having a non-volatile memory
configured in accordance with various embodiments of
the invention;

foo1ol FIGS. 2 and 3 are graphical representations
of illustrative non-volatile memory locations storing
non-volatile temporary data in accordance with various
embodiments of the invention;

[o011] FIG. 4 is a flowchart of an illustrative
process for decorating non-velatile temporary data in a
non-volatile memeory with a temporary marker in
accordance with various embodiments of the invention;
and

[oo12] FIG. 5 is a flowchart of an illustrative
process for processing non-volatile temporary data at
bootup of an electronic device in accordance with

various embodiments of the invention.

Detailed Description

foo13] FIG. 1 is a block diagram of illustrative
electronic device 100. In some embodiments, electronic
device 100 can be or can include a portable media
player (e.g., an iPod™ made available by Apple Inc. of
Cupertino, CA), a cellular telephone {e.g., an iPhone™
made available by BApple Inc.), a pocket-sized personal
computer, a persconal digital assistance (“PDA"), a
desktop computer, a laptop computer, and any other

suitable type of electronic device or gsystem.
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[0014] Electreonic device 100 can include system-on-
a-chip (“SoC”) 110 and non-volatile memory (“"NVM”) 120.
NVM 120 can include a NAND flash memory based on

floating gate or charge trapping technology, NOR flash

memory, erasable programmable read only memory

{*"BEPROM” )}, electrically erasable programmable read only
memory {(“EEPROM”), Ferroelectric RAM (“FRAM”),
magnetoresistive RAM (“MRAM”), or any combination
thereof.

[0015] NVM 120 can be organized into “blocks”, which

is the smallest erasable unit, and further organized
into “pages,” which may be the smallest unit that can
be programmed or read. In some embodiments, NVM 120
can include multiple integrated circuits, where each
integrated circuit may have multiple blocks. The blocks
from corresponding integrated circuits (e.g., blocks
having the same position or block number)} may form
logical units referred to as “super blocks.” Each
memory location {(e.g., page or block} of NVM 120 can be
addressed using a physical address (e.g., a physical
page address or physical block address). While only
one NVM is shown in FIG. 1, electronic device 100 can
alternatively include multiple NVM packages.

[o01l6] System-on-a-chip 110 can include control
circuitry 112, memory 114, and NVM interface 116.
Control circuitry 112 can control the general
operations and functions of ScoC 110 and electronic
device 100 in general. Control circuitry 112 can
include any suitable components, circuitry, or logic,
such as one or more processors. Contrel circuitry 112
may operate under the control of a program, such as an
application, operating system, or a NVM driver (e.qg.,

NVM driver 117} loaded in memory 114.
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[0017] Memory 114 can include any suitable type of

volatile memory, such as random access memory (“RAM”)

{e.g., static RAM (“SRAM”), dynamic random access
memory (“DRAM”), synchronous dynamic random access
memory {“SDRAM”}, double-data-rate (“DDR”) RAM), cache
memory, or any combination thereof. In some

embodiments, memory 114 may act as the main memory for
any processors implemented as part of control
circuitry 112. In these and other embodiments,

memory 114 can store data that may also be stored, at
one point or another {(i.e. concurrently or at different
times), in NVM 120 as NV temporary data. As described
above, NV temporary data includes data stored in a NVM
that is needed only during a current instance of the
operating system, and is no longer useful once
electronic device 100 is shut down or rebooted (or
earlier) .

[ooi8] For example, memory 114 and/or NVM 120 can
store NV temporary data in the form of hardware-based
hibernation data. Hardware-based hibernation data may
include data transferred from memory 114 tc NVM 120
regpeonsive to entering a hardware-based hibernation
state (e.g., a reduced power state in which memory 114
ig powered off). Thus, hardware-based hibernation data
can include data that enables electronic device 100 to
return to its pre-hibernation operational state (e.g.,
the state it was in prior to entering into the reduced
power state) when it wakes up from the hibernation
state. The hardware-based hibernation data may
represent the current operational states of the device,
for both hardware and software. For example, device
state data may specify which programs are actively

running, or more specifically, which media asset (e.g.,
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song) 1s being played back, or the position within the
graphical user interface the user is currently
accessing. Because a user would not expect electronic
device 100 to return to its pre-hibernation operational
state should the user shut down electronic device 100
during hardware hibernation, such hardware-based
hibernation data is an example of NV temporary data.
[0019] In some embodiments, memory 114 and/or

NVM 120 can store application-generated data as NV
temporary data. The application-generated data may
include any temporarily useful data associated with or
generated by an application, such as data pertaining to
a current game in a gaming application. In some
embodiments, the application can provide an indication
to the operating system and file system of the
temporary nature of the application-generated data sco
that this data can ultimately be stored as NV temporary
data in NVM 120.

[0020] In gome gcenarios, memory 114 and/or NVM 120
can be used to store NV temporary data in the form of
application-based hibernation data. Application-based
hibernation data may include data, such as application-
generated data, transferred from memory 114 to NVM 120
responsive to a particular application or program
entering into a hibernation state. Electronic

device 100 can select the application for hibernation
to free up space in memory 114 when space is running
low and the application is not being actively used.
Thus, the application-based hibernation data can
include data that enables electronic device 100 to
return a hibernated application back to its pre-
hibernation operational state. Because a user would

not expect hibernating application to return its exact
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former state if electronic device 100 were rebooted,
application-based hibernation data is another example
of NV temporary data.
[o0021] In these and other scenarios, memory 114
and/or NVM 120 can be used for storing NV temporary
data in connection with virtual memory schemes. For
example, the application-generated data, application-
based hibernation data, or any other data used by one
or more applications can be transferred from memory 114
to a “swap file” or “page file” in NVM 120. Here, data
can be paged out of memory 114 into a file stored in
NVM 120, thereby freeing up space in memory 114 when
space 1s needed. Other file types used in virtual
memory sSchemes to convey NV temporary data between
memory 114 and NVM 120 may also be contemplated.
Because the data used in a virtual memory scheme is
generally not needed once electronic device 100 is shut
down, a swap file is another example of NV temporary
data.
foc22] Memory 114 and/or NVM 120 may store NV
temporary data of any other suitable type, such as any
data typically stored in a “temp file” on UNIX-based
systems. For example, NV temporary data can include
data stored in temporary files on NVM 120 that one
program or application creates to pass the data to
another program or application. As another example, NV
temporary data can include short-term data stored in
temporary files on NVM 120 that is too large to fit
into memory 114 or would take up more than a
predetermined amount of space in memory 114.
[0023] Tc enable the components of SoC 110 (such as
memory 114) to pass information to and from NVM 120,

SoC 110 can include NVM interface 116. NVM
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interface 116 may include any suitable combination of
hardware, software, and firmware configured to act as
an interface or driver between NVM 120 and the non-NVM-
specific components of SoC 110. For example, NVM
interface 116 can include NVM driver 117 to provide a
software/firmware interface that gives the operating
system and file system indirect access to NVM 120,
thereby allowing the operating system and file system
to issue read or write requests to store or retrieve NV
temporary data in or from NVM 120. NVM interface 116
can further include bus controller 118, which may
include any suitable hardware components that enable
NVM driver 117 to access NVM 120 using the bus
specifications (e.g., data rate) of NVM 120.

fc024] NVM interface 116 may perform various tasks
to manage the memory locations of NVM 120, such as
garbage collection, wear leveling, and bad block
management. NVM driver 117 may be configured to
maintain or generate “metadata,” which can be any
memory management data used by NVM driver 117 to manage
NVM 120 and the memory locations therein. NVM

driver 117 may be configured to maintain metadata
tables or mappings, such as a table indicating which
logical addresses issued by the file system (e.g.,
logical block addresses (“LBAs”)) are currently
allocated for use and/or a mapping between logical
addresses and physical addresses of NVM 120. Logical
addresses are issued by the file system on read or
write requests, which NVM driver 170 may map to
different physical addresses that actually correspond
to physical memory locations of NVM 120. NVM

driver 117 can therefore maintain the metadata tables
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in order to properly handle the read and write regquests
from the file system.
foc25] NVM interface 116 is depicted in FIG. 1 as
being implemented completely on SoC 110. In some

5 embodiments, some of the components of NVM
interface 116, as well as some of the functionality of
NVM driver 117, may be implemented and performed by a
separate memory controller {e.g., flash controller)
included, for example, in NVM 1206. Thus, it should be

10 understood that any descriptions of NVM interface 116
or NVM-related functionality are not limited to
components or actions performed on SoC 110.
[0026] NVM interface 116 may receive write reguests
from the file gsystem to store any of a variety of types

15 of data. For example, the file gsystem may instruct NVM
interface 116 to store media assets, such as songs and
videos, for an indefinite period of time. In other
scenarios, the file system may instruct NVM
interface 116 to store NV temporary data, such as

20 hardware-based hibernation data, application-generated
data, application-based hibernation data, swap files,
or other temwporary filesg, in NVM 120. Because NV
temporary data has such a different expected lifespan
{i.e. one boot cycle of electronic device 100) than

25 other forms of data {(i.e. more than one boot cycle of
electronic device 100}, NVM interface 116 may be
configured to handle NV temporary data in a different
manney that can increase the effectiveness and
efficiency of memory use in NVM 120.

30 {00271 In some embodiments, NVM interface 116 may
select memory locations (i.e. pages, blocks, or super
blocks) in which to store data based on whether the

data is temporary data. For example, NVM interface 116
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can select lower-performance memory locations for
storing NV temporary data. The lower-performance
memory locations may be less reliable pages or blocks,
such as high cycled blocks (i.e. blocks that have been
through more erase cycles, and may therefore have
experienced more deterioration). NVM interface 116 may
select higher-performance memory locations for storing
non-temporary data, since non-temporary data is
expected to be maintained in NVM 120 for a longer
period of time.

[o028] In some embodiments, NVM interface 116 can
select higher-speed memcry locations or programming
techniques for storing NV temporary data. This way,
the delay between transferring data between memory 114
and NVM 120 is reduced, which may be beneficial for
virtual memory schemes, when entering into a reduced-
power hibernation mode, or in a variety of other
situationg. To improve sgpeed, NVM interface 116 can
select single-level cell (“SLC”) blocks or can decrease
the tuning resolution when programming the blocks with
NV temporary data. NVM interface 116 can choose SLC
blocks to increase programming speed while also
improving reliability.

[0029] In some embodiments, NVM interface 116 can
handle NV temporary data differently from other data by
decorating NV temporary data with a “temporary marker”
when storing the NV temporary data in NVM 120. This
way, when data is read back out of NVM 120, NVM
interface 116 can quickly and efficiently differentiate
the NV temporary data with other information intended
to be stored for a longer period of time.

[o030] FIG. 2 illustrateg one way in which NVM

interface 116 can decorate the NV temporary data with a
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temporary marker. FIG. 2 is a graphical representation
of the pages in a block of a non-volatile memory, such
as NVM 120 of FIG. 1. As illustrated, each page of the
block may be used to store a data field and an
associated metadata field. Each data field can store
any suitable type of data, such as NV temporary data or
any data that the file system reguested to be stored
(e.g., media assets). The metadata field of the same
page can store metadata associated with the data in the
data field, such as any memory management data received
or generated by NVM driver 117, including error
correction code (“ECC") data, any information used for
managing the mapping between logical and physical
addresseg {e.g., an LBA), and the like.

[c031] The metadata field can include space for
storing a marker indicating whether the data in the
data field is NV temporary data. For example, the “T*
(or “temporary”) markers in the metadata fields of
pages 1 and 2 in FIG. 2 indicate that the associated
data fields include NV temporary data, while the “p”
(or “persistent”) markers in the metadata field of

page 0 and the last page of the block indicate that the
data in the associated data fields include data
intended for persistent, longer-term storage. The “T”
temporary marker and the “P” persistent marker may be
implemented using any suitable approach. That is,
these markers may include any suitable number of bits
(e.g., one or more bits) and the actual bit or word
values of the “T” and “P” markers can each take on any
suitable predetermined bit pattern.

[0032] In some embodiments, NVM interface 116 may
not use a specific “P” marker, and may instead use only

“T” temporary markers to indicate where NV temporary
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data is stored in NVM 120. In these embodiments, on
readback of a page, NVM interface 116 can determine
that the page’s data field does not contain NV
temporary data based on the lack of a temporary marker
in the metadata field.

{0033} FIG. 2 provideg an example where the same
block can include both NV temporary data as well as
persistent data. In other embodiments, such as the
embodiment illustrated in FIG. 3, an entire block or
superblock may be used to store either NV temporary
data or persistent data.

fo034] FIG. 3 is a graphical representation of
multiple blocks across several integrated circuits of a
non-volatile memory, such as NVM 120 of FIG. 1. Each
column represents a different integrated circuit and
each row represents a different superblock. Thus, as
illustrated in the first integrated circuit (“IC 0¢”),
an entire block (i.e., block 2) may be used to store NV
temporary data. In some embodiments, NVM interface 116
can provide a temporary marker in every used page of
the block, which can provide extra insurance that NVM
interface 116 can correctly interpret this block as
storing NV temporary data. In other embodiments, NVM
interface 116 may store temporary markers in a subset
of the pages in the block. For example, NVM

interface 116 can store a temporary marker in only the
first page of the block so that NVM interface 116 can
later determine whether the block contains NV temporary
data when reading the block from the first page to the
last page. Alternatively, NVM interface 116 can store
a temporary marker in only the last page (so NVM
interface 116 can later read the block from last page

to first page), or NVM interface 116 can store
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temporary markers in both the first and last pages of
the block.

[0035] In some embodiments, NVM interface 116 may
select an entire superblock for use in storing NV
temporary data. This ig illustrated in the fifth
superblock (“SUPERBLOCK 4"”) in FIG. 3, where all of the
blocks in the superblock can be used for storing NV
temporary data. As with single-block case, NVM
interface 116 may or may not store temporary markers in
all of the used pages of the superblock. Instead, NVM
interface 116 can store temporary markers in only the
first page of each block in the superblock, only the
last page of each block in the superblock, in both the
first and last pages of each block, or in one or more
pages of a subset of the blocks in the superblock.
{00361 While not depicted in the figure to preserve
clarity, the blocks that do not include “T“ temporary
markers may (or may not) include "“P” persistent markers
in some or all of the pages. Moreover, while five
integrated circuits and six superblocks {for a total of
30 blocks) are illustrated, it should be understood
that NVM 120 can include any other suitable number of
integrated circuits and superblocks.

[0037] NVM interface 116 can use the temporary
markers decorating the NV temporary data to process the
NV temporary data differently from other types of data.
For example, the temporary markers can affect the
bootup process of electronic device 100. Upon bootup
of electronic device 100, NVM driver 117 may perform a
series of initialization procedures so that NVM

driver 117 can properly determine the current state of
NVM 120. Included in the initialization procedures may

be the reconstruction of one or more metadata tables or
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maps, such as the table indicating which logical
addresses are being used and the logical-to-physical
address mapping.

[oo38] To reconstruct the tables, NVM driver 117 may
5 read each page of NVM 120 and, for each page, may

determine whether to include the page in the tables.

If NVM driver 117 determines that the page is

designated with a temporary marker {or is in a block orx

superblock currently designated with temporary

10 markers), NVM driver 117 can leave the page out of the
tables. This is because the page has been used to
store NV temporary data, which was only valid during
the previous boot of electronic device 100. Thus, NVM
driver 117 can mark the page as invalid so that, at

15 gome appropriate time, the page can be freed up (e.g.,
during garbage collection or wear leveling) and used to
store other information. Since NVM driver 117
invalidates the page and omits it from the tables right
at bootup time, memory use of NVM 120 may be made

20 immediately efficient. That is, at no point during the
current boot cycle will NVM driver 117 perform needless
operations during garbage collection or wear leveling
to maintain the now-obsolete NV temporary data.

[0039] Referring now to FIGS. 4 and 5, flowcharts of

25 illustrative processes are shown in accordance with
various embodiments of the invention. The steps of
thege illustrative procegsses may be performed by any
suitable component or combination of components in an

electronic device, such as by control circuitry 112

30 {FIG. 1) operating under the control of NVM driver 117
{(FIG. 1).
{00401 Looking first at FIG. 4, process 400 is shown

for decorating NV temporary data with a temporary
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marker when storing the NV temporary data in a NVM,
such as NVM 120 (FIG. 1). Process 400 may begin at
step 402, where the file system may decide to store
data in the NVM. For NV temporary data, this can
occur, for example, when the volatile memory is running
out of space or when the volatile memory needs to be
powered down in a reduced power state {i.e. hibernation
state) .

fo0o41] At step 404, data may be provided from the
file system to the NVM interface (e.g., a NVM driver)
for storage in the NVM. Then, at step 406, the NVM
interface can determine whether this data is temporary
data that should be stored as NV temporary data. 1In
some embodiments, the NVM interface can interpret
whether the data is temporary data based on the write
request received from the file system. The file system
may have issued a write request signaling that the data
is temporary data in regponse to an indication from an
application.

[0042] If, at step 406, the NVM interface determines
that the data is NV temporary data, the NVM interface
can prepare metadata for the data at step 408, where
the metadata includes a temporary marker. Preparing
the metadata at step 408 (or step 412, discussed below)
can include determining and maintaining a mapping from
a logical address {received with the write request) to
a physical address associated with the NVM. The NVM
interface can also select, at step 410, lower-
performance and/or higher-speed memory locations (i.e.
pages, blocks, or super blocks) or programming
techniques for storing the data, since the data is
expected to have a short lifespan in non-volatile

memory. For example, the NVM interface can select less
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reliable bleocks {e.g., high cycled blocks) or SLC
blocks in which to store the data.

[oCc43] Ctherwise, 1f the NVM interface determines at
step 406 that the data is not NV temporary data, the
NVM interface can prepare metadata that does not
include a temporary marker (and may instead include a
persistent marker) at step 412. In this case, because
the data may be stored long-term in non-volatile
memory, the NVM interface can select higher-performance
and/or lower-speed memory locations or programming
techniques for storing the data at step 414. For
example, the NVM interface can select more reliable
blocks or MLC blocks in which to store the data.

[0044] From step 410 or gstep 414, process 400 can
continue to step 416, where the NVM interface can store
the data (whether it be NV temporary data or other
data) and at least some of its associated metadata in
the selected one or more pages of the NVM. Process 400
may then end at step 418.

[0045] Turning now to FIG. 5, process 500 is shown
for processing NV temporary data at bootup of an
electronic device. Process 500 may begin at step 502
at bootup of the electronic device. At step 504, an
NVM interface can perform various bootup procedures so
that the NVM interface can determine the initial state
of the NVM and its memory locations. The initial
bootup procedures can therefore include constructing
metadata tables, such as a table indicating which
logical addresses are allocated for use and/or a
mapping of logical-to-physical addresses for each page
of the NVM that contains valid data.

[00456] From step 504, the NVM interface can prepare

the tables by scanning through and processing each page
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of the NVM. In particular, at step 506, the NVM
interface can read a first page from the NVM, and at
step 508, the NVM interface can determine whether this
first page includes a temporary marker in the page’s
metadata field. If not, the first page does not
include NV temporary data, so at step 510, the NVM
interface can add the page to the tables. For example,
the NVM interface may determine (e.g., from the
metadata field) the logical address associated with the
page and may add the page’s logical-to-physical address
mapping to the appropriate table, or the NVM interface
may indicate in a table that the logical address is
currently allocated by the file system.

[0047] If, at step 508, the NVM interface determines
instead that the page includes a temporary marker in
the page’'s metadata field, process 500 can continue to
step 512. Because the temporary marker indicates that
the page stores NV temporary data, which ig no longer
valid now that the electronic device has been rebooted,
process 500 can branch to gstep 512. At step 512, the
NVM interface can ignore the metadata in the page for
purposes of metadata table reconstruction. For
example, while a logical address stored in the page
would cotherwise have indicated that the logical address
is being used by the file system, the NVM interface can
ignore the presence of the logical address in the page.
Then, at step 514, the NVM interface can mark the page
as containing invalid data. This may allow the NVM
interface to, at the appropriate time, perform garbage
collection on the page to free up space for storing
other information.

[0048] From step 510 or gstep 514, process 500 can

continue to step 516, where the NVM interface can
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determine whether the metadata tables are done being
constructed. This determination can involve
determining whether there are additional pages that
have not yet been read and processed. If there are
additional pages that need to be considered for
inclusion in the metadata tables, process 500 may
return to step 506 so that NVM interface can read
another page of the NVM. Otherwise, if there are no
additional pages, process 500 can end at step 518.
[0049] It should be understood that the steps of
processes 400 and 500 of FIGS. 4 and 5, respectively,
are merely illustrative. BAny of the steps may be
modified, removed, or combined, and additional steps
may be included, without departing from the scope of
the invention.

{00501 The described embodiments of the invention
are presented for the purpose of illustration and not

limitation.
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What 1is Claimed is:

1. An electronic device comprising:

a volatile memory for storing temporary
data;

a non-volatile (“NV”) memory comprising
a plurality of pages;

control circuitry operative tc store the
temporary data in the non-volatile memory as NV
temporary data, wherein the control circuitry stores a
temporary marker in at least one of the pages in which

the NV temporary data 1s stored.

2. The electronic device of claim 1,
wherein the electronic device ig further operative to:
prepare metadata for the NV temporary
data; and
store the metadata and the temporary
marker in a metadata field of the at least one of the

pages in which the NV temporary data is stored.

3. The electronic device of claim 1,
wherein the temporary marker comprises a predetermined

bit pattern.

4, The electronic device of claim 1,
wherein the plurality of pages are organized into
blocks, and wherein the control circuitry i1s further
operative to:

select one of the blocks for storing the
NV temporary data; and
store a temporary marker in at least one

page of the selected block.
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5. The electronic device of claim 4,
wherein the control circuiltry is further operative to
store a temporary marker in all of the pages of the

gelected block.

6. The electronic device of claim 1, and
wherein the control circuitry is further operative to:
identify that the volatile memory is in
a low memory state; and
5 store the temporary data in the non-
volatile memory responsive to identifying the low

memory state.

7. The electronic device cof claim 1,
wherein the control circuitry is further operative to
select lower-performance pages for storing the

temporary data.

8. The electronic device of claim 1,
wherein the control circuitry is further operative to
gselect a higher-speed programming technique for storing

the temporary data.

9. A method of storing data in a non-
volatile memory, wherein the non-volatile memory
comprises a plurality of pages, the method comprising:

identifying the data as temporary data;
5 preparing metadata for the data, wherein
the metadata comprises a temporary marker; and
storing the data and the metadata in at

least one page of the non-volatile memory.

10. The method of claim 9, further

comprising:
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providing the data from a file system to

a non-volatile memory interface with a write request,
wherein the identifying is performed by

the non-volatile memory interface in response to the

write reqguest.

11. The method of claim 9, wherein the
temporary marker compriges at least one bit of a

predetermined value.

12. The method of claim 9, wherein the
preparing further comprises determining a logical-to-

physical address mapping for the data.

13. The method of claim 9, further
comprising selecting the at least one page of the non-

volatile memory based on the identifying.

14. The method of claim 9, further

comprising:

identifying additional data for storage
in the non-volatile memory, wherein the additional data
igs identified as not being temporary data;

preparing additional metadata for the
additional data, wherein the additional metadata does
not include a temporary marker; and

storing the additional data and the
additional metadata in at least one other page of the

non-volatile memory.

15. The method of claim 9, wherein the
identifying comprises identifying that the data
comprises at least one of hardware-based hibernation
data, application-generated data, application-based

hibernation data, and data for a virtual memory scheme.
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16. An electronic device comprising:
a non-veolatile memory;
control circuitry operative to create a
metadata table for the non-volatile memory at bootup of
the electronic device, wherein creating the metadata
table comprises:
reading a plurality of pages of the
non-volatile memory, wherein at least one of the pages
includes a temporary marker; and
omitting the at least one page from

the metadata table.

17. The electronic device of claim 16,
wherein the control circuitry is further operative to
create the metadata table by marking the at least one

page as invalid.

18. The electronic device of claim 16,
wherein the control circuitry is further operative to
create the metadata table by adding valid pages of the
non-volatile memory that do not include a temporary

marker tce the metadata table.

19. The electronic device of claim 16,
wherein the metadata tables comprises a table
indicating which logical addresses are currently

allocated for use by a file gystem.

20. The electronic device of claim 16,
wherein the metadata table comprises a logical-to-

physical address mapping.
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21. The electronic device of claim 16,
wherein the non-volatile memory comprises NAND flash

memory.
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