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(57) Abstract: A data storage device comprises a plurality of non-volatile
memory devices storing physical pages, each stored at a predetermined
physical location. A controller may be coupled to the memory devices and
configured to access data stored in a plurality of logical pages (L-Pages),
each associated with an L-Page number that enables the controller to logic-
ally reference data stored in the physical pages. A volatile memory may
comprise a logical-to-physical address translation map that enables the con-
troller to determine a physical location, within the physical pages, of data
stored in each L~Page. The controller may be configured to maintain, in the
memory devices, journals defining physical-to-logical correspondences,
each journal covering a predetermined range of physical pages and compris-
ing a plurality of entries that associate one or more physical pages to each L-
Page. The controller may read the journals upon startup and rebuild the ad-
dress translation map from the read journals.
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METHODS, DEVICES AND SYSTEMS FOR PHYSICAL-TO-LOGICAL MAPPING IN
SOLID STATE DRIVES

BACKGROUND

[0001] Due to the nature of flash memory in solid siale drives (SSDs), data is
typically programmed by pages and erased by blocks. A page in an SSD is typically 8-
186 kilobyles (KB) in size and a block consists of a large number of pages {e.g., 256 or
512). Thus, a particular physical location in an 88D (e.g., a page) cannct be directly
overwritten without overwriting data in pages within the same block, as is possible in a
magnetic hard disk drive. As such, address indireclion is needed. Conventional data
storage device controllers, which manage the flash memory on dala storage devices
such as 35Ds and interface with the host syslem, use a Logical to Physical (L2P)
mapping system known as Logical Block Addressing (LBA) that is part of the flash
translation layer (FTL). When new data comes in replacing older data already wrilten,
the dala siorage device controlier causes the new data io be wrilten in a new location
and update the logical mapping o point to the new physical location.  Since the old
physical location no longer holds valid data, it will eventually need 1o be srased before it
can be writlen again.

[6602] Conventionally, a large L2FP map table maps logical entries {o physical
address locations on an 55D, This large L2P map table, which may reside in a volatile
memaory such as dynamic random access memory {DRAM), is usually updated as wriles
come in, and saved to non-volatile memory in small sections. For example, if random
writing occurs, although the system may have to update only one entry, it may
nonetheless have {o save to the non-volalile memory the entire fable or a portion
thereof, including entries that have not been updated, which is inherently inefficient.
(60031 Fig. 1 shows aspects of a conventional Logical Block Addressing (LBA)
scheme for an 558D, As shown therein, a map table 104 contains one entry for every
logical block 102 defined for the dala siorage device’s flash memory 106, For example,
a 64 GB 58D that supports 512 byie logical blocks may present iself {o the host as
having 125,000,000 logical blocks. One entry in the map table 104 contains the current
location of each of the 125,000,000 logical blocks in the flash memory 106, In a
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conventional SS1, a flash page holds an integer number of logical blocks (i.e., a logical
block does not span across flash pages). In this conventional exampie, an 8 KB flash
page would hold 16 logical blocks {(of size 512 bytes). Therefore, each eniry in the
logical-to-physical map table 104 contains a field 108 identifying the flash die on which
the logical block is stored, a field 110 identifying the flash block on which the logical
block is stored, ancther field 112 identifying the flash page within the flash block and a
field 114 identifying the offset within the flash page that identifies where the logical block
data begins in the identified flash page. The large size of the map lable 104 prevenis
the table from being held inside the S50 controller. Conventionally, the large map iable
104 is held in an exiernal DRAM connected to the 55D controller. As the map table
104 is stored in volatile DRAM, it musl be restored when the 85D powers up, which can
take a long time, due o the large size of the table.

[0004] When a logical block is read, the corresponding entry in the map table 104 is
read (o determine the location in flash memory to be read. A read is then performed to
the flash page specified in the corresponding entry in the map table 104. When the
read data is available for the flash page, the data at the offsel specified by the map
entry is transferred from the SSD to the host. When a logical block is wrilten, the
corresponding entry in the map table 104 is updated o reflect the new location of the
logical block. it is to be noled that when a logical block is written, the flash memory will
initially contain at least two versions of the logical block; namely, the valid, most recently
wrilten version (pointed to by the map table 104) and at least one other, older version
thereof that is stale and is no longer pointed o by any eniry in the map table 104,
These “slale” data are referred {o as garbage, which occupies space that must be

accounted for, collected, arased and made available for future use.

BRIEF DESCRIPTION OF THE DRAWINGS

{80057 Fig. 1 shows aspects of a conventional Logical Block Addressing (LBA)
scheme for S8Ds.

[6006] Fig. 2 is a diagram showing aspects of the physical and logical data
organization of a data storage device according o one embaodiment.

[8007] Fig. 3 shows a logical-to-physical address translation map and illustrative



WO 2014/055445 PCT/US2013/062723

entries thereof, according 1o one embodiment.

{0008} Fig. 4 shows aspects of a method for updating a logical-lo-physical address
translation map and for crealing an S-Journal entry, according to ong embodiment.
(0008 Fig. 5is a block diagram of an S-Journal, according to one embodiment.
[8010] Fig. 8 shows an exemplary organization of one entry of an S-dournal
according {o one embodiment.

8811} Fig. 7 is a block diagram of a superblock {S-Block), according to one
gmbodiment.

(0012} Fig. 8 shows another view of a super page (5-Page), according to one
gmbodiment.

[8013] Fig. 9A shows relationships among the logical-to-physical address translation
map, S-Journals and 5-Blocks, according (o one embodiment.

[0014] Fig. 9B is a block diagram of an S-Joumnal Map, according to one
gmbodiment.

6015 Fig. 10 is a block diagram illustrating aspecis of a method of updating the
logical-to-physical address translation map, according {0 one embodiment.

(6616} Fig. 11 is a block diagram Hliusirating further aspects of a method of updating
the logical-to-physical address translation map, according to one embodiment,

860171 Fig. 12 is a block diagram illustrating still further aspects of a method of
updating the logical-to-physical address translation map, according to one embodiment.
[0018] Fig. 13 is a block diagram illustraiing vet further aspects of a method of
updating the logical-lo-physical address translation map, according o one embodiment.
{80181 Fig. 14 is a block diagram illustrating aspects of a method of updating S-
Journals and the S-Journal Map, according to one embodiment.

{80207 Fig. 15 is a block diagram illustrating further aspects of a method of updaling
S-Journals and the S-Journal Map, according (o one embodiment.

{80217 Fig. 16 is a block diagram illustrating still further aspects of a method of
updating S-Jourmnals and the S-Journal Map, according (o one embodiment.

(00227 Fig. 17 is a block diagram illustrating vel further aspects of a method of
updating S-Journals and the S-Journal Map, according (o one embodiment.

[0023] Fig. 18is a block diagram illustrating aspects of garbage collection, according



WO 2014/055445 PCT/US2013/062723

to one embodiment.

[0024] Fig. 19 is a block diagram illusirating further aspects of garbage collection,
according to one embodiment.

[80025] Fig. 20 is a block diagram Hlustrating still further aspects of garbage
coliection, according {0 one embodiment.

[0026] Fig. 21 is a block diagram illustrating vet further aspects of garbage collection,
according to one embodiment.

(060271 Fig. 22 is a block diagram Hlusirating aspects of garbage collecling a system
block, according (o one embodiment.

{60281 Fig. 23 is a block diagram illusirating further aspecls of garbage collecting a
aystem block, according to one embodiment.

(00291  Fig. 24 is a block diagram illustrating still further aspecis of garbage collecting
a system block, according to one embodiment.

{00301 Fig. 25 is a block diagram illustraling other aspects of garbage collecling a
system block, according to one embodiment,

{60311  Fig. 26 is a block diagram Hlusirating still other aspecis of garbage collecting

a system block, according o one embodiment.

DETAILED DESCRIPTION

System Qverview

[0032] Fig. 2 is a diagram showing aspects of the physical and logical data
organization of a dala siorage device according o one embodiment. In one
embodiment, the data storage device is an &8I  In ancther embodiment, the data
storage device is a hybrid drive including lash memory and rotating magnetic storage
media. The disclosure is applicable to both S50 and hybrid implementations, but for
the sake of simplicity the various embodiments are described with reference to 55D-
hased implementations. A data storage device controller 202 according o one
embaodiment may be configured 1o be coupled to a host, as shown at reference numeral
218. The host 218 may utilize a logical block addressing (LBA) scheme. While the LBA
size is normally fixed, the host can vary the size of the LBA dynamically. For example,

the LBA size may vary by interface and interface mode. Indeed, while 512 bytes is
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most common, 4 KB is also becoming more common, as are 512+ (520, 528 efc.j and 4
KB+ {4 KB+8, 4K+16 etc.) formats. As shown therein, the dala storage device controller
202 may comprise or be coupled to a page register 204, The page register 204 may be
configured to enable the controller 202 {0 read data from and store data (o the data
storage device. The controller 202 may be configured o program and read data from
an array of flash memory devices responsive to dala access commands from the host
218, While the description herein refers to flash memory generally, it is understood that
the array of memory devices may comprise one or more of various types of non-volalile
memaory devices such as flash integrated circuits, Chalcogenide RAM (C-RAM), Phase
Change Memory (PC-RAM or PRAM), Programmable Metallization Celi RAM (PMC-
RAM or PMCm), Ovonic Unified Memory (OUM), Resistance RAM (RRAM), NAND
memory {e.q., single-level cell (SLC) memory, multi-level cell (MLC) memory, or any
combination therecf), NOR memory, EEPROM, Ferroelectric Memory (FeRAM),
Magnetoresistive RAM (MRAM]), other discrete NVM {(non-volalile memory) chips, or
any combination thereof.

[6033] The page register 204 may be configured {o enable the controller 202 {o read
data from and store data to the array. According {o ong embodiment, the array of flash
memory devices may comprise a plurality of non-volatile memory devices in die (e.g.,
128 dies), each of which comprises a plurality of blocks, such as shown at 206 in Fig. 2.
Other page registers 204 {not shown), may be coupled to blocks on other die. A
combination of flash blocks, grouped together, may be called a Superblock or S-Block.
in some embodiments, the individual blocks that form an S-Block may be chosen from
one or more dies, planes or other levels of granularity. An S-Block, therefore, may
comprise a plurality of flash blocks, spread across one or more die, that are combined
together. In this manner, the &-Block may form a unit on which the Flash Management
System (FMS) operates. in some embodiments, the individual blocks that form an S-
Block may be chosen according to a different granularity than at the die level, such as
the case when the memory devices include dies that are sub-divided into structures
such as planes {i.e., blocks may be taken from individual planes). According io one
embodiment, allocation, erasure and garbage collection may be carried oul at the &-

Block level. in other embodiments, the FMS may perform dala operations according {o
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other logical groupings such as pages, blocks, planes, dies, sic.

{8034} In turn, each of the flash blocks 206 comprises a plurality of flash pages (F-
Fages) 208, Each F-Page may be of a fixed size such as, for example, 16 KB, The F-
Page, according {o one embodiment, is the size of the minimum unit of program for a
given flash device. As also shown in Fig. 2, each F-Page 208 may be configured ©
accommodate a plurality of physical pages, hereinafler referred to as E-Pages 210,
The ferm “E-Page” refers to a data structure siored in flash memory on which an error
correcting code (ECC) has been applied. According to ong embodiment, the E-Page
210 may form the basis for physical addressing within the data slorage device and may
constitute the minimum unit of flash read data transfer. The E-Page 210, therefore, may
be (but need not be) of a predetermined fixed size (such as 2 KB, for example} and
determine the size of the pavicad (e.g., host data) of the ECC sysiem. According to one
embodiment, each F-Page 208 may be configured {o fit a predetermined plurality of E-
Pages 210 within its boundaries. For example, given 16 KB size F-Pages 208 and a
fixed size of 2 KB per E-Page 210, eight E-Pages 210 it within a single F-Page 208, as
shown in Fig. 2. In any event, according to one embodiment, a power of 2 mulliple of k-
Fages 210, including ECC, may be configured to fit into an F-Page 208. kach E-Page
210 may comprise a data portion 214 and, depending on where the E-Page 210 is
located, may also comprise an ECC portion 216. Neither the data portion 214 nor the
ECC portion 216 need be fixed in size. The address of an E-FPage uniguely identifies
the location of the E-Page within the flash memory. For example, the E-Page’s address
may specify the flash channel, a pardicular die within the identified flash channel, a
particular block within the die, a particular F-Page and, finally, the E-Page within the
identified F-Page.

[60358] To bridge between physical addressing on the data storage device and logical
block addressing by the hosi, a logical page {L-Page) construct is infroduced. An L-
Page, denoted in Fig. 2 at reference numeral 212 may comprise the minimum unit of
address translation used by the FMS. Each L-Page, according to one embodiment,
may be associated with an L-Page number. The L-Page numbers of L-Pages 212,
therefore, may be configured to enable the controller 202 1o logically reference host

data stored in one or more of the physical pages, such as the E-Pages 210. The L-
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Page 212 may alsc be ulilized as the basic unit of compression. According o one
embodiment, unlike F-Pages 208 and E-Pages 210, L-Pages 212 are not fixed in size
and may vary in size, due to variability in the compression of dala to be stored. Since
the compressibility of data vares, a 4 KB amount of data of one type may be
compressed into a 2 KB L-Page while a 4 KB amount of data of a different type may be
compressed into a 1 KB L-Page, for example. Due to such compression, thersfore, the
size of L-Pages may vary within a range defined by a minimum compressed size of, for
gxample, 24 byles o a maximum uncompressed size of, for example, 4 KB or 4 KB+,
Other sizes and ranges may be implemented. As shown in Fig. 2, L-Pages 212 need
not be aligned with the boundaries of E-Page 210, Indeed, L-Pages 212 may be
configured to have a slarting address that is aligned with an F-Page 208 and/or E-Page
210 boundary, but also may be configured 1o be unaligned with either of the boundaries
of an F-Page 208 or E-Page 210. Thal is, an L-Page siarling address may be located
at a non-zero offsel from either the siart or ending addresses of the F-Pages 208 or the
start or ending addresses of the E-Pages 210, as shown in Fig. 2. As the L-Pages 212
are not fixed in size and may be smaller than the fixed-size E-Pages 210, more than
one L-Page 212 may fit within a single E-Page 210. Similarly, as the L-Pages 212 may
be larger in size than the E-Pages 210, L-Pages 212 may span more than one E-Pags,
and may even cross the boundaries of F-Pages 210, shown in Fig. 2 al numeral 217.
[6038] For example, where the LBA size is 512 or 512+ bytes, a maximum of, for
axampie, eight sequential LBAs may be packed into a 4 KB L-Page 212, given that an
uncompressed L-Page 212 may be 4 KB to 4 KB+, {tis 10 be noted that, according o
one embodiment, the exact logical size of an L-Page 212 is unimporiant as, after
compression, the physical size may span from few byles at minimum size o thousands
of bytes at full size. For example, for 4 TB 58D device, 30 bits of addressing may be
used to address each L-Page 212 {o cover for an amount of L-Pages that could
potentially be present in such a &0,

{60371 Fig. 3 shows a logical-lo-physical address translation map and illustrative
entries theraof, according 1o one embodiment. As the host data is referenced by the
host in L-Pages 212 and as the data slorage device stores the L-Pages 212 in one or

more contiguous E-Pages 210, a logical-to-physical address transiation map is required
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to enable the controlier 202 1o associate an L-Page number of an L-Page 212 o one or
more E-Pages 210. Such a logical-to-physical address translation map is shown in Fig.
3 at 302 and, in one embodiment, is a linear array having one entry per L-Page 212
Such a logical-to-physical address transiation map 302 may be stored in a volalile
memory, such as a DRAM or SRAM. Fig. 3 also shows the entries in the logical-to-
physical address translation map for four different L-Pages 212, which L-Pages 212 in
Fig. 3 are assodiated with L-Page numbers denoted as L-Page 1, L-Page 2, L-Page 3
and L-Page 4. According to one embodiment, each L-Page slored in the data storage
device may be pointed to by a single and unique entry in the logical-to-physical address
translation map 302. Accordingly, in the example being developed herewith, four
entries are shown. As shown at 302, each entry in the map 302 may comprise an L-
Page number, which may comprise an identification of the physical page {e.g., E-Page}
containing the start address of the L-Page being referenced, the offsel of the start
address within the physical page (e.g., E-Page) and the length of the L-Page. In
addition, a plurality of ECC bits may provide error correction functionality for the map
entry. For example, and as shown in Fig. 3, and assuming an E-Page size of 2 KB, L-
Fage 1 may be referenced in the logical-to-physical address translation map 302 as
follows: E-Page 1003, ofiset 800, length 1624, followed by a predetermined number of
ECC bits {nol shown). That is, in physical address terms, the start of L-Page 1 is within
(not aligned with) E-Page 1003, and is located al an offset from the starting physical
location of the E-Page 1003 that is equal to 800 bvites. Compressed L-Page 1,
furthermore, exiends 1,624 byles, thereby crossing an E-Page boundary o E-Page
1004, Therelore, E-Pages 1003 and 1004 each store a pordion of the L-Page 212
denocted by L-Page number L-Page 1. Similarly, the compressed L-Page referenced by
L-FPage number L-Page 2 is stored entirely within E-Page 1004, and begins at an offset
therein of 400 byles and exiends only 696 bytes within E-Page 1004. The compressed
L-Page associated with L-Page number L-Page 3 starts within E-Page 1004 at an offset
ot 1,120 bytes {just 24 bytes away from the boundary of L-Page 2} and extends 4,086
bytes past E-Page 1005 and into E-Page 1006, Therefore, the L-Page associated with
L-Page number L-Page 3 spans a portion of E-Page 1004, all of E-Page 1005 and a
portion of E-Page 1006, Finally, the L-Page associated with L-Page number L-Page 4
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begins within E-Page 1006 at an offset of 1,144 byles, and exiends 3,128 bytes to fully
span E-Page 1007, crossing an F-Page boundary into E-FPage 1008 of the next F-Fage.
[860838] Collectively, each of these constituent identifier fields {(E-Page, offsel, length
and ECC) making up each eniry of the logical-to-physical address transiation map 302
may be, for example, 8 bytes in size. That is, for an exemplary 4 TB drive, the address
of the E-Page may be 32 bits in size, the offsel may be 12 bits {for E-Page data portions
up to 4 KB) in size, the length may be 10 bits in size and the ECC field may be
provided. QOther organizations and bit-widths are possible. Such an 8 byte entry may
be created each time an L-Page is wrilten or modified, (o enable the controller 202 o
keep track of the host data, wrilten in L-Pages, within the flash storage. This 8-byle
entry in the logical-to-physical address franslation map may be indexed by an L-Page
number of LPN.  In other words, according (o one embodiment, the L-Page number
functions as an index into the logical-lo-physical address transiation map 302. ltis lo be
noted that, in the case of a 4 KB seclor size, the LBA is the same as the LPN. The
LPN, therefore, may constitute the address of the eniry within the volatile memory.
When the controller 202 receives a read command from the host 218, the LPN may be
derived from the supplied LBA and used to index inlo the logical-io-physical address
franslation map 302 to extract the location of the data 1o be read in the flash memory.
When the controller 202 receives a write command from the host, the LPN may be
constructed from the LBA and the logical-lo-physical address translation map 302 may
be modified. For example, a new eniry therein may be created. Depending upon the
size of the volatile memory storing the logical-to-physical address translation map 302,
the LPN may be siored in a single entry or broken info, for example, a first entry
identifying the E-Page containing the starting address of the L-Page in question {plus
ECC bits) and a second eniry identifying the offsel and length {(plus ECC bits).
According to one embodiment, therefore, these two entries may togsther correspond
and point to a single L-Page within the flash memory. in other embodiments, the
specific format of the logical-to-physical address fransiation map eniries may be
different from the examples shown above.

S-Joumals and S-Journal Map

(80381 As the logical-lo-physical address translation map 302 may be stored in a
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volatile memory, it may need o be rebuilt upon startup or any other loss of power {o the
volatile memory.  This, therefore, requires some mechanism and information o be
stored in a non-volatile memory that will enable the controller 202 to reconstruct the
logical-to-physical address transiation map 302 before the controller can “know” where
the L-Pages are stored in the non-volatile memory after startup or afler a power-fail
gveni. According (o one embaodiment, such mechanism and information are embodied
in a construct that may be called a System Journal, or S-Journal. According o one
gmbodiment, the controller 202 may be configured to maintain, in the plurality of non-
volatile memory devices {e.9., in one or more of the blocks 206 in one or more die,
channel or plane), a plurality of S-doumnals defining physical-to-logical address
correspondences.  According to one embodiment, each S-Journal covers a pre-
determined range of physical pages {e.g., E-FPages). According to one embodiment,
each S-Journal may comprise a plurality of journal entries, with each entry being
configured {o associate one or more physical pages, such as E-Pages, o the L-Page
number of each L-Page. According {o one embodiment, each time the controller 202
restarts or whenever the logicai-to-physical address translation map 302 is to be rebuill
either partighly or entirely, the controller 202 reads the S-dournais and, from the
information read from the S-doumal entries, rebuilds the logical-to-physical address
translation map 302.

[6040] Fig. 4 shows aspects of a method for updating a logical-to~-physical address
translation map and for creating an S-Journal enlry, according to one embodiment. As
shown therein, {0 ensure that the logical-to-physical address translation map 302 is kept
up-io-date, whenever an L-Page is wrilten or otherwise updated as shown at block B41,
the logical-to-physical address translation map 302 may be updated as shown at B42.
As shown at B43, an S-Joumnal enlry may also be created, storing therein information
pointing o the location of the updated L-Page. In this manner, both the logical-to-
physical address translation map 302 and the S-Joumnals are updated when new wriles
ocour {e.g., as the host issues writes {o non-volalile memory, as garbage
coliection/wear leveling occurs, etc.). Wrile operalions 10 the non-volatile memory
devices o maintain a power-safe copy of address translation data may be configured,

therefore, {0 be triggered by newly crealed journal entries (which may be just a few

10
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bytes in size) instead of re-saving all or a portion of the logical-to-physical address
transiation map, such that Write Amplification (WA} is reduced. The updating of the &-
Journals ensures that the controller 202 can access a newly updated L-FPage and that
the logical-lo-physical address ransiation map 302 may be reconsitrucied upon restart
or other information-erasing power event affecting the volatile memory in which the
logical-to-physical address translation map is stored. Moreover, in addition {o their
utility in rebuilding the logical-to-physical address translation map 302, the S-Journals
are useful in enabling effective Garbage Collection (GC). indeed, the S-Journails may
contain the last-in-lime update to all L-Page numbers, and also may contain stale
entries, entries that do not point to a valid L-Page.

[0041] According o one embodiment, the S-dourmnals may be the main flash
management daia wrilten o the non-volatile memory. S-Journals may contain mapping
information for a given S-Block and may contain the Physicai-to-Logical (P2L)
information for a given S-Block., Fig. 5 is a block diagram showing aspects of an S-
Journal, according fo one embodiment. As shown therein, each S-Joumal 502 covers a
predetermined physical region of the non-volatile memory such as, for example, 32 k-
FPages as shown at 506, which are addressabie using 5 bits. kach S-Journal 502 may
be identified by an S~Journal Number, which may be parl of a header 504 that could
inciude other information about the S-Joumal. The S-Journal Number may comprise a
portion of the address of the first physical page covered by the S~Joumnal. For example,
the S-dournal Number of S-dournal 502 may comprise, for example, the 27 Most
Significant Bits (MSb) of the first E-Page address covered by this S-Journal 502.

[6042] Fig. 6 shows an exemplary organization of one entry 602 of an S-dournal 502,
according o one embodiment. Each entry 602 of the S-Journal 502 may point to the
starting address of one L-Page, which is physically addressed in E-Pages. Each entry
632 may comprise, for example, a number (5, for example} of Least Significant Bils
(LSbs) of the address of the E-Page containing the start L-Page. The full E-Page
address is obtained by concatenating these 5 L3bs with the 27 MSbs of the S-Journal
Number in the header 504, In addition, the eniry 602 may comprise the L-Page
number, its offset within the identified E-Page and its size. For example, each entry 602

of an S-Journal may comprise the 5 LSbs of the address of first E-Page covered by this
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S-Journal entry, 30 bits of L-Page number, @ bits of £-Page offsef and 10 bits of L-Page
size, adding up to an overall size of aboul 7 byles. Various other intermnal journal entry
formats may be used in other embodiments.

(80431 According to one embodiment, due to the variability in the compression or the
host configuration of the dala stored in L-Pages, a variable number of L-Pages may be
stored in a physical area, such as a physical area egqual to 32 E-Pages, as shown at
536. As aresull of the use of compression and the consequent variability in the sizes of
L-FPages, S-Journals may comprise a variable number of eniries.  For example,
according to one embodiment, at maximum compression, an L-Fage may be 24 bytes in
size and an S-Journal may comprise over 2,500 entries, referencing an equal number of
L-Pages, one L-Page per S-Journal entry 802.

{60441 As noted above, an S-Journal may be configured to contain mapping
information for a given S-Block. More precisely, according to one embodiment, 5-
Journals contain the mapping information for a predetermined range of E-Pages within
a given 5-Block, Fig. 7 is a block diagram of a 5-Block, according o one embodiment.
As shown therein, an S-Block 702 may comprise one flash block (F-Block) 704 (as also
shown at 206 in Fig. 2) per die. An S-Block, therefore, may be thought of as a collection
of F-Biocks, one F-Block per die, that are combined together to form a unit of the Flash
Management System. According to one embodiment, allocation, erasure and GC may
be managed at the S-Block level. Each F-Block 704, as shown in Fig. 7, may comprise
a plurality of flash pages (F-Page) such as, for example, 256 or 512 F-Pages. An F-
Page, according to one embodiment, may be the size of the minimum unit of program
for a given non-volatile memory device. Fig. 8 shows a super page (5-Page), according
to one embodiment.  As shown therein, an S-Page 802 may comprise one F-Page per
F-Block of an S-Block, meaning that an S-Page spans across an entire S-Block.,

Ralationshins Among Various Data Structuras

{80457 Fig. 9A shows relationships among the logical-to-physical address translation
map, the S-dournal map and S-Blocks, according (o one embodiment. Relerence 902
denotes an entry in the logical-lo-physical address translation map (stored in DRAM in
ong embodiment).  According to one embodiment, the logical-lo-physical address

translation map may be indexed by L-Page number, in that there may be one entry 802
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per L-Page in the logical-to-physical address translation map. The physical address of
the stari of the L-Page in the flash memory and the size thereof may be given in the
map entry 202; namely by E-Page address, offset within the E-Page and the size of the
L-Fage. As noted earlier, the L-Page, depending upon its size, may span ong or more
E-Fages and may span F-Pages and F-Blocks as well.

[0046] As shown at 804, the volalile memory {e.g., DRAM) may also siore a System
Journal (S-Journal) map. An entry 804 in the S-Journal map slores information related
to where an S-Journal is physically located in the non-volatile memory. For example,
the 27 MSbs of the E-Page physical address where the start of the L-Page is stored
may constitute the S-Journal Number {(as previously shown in Fig. 5). The S-Journal
map eniry 904 in the volatile memory may also include the address of the S-Journal in
non-volatiie memory, referenced in system E-Pages. From the S-Journal map entry
904 in volatile memory, System S-Block Information 808 may be extracted. The System
S-Block Information 908 may be indexed by Syslem S5-Block (5-Block in the System
Band) and may comprise, among other information regarding the S-Block, the size of
any free or used space in the System S-Block. Also from the S-Journal map entry 804,
the physical location {expressed in terms of E-Pages in the System Band) of the
referenced S-Journal in non-volatile memory 810 may be exiracted.

100471 The System Band, according fo one embodiment, does not contain L-Page
data and may contain File Management System (FMS) meta-data and information. The
System Band may be configured as lower page only for reliability and power fail
simplification. During normal operation, the System Band need not be read except
during Garbage Collection. The Sysiem Band may be provided with significantly higher
gverprovisioning than the data band for overall WA optimization. Other bands include
the Hot Band, which may contain L-Page data and is frequently updated, and the Cold
Band, which may be less frequently updated and may comprise more stalic dala, such
as data that may have been collected as a result of GO, According o one embodiment,
the System, Hot and Cold Bands may be alincated by an &-Block basis.

[0048] As noled above, each of these S-doumnals in non-volatile memory may
comprise a coliection of S-dournal entries and cover, for example, 32 E-Pages worth of

data. These S-Journals in non-volatile memory 910 enable the controller 202 to rebuild
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not only the logical-lo-physical address translation map in volatile memaory, but also the
S-ournal map, the User S-Block Information 906, and the System S-Block information
908, in volatile memory.

[0048] Fig. 9B s a block diagram of an S-Journal Map 912, according o one
embodiment.  The S-Joumnal Map 912 may be indexed by S-Block number and each
entry thereof may point (o the start of the first S-Journal for thal S-Block which, in turn,
may cover a predetermined number of E-Pages {eqg., 32) of that S-Blockk The
controlier 202 may be further configured to build or rebuild a map of the S-Journals and
store the resulting S-dournal Map in volatile memory. That is, upon reslart or upon the
oceurrence of another event in which power fails or after a reslart subsequent {o error
recovery, the controlier 202 may read the pluralily of S-Joumnals in a predetermined
sequential order, build a map of the S-Journals stored in the non-volatile memory
devices based upon the sequentially read plurality of S-Journals, and store the built 8-
Journal Map €12 in the volatile memory.

Updating the logical-io-physical Address Translation Map

{60501 Figs. 10-13 are block diagrams Hiusirating aspects of a method of updating
the logical-to-physical address translation map, according o one embodiment.  As
shown in Fig. 10, a logical-to-physical address translation map 1002 contains an entry
{e.g., a location of an L-Page) for L-Page 100, which has a length of 3,012 byles. In this
example, L-Page 100 is stored in S-Block 15, as shown at 1006. A buffer 1004 {such
as a static random access memory (SRAM)) in or coupled to the controller 202 may
store the S-Journal that containg the P2L information for 5-Block 15 in which the L-Page
100 resides. What is shown in the buffer 1004 may actually reside in DRAM in some
embodiments. The User S-Block Info 908, whose entries are indexed by S-Block, may
comprise for each S-Block, among other information regarding the S-Block, the {(e.q.,
gxact or approximate) size of the free or used space in the &-Block, As shown in Fig.
10, the entry in the User 5-Block Info 206 for 5-Block 15 is shown. Fig. 10 shows an
flustrative state of these constituent functional blocks before an update to L-Page 100 is
processead by the controlier 202,

[0051] As shown in Fig. 11 at 1102, an updated L-FPage 100 is received, with a new
length of 1,534 bytes.  Responsive o the receipt of the updated L-Page 100, the L-
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Page 100 information may be feiched from the logical-to-physical address transiation
map 1002 and the length {3,012 bytes) of the {now obsolete) L-Page 100 may be
exiracted therefrom and used to correspondingly and precisely increase the tracked free
space value of S-Biock 15, In particular, the User S-Block Information 808 may be
updated with data indicating that 5-Block 15 now has 3,012 additional byles of free
space, now that the original data for L-Page 100 is now siale {e.g., ocbsolele).

[80852] As shown in Fig. 12, the logical-to-physical address fransiation map 1002
may be updated to accommodate the updated L-Page. For example, the length
information is now 1,534 bytes. Thereafter, the S-Journal in the buffer 1004 for the
particular portion of 5-Block 15 where the update cccurs may now be updated with the
new L-Page information, including length information and the L-Page newly received
from, for example, a compressor may be read inlo the buffer 1004, While the new L-
Fage is in the buffer, the entry for L-Page 100 in the logical-lo-physical address
translation map 1002 may lemporarily reflect its location in the buffer, as shown by the
arrow labeled “17. Later, the updaied L-Page 100 may be flushed to the Hot S-Block
1008, at the £-Page address specified by the newly-created entry in the now updated S-
Journal still in the buffer 1004. The mapping fable entry in the logical-to-physical
address transiation map 1002 is updated o reflect the physical E~-Page address and
offset of the L-Page’s final destination, as suggested by arrow “27,

[6053] As shown in Fig. 13, at some later point in time such as, for example, after
accumuiating a sufficient number of new entries, the S-Journal in the volatile memory
buffer 1004 may be writien out to non-volatile memory, such as to the System S-Block
1010, The System S-Biock 1010 may be a portion of the flash memory allocated by the
controller firmware {o store S-Journals. The saving of the &-doumnal in non-volatile
memory enables the later reconstruction of the logical-lo-physical address translation
map, as nesded.

Undaling the S-Journals and S-Journal Mag

[6054] Figs. 14-17 are block diagrams illustrating aspects of a method of updating S-
Journals and the S-Journal Map in the Sysiem Band, according (o one embodiment.
The figures illusirate additional details relating to the update mechanisms of S-Journal

riggered by the same example update to L-Page 100. As shown therein, an S-Journal
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Map 1402 in volatile memory (e.g., synchronous dynamic random-access memory
(SBRAM}), may contain an entry that points o the physical location, in non-volatile
memory, of the S-Journal that confains the P2L mapping dala associaled with L-Page
100, In the iHuslrative example, the relevant S-Joumnal (Le., S-Journal for a particular
portion of S-Block 15 storing L-Page 100) is localed in System S-Block 3 (at 1408},
starting at E-Page 42.

[80855] Thereafter, as shown Fig. 15, L-Page 100 is updated, with a length of 1,534
bytes. The information {e.g., E-Page address, offset and length) regarding current L-
Fage 100 may then be fetched from the logical-io-physical address translation map
1002, Thereafter, the address of the E-Page storing L-Page 100 may be used (o exiract
the S-Journal Number used to locale the S-Joumnal entry within the S-Jdournal Map
1402, For example, in the case wherein, as shown at Figs. 5 and 8, the S-Journal
Number may comprise the 27 Mbbs of the first 32-bit E-Page address. This S-Journal
number may then be used {o index into the S-Journal Map 1402 to obtain the location,
which may then be used to identify the System S-Block that contains the S-Journal of
interest. Thereafter, as shown at Fig. 15, the System S-Block information 808 may be
updated to reflect the fact that the journal entry for L-Page 100 in the S-Journal at 5-
Block 3 is now invalid, as the space previcusly cccupied by that entry has now been de-
allocated, in view of the recent update o L-Page 100. That de-allocaled space is now
free space, and must be accounted for. Alternatively, used space may be accounted for
and the free space derived therefrom. The eniry in the System S-Block information 808
for S-Block 3 may, therefore, be incremented by a space taken by one S-Journal entry;
namely, 7 bytes in the exemplary implementation being developed herein. This emply
space may thereafter be {aken into account during GC of the System Band.

{0561  As shown in Fig. 16, L-Page 100 may then be writlen to the buffer 1004, as
shown at 1005, whereupon the logical-io-physical address franslation map 1602 may be
updated to point to the buffer 1004 (indicating the physical location where L-Page 100 is
stored) and o store the length of the updated L-Page 100 (1,534 in the esxample being
developed herein). it is {0 be noted that, at this point, System 5-Block 3 still includes an
S-Journal entry that poinis {o S-Block 15 at reference 1008 as containing L-Page 100

However, the System S-Block Info for 5-Block 3 has been updated so as to indicale that
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the space presently occupied by the now ouldated S-Journal entry within the System &-
Block 3 at reference 1408 is, in faci, free space.

[0057] Fig. 16 also shows a different S-dournal in the buffer. In one embodiment, the
S-tournal in the buffer 1004 is for recording new L-Pages wrilten to the Open Hot 5-
Block 7. In this example, the S-Journal in the buffer 1004 {which has not yet been
flushed {o the non-volatile memory) is updated with the L-Page number of updated L-
Fage 100 (now in the buffer also) and its length information, as indicated by the arrow at
1007 in Fig. 16. L-Page 100 may now be flushed from the buffer 1004 (o the currently
open Hot S-Block 7, as referenced at 1404 in Fig. 16, At that point, the S-Joumnal in the
buffer is updaled to reflect thal updaied L-Page 100 has been wrilten to the non-volalile
memaory.  Allernatively, the logical-to-physical address translation map 1002 and the 5-
Journal may be updated with the address of the updated L-Page 100 prior 1o the
updated L-Page 100 being wrillen to the non-volatile memory. In one embodiment, an
updated entry in that S-Journal will contain the E-Page pointed to by the new L-Page
100°s entry in the logical-to-physical address transiation map 1002 and additional
information about L-Page 100, as previously shown in Fig. 6.

[0058]  As shown in Fig. 17, after accumulating sufficient data, the S-doumal in the
bufier 1004 may be writlten out to an open System S-Block 1 {referenced at 1408). In
this example, this S-Journal is writlen out {0 E-Page 19 of open System S-Block 1. The
S~Journal Map 1402 now comprises one entry indicating that a portion of S-Block 15 is
stored in System S-Block 3, E-Page 42, However, the eniry within that S~Journal which
poirted {o the old location of L-Page 100 within S-Block 15 is no longer valid. The &-
Jounal Map 1402 also comprises one entry indicating that S-Journal tor S-Block 7 is
stored in System S-Block 1, E-Page 19, That S-Joumal includes a valid entry that
points o open Hot &-Block 7 at 1404 as the location in non-volatile memory of the
updated L-Page 100. in this manner, the S-Journals containing the P2L information are
updated in the bufler 1004, and are eventually written out to non-volatile memory. in
addition, the S-Journal Map 1402 may be suilably updated {o point to such newly
updated S-dournals. Moreover, the logical-to-physical address translation map 1062
may be suitably updated o point to the correct open Hot S-Block.

[06059] Advantageously, on a new write, the S-Journal construct as shown and
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described herein minimizes write overhead. According to one embodiment, a new write
operation necessitates writing a new S-Joumnal entry in the non-volatile memory. Since
there is only a small amount of S-Journal entry data per L-FPage generaled {g.g., 7 byles
as described herein), the WA due lo sysitem data writes is reduced as compared to
conventional systems.  S-Journal data is effectively a massive command history.
Updated S-Journal data is pooled up and writlen out sequentially to the System Band.
The S-Joumnal sysiem shown and described herein is efficient, as the mapping
information that is generated is the same as the daia (o be writlen, with no additional
unchanged entries, as only that which is changed is writlen {o non-volatile (e.g., flash)
memory, as opposed to all or a portion of a logical-to-physical map.

(00807 On power up, all the S-Journal data in the System Band may be read and
processed into DRAM io rebuild the logical-to-physical address transiation map in
volatite memory. According to one embodiment, this is done in the order in which the S-
Blocks are allocated to the System Band. In one embodiment, hardware support is
used {o enable this large daia load o occur quickly to meet power-up timing
reguirement {this may nol be praclical without hardware, since this is essentially
generating the logical-to-physical address translation map from the command history).
According to one embodiment, an S-Journal Map is also constructed at power-up to
point to valid S-Journals stored in the System Band.

Garbage Collection of User Data S-Blocks

[6061] Figs. 18-21 are block diagrams illustrating aspects of garbage collection,
according to one embodiment.  As shown therein, the data in the User S-Block
information 906 may be scanned o select the "best” S-Biock {o garbage collect. There
are a number of criteria that may be evaluated o select which 5-Block fo garbage
coliect. For example, the best S-Block to garbage collect may be that 5-Block having
the largest amount of free space and the lowest Program Erase (PE) count
Alternatively, these and/or other criteria may be weighied to select the 5-Block to be
garbage collected. For purposes of example, the 5-Block selecled to be garbage
coliected in Figs. 18-21 is §-Block 15, which is referenced by information entry 15 within
the User S-Block Information 806, showing some amount + 3,012 bytes of free space

{the additional 3,012 bytes o account for the recently obsoleled L-FPage 100). ltistobe
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noted that the User S-Biock Information 806 may comprise, among other ilems of
information, a running count of the number of PE cycles undergone by each tracked S-
Block, which may be evaluated in deciding which &-Block to garbage collect. As shown
at 1006, S-Block 15 has a mix of valid data (hashed blocks) and invalid data {(non-
hashed blocks).

[80062] Now thal 5-Block 15 has been selected for GC, the S-Journal Map (see 912
in Fig. 98) may be consulted {e.q., indexed inlfo by the S-Block number) to find the
location in non-volatile memory {e.g., E-Page address) of the corresponding S-Journals
for that S-Block. To iliusiraie an example, one S-dournal pointed to by the S-Journal
Map 912 is located using the S-Journal Number (27 MSb of E-Page Address), and read
into the buffer 1004, as shown in Fig. 18. That is, the 1 or more E-FPages in the System
S-Block 1804 poinfed to by S-Journal Map 812 are accessed and the S-Journal siored
beginning at that location may be read inio the buffer 1004, In one embodiment, the 5-
Journal map also contains the length of the S-Journal since an S-dournal may span one
or more E-Pages. An S-Journal may be quile large and, thersfore, may be read in
pieces and processed as available.

(60631 Thereafter, each P2L entry in the S-dournal in the buffer 1004 may then be
compared o the corresponding entry in the logical-lo-physical address translation map
1802. For each entry in the S-Journal in the buifer 1004, i may be determined whether
the physical address for the L-Page of that entry maiches the physical address of the
same L-FPage in the corresponding entry in the logicaltto-physical address translation
map 1802, if the two match, that entry in the S-Journal is valid. Conversely, if the
address for the L-Page in the S-Journal does not match the entry for that L-Page in the
logical-to-physical address transiation map, that entry in the S-Journal is not valid.
{00841 According o one embodiment, as valid entries are found in the S-doumnal
whose entries are being parsed and compared, the referenced L-Pages may be read
out of &-Block 15 and wrillen 1o the buffer 1604, as shown in Fig. 19, The sams
process may be used for other S-doumals covering S-Block 15 until the entire &-Block
is processed. As also shown in Fig. 19 at reference 1006, S-Block 15 now contains
only invalid data. This is because the dala indicated as valid by entries in S-Joumnals for
S-Block 15 have been preserved and will soon be moved {0 a new S-Block., In the
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Hustrated example, as the entries in the example S-doumnal of 5-Block 15 in System S-
Block 1804 point o such invalid data, that S-Journal is shown as being hashed,
indicating that it is now stale. The logical-lo-physical address translation map 1802 may
then be updated, generaling a new E-Fage starling address for the valid data read inlo
the buffer 1004, H is o be noled thal during the updale of the logical-to-physical
address transiation map, the map may be rechecked for valid entries and may be
locked during the map update process o guaranies atomicily. The valid data will also
necessitate new S-Journal entries be generaled in S-dournal 1005, which in one
embaodiment is for the Cold S-Block 1801,

[6065] In one embodiment, the valid data may then be written oul {o the Cold S-
Block 1801 {the Hot 5-Block being used for recently written host dala, not garbage
coliected data), as shown at Fig. 20. Al some later time (g.g., after a sufficient number
of entries have been populated), S-dournal 1005 may be wrillen out to the System S-
Block 1804 in the System Band. S-Block 15 has now been garbage collected and User
3-Block Info 906 now indicates that the eniire 5-Block 15 is free space. S$-Block 15 may
thereafter be erased, ifs Pk count updated and made available for new writes. ltis fo
be noted that an invalid S-dournal is still present in System S-Block 1804, The space in
flash memory in the System Band occupied by this invalid B-dournal may be garbage
coliected at some later time.

Garbage Collection on Svystem S-Blocks

[6066] Figs. 22-26 are block diagrams illusirating aspecis of garbage collecting a
systemn block, according to one embodiment. In the example being developed in Figs.
22-26, it is assumed that System S-Block 3, shown at referenced 2208 in Fig. 22, has
been picked for garbage collection. Once a System S-Block has been picked, all of the
E-pages {and by exiension, all S-Joumals contained therein} within the picked System
S-Block may be read (sequentially or non-segquentially) into the buffer 1004,

{0871  As suggested in Fig. 23, the S-Journal numbers for one or more of the &S-
Journals read into the buffer 1004 may then be exiracted from the headers of the &-
Journals. Each such System S-Jourmnal number may then be used (o look up in the &-
Journal Map 2202 {o determine whether the corresponding S-Joumnal is still valid

According to ong embodiment, invalid S-Journals are those S-Journals whose S-Journal
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number is not maiched by a corresponding eniry in the S-Journal Map 2202, which has
the most updated information on where S-Jdoumnals are physically stored. For example,
if the entry in the S-Journal Map 2202 for S-dournal Number “12345” points to an E-
Page within System S-Block 120, the copy of S-Journal "12345” in &-Block 3 {the &-
Block being garbage collected) is obsolete. Likewise, if the S-Journal Map entry instead
points to the E-Page from S-Block 3 where S-Journal “123457 currently resides, S-
Journal “123457 is still valid.

{60681 In one embodiment, a valid S-dournal being garbage collected may include a
mix of valid and invalid entries, thus individual checking of the entries is needed. As
shown in Fig. 24, each entry in each valid S-Jdournal 2402 may then be matched with a
corresponding entry in the logical-to-physical address translation map 1802 in memory.
That is, the E-Page address of the L-Page referenced by each S-Journal entry may be
compared with the E-Page address of the L-Page specified in the logical-to-physical
address transiation map 1802, if the two mailch, thal S-Journal entry is valid. According
to one embodiment, it may be necessary 1o compare the E-Page address and the offset
within the E-Page in the S-Journal with the E-Page address and the offset within the k-
page of the L-Page specified in the logical-to-physical address transiation map 1802,
Conversely, it the E-page address {or E-page address and offset) for the L-Page in the
S-Journal does not maich the E-Page address (or E-page address and ofiset) in the
entry for that L-Page in the address translation map 1802, that entry in the S-Journal is
not valid.

[0069] According to one embodiment, as valid entries are identified in the S-Journal
2402 (whose entries are being parsed and compared), they may be copied {0 a new
version 2502 of the S-Journal 2402, as shown in Fig. 25, The &-dournal 2502,
according to one embodiment, may have the same S-dournal number as that of the 5-
Journal 2402, In this manner, each S-Journal loaded info the buffer 1004 from the &-
Block picked for GC may be first determined to be valid or invalid at the journal level,
and then, if determined valid, compacied (o contain only valid eniries. According o one
embodiment, invalid S-doumnal eniries are simply not copied to the new version of the &-
Journal 2502, Accordingly, i is expecied that the new version 2502 of the S-Journal will

be smaller {i.e., comprise fewer entries) than the older version 2402 thereof, presuming
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that the S-dournal 2402 had one or more obsolete entries. it is to be noted that if an &-
Journal has all valid entries, the size of the new version thereof will remain the same.
88701 As shown in Fig. 26, the S-Journal 2502 (the new version of the S-Journal
2402, which is now invalid or obsclele) may then be writien {o the current open System
S-Block which, in Fig. 28, is Open System S-Block 1, reference numeral 22006.
Thereafler, the S-Journal Map 2202 may be updated with the new location of the &-
Journal 2502 in Open System S-Block 1. Al the end of this process, the S-dournals in
System S-Block 3 (2208) have been garbage coliected and System S-Block 3 may then
be erased and made available for future programming.

[6071] While cerlain embodiments of the disclosure have been described, these
embodiments have been presented by way of example only, and are not intended o
imit the scope of the disclosure. Indeed, the novel methods, devices and systems
described hersin may be embodied in a varety of other forms. Furthermore, various
ormissions, substitutions and changes in the form of the methods and systems described
herein may be made without depariing from the spirit of the disclosure. The
accompanying claims and their equivalents are intended {0 cover such forms or
modifications as would fall within the scope and spirit of the disclosure. For example,
those skilled in the art will appreciate that in various embodiments, the actual physical
and logical structures may differ from those shown in the figures. Depending on the
embodiment, cerlain steps described in the example above may be removed, others
may be added. Also, the features and atiributes of the specific embodiments disclosed
above may be combined in different ways {0 form additional embodiments, all of which
fall within the scope of the present disclosure. Although the present disclosure provides
certain preferred embodiments and applications, other embodiments that are apparent
to those of ordinary skill in the art, including embodiments which do not provide all of the
features and advantages set forth herein, are also within the scope of this disclosure.
Accordingly, the scope of the present disclosure is intended {o be delined only by

reference {o the appended claims.
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CLAIMS:

1. A data storage device, comprising:

a plurality of non-volatile memory devices, each configured o store a plurality of
physical pages, each of the plurality of physical pages being stored at a predetermined
physical location within the plurality of non-volatile devices;

a controller coupled to the plurality of memory devices and configured to program
data to and read data from the plurality of memaory devices, the data being slored in a
plurality of logical pages (L-Pages), each of the plurality of L-Pages being associated
with an L-FPage number that is configured {o enable the controller {o logically reference
data stored in one or more of the physical pages; and

a volatile memory comprising a logical-lo-physical address translation map
configured to enable the controller to determing a physical location, within ong or more
physical pages, of the data stored in each L-Page;

wherein the controller is configured to maintain, in the plurality of non-volatile
memory devices, a plurality of journals defining physical-to-logical correspondences,
gach of the plurality of journals being associaled with a journal number, gach journal
covering a pre-determined range of physical pages and comprising a plurality of journal
entries, each entry being configured to associaie one or more physical pages to each L-
FPage, wherein the controller is condigured o read the plurality of journals upon starfup
and rebuild the address translation map stored in the volatile memory from the read

plurality of journals.

2. The data siorage device of claim 1, wherein the coniroller is further
configurad o, upon an update to one of the plurality of L-Pages, creale a new entry in

one of the plurality of journals.

3. The data storage device of claim 2, wherein write operations to the non-
volatile memory devices o maintain a power-safe copy of iransiation data are
configured {o be triggered by newly created joumnal entries instead of saving at least

portions of the translation map, such that write amplification is reduced.
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4. The data storage device of claim 2, wherein the new enlry indicates a

physical location, within a physical page, of a start of the updated L-Page.

5. The data storage device of claim 2, wherein the controller is further
configured to update a free space accounting by an amount corresponding to a length

of the L-Page prior to being updated.

8. The dala siorage device of claim 1, wherein at least one of the plurality of

L-FPages is unaligned with physical page boundaries.

7. The data storage device of claim 1, wherein the physical pages are
implemented as Error Correcling Code (ECC) pages (E-Pages) and whergin the
plurality of devices comprises a plurality of flash memory blocks, each flash memory
block comprising a plurality of flash memory pages {(F-Pages), each of the F-Pages
comprising a plurality of the E£-Pages, each of the plurality of E-Pages being stored at a

predetermined physical location within the plurality of devices.

8. The data siorage device of claim 2, wherein the coniroller is further
configured o update the translation map with the physical iocation, within one or more

physical pages, of the data referenced by the L-Page number of the updated L-Page.

9. The data storage device of claim 1, further comprising a plurality of super
blocks {S5-Blocks), sach comprising one or more flash memory biocks per device and
wherein each of the plurality of journal entries is configured o associate one or mors of

the physical pages of the S-Block {o each L-Page.

10,  The data storage device of claim 9, wherein the coniroller is further
configured to garbage collect by at least:
selecting one of the plurality of S-Blocks o garbage collect;

comparing each entry in a journal for the selecled S-Block {o entries in the
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franslation map and designating entries that maich as valid and eniries that do not
match as invalid;

reading the L-Pages corresponding to the valid eniries;

writing the read L-Pages o respective physical addresses within the plurality of
non-volatile memory devices;

updating the translation map for the valid enltries o point to the respective
physical addresses; and

generaling new journal entries for the entries for which the transiation map was

updated.

11, The data storage device of claim 9, wherein the coniroller is further
configured to garbage collect by at least:

selecting one of the plurality of 5-Blocks o garbage collect;

reading the physical pages of the selected 5-Block;

comparing L-Page numbers in the read physical pages of the selected S-Block to
entries in the translation map and designating entries that match as valid and entries
that do not maich as invalid;

writing the L-Pages corresponding to the valid entries to respeclive physical
addresses within the plurality of non-volatile memory devices;

updating the translation map for the valid entries {0 point to the respective
physical addresses; and

generating new journal entries for the entries for which the transiation map was

updated.

12. The dala siorage device of claim 10, wherein selecling comprises
weighing free space and program erase (PE} count in determining which &-Block to

select.
13.  The data silorage device of claim 1, wherein each journal number

comprises a predelermined number of most significant bits of an address of a first

physical page covered by the journal.
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14.  The data storage device of claim 1, wherein each of the plurality of journal
entries comprises:
an L-Page number, and

a physical address location.

15. The daia storage device of claim 1, wherein each of the plurality of journal
gntries comprises:

an L-Page number;

a physical address location of a physical page, and

an L-Page size.

16. The data storage device of claim 1, wherein each of the plurality of journal
gntries comprises:

a predetermined number of least significant bits of an address ¢f a physical page
that includes a start of an L-Page;

an address;

an L-Page size; and

an offset into the physical page.

17.  The data siorage device of claim 1, wherein the plurality of L-Pages are
configurad o be compressed and to vary in size, and wherein the plurality of joumnal
numbers are configured to reference a greater number of L-Pages of smaller size or a

lesser number of L-Pages of greater size.

18,  The data storage device of claim 1, wherein the coniroller is further
configured {o read the plurality of journals upon stariup in a predetermined sequential
order and rebuild the translation map siored in volatile memory based upon the

sequentially read plurality of journals.

19. The dala storage device of claim 1, wherein the controller is further
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configurad to build a journal map based on the plurality of joumnals.

20. The data storage device of claim 1, wherein the coniroller is further
configured to:

read the plurality of journals upon startup in a predetermined sequential order;

build a map of the journals stored in the non-volatile memory devices based upon
the sequentially read plurality of journals, and

store the buill map of the journals in the voiatile memory.

21, The data storage of device of claim 1, wherein, among journal entries
associated with a given L-Page, only a last-in-lime updated journal entry assodiated

with the given L-Page is valid.

22. The dala storage device of claim 1, wherein the controller is further
configured 1o maintain a system journal map of the plurality of journals in the volatile
memory, each entry in the sysiem journal map pointing to a location in the non-volatile

memory devices where one of the plurality of journals is stored.

23. A method of controlling a data storage device comprising a volatile
memory and a plurality of non-volatile memory devices, each of the plurality of non-
volatile devices being configured o store a plurality of physical pages, each of the
plurality of physical pages being stored at a predetermined physical location within the
plurality of non-volatile devices, the method comprising:

storing data in a plurality of logical pages {L-Pages), each of the plurality of L-
Pages being associated with an L-Page number that is configured {o enable the
controller to logically reference data stored in one or more of the physical pages;

maintaining a logical-to-physical address translation map in the volatile memory,
the franslation map being configured to enable determination of a physical location,
within one or more of the physical pages, of the data stored in each L-Page;

maintaining a plurality of journals defining physical-to-logical correspondences in

the plurality of non-volatile memory devices, sach of the plurality of journals being
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associated with a joumnal number, sach joumnal covering a pre-delermined range of
physical pages and each comprising a plurality of journal eniries, each entry being
configurad to associate one or more physical pages to each L-Page; and

reading the plurality of journails upon startup and rebuilding the transiation map

stored in volatile memory based upon the read entries in the plurality of journals.

24, The method of claim 23, further comprising creating a new entry in one of

the plurality of journals upon an update to one of the pluralily of L-Pages.

25, The method of claim 24, further comprising triggering write operations {o
the non-volatile memory devices to maintain a power-safe copy of transiation data
based on newly created joumnal entries instead of saving al least portions of the

translation map, such that a write ampilification is reduced.

26.  The method of claim 24, wherein the new enlry indicales a physical

location, within a physical page, of a start of the updated L-Page.

27. The method of claim 24, further comprising updating a free space
accounting by an amount corresponding 1o a length of the L-Page prior o being

updated.

28. The method of claim 23, wherein storing comprises storing at least one of

the plurality of L-Pages at a location that is unaligned with physical page boundaries.

29. The method of claim 23, wherein the physical pages are implemented as
Error Correcting Code {(ECC) pages {E-Pages) and wherein the plurality of devices
comprises a plurality of flash memory blocks, each flash memory block comprising a
plurality of lash memory pages {(F-Pages), each of the F-Pages comprising a plurality of
the E-Pages, each of the plurality of E-Pages being stored at a predelermined physical

location within the plurality of devices.
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30. The method of claim 23, further comprising updating the transiation map
with the physical location, within one or more physical pages, of the data referenced by

the L-Page number of the updated L-Page.

31. The method of claim 23, wherein the plurality of devices comprises a
plurality of super blocks (5-Blocks), each comprising one or more flash memory blocks
per device and whergin each of the pluralily of journal eniries is configured (o

associated one or more of the physical pages of the S-Block to gach L-Page.

32.  The method of claim 31, further comprising:

selecting an S-Block to garbage collect;

comparing each entry in a journal for the selected S-Block to entries in the
translagtion map and designating entries that malch as valid and entries that do not
match as invalid;

reading the L-Pages corresponding (o the valid eniries;

writing the read L-Pages o respective physical addresses within the plurality of
non-volatile memory devices;

updating the translation map for the valid entries {0 point to the respective
physical addresses; and

generaiing new journal entries for the entries for which the transiation map was

updated.

33.  The method of claim 31, further comprising

selecting one of the plurality of S-Blocks to garbage collect;

reading the physical pages of the selected S-Block;

comparing L-Page numbers in the read physical pages of the selected S-Block to
entries in the translation map and designating entries that match as valid and entries
that do not match as invalid;

writing the L-Pages corresponding to the valid entries to respective physical
addresses within the plurality of non-volatiile memaory devices;

updating the translation map for the valid enltries o point to the respective
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physical addresses; and
generaling new journal entries for the entries for which the transiation map was

updated.

34. The method of claim 32, wherein selecting comprises weighing free space

and program erase (PE) count in determining which $-Block o select.

35.  The method of claim 34, wherein the joumnal number comprises a
predelermined number of most significant bits of an address of a first physical page

covered by the journal.

36. The method of claim 23, wherein each of the plurality of journal entries
comprises:
an L-Page number, and

a physical address location.

37. The method of claim 23, wherein each of the plurality of journal entries
comprises:

an L-Page number;

a physical address location of a physical page, and

an L-Page size.

38. The method of claim 23, wherein each of the plurality of joumnal entries
comprises:

a predetermined number of least significant bits of an address of a physical page
that includes a start of an L-Pagse;

an address;

an L-Page size; and

an offset info the physical page.

39. The method of claim 23, further comprising selectively compressing the
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plurality of L-Pages such that the plurality of L-Pages vary in size and wherein the
plurality of journals are configured to reference a greater number of L-Pages of smaller

size or a lesser number of L-Pages of greater size.

40. The method of daim 23, wherein reading the plurality of journals upon
startup and rebuilding the translation map comprises reading the plurality of journals
upon starfup in a predetermined sequential order and rebuilding the transiation map

stored in volatile memory based upon the read plurality of journals.

41, The method of claim 23, wherein the controller is further configured to

build a journal map based on the plurality of journals.

42,  The method of claim 23, further comprising:

reading the plurality of journals upon startup in a predelermined sequential order;

building a map of the journais stored in the non-volatile memory devices based
upon the sequentially read plurality of journals, and

storing the buill map of the journals in the volatile memory.

43.  The method of claim 23 wherein, among journal entries associated with a
given L-Page, only a last-in-time updaied journal eniry associaled with the given L-Page

is valid.

44. The method of claim 23, further comprising maintaining a system joumnal
map of the plurality of journals in the volatile memory, each entry in the system journal
map pointing to a location in the non-volatile memory devices where ong of the plurality

of journals is stored.

45, A data storage device controller, comprising:
a processor configured o couple to a volatile memory and o a plurality of
memory devices, each of the plurality of memory devices being configured to slore a

plurality of physical pages at a predeterminad physical location within the plurality of
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non-volatile devices, the processor being further configured to program data o and read
data from the plurality of memory devices, the data being stored in a plurality of logical
pages (L-FPages), each of the pluralily of L-Pages being associaled with an L-Page
number that is configured to enable the processor {o logically reference data siored in
one or more of the physical pages, the volatile memory being configured to store a
logical-to-physical address translation map configured to enable the processor {o
determineg a physical location, within one or more physical pages, of the data stored in
gach L-Page,

wherein the processor is configured to maintain, in the plurality of non-volatile
memory devices, a plurality of journals defining physical-to-logical correspondences,
each of the plurality of journals being associated with a journal number, each joumnal
covering a pre-determined range of physical pages and comprising a plurality of journal
entries, each entry being configured o associate ong or more physical pages o gach L-
Page, wherein the processor is further configured to read the plurality of journals upon
startup and rebuild the address translation map stored in the volatile memaory from the

read plurality of journals.
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[oo08] & 4 7t TR HE— AN 19 T 5E B8 B A L B b DA F T O S
HE%& B J7TH .

[0009] & 5 ZHRE—SLE ] i S H A KIHEE

[o010] & 6 JRH THRIE— A SLREBI S HER—%% B B4 2454 .

[oo11] & 7 ZARAE— i R (S H) HIHER .

[0012] & 8 7n it T HRAE — NS a0t (S 1) 19 55— A .

[0013]  [&] 9A 7 th TR — N SEHEA 1 32 5 B W R M bk A e st .S HAEAT S $z [ o
o

[0014]  [&] 9B SR — LB R S H AW HIHE

[0015] & 10 St AR — AN St 491 11 o) 32 6 )47 350 b - 268 60 Bl 5 3047 S BT 1K 7 V1
J5 THIHE .

[0016] & 11 J&om HY 1 R4 — AN Sl 5] (1) Xof 32 5 380 47 PR b B 266 60 e B 47 X BT 10 7 VR 1)
F—J7 H RIHER

[0017] P& 12 J&on T ARG — AN S 191 [ o) 3% 56 ) 42 25 b - 266 60 ool B 8047 S BT 1R 7 V1)
N — 75 THI [IAE ]

[0018] P& 13 St T ARG — AN S 191 11 ot 3% 6 ) 47 2 b - 268 460 ool B 8047 S BT IR0 7 VR 1)
4 — 77 TH A ]

[0019] & 14 JEor i THRIE—ANSEHEBIRIXT S HAER S H B bt 3ET 58 3 i 77510 5
FAIAE P

[0020] P& 15 J&on i TARIE—ANSEHEMI T S HAER S H B3 T 8 3 i 5 —
77 H FIHER] .

[0021] & 16 J&or  THRIE—ANSEHEHI s S HAER S H w317 58 Jr i 7 im0 3 —
77 H FIHER] .

[0022] P& 17 j&onH TARIE—ANSEREHI ot S HAER S H B w317 58 Jr i ik is—
77 H FIHER] .

[0023] & 18 J& T MR — AN St 4] F o S SC B 1 T A B

[0024] & 19 J&7nth 7 AR — AN St i s SRSCER 19 55— 5 T R HE 1

[0025]  &] 20 J& i T ARYE— A SEE A 1 2y SRR I S — D T I AE P
[0026] & 21 J&rn 7 ARAE — AN St i s SRSCER (38 — T T R HE 1]

[0027] & 22 J&in AR — AN S (o0 R Gu Bt AT S R B 5 T HE K
l0028] & 23 JEor T AR — NS (K 0 R Gr AT B I S R A 5 — T T RO HE
[0020] [ 24 JEoR T MR — AN S2E ] 6 2R GrBidk AT b R B 1 S T R HE I
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[0030]  [&] 25 et AR — AN SR ] 0 2R Gr BB AT BRSO B HA i AOHE
[0031] &1 26 fean i 1 ARHE — A SLHE ] f0) 22 Gr AT BB WO 19 SCHAR i A HE

BREHEA

[0032] ZRGiHEik

[0033] & 2 &7 tH T AR HE — A St ] P A A7 1A A T A R U 2 3 5 ) R U
LRI T I o AE— AW, B A 1 %A SSDe 1E 55— St v, BdE A7k
W e B0 HE TN AT 2 N B AL REAT A AR W VR A RN 3 o A AFFBEE R T SSD AR
A T AR TR R, 23T SSD B SEI R XS & Fhsg i 4l 4T #ih . R4k
— NS, B AT T AR R 202 ] DABE AL B OV A B an bt B AR IE 218 &b PR E AL,
FHL 218 7] LR A B HH T HE (LBA) 7%, A% LBA BN~ 2 H 2 1, (Hi2 LR
AR LBA B R a0, LBA (RN Al DA & 2 O A4z OB M AN . s2fs b, R
512 7 At i LI, 15 4KB t A4S 50 i W, 512+ (520,528 %5 ) A1 4KB+ (4KB+8. 4KB+16 %5 )
P FEER W WL AP BTN, BE A7k B &4 B 2% 202 7] DUVELRS 1T 2947 2% 204 B4 37T
AAFAY 204, TUAFAZAE 204 A] DA B AT H18s 202 Refi M AR 47 6if 150 & S BUEUE DA
B AT s BB AT 5 % o FEHI 2% 202 7T DAREEC B oM BTk 5 3241 218 FIEdE V7 i A
AT BEAT g FE I EL A DR AF il 25 1 2 I B 2 S BRI o /8 A S AR 8 o 0 B DN R A7 i
A5, EAR LY IR MR (1), 47 45 T2 IO BE 2 AT DAL HE 25 Bl S 2 1 Al 55 O PRATAid 28 10 4% R 1
— AT, FriRAE T R HEAT i 35 B 24 0 A2, TN T B LI LR 2R RAML(C-RAM)  AH AR A7 fiks
2% (PC-RAM B PRAM) - 1] 4% F2 4 JE AL 5. 7T RAM (PMC-RAM BX, PMCm) « brvfEAL A7 fif 2% (OUM)  FELAR
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BAA ) NOR 7 fi 45 EEPROM. 2k FLAK A7 fis 25 (FeRAM) - BZZFH RAM (MRAM)  HoAth 23 37 () NVM ( FE
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[0034]  TUZFAE2% 204 T AKRTC B 8 12060 25 202 BEME M S5 51) rhisz BRUBLHE DA R 0 B 474k
BUIRER o WM — AR, AT 1 2 B A& ROBE S n] DUEL R &S (i, 128 NS ) Wi
2N ARG R R A, KR B — a2 A, W 2 11 206 &b FTR . HAh T A7
2204 (CRn ) AT DU A B HAh A & L. SEA 70— TN IEB R 20 A ] DU R o
HE S B 7E— 2L ST, TR S BB g E AT DA — N B AN S P T B R
LIRS B, S ] DMARRAAE— R At — B2 E S 2 A T .
DL A5 2%, S Hem] DU AR A B R 48 (FMS) 7B FERMERY B 0. 78— Seseififs v, 7 LA
Wﬁ%f“%ﬁTHMMF%@hﬁ&SﬁM$ﬁmﬁ@MMH%M&éﬁ%%u%@
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[0035]  4kifi, fF— AN A E R 206 045 2 AN 0T (F 51) 208, F—AN F 5UA] BLE A 5 R
~PI, 2, 16KB. R — AN ST, F O A T 45 58 I TN 14 4% R 4 2 10 /N R T I RS T
[FIREAnE 2 Frow, &—N F 01 208 7] DAL E N AN 2 DNMERTT, 78 N SCH RN E 1T 210,
RiE“E U7 FaR A BN T e (BCC) BTN A7 ik 2% h B E 450 . 14—
ANSZHEM], E BT 210 BT DA BB A7 i 15 2% P B0 R 3 1k B9 At I LT DA R A I 152 HRUER
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AR/ TT. I E T 210 AT AR (HARDAURA ) FUE iE & R~ (i,
2KB) , I HL#f 72 BCC R R (B, EALEHE ) RS MiE— N seif], 40— F
T 208 A LI B NAEFE 2 A E 1 210 @A 78 Hal B o lt, 4558 16KB R~FIIF I
208 DAL ABEE 1T 210 [ 52 J]~F N 2KB, AN E 1 210 @& S7E N F 71 208 N, il 2 fos . R
P — AL, TR, 2 BRI LLAFE ECC Y E 11 210 7] DL EC B NE ST F 7T 208,
F—ANE T 210 A DA FEEHE#04 214, 3 HERYT B 7T 210 47 T &bt A] B HE BCC £
43 216, FdEERa 214 F1ECC 4 216 78 ) FEA TR E &M i, E 0L HuhkfE—Hidr
PE N A 2 N B TTROA B B30, B 0T Aok AT DL 58 DA S S0 I8  AE TR 1R A A S i
IR B I SN S e VR 5 F O BL RS AE AR IR F TR E T,

[0036] AT EEUEFAE VS LW IE TS B ENEAT @ R T 0 2 TR AR, 5
NTEET (L) 4. B2 ERRT 212 A Frdg i L 5TA] DASHE B FMS Bl A
bk s N BT, IR — AN SKHEe), A L T A L S AEOREE. BRIl L 5T 212
() L 05 A] LA G B 6 2% 202 REfE A7 751 a0 E T 210 S U — 4 82 A4
o () BB AT I S . AT LURI A L TR 212 MR N 4E 3L A Bt . MRS — AN s2i
%, 5 F 51 208 A1 E 51 210 AN[Fl, L 0T 212 [ RSP A2 AN ] € (1), i T 0 ZEA7 4 0 5 i3
AT IEAE AT A, Lot 212 FE RS AT BCASE o BT 208 09 mT R 46 PEAS TR, Bir A i 4KB
S — RSB F B R T DA 48 B 2KB [ L DT, 1T 4KB & R S — Rh A BB s T DA R 4
B IKB /L 0. [RIMG, BT IX R R4, Lot 5 RS AT BAZE — N6 FE 9 A8 4k, BT adk 9 B EH 491
U1 24 55 1850/ s 4 ST B4 40 AKB B AKB+ 1 50 K AR R 448 R ST 3EAT IR 52 o T DASE IR H: Atk
RSFRIEE . il 2 B, L 212 AFRES B 7 210 (A A55. s2fr b, L it 212 AT RA
HWIRENEASF 0T 208 f1 / 8% B 7T 210 14 506 55 st ht, (H B r] I AL B A S F
T 208 BL E 0T 210 il Fint55. B, L gtk pr b i 67 B nl LS F 0T 208 (i Hh bl
B2 b AR AE RRAZ B E 5 B 0T 210 B g hE s 2 b b A BREE AR AL, anlE 2 fr
TNe BT LT 212 78 R~F R AN 2 9% BT ge /T8 @ ]RSF E 1T 210, FT A2 T—AM
Lol 212 A LEA/E AN E 01 210 . [FIAEHL, BT L 0T 212 fE RS BERl e RT E 1T 210,
Frbh L ot 212 AlREEs M F—ANE it HE S REE L F 0T 210 (A5, Wik 2 e Ebr
it 217 &b FiR

[0037] 46 4, 7F LBA R~F A& 512 B 512+ T35 (% 000, BOE R4 1 L 7T 212 7T LA A& 4KB
B 4KB+, D81 s K \ANEESE [ LBA 7] DARE SR 450 4KB 1 L 1 212, #RAE—AsLitasl, 524
RN, LT 212 MeRY0@ 8 RO AN B 2L, 3% RN TR R 46 2 S P FE RT3 BBl T DA B
INTE T B ) e 8 R B0 Ban, XF-T 4TB (19 SSD 134, A A 30 £t
BESRAFE—AN L 0T 212 #4749k DAZE 25 7] REVE 7ML 2 BL7EIX LMY SSD IR EM L 1T,
[0038] & 3 HE AR — NSt (1) B B A I M B AL e b DL HORBI RS B . BT
FHEAEAE L 0T 212 P EHENGIH, B H T IR A S L 0 212 Z 45— B2
SRR E TT 210 1, BT DA B8 4R B0 0 4 e e o5 DAE Fa U 2 202 BEREG L T 212 [
LS5 —ANEEAE T 210 AHIRIE . XL (92 45 B B M hE 56 e i B 75 I 3 v 302 Abow
H, FF BAE— AN S b, @ 8 2 E R e e R L T 212 B — N B I MERE
Fllo IXAEIZHE 2P ER HUhE AL e W) 302 1T DA 7ETE W1 DRAM B SRAM 25 1K) 5 2 PR A7l 2%
W, B3 IR T T AAFER L T 212 [ B hE R b h 46 B, Hodr, |
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S L T 212 H5#fan N L 0T 1L 0T 2.1 01 3 A1 L BT 4 19 L TS5 AHICHC. AR — NS
1], 47 i 72 B AT A 1 & P (R — AN L TR DA IS 5 2 E B bk 36 e i B 302 (1 SR A IF:
HHME— % B o ml . BRIk, 78 BA = AR R, x i 7 PUAN 56 E o 1 302 AbF s , S
302 N4 AR DR L WS, ik L TS YR i (4, E 51T0) RFRIE,
Bk L U5 B 54 5 - L st sl e B o0 (i, E 00 ) AR dE bk 1 R A1
L UK. 54k, 24 ECC A AT LA b bt 5% B SR SRt R4 IR DyRE . B, DAL t&] 3 fr
7N, FF HABGR E BURGE N 2KB, L 5T 1 ] LAZEIZ 55 2 5 ik 54 B 5 302 e 5| FHAN T <E
1003 fmFZ 800 K 1624, BB S AUEEEM ECC AL (Ranth ) o BN, fEA3E T, L
W1 RIS RAE E T 1003 N (A5 E T 1003 X755 ), 3 B rab A B 5 E 7T 1003 [T
YEEA EAHEESE T 800 FHMmAE . i H, R4 L 08 1 /@ 1624 745, M1t E Tl
ABAE T 1004, Ft, E 1003 FIE 71004 B DNEFEME THL TS L 7T 1 e niK
L0212 [)—&B4r. ML, L 05 L 00 2 Brgl I HEAA) L A4 /£ E 7T 1004 A,
IF HAEH P mAE e 400 =95 abgts, 7HXNAE E 7T 1004 N9 R 696 F75. 5 LTS L T 3
AHRBRAIESE 1 L SRS, T E 71 1004 AR 1120 7454k (BEES L 0T 2 (Wil 5 IELT 24 &
1), HHY R 4096 F T E 71005 FERL E 5T 1006 Y. PRk, 5 L U5 Lo 3 AHOCHEL
1)L DU E 51 1004 B—# 4 E 51 1005 43 BA A E 51 1006 —#5. &b, 5 LI
5 L 0T 4RI L BUFAET E 01 1006 N ImAS 1144 9540, 3 By fe 3128 T A58 4
FEER E 01 1007 #53d F UL 2K E 1T 1008 (1) R —ANF jiHp,

[0039]  JL[AIMh, ZH AR T 4R B M hE AL it 302 (R4 B X B BRI B (B
T RFe KR ECC) R —ANE RS Bl DU 8 2745 . BE, X T/ 1 ATB (13K 3
a5, B UMb HEAE RSE BRI RAE 32 fr, A AE RST BRI DR 12 67 (T E U4y 218
4KB) , KJEAE RS BRI BAE 10 f7, F H AT RS it ECC 7B HAthZH LS5 /AN 6 2 AT BRI o
BB NBEAR L DUR, 7] DRI FE I 8 245 4% H , [ 1345045 202 8868 BR IR 7 [N I8 A7k
REENGAE L TR ENEGE. 7852 P bt 5 5w P A 8 4k E AT A L
T LPN RTER Gl 35 2, i — NS ], L 05 78 918 5 24 3 ik 4 i) 302
MR T BEYERRAE, 78 4KB Jil X RSTHE 60, LBA 5 LPN AHIH] o PRI, LPN A UK A% 5
RPEAFAER N HI2 B RO NE . 248028 202 M FHL 218 UL Ay A iF, LPN A A
BERL Y LBA Hh 4330 I B T8 5 2 W FE M b 5% i 55 302 HEAT 2 51 DAFR BN S A7 2%
B AU AR A B sl gy 202 M EALFRUL RS 4540, LPN 7] EURIAT LBA #EAT A4 2
FEE AT DX AR B EE O A e i i 302 AT B0 i, AT AZE BB 4 H . B
T A7 8 55 20 V) B b hE R R S 302 1K) 5 e A7 25 R RS, LPN A DAfE B E 555 B
IR N B, B4 B, HFRRE S IENHE R L R EIEH IR E 5T (in ECC £7)
PLASE 46 B, AR UMmBE R BE (in BCC A7) » DRIk, MR 3 — AN SEHE ], 1IX A~ B 7T LA
— 5 T AT AE 2 N I ERAS L DU AT R ELAig () T TS A7 2 9 B AS L Do 78 LAt St 9
w38 R B ) ER M L B S 2% B AR E A AT LA B B R oR AN TR .

[0040] S H&YH S HLmE

[0041]  H T HE 2| FE ML Bl 302 7] DIAFRELE 5 e A 2 vh, Br DA] BE 75 B2 4E
J& B BAE XS 5 2 VEAT (i 25 AT ART H A H, 407 2R Iy 56 382 5 380 ) 288 2 o e S5 302 47 T
o PRI, 1X 75 200 — S L RIS A7 MR R B R PEAEAE 2, I L AN E B A4 da il
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28 202 FENSAE S0 B 2 R BT LA 2 5 “AIE L TAE B AE AR 5 O MR Al 2% (R AT Ak 2 Rl LAY
YR L i 3020 MRYE — AN, R IX R FIALH RE BARTLAE AT LR RS
HAEB S HAER M T, HAE— DS iah, 62 202 7] Ay B N 2446 5 kMg i
B/E (B, A A EAE O EIE IO R 206 [(— B2 A F ) L RFFRE T
YRR RN N 2 A S HE . IR — NS, B —A S H B 55 708 6 [l 4
O (B, B ) RIE—DLiEn, F—4 s HEMaEEZ M ELE, b8 —1 4%
E#ECE NG — Ao M T (F, B 5) KRB —AN LI L TS, MR¥E—A4sL
T, B 245 2% 202 FE T B TE VS AT i 32 4R B R M B L i 302 B R Hh a4
AR, P8 202 SREL S HE, 3 HARMEM S HES BB (5 Bok E @ 2 # o bt
KL 302,

[0042] P& 4 7 T AR — AN (1 T BEORE B B B R hE L B e B DA K FH TR S
H&E4 B AN R, AT ARIE 24 2 Y bk 54 e it 302 B AR FF A
OB, VBT L DT 5 NB S A4 5 8, WIkE BA1 fiow, 1B H B 3 M 3 4 i g 302 7T
PARE BT, W1 BA2 Fin. 0 B43 B, IS v] LB S HESH, irid S HEXK B A /7 1%
Fe 1A SR L oA B 5 R e BAX R 3, A0S R AR (B, LA EE 5 R AT
fig 25 R S U IR/ FERA T R AR S ), B R B R B A e 302 A0S Hi
TR Rk, H TR L S R 1 A A DL 1Al HE B R PEAT A AR AT
SEAE P DAL E N AR HESAE (AR Bl RAE T4 ) i, miA
AT HL T IRAT I 4 B R B bk S 4 B R AR B 4, IXAE AR S 8OR (WA) ks % S H
B EHRIE 7 320028 202 8% U5 MUBT SERTIG L 0T, JF HARIE 7 248 2 P 22 k54 e e bt
302 7] DALE H 5 B2 A B A St L 4 S A7 i T L B 5 S PEAE A AR I AR IR R 1S
B E 2 e B, Shoh, b7 HAE 5 d@ 4 2 Y B 4 e Bt 302 s R 2
4b, S HEEM LRI (6O Reg a2 a A, sEbr b, S HEMUESITE L s
() BT S, IF HOE T I S IR IHS B AR A 2 L T4 H .

[0043]  ARHE—AsLiEf), S HE R LUR S BIHE 5 R MAF i 2% 10 32 B0 RS B R . S H
BT MLEE S E SIS B, JF AT UM &4 E S RIERIEHE (P2L) FE. B 5 &
TR —ASLERIR S HERTHEHMHER . R, 84S HE 502 BHAES
e PEAFA B8 (R S (R R X IR, 190 41, 40 506 Ak B (R4 5 7 A bk i 32 AN E 5. B
NS HES02 AT S HESBTERN, S HES AT BUEARL 504 B34, frk 504 7] IAD,
fi5 s HEAXWHMEE. S HESTUEHHE S HENERNE —WE bk —
WAr. B, S HiE 502 9 S HES A VAR A, HATE S HE 502 FrEmmE—E I
Mk 27 A A Rbr (MSh)

l0044] & 6 7n i THRIE—ASEEBIK S H A& 502 I— 4% B 602 Bl PEH LS. S
H & 502 (45— B 602 7] LS [ — A L U, 1% L 7 AR a bk £ R -
HEZE B . B—AN4%H 602 7] LU FEGI A &5 L T B ik 24> (B, 5)
BARAE 2 (LSh) o IR AT 5 4 LSh H#r3k 504 thiy s HE S 27 4> MSh i H#k 3715
4B JUHhE. S 4, 46 B 602 AT DL HE L 15 HAEFrbRIR I B 0T IR AS AN R ~F. il
S HEMEE— 14 H 602 T LLAFEHZ S HEKBEMERNSE —E mAgHbER 54 LSb.30
BRI L TU5 .9 A0/ B TUmEE RN 10 700 L TR SF, A iHE RS2 7 774, 78 HoAth e 491
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Hh, AT DA A 5 Bl AR P H & 4% B g R

[0045] AR —ANSLHEH, BT R 48 B9 RT AR PEBAEAEAE L 00 A 5008 1) = WLEC &, 7T DA
W] AREE ) L DUF /R R X (lt, 26T 32 AN E TURADEE X 380 ) o, 201506 &b PR .
BT H 46 R PRI BE 2 7= AR 1 L O i R SE B mT A8, S H AT AR B H & 145 H «
Wi, MRYE— A SZHER], 7E I KEZE RIS LR, L TR RSE AT P& 24 7745, 3R H S H&ERT A
AFEHLE 2500 NM& B, HEIHMESEEN L 0,8 S HESKH 602 — L 1,

loo46] 1 FFTiA, S HAER DAPAC B ANES AT S IS B . SEREHH, IR IE— s
W, s HEASGEX S E S N ITIUEEHEM E TGS . B 7 &M —As2iE bl
1S BAHER] . WP BTR, S 3t 702 n] LR RS — N ES (F3) 704 (i 2
1206 &b Fr7R~ ) o« R, AT DA S SLEAE F S EE A, A O — A F 3, Brd F Sl 4 A 70—
AT BN RS B R Tt MRIE— A SKiafsl, 43 Be BB GC 7 DAJE S S g sd .
Kl 7 B, B—A F 3 704 n] DLEFEE Z AN BT (F 530 ) , 640, 256 8¢ 512 A~ F 5. MR —
s, FOUA] LR T45 58 3R 5 R A 2 I A M dm AR I s/ N BT RS B 8 7R
7 ARAE — AN R T (S ) o W TR, S U802 W LA HERE S B ) F B )
—ANF T XS S TS A S

[0047]  HBhEIEEEM L [HHC R

[0048]  [&] 9A 7 tH AR — AN S (1) 5 B0 W B M hE A et S H AR BR AT S Bz ]
I8 Ze FEEIARIC 902 57~ 48 BV R Hh L4 B G P 1926 B (FE— A2l 9 Hh A7 6 7
DRAM ™) o HR4E—ASEiE ), Z 5 B FE b hE AL Ba e bt T DL L 0 5ok BT R 5], X2 A
FE IG5 B W) EE L S e i op R L BT DA — AN 46 E 9020 BEAFAE RS F I L DL G Y
WFE o hE DA R H RS AT DLZE MBS 46 B 902 25 EDRLE TUHbhE, B 0T AORAS AN L T A
ST RS ETA, BT L SRS, L U] LS R — AN B2 AN B 00 H AR ] DA i
F TUAIF e,

[0049] 1904 ALFIoR, GO MEAFE k2% (51201, DRAM) A AFRE R4 H & (S HE) B,
76 S HEMS & H 904 765X T S HEWERAL T8 5 R EAZ i T a5 B . 4l
W, A74k L DU G AL B B TR R R 27 /S MSh AT LA S H B (ansriiE 5
iR ). ZRMameetn s HEmE 4 H 904 al I FEAE RS E Wb 5| Fl AL S
RHAAAEZE TR S HERMNE, FTUUAS KA S HEmE 4 H 904 HIRIA S
SHUEE 908, R4 SHYEE 9008 Al I R4 SH (ERGHHRI S H) BHTRS, HHHAT
PILHE RS S B LA 2 IR SO 8 A 1 S () (R R, i R T S SR HALE B —E . [FIEE
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LA T RAA ) WA Difb . AR A5G n] VS L oT5dl F HApsn e ity , DA T
DA /D 3 TR I L AT DA 2 S A B (108, BTk S A5 ) ] A SR 1 Sl GC
45 FRIEIE . RIE—DSLHER], RETH ARV PAH S Bk T A .

[0051] 4 EFTik, 78R 5 S MEAF i 2% P iX 88 S H A iR — AN al LLaRE S HELER
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B4, I B E SEHINE 32 A E DUMEME . JE5 K IEFES 910 P e s H B {E 1545
#5202 AU BB T 4 5 R PEAT A 25 0 (10 3 Z 55 B A 3 b bk S 4 i i, i L AR 4% TR 2 55 R AT
g2y Py S HAEBU A S HYE B 906 Fl &40 S B 2 908,

[0052]  [&] 9B JE MR — AL iy S H B 912 (AER]. S H AW 912 A DL S 3t
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HiZ SHMFUEEER L T (B, 32 4 ) o 628 202 ] DLgE— D4 B oA 8 57 B
S HAEMWE, PLACG S RIS HAEMSAFAE7E S R A F g . B, 7R R e E7e 7 —
AT AR R A BB B R S I S 2 5, $ 0 85 202 AT LA BATRE [ 5 51 6P R 52
W2 S HE, BTl p 24 S H A RE I AFMEAE S RIS R & s HE
(IS, FF FO B r ) s H BB 912 /26675 55 R PR 2

[0053] B 12 4 B P 3 b S8 46 i )

[0054] & 10-13 J& o~ th T M4 — AN S A1) (14 %) 38 4 147 2 b bk 2 0 ol S R AT SE B B O
R HEAE . i 10 iR, AR R FE s hE AL B i) 1002 A95 L 1T 100 (946 B (4
WL, LA E ), Bk sk B B 3012 K. fEiZonld, L 5T 100 /2fEfE S 3 15 H1,
11006 &b firaR. FEFEH#E 202 Hh KB & BIFEHI 4 202 22 P48 1004 (511, 5 FEHLAT
EUAZfi % (SRAM)) AT A4S L 00 100 R T HAP R SH 15 M P2LEEM S HE. 18
—SE ST, 2P 1004 TR N AR SEER BRI DABERE T DRAM . 46 H B S ST &
SIS $5 B 906 X TR SHLMF , vl LVEFE1Z S Herp 12 R B0 2 18] (43 4,
FEEIRBOEAL ) RF, & FET S S ARG E—#E. W& 10 Fros, il TEE SH 15
I S HE B 906 H M4k B o Kl 10 7t 17 /EF 48 202 LN L 0T 100 (195 81 2 /i, X
SE2H R 1 D) RE B (R R B PR A

[0055] G 11 (¥ 1102 &bFrom, BRURCRITERTIG L BT 100, Fr& RN 1534 7. MR T-H2IK
IR L 5T 100, L 5T 100 F15 B AT LAIZ AR 2038t bk F B bt 1002 H 84S, IFH (I
ECRFFI )L BT 100 BIKSE (3012 F2795 ) ] DA IZHH 24 35t bk 5 e i 5 1002 42 H,
FE T A S AT R U 38 I B R R 0 S 3R 15 B NS E . i, F 7 S 3L 2 906 7]
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Abstract

A data storage device comprises a plurality of non-volatile memory
devices storing physical pages, each stored at a predetermined physical
location. A controller may be coupled to the memory devices and configured
to access data stored in a plurality of logical pages (L-Pages), each associated
with an L-Page number that enables the controller to logically reference data
stored in the physical pages. A volatile memory may comprise a
logical-to-physical address translation map that enables the controller to
determine a physical location, within the physical pages, of data stored in each
L-Page. The controller may be configured to maintain, in the memory devices,
journals defining physical-to-logical correspondences, each journal covering a
predetermined range of physical pages and comprising a plurality of entries
that associate one or more physical pages to each L-Page. The controller
may read the journals upon startup and rebuild the address translation map

from the read journals.
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