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(57) ABSTRACT 

The present invention presents techniques for the linking of 
physical blocks of a non-volatile memory into composite 
logical structures or “metablocks”. After determining an 
initial linking of good physical blocks into metablocks, a 
record of the linking is maintained in the non-volatile 
memory Where it can be readily accessed When needed. In 
one set of embodiments, the initially linking is determinis 
tically formed according to an algorithm and can be opti 
mized according to the pattern of any bad blocks in the 
memory. As additional bad blocks arise, the linking is 
updated using by replacing the bad blocks in a linking With 
good blocks, preferably in the same sub-array of the memory 
as the block that they are replacing. 
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ADAPTIVE DETERMINISTIC GROUPING OF 
BLOCKS INTO MULTI-BLOCK UNITS 

[0001] This application is related to US. patent applica 
tion entitled “NON-VOLATILE MEMORY AND 
METHOD WITH BLOCK MANAGEMENT SYSTEM”, 
by Peter Smith, Alan Bennett, Alan Bryce, Sergei Gorobets, 
and Alan Sinclair With Which it is ?led concurrently and 
Which is hereby incorporated by reference: 

FIELD OF THE INVENTION 

[0002] This invention relates generally to semiconductor 
non-volatile data storage systems, and more speci?cally, to 
a system and method for forming physical blocks into larger 
logical structures that accommodate defects in non-volatile 
data storage systems. 

BACKGROUND OF THE INVENTION 

[0003] Nonvolatile memory devices such as ?ash memo 
ries are commonly used as mass data storage subsystems. 
Such nonvolatile memory devices are typically packaged in 
an enclosed card that is removably connected With a host 
system, and can also be packaged as the non-removable 
embedded storage Within a host system. In a typical imple 
mentation, the subsystem includes one or more ?ash devices 
and often a subsystem controller. 

[0004] Current commercial memory card formats include 
that of the Personal Computer Memory Card International 
Association (PCMCIA), CompactFlash (CF), MultiMedi 
aCard (MMC), Secure Digital (SD), MemoryStick, and 
MemoryStick-Pro. One supplier of these cards is SanDisk 
Corporation, assignee of this application. Host systems With 
Which such cards are used include digital cameras, cellular 
phones, personal computers, notebook computers, hand held 
computing devices, audio reproducing devices, and the like. 

[0005] The nonvolatile memory devices themselves are 
composed of one or more arrays of nonvolatile storage 
elements. Each storage element is capable of storing one or 
more bits of data. One important characteristic of the non 
volatile memory array is that it retains the data programmed 
therein, even When poWer is no longer applied to the 
memory array. In contrast, a volatile memory device 
requires that the poWer to the array be refreshed periodically 
in order to preserve the data contained in the volatile 
memory array. Another characteristic of nonvolatile memory 
is that once a cell contained Within a nonvolatile memory 
array is programmed, that cell must be erased before it can 
be reprogrammed With a neW data value. 

[0006] The physical means for storing the charge in the 
memory cell can be implemented by using a ?oating gate 
transistor, such as an electrically erasable programmable 
read only memory (EEPROM). One knoWn problem With 
?oating gate devices such as EEPROMs is that the ?oating 
gate eventually Wears out and breaks doWn after a very large 
number of Write, program and erase cycles. When this 
happens, the cell is no longer usable and must be taken out 
of the list of available memory cells in the array. This sort 
of defect is called a “groWn” defect. In one commercially 
available implementation, these defects are dealt With by 
mapping out the defective cells and substituting the physical 
addresses of good memory cells for the neWly detected 
defective memory cells. EXamples of implementations 

Jun. 30, 2005 

Where defective cells or sectors are mapped out and replaced 
are described in US. Pat. No. 5,659,550 issued on Aug. 19, 
1997 by Mehrotra et al.; US. Pat. No. 5,671,229 issued on 
Sep. 23, 1997 by Harari et al.; and in US. Pat. No. 5,862,080 
issued on Jan. 19, 1999 by Harari et al., Which applications 
are eXpressly incorporated herein in their entirety by this 
reference. 

[0007] Arrays of nonvolatile memory cells typically are 
partitioned into groups to provide for efficient implementa 
tion of read, program and erase functions. For eXample, in 
many nonvolatile memory architectures, the memory cells 
are arranged into a larger group called a unit of erase. This 
unit of erase is the smallest number of memory cells that are 
erasable at one time. 

[0008] The siZe of the unit of erase depends on the 
memory architecture that is being implemented. In earlier 
nonvolatile memories, the unit of erase Was a block that Was 
the same siZe as a standard 512-byte disk drive sector. In one 
commercial form, each block contained enough cells to store 
one sector of user data plus some overhead data related to 
the user data and/or to the block in Which it Was stored. In 
order to ensure that the blocks of cells Were individually 
erasable, the blocks had to be suf?ciently isolated from one 
another. 

[0009] Because this isolation took up valuable space on 
the integrated circuit chip, another memory architecture Was 
developed in Which the unit of erase Was made signi?cantly 
larger so there Would be less space required for such 
isolation. An eXample of this large block system architecture 
is described in US. Pat. No. 6,580,638 issued on Jun. 17, 
2003 by Conley et al., Which is a continuation of US. Pat. 
No. 6,426,893 issued on Jul. 30, 2002. Both of these patents 
are eXpressly incorporated herein in their entirety by this 
reference. In a large block system, the unit of erase is often 
further partitioned into individually addressable pages that 
are the basic unit for reading and programming user data 
(unit of programming and/or reading). In one commercial 
implementation, the unit of erase is a metablock. A meta 
block is a virtual unit of erase that is composed of multiple 
physical units of erase. These multiple physical units of 
erase can be used in parallel program and erase operations, 
but are addressed as a single logical block. 

[0010] One method of forming metablocks, or “super” 
blocks is described in US. Pat. No. 6,034,897, Which is 
eXpressly incorporated herein in its entirety by this refer 
ence. As described therein, for a memory having a number 
of devices, the same physical block in each of the devices is 
grouped into a metablock. Although this alloWs for the 
formation of metablocks and all of the blocks in a given 
metablock to be addressed by the same address, namely the 
address of the block in the ?rst of the devices, it has a 
number of limitations. For eXample, as the linking of blocks 
into metablocks is pre-determined in this ?Xed con?gura 
tion, When a block goes bad, the metablock to Which it 
belongs becomes bad despite the other blocks Within it still 
being functional. Thus, it is desirable goal to provide a 
system and method for an adaptable metablock arrangement 
Without the operational overhead of establishing a neW 
linking every time one is needed. 

SUMMARY OF THE INVENTION 

[0011] The various aspects of the present invention over 
come these and other limitations found in the prior art for the 
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linking of physical memory structures into composite logical 
structures. In the primary embodiment of the present inven 
tion, techniques are presented for the formation of meta 
block structure in ?ash memories. According to a ?rst aspect 
of the present invention, the linking of block into metablocks 
is updated to accommodate defective portions of the 
memory. A system for maintaining a defect map includes a 
defect map structure for tracking the existence of factory and 
groWn defects in a nonvolatile memory system that is 
organiZed into metablocks. A method for maintaining a 
defect map makes use of the defect map structure and the 
characteristics of a metablock. In one embodiment, the siZe 
of the defect map structure is equal to the parallelism of the 
nonvolatile memory system. In another embodiment, the 
remaining units of erase that cannot be assigned to a 
metablock Will be kept in a list of spare units of erase for 
later use. 

[0012] According to another aspect of the present inven 
tion, a record of the linking of blocks into metablocks is 
maintained in the non-volatile memory. The controller can 
then read out the linking into its volatile memory as needed. 
The record is updated in response to re-linkings resulting 
from defects. A complete linking record may be maintained 
in the non-volatile memory, for eXample in a speci?ed 
location, or only a partial linking record may be maintained. 
In another aspect of the present invention, an initial linking 
of blocks into metablocks is deterministically formed by an 
algorithm using, for eXample, a ?rmWare based implemen 
tation. In this case, the linking record stored in the non 
volatile memory need only contain the deviations from the 
standard algorithm. 

[0013] Additional aspects, features and advantages of the 
present invention are included in the folloWing description 
of exemplary embodiments, Which description should be 
read in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a block diagram of an eXisting nonvola 
tile memory system in Which the nonvolatile memory array 
and the memory controller are packaged in an enclosed card 
that is removably connected With a host system. 

[0015] FIG. 2 is a block diagram of an eXisting nonvola 
tile memory system in Which the nonvolatile memory array 
is packaged in an enclosed card that is removably connected 
With a host system. 

[0016] FIG. 3 is a block diagram of an eXisting nonvola 
tile memory system in Which the nonvolatile memory array 
is packaged as non-removable embedded storage Within a 
host system. 

[0017] FIG. 4a illustrates an eXample chip format shoW 
ing planes, Zones and spares. 

[0018] FIGS. 4b-a' illustrate various linkings of physical 
blocks into metablocks. 

[0019] FIGS. 5-10 illustrate hoW the system can respond 
to a series of groWn defects occurring on a portion of a 
memory array. 

[0020] FIG. 11 illustrates an eXample of the mapping of 
the virtual structure elements of a metablock in response to 
the detection of a groWn defect on a unit of erase. 
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[0021] FIG. 12 illustrates an eXample of a system for 
maintaining a defect map, Wherein a spare unit of erase is not 
available in the same plane as a unit of erase having a groWn 
defect. 

[0022] FIG. 13 illustrates an eXample of a method for 
maintaining a defect map. 

[0023] FIG. 14 illustrates an eXample of a method for 
maintaining a defect map using the data structure of FIGS. 
11-13. 

[0024] FIGS. 15-18 illustrate an algorithmically based 
linking of physical blocks. 

[0025] FIGS. 19, 20 and 22 illustrate the re-linking of 
physical blocks. 

[0026] FIG. 21 shoWs an eXample of re-linking in the 
tWo-dimensional case. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS OF THE INVENTION 

[0027] Generally, the memory system of the present 
invention maintains in its main non-volatile memory a 
record of the linking of blocks into multi-block metablock 
structures. This record contains a defect map of factory and 
groWn defects in a map table that can be read into non 
volatile memory on demand. This map is updated as groWn 
defects are encountered and blocks are assigned to neW 
locations. Metablocks are preferable formed by one block in 
each of several subarrays, or planes, and in this case, the 
grouping is done preferably With same-numbered blocks in 
each plane, With the exception of blocks that are marked bad 
and placed in the map. In one embodiment, the blocks are 
directly mapped to alternate blocks. Metablocks that Would 
contain the defective block are then reformed With the 
alternate block in the corresponding plane. Rather than 
maintain a complete record of the linking of blocks into 
metablocks Within the non-volatile memory, a “standard” 
linking can be based on an algorithm implanted, for 
eXample, in the system’s ?rmWare, With only the deviations 
due to defects from this algorithm needing to be stored. 
Those standard metablocks With no defects present Will be 
termed usable standard metablocks. The remaining Meta 
blocks are termed unusable standard metablocks, and the 
component physical blocks Will be termed spare blocks. 

[0028] FIG. 1-3 are block diagrams of typical eXisting 
nonvolatile memory systems Which include a host 102, 202, 
302, a controller 104, 204, 304 and a nonvolatile memory 
array or plurality of arrays 103, 203, 303. In FIG. 1, the 
nonvolatile memory array 103 and the memory controller 
104 are shoWn as being packaged in an enclosed card that is 
removably connected With a host system 102. In FIG. 2, 
controller 204 is shoWn as being part of the host system 202 
and the nonvolatile memory array 203 is shoWn as being 
packaged in an enclosed card that is removably connected 
With a host system. In FIG. 3, the nonvolatile memory array 
303 is shoWn as being packaged as non-removable embed 
ded storage Within a host system 302. 

[0029] Typically, the nonvolatile memory array includes 
memory cells that include one or more conductive ?oating 
gates as storage elements. The memory arrays could include 
other long-term electron charge storage elements instead, for 
eXample a charge trapping dielectric. Avariety of nonvola 
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tile storage elements can be used, including nonvolatile 
multi-state storage elements, storage elements that are Flash/ 
EEPROM/?oating gate, nonvolatile storage elements such 
as NROM, MNOS, MRAM/FRAM, NAND, NOR, and 
non-volatile storage elements that are organized into units of 
erasure. Non-volatile storage elements that store digital 
information, analog information or combinations of both can 
be used. 

[0030] The memory cell array can be operated With tWo 
levels of charge de?ned for each storage element to therefore 
store one bit of data With each element. Alternatively, more 
than tWo storage states can be de?ned for each storage 
element, in Which case more than one bit of data is stored in 
each storage element. 

[0031] FIG. 4a illustrates an example of hoW a memory 
chip can be formatted into groups of units of erase (or 
blocks), Where the blocks are arranged according to physical 
planes and logical Zones. Some reasons for dividing the chip 
this Way include equalizing the number of good units of 
erase Within each group, and setting aside special purpose 
sections of the memory chip. For example, a special 
“reserved” section can be set aside to store information such 
as system and device parameters, and information about 
Zone alignment. Asection can also be set aside to store spare 
units of erase, also knoWn as spares, or spare blocks. 
Information that is relevant to the spares, for example, their 
physical addresses, can be kept in a spares list for retrieval 
When needed. For example, When a defect is detected in one 
of the units of erase contained in one of the N Zones, a spare 
can be found by remapping the defective unit of erase to one 
of the spare units of erase that are available. 

[0032] Data from the host is typically just provided to the 
memory system identi?ed as logical sectors. For example, 
the host Will send data described in terms of a starting logical 
sector and the total number of sectors. Within the host, these 
logical sectors may be structured into larger units, but this 
information is typically not passed on to the memory’s 
controller. (Knowledge of these host structures can be used, 
though, to have physical structures in the memory or con 
troller constructs that re?ect these host structures as they 
Will re?ect hoW the host transfers data: for example, memo 
ries are typically structured to store user data based on a 

physical sector that is the same siZe as a logical sector.) The 
controller organiZes the host structures into logical con 
structs that mimic the physical structure for more ef?cient 
storage of them in the physical memory. For example, in a 
common arrangement the memory system controller groups 
logical sectors (as de?ned by the host) into logical blocks 
that correspond in siZe to the physical structure of a block, 
Which is the physical unit of erase for a ?ash type memory. 
The controller can then maintain the relation of the physical 
structures to the logical constructs, for instance in the form 
of a Sector Address Table (SAT), and update this correspon 
dence as the logical to physical relation changes. 

[0033] For greater ef?ciency, memory systems often 
increase parallelism by introducing larger structures. For 
instance, in a memory system having a number of semi 
autonomous arrays that can be Written, read, or both, con 
currently, blocks from different arrays are grouped into 
“metablock” structures and the controller Will form logical 
blocks of data into corresponding logical metablocks, alloW 
ing for the multiple blocks to be operated upon at the same 
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time. A metablock can be formed from planes With a single 
memory chip or one or more planes distributed across 
several memory chips. In this Way, by alloWing a group of 
(logically) sequential sectors spans over multiple physical 
blocks that can be read/programmed/erased in parallel, then 
this group can be read/programmed/erased concurrently 
With a minimal number of non-concurrent read, program, or 
erase operations. This arrangement is bene?cial for sequen 
tial read and Writes of logically contiguous sectors of 
relatively large amounts of data. 

[0034] The structure of FIGS. 5-10 Will be discussed ?rst 
and then the operations shoWn by each ?gure Will be 
explained individually. FIGS. 5-10 shoW an arrangement of 
six blocks in four planes, for a total of 24 units of erase, as 
an example of the memory array of FIGS. 1-3. For conve 
nience, the units of erase Will be referred to as blocks since 
a block is a kind of unit of erase. The siZe of this 6x4 block 
structure is chosen for convenience of explanation, as Will 
become apparent beloW. A typical memory array Would 
contain many more blocks (have many more roWs) than are 
shoWn here, and could have more planes than shoWn if the 
parallelism of the nonvolatile memory system is greater than 
four. 

[0035] Each plane typically has its oWn data registers and 
programming circuits. This alloWs for simultaneous pro 
gramming into the blocks of memory cells of each of the 
planes. Each plane is operable semi-independently of the 
other planes. For convenience of illustration, the planes 
depicted in FIGS. 5-10 are shoWn to have 6 physical blocks 
0-5. The actual number of blocks in any given con?guration 
can be loWer but is typically much higher. 

[0036] In systems Where there are a large number of 
blocks, the planes can be logically divided into Zones as 
shoWn in FIG. 4a. The Zones extend across the plurality of 
planes. Dividing the planes into Zones is done to divide a 
plane into smaller more manageable segments. The blocks in 
each plane Within a Zone can occupy the same contiguous set 
of physical block addresses. The number of Zones is not 
speci?cally limited, although practical design decisions can 
affect the number of Zones implemented in a particular 
memory system. The various aspects of the present inven 
tion may be implemented in a memory With or Without the 
Zone structure, and, for memories that do have a Zone 
structure, Within the planes as a Whole or With the individual 
Zones. 

[0037] The unit of operation used by the memory system 
as applied to the scenarios in FIGS. 5-10 is preferably a 
metablock. A metablock represents a virtual linking of a 
plurality of physical blocks across planes. Optional uses of 
a metablock include pipelined erasure of all the blocks 
Within the metablock, and pipelined programming and read 
ing of one or more pages from each block of the metablock. 

[0038] A metablock extends across multiple planes and 
typically includes one block from each of these planes, as 
shoWn by the arroWs in each of the sets of connected arroWs 
shoWn in FIGS. 5-10. FIG. 5 shoWs the simplest form of 
metablock, Where each physical block of every metablock 
has the same block offset and extends across all four planes 
0-3. FIG. 10 illustrates tWo more complicated metablocks. 
The creation of these metablocks Will be discussed in the 
description of FIGS. 5-10, Where the component blocks 
contained in a metablock are updated as defects are encoun 
tered. 
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[0039] The more general situation for the linking of blocks 
into metablocks is shown in FIG. 4b. The memory portion 
of the system (103, 203, 303 of FIGS. 1-3 respectively) is 
taken to consist of chips 0-Z, With each chip having a 
number of planes, such as planes 00 to 0W for chip 0. Each 
linked physical unit in a plane, indicated by an X, can consist 
of a single physical block, as shoWn in FIG. 4c, or multiple 
physical blocks, as shoWn in FIG. 4d. The sort of tWo 
dimensional meta-blocks shoWn in FIG. 4a' that link blocks 
not only across planes and chips, but also in depth, can be 
convenient especially When physical blocks are small. HoW 
ever, convenience may not be the only or even the main 
reason for the arrangement of FIG. 4d. In the usual, or 
one-dimensional, linking a primary motivation is to provide 
a mechanism for handling data that can be Written to 
multiple blocks in different chips/planes concurrently. Simi 
larly, if the memory design alloWs parallel access (read and 
program) of more than one location in a plane in parallel, 
then it may make sense also to link multiple blocks Within 
the same plane. 

[0040] Several metablock linkings are shoWn, Where each 
metablock MB is numbered according to the ?rst roW of the 
?rst block in the linking; for example, the metablock starting 
With block 0 is labeled MBO, and so on. Although FIG. 4b 
shoWs each plane having a block (and only one block) in a 
given linking and the linking running across several planes, 
neither of this situations need alWays be the case. For 
example, a linking of, say, four blocks as in FIGS. 5-10 
could consist of four planes on a single chip or one plane 
from four planes. 

[0041] As shoWn in FIG. 4b, the linking MBO has all of its 
blocks from the same roW, MB1 has most of its blocks from 
the same roW, and MB2 has each block from the roW beloW 
the preceding block. The discussion of FIGS. 5-10 Will take 
the case MBO, With all blocks from the same roW, for ease 
of discussion, With the more general case discussed beloW. 
These various linking methods may either be ?xed or, 
according to an aspect of the present invention discussed 
more beloW, determined based upon an algorithm. (Alter 
nately, the initial determination may be based on a random 
allocation.) In a more general context, it Will be appreciated 
that the various aspects of the present invention can be 
applied generally When physical structures are formed in 
larger logical conglomerates and be applied to hoW these 
conglomerates are managed. 

[0042] The ?rst metablock as shoWn in FIG. 10 includes 
block 0 in each of the four planes 0-3. The second metablock 
includes block 1 in plane 0, block 4 in plane 1, block 5 in 
plane 3, and block 4 in plane 3. The third metablock includes 
block 2 in each of the four planes 0-3. The fourth metablock 
includes block 3 in plane 0, block 3 in plane 1, block 3 in 
plane 2 and block 1 in plane 3. 

[0043] Alternatively, a metablock could include only a 
subset of the number of planes contained Within a single 
Zone. This example is not shoWn but can be useful if variable 
degrees of parallelism are desired. Asystem having variable 
degrees of parallelism could alloW for blocks to move 
betWeen areas having different parallelism. For example, a 
metablock that contained tWo blocks instead of four could 
move from an area Where the parallelism is tWo (tWo planes) 
to an area Where the parallelism is four (as in our four-plane 
example). If tWo metablocks each containing tWo members 
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exist in such a system, they could be combined into one 
four-member metablock. One caveat to using such a mixed 
parallelism system is that the defect map Would have to be 
reconciled to account for the varying parallelism. 

[0044] In general, using metablocks increases the paral 
lelism of the memory system by alloWing for more blocks to 
be processed at one time in parallel. This increased paral 
lelism signi?cantly increases the performance of the 
memory system. The memory system maintains the identity 
of the individual blocks Within the various metablocks. For 
example, the identity of the individual blocks Within the 
various metablocks can be maintained as a linked list in any 
convenient location Within the system. 

[0045] Usually, overhead data stored along With user data 
of each page Will include an address, logical and/or physical, 
suf?cient to identify the plane, Zone and block in Which the 
pages reside, as Well as an offset of the page Within that 
block. An address map is then created Within a memory of 
the controller by the controller reading these address ?elds 
of the page overhead data. This is usually done for part of the 
memory at a time, preceding a programming, reading or 
erasing operation directed to that part of the memory. 

[0046] FIGS. 5-10 shoW hoW the system responds to the 
detection of defects in the physical blocks of the memory 
array. These defects can be factory or groWn defects. This 
series of ?gures are intended to shoW What occurs each time 
a neW defect is encountered. For purposes of illustration, the 
physical blocks that are numbered 1-5 contain defects. 

[0047] The ?rst ?gure, FIG. 5 shoWs a portion of a 
memory array in Which no defects exist. A plurality of 
metablocks is depicted by six horiZontal arroWs extending 
across all of the four planes. Each metablock comprises a 
de?ned number of physical blocks. In FIGS. 5-10 the 
de?ned number of physical blocks is four for all of the 
metablocks, Which corresponds to the number of planes. 

[0048] FIG. 5 shoWs a portion of a memory array in Which 
no factory or groWn defects have been found. The black 
arroWs extending horiZontally across the diagram depict six 
linear standard metablocks. A linear standard metablock is a 
metablock that comprises physical blocks With matching 
offsets, as shoWn in FIG. 5. The initial linkings may either 
be established according to an algorithm, as described 
further beloW, or formed from a erase pool of available good 
blocks. 

[0049] In one embodiment of the invention, a feature of 
the metablock is that the ?rst virtual block address (associ 
ated With the ?rst physical block address) is the only 
information required to determine the locations of the 
remaining physical blocks associated With that particular 
metablock, the rest of the linked metablocks being deter 
mined by a linking algorithm. This reduces the siZe of the 
data required for storing the metablocks. If a defect is 
encountered in the ?rst physical block, then the entire 
metablock becomes invalid and gets mapped out of the 
address space because there is no longer any mechanism for 
pointing to the remaining members of the metablock located 
across each of the available planes or planes. An example of 
this Will be shoWn in the discussion of FIG. 9 beloW. 

[0050] FIG. 6 shoWs the state of the array after a ?rst neW 
defect is encountered. The neW defect is located in MB1 at 
the physical block labeled “A”, located at block 1 on plane 
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2. When a physical block Within a metablock fails, the 
metablock can no longer be used as is. One simple solution 
Would be to map that metablock out of the address space and 
never use it again. This is the only solution available if the 
system only has one single bad physical block and no spare 
blocks are available. However, if multiple bad physical 
blocks appear, this solution quickly becomes Wasteful 
because the remaining physical blocks associated With the 
failed metablock can be used to create other good meta 
blocks. As a result of the defect found in FIG. 6 (labeled 
“A”), the remaining three good physical blocks (shoWn by 
hatch marks) become spares. 

[0051] FIG. 7 shoWs the state of the array after a second 
neW defect is encountered. The neW defect is at the physical 
block labeled “B”, located in MB3 at block 3 on plane 3. In 
a method for maintaining a defect map such as the one 
shoWn in FIG. 11, the plane Where the defect occurred 
(plane 3) Will be searched for any available spare blocks. 
Here, physical block 1 is available (and shoWn by hatch 
marks in FIG. 6) in plane 3. Since block 1 is available in 
plane 3, the metablock Will be updated to point to block 1 in 
order to replace the defective part of the metablock; that is, 
the defective block in MB3 at plane 3 (“B”) is replaced in the 
linking by the good block at plane 3 in MB1 that Was made 
redundant due to the failure of the block “A” at plane 2 of 
MB]. When a physical block failure is encountered, a spare 
physical block is linked into the metablock to take the place 
of the failed physical block. 

[0052] (Under the naming convention being used, there is 
no metablock MB1 at the point of FIGS. 6 and 7 since the 
Whole metablock is named based upon the block number in 
plane 0. The name MB1 is retired unless the block 1 at plane 
0 is returned in a neW linking, as occurs in FIG. 8.) 

[0053] FIG. 8 shoWs the state of the array after a third neW 
defect is encountered. The neW defect is located at the 
physical block labeled “C”, located at block 4 on plane 0. 
This metablock cannot be re-linked because the defective 
block is located on plane 0. The block located on plane 0 is 
the block that contains the reference information to the rest 
of the members of the metablock, and Without the block on 
plane 0, there is no Way to reference the metablock under the 
adopted convention. Therefore, even though a spare block is 
available at block 1 on plane 0, it cannot be used to complete 
this metablock. Instead, block 1 on plane 0 is re-mapped into 
the virtual address space and used as the ?rst block in a neW 
metablock to take advantage of the noW redundant blocks in 
planes 1, 2, and 3 of the former metablock MB4. Thus, 
defective block “A” can be replaced by block 4 of plane 2. 
As block 1 of plane 3 has been remapped in FIG. 7, it Will 
also need to be replaced. Consequently, a re-linked MB1 can 
be formed using the spares at block 4 from planes 2 and 3. 
For plane 1, a block is available in both block 1 and block 
4. Although either can be chosen to complete the re-linked 
MBl, the block formerly in MB4 is used in the eXample. 
Consequently, the re-linked MB 1 comprises block 1 on plane 
0, block 4 on plane 1, block 4 on plane 2 and block 4 on 
plane 3. At this point, only one spare block remains at block 
1 on plane 1. 

[0054] FIG. 9 shoWs the state of the array after a fourth 
neW defect is encountered. The neW defect is located at the 
physical block labeled “D”, located at block 5 on plane 0. 
Since there are no spare blocks located in plane 0 at this 
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point, this metablock cannot be re-linked. As a result, the 
remaining physical blocks are added to the spare physical 
block pool. This includes block 5 on plane 1, block 5 on 
plane 2 and block 5 on plane 3. At this point, four spare 
blocks are available in the memory array shoWn. 

[0055] FIG. 10 shoWs the state of the array after a ?fth 
neW defect is encountered. The neW defect is located at the 
physical block labeled “E”, located at block 4 on plane 2. 
Since a spare block is available on the same plane (block 5 
on plane 2), the metablock MB 1 is re-linked using that spare 
block. 

[0056] Note that in FIG. 10, although four of the siX 
original metablocks, corresponding to roWs 1, 3, 4, and 5, 
have bad blocks, re-linking has resulted four good meta 
blocks. Under a ?xed linking, such as is described in US. 
Pat. No. 6,034,897 described in the Background section, 
these defects Would have resulted in the loss of four of the 
siX shoWn meta-blocks. In this manner, a greater data 
capacity is maintained by the memory as it ages and defects 
ar1se. 

[0057] FIG. 11 illustrates hoW the component members of 
a metablock can be mapped using a logical-to-physical 
mapping table 1101. A metablock in memory 1103 (or 
memory Zone in an embodiment using that structure) asso 
ciated With LBN[0] is shoWn by the blocks marked by hash 
marks. The (in this example) four planes of the memory may 
again be distributed across more than one chip. The PBN 
entries contained Within LBN[0] refer to the physical 
addresses of each of the blocks marked by hash marks and 
Which are parts of the metablock. The ?rst member of the 
metablock, contained in plane 0, is used to access the other 
metablock members. As described With respect of FIGS. 
5-10, if the metablock member in plane 0 is found to be 
defective, then the entire metablock must be marked as 
defective because they are linked to the rest of the metablock 
via the member on plane 0. 

[0058] The mapping table 1101 is one eXample of a record 
of the linking of blocks to form metablocks. One technique 
that alloWs for adaptability of the metablock composition is, 
Whenever a metablock is needed for a Write process, to 
dynamically form a metablock from a pool of available good 
blocks. Although this technique alloWs for adaptability for 
the metablock structure, it then requires that the linking be 
re-established Whenever a block is needed; further, it 
requires that each plane be accessed in order to determine 
this pool. According to one of the primary aspects of the 
present invention, this record is stored at a location in the 
non-volatile memory. This record can then be read from the 
?ash memory into volatile memory (or an alternate non 
volatile memory) on the controller on demand for use in 
address translation. 

[0059] In one set of embodiments, the record of the linking 
information can be maintained in a special non-volatile 
memory location, such as someWhere outside the normal 
physical blocks Where user data is stored. For instance, this 
record can be maintained in one of the reserved areas in 
plane 0 of FIG. 4a, or in any of the system Zones in an 
arrangement such as is described in US. patent application 
publication US2003/0065899, Which is hereby incorporated 
by reference. In another set of embodiments, the linking 
information can be kept in the header area of the user data 
sectors/control data sectors for Written, or partially Written, 
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blocks. For blocks in the erased state, the linking informa 
tion can be stored in a special control data area in non 
volatile memory. 

[0060] By use of such a table, the linking of blocks into 
metablocks can be updated to accommodate defects and, by 
keeping a record in the non-volatile memory, it is readily 
accessible When needed, thereby overcoming the limitation 
of the prior art discussed in the Background. 

[0061] The defect map aspect of the present invention is 
illustrated in FIG. 12, Which shoWs a bad block at on plane 
1. The bad block is marked With an “X.” Before the block 
Was found to be defective, the second member of the 
metablock LBN[0] pointed to that block, as shoWn by dotted 
line arroW 1201. The collection of spare blocks 1203 has a 
spare available on the same plane that is shoWn by the hatch 
marks. (Alternately, if a spare Was available in plane 1 from 
another linking that had developed an error, as in the process 
of FIGS. 5-10, it could be used instead of a block from the 
collection of spares 1203.) The physical block number 
(PBN) of the spare PBN‘ Will replace the PBN of the block 
that failed. As a result, this spare becomes part of the 
metablock, as shoWn by arroW 1202. 

[0062] FIG. 13 illustrates an example of a map structure 
similar to the map structure in FIG. 11. The map structure 
in FIG. 13 shoWs a bad block, possibly a groWn defect, as 
shoWn on the block marked by an “X” on plane 2. A spare 
is not available on the same plane as the bad block, as shoWn 
by the fact that the collection of spare blocks in erase pool 
1302 on plane 2 has no spares. Therefore, instead of redi 
recting the bad block on plane 2 to point to a spare, the 
physical blocks associated With the rest of the metablock 
(the blocks on planes 0, 1 and 3) are added to the spares pool, 
as shoWn by the three doWnWard pointing arroWs. 

[0063] FIG. 14 illustrates an example of a method for 
maintaining a defect map using the data structure of FIGS. 
11-13. If a defect is detected or encountered, the location of 
that defect is determined by looking up the physical location 
or physical block number (PBN). If a spare block is avail 
able in the same plane as the physical location of the 
defective block, then the metablock associated With the 
defect is pointed to the spare in order to replace the defective 
block, after Which the defect map is updated. This scenario 
is shoWn in FIG. 12. OtherWise, if there are no remaining 
spare blocks in the same plane as the defective block, then 
the remaining good blocks from the metablock are directed 
to the spares pool. This scenario is shoWn in FIG. 13. 

[0064] As noted above, one of the principle aspects of the 
present invention is that the controller maintains a record of 
the linking table in the non-volatile memory. This record 
may be a complete listing of the blocks forming each 
metablock corresponding to a given physical address, such 
as logical-to-physical mapping table 1101 of FIGS. 11-13. 
Alternately, a standard linking of physical blocks into meta 
blocks may be based upon a deterministic algorithm, and the 
record maintained in the non-volatile memory need only 
contain any deviations from the linking rule. As a linking is 
updated due to defects and consequently deviates from a 
standard linking, the record is correspondingly updated. 

[0065] The described mechanisms employed for linking 
physical blocks into metablocks are designed to maximiZe 
the number of metablocks for any distribution of bad physi 
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cal blocks, and to alloW neW metablocks to be created When 
physical blocks fail during the life of the system. As above, 
metablock number is de?ned from the address of the physi 
cal block in the ?rst plane incorporated in the metablock. 

[0066] A “standard” metablock comprises physical blocks 
Whose physical block addresses are a deterministic function 
of the metablock number. For example, this could be the 
arrangement of metablock MBO in FIG. 4b, Which is also 
used for the example of FIGS. 5-10, Where all of the blocks 
of a standard metablock are in the same roW. This arrange 

ment can be represented as MBi=(i,i,i,i), Where the nth entry 
in the parentheses represent the roW to Which the block in the 
nth plane belongs. 

[0067] In another example, as in the arrangement of meta 
block MB2 in FIG. 4b, the physical block address is given 
by the metablock number plus an offset equal to the sequen 
tial number of the plane to Which the physical block belongs; 
that is metablock i is composed of the blocks i+(plane 
number). For a metablock of four blocks, this can be 
represented, MBi=(i, i+1, i+2, i+3). This structure is shoWn 
in FIG. 15 and Will be used to discuss the algorithmically 
based linking table. More generally, the algorithm based, 
deterministic linking can be described as 

MB;=(i, f1(i, plane number), f2(i, plane number) , f3(i, 
plane number)) 

[0068] for the case of a four block metablock, With the 
extension for other numbers folloWing in the obvious man 
ner. In the expression, i is the roW number and f1, f2, and f3 
are some functions of the roW and plane number. As the 
convention that the metablock number is the same as the roW 
number of plane 0, the ?rst entry in MBi is i. For the 
examples of FIGS. 5-10, f1=f2=f3=i, While for FIG. 15, 
f1=f2=f3=i+(plane number). The discussion of the re-linking 
process for the algorithmic based linking Will largely go 
through an abbreviated version of process of FIGS. 5-10, 
but based on the standard linking of FIG. 15. The controller 
can use a ?rmWare-based implementation for determining 
the standard linking. 

[0069] The physical blocks are linked into metablocks 
according to rules that maximiZe the possible number of 
standard metablocks. When a metablock is being linked, a 
standard block is created if the required physical blocks are 
available. If any physical block required for formation of a 
standard metablock is bad, the metablock number is classi 
?ed as unused. If any physical block required for formation 
of a standard metablock is bad, the metablock number is 
classi?ed as unused. In this case, other usable physical 
blocks Which are consequently left unlinked are classi?ed as 
spare, as shoWn for metablock n+1 in FIG. 15. 

[0070] Another aspect of the present invention is the 
optimiZation of the standard linking pattern based on the 
pattern of defects on the card or to otherWise maximiZe the 
number of usable standard metablocks. When a card is being 
formatted (or re-formatted), the pattern of bad blocks can be 
scanned and the decision about the ‘standard’ linking pattern 
can be made so that they match each other as much as 
possible. In many cases, the matching of the algorithm for 
the standard linking to the bad block pattern Will reduce the 
needed re-linked metablock and meta- to physical address 
translation overhead, thereby optimiZing (at least initially) 
the linking. An example of this is shoWn in FIGS. 16 and 
17. 










