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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 
goodblocks, preferably in the same Sub-array of the memory 
as the block that they are replacing. 
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ADAPTIVE DETERMINISTC GROUPNG OF 
BLOCKS INTO MULTI-BLOCK UNITS 

0001. This application is related to U.S. 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 filed 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 specifically, 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 flash 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 flash 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 
Memory.Stick-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 floating gate 
transistor, Such as an electrically erasable programmable 
read only memory (EEPROM). One known problem with 
floating gate devices such as EEPROMs is that the floating 
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 
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where defective cells or Sectors are mapped out and replaced 
are described in U.S. Pat. No. 5,659,550 issued on Aug. 19, 
1997 by Mehrotra et al.; U.S. Pat. No. 5,671,229 issued on 
Sep. 23, 1997 by Harariet al.; and in U.S. 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 sufficiently 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 significantly 
larger so there would be less space required for Such 
isolation. An example of this large block System architecture 
is described in U.S. Pat. No. 6,580,638 issued on Jun. 17, 
2003 by Conley et al., which is a continuation of U.S. 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 U.S. 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 first of the devices, it has a 
number of limitations. For example, as the linking of blockS 
into metablockS is pre-determined in this fixed configura 
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 flash memories. According to a first 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 Specified 
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 firmware 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 

0.014 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. 
0.015 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. 

0.018 FIGS. 4b-d 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 firmware, 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 floating 
gates as Storage elements. The memory arrays could include 
other long-term electron charge Storage elements instead, for 
example a charge trapping dielectric. A variety of nonvola 
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tile Storage elements can be used, including nonvolatile 
multi-state Storage elements, Storage elements that are Flash/ 
EEPROM/floating 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 defined for each Storage element to therefore 
Store one bit of data with each element. Alternatively, more 
than two Storage States can be defined for each Storage 
element, in which case more than one bit of data is Stored in 
each Storage element. 

0.031 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. A Section 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 NZones, a Spare 
can be found by remapping the defective unit of erase to one 
of the Spare units of erase that are available. 
0.032 Data from the host is typically just provided to the 
memory System identified 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 reflect these host structures as they 
will reflect 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 efficient 
Storage of them in the physical memory. For example, in a 
common arrangement the memory System controller groups 
logical Sectors (as defined 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 flash 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. 
0.033 For greater efficiency, 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 beneficial 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 first 
and then the operations shown by each figure 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 configuration 
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 
Specifically 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 
ZOCS. 

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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0.039 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. 4d 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 first row of the 
first block in the linking; for example, the metablock Starting 
with block 0 is labeled MB, 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 MB has all of its 
blocks from the same row, MB has most of its blocks from 
the same row, and MB has each block from the row below 
the preceding block. The discussion of FIGS. 5-10 will take 
the case MB, 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 fixed 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 first 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. 

0.043 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. A System 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 significantly 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, 
sufficient 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 fields 
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 figures 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 first figure, 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 
defined number of physical blocks. In FIGS. 5-10 the 
defined 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 first virtual block address (associ 
ated with the first 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 first 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 first new 
defect is encountered. The new defect is located in MB 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 MB 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 MB at plane 3 (“B”) is replaced in the 
linking by the good block at plane 3 in MB 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. 

0.052 (Under the naming convention being used, there is 
no metablock MB at the point of FIGS. 6 and 7 since the 
whole metablock is named based upon the block number in 
plane 0. The name MB 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 first block in a new 
metablock to take advantage of the now redundant blocks in 
planes 1, 2, and 3 of the former metablock MB. 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 MB 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 
MB, the block formerly in MB is used in the example. 
Consequently, the re-linked MB 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 fifth 
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 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 fixed linking, such as is described in U.S. 
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 

Sc. 

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 LBNO 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 LBNO refer to the physical 
addresses of each of the blockS marked by hash marks and 
which are parts of the metablock. The first 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 
flash 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 U.S. 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. 
0.062 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 defined from the address of the physi 
cal block in the first 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 MB 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 MB;=(i,ii,i), where the n" entry 
in the parentheses represent the row to which the block in the 
n" plane belongs. 
0067. In another example, as in the arrangement of meta 
block MB 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, MB=(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., f(i, plane number), f(i, plane number), f(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 f, f, and f. 
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 first entry in MB, is i. For the 
examples of FIGS. 5-10, f=f=f=i, while for FIG. 15, 
f=f=f=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 firmware-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 
fied as unused. If any physical block required for formation 
of a Standard metablock is bad, the metablock number is 
classified as unused. In this case, other usable physical 
blocks which are consequently left unlinked are classified 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 badblocks 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. 
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0071 FIGS. 16 and 17 consider an example where four 
bad physical blocks, one from each of planes 0-3, run 
diagonally. In the case of a diagonal pattern of bad blocks, 
the best pattern for Standard blocks will also be diagonal, as 
shown in FIG. 16. As a result, in this example, there will be 
no re-linked blocks at all and, consequently, none of the 
metablockS require translation through a linking table and 
the number of usable metablocks is increased. FIG. 17 is 
shows the equivalent Situation when the Standard linking is 
Straight across, rather than matching the bad block pattern. 
In the example where the Standard method is Straight acroSS, 
three metablocks (n+2, n+3, and n+4) need to be re-linked. 
0.072 The standard block pattern can be unique for every 
card, for every re-formatting, or both. This can provide an 
extra level of data Security, where every card has a unique 
method of data Scrambling acroSS different blockS. Conse 
quently, Standard metablocks need not necessarily have the 
Same configuration, although they will have been formed 
using the same rule. In another embodiment, the host may 
want to provide the rule and code for the metablock linking 
rule, So that the algorithm is not System specific. 

0.073 When metablocks are being linked during an initial 
formatting process, Some physical blocks near the beginning 
of block address Space, or near chip or die boundaries, 
cannot be linked into standard metablocks, as shown in FIG. 
20. These physical blocks are classified as Spare. Spare 
physical blocks are recorded in a Spare physical block list, 
and may Subsequently be used in the formation of re-linked 
metablocks, as described in FIG. 19. 

0.074 Metablocks which cannot exist as standard blocks 
may be structured as re-linked metablockS. Re-linked meta 
blockS may be formed during the initial formatting proceSS 
of the memory System, or in response to failure of a physical 
block within an existing metablock. Metablock n+4 in FIG. 
19 cannot be linked as a standard metablock, because the 
required physical block in plane 2 is bad. In this case, a 
re-linked metablock is created by Substituting a spare physi 
cal block in plane 2. A spare physical block being re-linked 
in place of a bad physical block is preferably located in the 
Same plane as the bad block to maintain programming 
parallelism within the metablock. 

0075. In a preferred embodiment, it is preferable to 
re-link blocks only within the same die or chip, as a 
re-linking running acroSS to another die or chip may trigger 
additional die/chip reads or programs. For example, in an 
exemplary case of a 4-plane meta-block, where the meta 
block spans over 2 chips with 2 planes each, the data can be 
programmed to (or read from) all 4 planes, which requires 
2 chip read/program in parallel. (This may not be 100% 
parallel but pipelined, So that the page read, block program 
and erase can be done in parallel, but the data bus being 
shared So that data transfers are not parallel). In this case, if 
a metablock is re-linked So that a physical block is taken 
from another, third chip, than it may be not possible to 
access it concurrently with the other two and the operation 
time can double. 

0.076 If a bad physical block in plane 0 is substituted by 
a spare block from plane 0, the metablock number is defined 
by that of the spare block, as shown for metablock n+1 in 
FIG. 20. Re-linked metablocks may be further re-linked in 
the event of Subsequent physical block failure. Metablocks 
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close to the top of the address Space, which cannot be linked 
as Standard metablocks, can take the form of re-linked 
metablockS. 

0077. As noted above with respect to FIG. 4d, there are 
also configurations using two dimensional meta-blocks that 
link block not only acroSS planes and chips, but also in depth 
within a given plane. FIG. 21 shows an example of re 
linking in the two-dimensional case. In FIG. 21, the 2-D 
metablock is example of a 24 metablock. The maximum 
benefit in performance can be achieved when all 8 blocks 
can be accessed in parallel. The main linking and re-linking 
principles of 1-D linking methods also apply, but with Some 
extensions. AS can be seen in the figure, a bad physical block 
in any of the physical blocks within a plane lead to a 
metablock being unused, as is shown for Metablock n. When 
a 2-D metablock is re-linked, as for the upper block of 
Metablock n+2 in plane 2, only the bad physical block in a 
given plane needs to be replaced; for example, for the upper 
block of Metablock n+2 in plane 2 is re-linked while the 
lower block of Metablock n+2 in plane 2 is not. 

0078. In the embodiment where only the deviations from 
the Standard linking are maintained in a record in the 
non-volatile memory, the management data Structures for 
metablock linking can be contained within two types of 
Sectors in one or more dedicated block linkage management 
blocks in flash memory. This arrangement has the advan 
tage, with respect to Saving the complete linking, of requir 
ing the storage of less information. Metablock numbers of 
every re-linked metablock in the memory System are con 
tained in a link table in a set of link table sectors. No entries 
for standard metablocks need be stored in the link table, 
because their physical block addresses are generated deter 
ministically from the metablock number. An RF (re-linked) 
flag can be used as an attribute of a meta-block, indicating 
whether the block is standard, and all the blocks are linked 
in a Standard fashion, or whether it is re-linked and requires 
additional block address translation through the link table 
(LT). The RF flag can be determined by analyzing the LT and 
then stored in SRAM, or else stored in a control data 
Structure in the main non-volatile memory as an attribute for 
the meta-block. Alternately, a list of re-linked Sectors can be 
keep in a list that can be searched through to determine 
which meta-blocks are re-linked. Entries in the link table can 
be ordered by metablock number, and each entry has fields 
for metablock number and block address of each linked 
physical block. 

0079. In an extension of the link table structure, the 
deviations from the basic algorithm establishing the Standard 
linking can themselves be based on a set of rules; for 
example, the non-Standard linking could be limited to a 
Single plane or limiting how far from its original row a block 
can be re-linked. Only when the re-linking is an exception 
to all of the algorithms need it be explicitly kept in the 
non-volatile memory. 

0080 A particular example of a link table and how the 
information it contains can be compressed is described with 
respect to FIG.22 and Table 1. The Link Table sector holds 
information about blocks that have been re-linked within the 
card. Depending upon the size of the card and the number of 
bad blocks within each die, it is possible that there will be 
more than one Link Table Sector present, which can be 
stored in the Boot Block block. As described above, meta 
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blocks have a standard method for linking and if one of the 
blocks is bad, then the meta-block may be able to be 
re-linked with a spare physical block in the Same plane. The 
Link Tables sectors store the information about which blocks 
are used in the re-linking. FIG. 22 is another example of the 
re-linking of meta-blockS. 
0081. Of the metablocks shown in FIG. 22, only meta 
block 0 has the Standard linking, here taken as Straight acroSS 
the eight planes. The figure shows Several block linking 
Situations: 

0082 A. Metablock 0 is a standard metablock with 
no re-linking and would therefore not appear in a 
Link Table sector 

0.083 B. Metablock 1 has 2 bad blocks in planes 0* 
and 1 

0084 C. Metablock 4 has 2 bad blocks in planes 0 
and 5 

0085. D. Metablock 5 has 3 bad blocks in planes 1, 
3, and 4 

0.086 E. Metablock 7 has 1 bad block in plane 0* 
0087 F. Metablock 9 has been completely re-linked 
from existing spare physical blocks, although the 
blocks in planes 0 and 7 come from the original 
meta-block 

0088. In the cases marked * where the re-linking is due 
to a bad block in plane 0. In this case, the physical address 
refers to the location where the original metablock existed. 
Due to the large number of blocks in the example of FIG. 
22, there are no metablocks 2, 3, 6, or 7. 
0089. The compression algorithm used for block re 
linking shown in FIG. 22 can be defined as in Table 1. 

TABLE 1. 

Repeated values 
to match Total 

Meta- number of items bytes 

block in Meta-block Number of re-linked Physical in 
Diagram number items in entry Plane address entry 

2 bytes 1 byte 1 byte 2 bytes 
1. OxOOO1 OxO2 OxOO OxOOO2 

OxO1 OxOOOS 9 
4 OxOOO)4 OxO2 OxOO OxOOO3 

OxOS OxOOO1 9 
5 OxOOOS OxO3 OxO1 OxOOO)4 

OxO4 OxOOO7 12 
OxOOO7 OxO1 OxOO OxOOO6 6 
OxOOO9 OxO6 OxO1 OxOOO8 

OxO2 OxOOO7 
OxO3 OxOOO7 

OxOS OxOOO8 
OxO6 OxOOO7 21 

6 

0090 The size of any link table entry can be defined as: 
Number of bytes=3+(3*number of re-linked blocks) 

0.091 For example, for metablock 1, the first three bytes 
identify metablock 1 and that it has two re-linkings, with 
three bytes being allotted to specify each of these re 
linkings. The re-linkings are specified by which of the eight 
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planes the re-linked block corresponds (1 byte) and the row 
number to which that it has been re-linked. 

0092. The full set of entries in the link table may be 
Spread acroSS multiple link table Sectors. A link table Sector 
is created or modified by writing it to the next available 
Sector position in the block linkage management block. 
Multiple copies of a link table Sector may therefore exist, 
with only the latest version being valid. An index to the 
positions of valid link table Sectors in the block linkage 
management block can be contained in a field in the Spare 
physical block list Sector in the block linkage management 
block, which is described below. The metablock number 
relating to the first entry in each valid link table Sector can 
be held in a list in controller RAM, to allow easy identifi 
cation of the relevant link table sector for any metablock 
number. If an additional entry must be added to a link table 
Sector which already contains the maximum number of 
entries, the Sector is split into two new Sectors, each with 
half the entries, and the new entry is inserted in the appro 
priate new Sector. 
0093. The block addresses of all spare physical blocks are 
held as entries in an unordered list in the Spare physical 
block list Sector. In Some embodiments, it may be conve 
nient to limit the maximum number of spare blockS per plane 
per chip. In an exemplary embodiment, this is limited to 16, 
as in most cases this should be large enough. If there are 
more than 16 spare blocks in a plane, they will be “lost”. 
0094 Blocks that become spare, because either a stan 
dard metablock cannot be created during initial configura 
tion of the flash memory into metablockS or because a 
physical block linked into a Standard or re-linked metablock 
has failed, are added as new entries to the end of the Spare 
physical block list. When a spare block is required for 
creation of a re-linked metablock, the first block in the 
relevant plane closest to the beginning of the Spare physical 
block list can be used. The Spare physical block list Sector 
also contains a field with an indeX to valid link table Sector 
locations. 

0095. When a metablock re-link operation takes place 
and link table Sectors are created or modified, the Spare 
physical block list and link table sector index fields can both 
be modified in the spare physical block list sector. A valid 
Spare physical block list Sector is therefore the last written 
Sector in the block linkage management block. When the 
block linkage management block is full, it can be compacted 
during a control write operation by rewriting all valid Sectors 
to a new block location, and the full block can be Subse 
quently erased. 
0096. To simplify the saving of spare physical block 
Sectors and limit the amount of Searching that is required 
when looking for a replacement block the Spare physical 
block list can be Stored by chip, die, and plane. The actual 
number of Sectors required depends on the size of memory 
device, number of devices, and the interleaving method 
used. AS noted above, it may be convenient to Store only a 
certain number of physical blockS per plane. The number 
held will depend upon the expected failure rate of blocks and 
the number of blockS per plane. This means that each Spare 
physical block list sector will hold the spare physical blocks 
for several planes. The firmware will calculate the correct 
Sector to load and then indeX into the Sector to load the 
correct values. 
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0097. When the number of spare physical block lists 
changes due to re-linking or another bad block being found, 
a new spare physical block list sector will be written. This 
may mean two spare physical block list Sectors covering the 
Same physical area. The Boot Sector holds the Spare physical 
block list Indices containing the index of the valid sector. If 
no spare physical blocks exist in an area covered by a Spare 
physical block list, then the sector will not exist in the Boot 
Block. 

0.098 Referring back to FIG. 22, this refers to an 8 way 
interleaved card. There will therefore have to be at least 8 
arrays to hold all the Spare physical block list information. 
For every subsequent die on the card there will be an 
additional 8 arrays required. The Spare physical block list 
corresponding to FIG. 22 is shown in Table 2. 

TABLE 2 

Plane 

O OxO8 
1. 
2 OxO1 Ox04 Ox08 
3 OxO1 Ox08 Ox09 
4 OxO1 Ox04 OxOS 
5 OxO4 OxO7 Ox09 
6 OxO1 Ox04 Ox08 
7 OxO1 Ox04 OxO7 

0099. As with the linking table, the spare physical block 
list can be Stored as a table in non-volatile memory which 
can be cached into volatile RAM upon demand. 
0100 Although the various aspects of the present inven 
tion have been described in terms of a firmware based 
implementation, they may also be implemented in a hard 
ware based implementation. A hardware engine on the 
controller or, preferably, on a memory chip itself can do the 
re-linking. The re-linking information can be Stored on the 
chip itself at a special memory location. The controller can 
then treat all the blocks as Standard, and the engine will 
translate the block addresses to the true internal addresses. 
The memory will appear to the host (or controller) as a 
memory with only Standard blocks, or as a memory with 
large physical blocks, without having to know about either 
the Smaller block Structures or the details of any re-linking. 
0101 Although specific examples of various aspects of 
the present invention have been described, it is understood 
that the present invention is entitled to protection within the 
Scope of the appended claims. 

It is claimed: 
1. A method of operating a memory System including a 

controller and a non-volatile memory, wherein the non 
Volatile memory is comprised of a plurality of units of erase, 
the method comprising: 

establishing a set of metablock linkings, each comprised 
of a plurality of units of erase, by which the controller 
accesses the non-volatile memory; and 

Storing a record of Said metablock linkings in the non 
Volatile memory. 

2. The method of claim 1, wherein said record is a 
complete Specification of the Set of linkings in terms of units 
of erase. 
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3. The method of claim 1, wherein said set of linkings is 
formed according to a rule and the record consists of those 
linkings that are exceptions to the rule. 

4. The method of claim 1, further comprising: 
determining that a unit of erase in a first of Said metablock 

linkings is defective; 
updating the first metablock linking So that it no longer 

contains Said defective unit of erase, and 
Storing a record of the updated linking in the non-volatile 

memory. 
5. The method of claim 4, wherein Said updating com 

priseS replacing the defective unit of erase with another one 
of Said units of erase. 

6. The method of claim 5, wherein said another one of said 
units of erase is Selected from a list of unlinked units of 
CSC. 

7. The method of claim 6, wherein said list of unlinked 
units of erase is maintained in the non-volatile memory. 

8. The method of claim 7, further comprising: 
Subsequent to Said replacing the defective unit of erase 

with another one of Said units of erase, updating Said 
list of unlinked units of erase. 

9. The method of claim 5, wherein said another one of said 
units of erase is Selected from a unit of erase formerly 
belonging to another linking. 

10. The method of claim 1, further comprising: 
maintaining a list of unlinked units of erase; 
determining that one or more units of erase in a first of 

Said metablock linkings is defective, and 
adding the non-defective units of erase in the first meta 

block to the list of unlinked units of erase. 
11. The method of claim 1, further comprising: 
determining that a unit of erase in a first of Said metablock 

linkings is defective; 
determining whether an alternate unit of erase is available 

for the defective unit of erase; and 
in response to determining that an alternate unit of erase 

is not available, removing the first metablock from the 
Set of metablock linkings. 

12. The method of claim 1, wherein said non-volatile 
memory comprises a plurality of quasi-independent arrayS 
and each of the plurality of units of erase in a given one of 
Said metablock linkings are from a different one of Said 
quasi-independent arrayS. 

13. The method of claim 1, wherein said non-volatile 
memory comprises a plurality of quasi-independent arrayS 
and the plurality of units of erase in a given one of Said 
metablock linkings are comprised of pairs of units of erase 
from the same quasi-independent array, wherein each of the 
pairs are from a different one of Said quasi-independent 
arrayS. 

14. The method of claim 10, wherein said quasi-indepen 
dent arrays are on Separate chips. 

15. The method of claim 1, wherein said record of Said 
metablock linkings is Stored in a portion of the non-volatile 
memory other than those assigned for user data. 

16. The method of claim 1, wherein each of Said units of 
erase is comprised of a plurality of Sectors and each of the 
Sectors includes a data area and an overhead area, and 
wherein the record information for those units of erase 
containing data is maintained in their overhead area. 
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17. The method of claim 16, wherein the record informa 
tion for those units of erase without data is maintained in a 
portion of the non-volatile memory other than those 
assigned for user data. 

18. A method of operating a memory System including a 
controller and a non-volatile memory, the memory compris 
ing at least two independently accessible Subarrays, wherein 
the individual Subarrays are divided into a plurality of 
non-overlapping physical Structures, and wherein at least 
one physical Structure from individual ones of Said SubarrayS 
are linked to form a composite logical Structure whereby the 
controller accesses the composite logical Structure compo 
nents together as a unit, the method comprising: 

determining that a physical Structure in Said composite 
logical Structure is defective, and 

in response to Said determining that a physical Structure in 
Said composite logical Structure is defective, replacing 
Said defective physical Structure in Said composite 
logical Structure with an alternate physical Structure 
while maintaining the non-defective ones of the physi 
cal Structures linked to form said composite logical 
Structure. 

19. The method of claim 18, wherein said physical 
Structures are physical blockS. 

20. The method of claim 18, wherein said Subarrays are 
formed on the same chip. 

21. The method of claim 18, wherein less than all of said 
Subarrays are formed on the same chip. 

22. The method of claim 18, wherein a record of the 
linking of physical structures to form a composite logical 
Structure is maintained in Said memory and wherein Said 
record is updated to reflect Said replacing. 

23. The method of claim 22, wherein the linking is formed 
according to an algorithm and the record describes devia 
tions from the algorithm. 

24. The method of claim 22, wherein the record describes 
the physical address of all of the physical Structures in the 
linking. 

25. The method of claim 24, further comprising: 
prior to Said determining that a physical Structure in Said 

composite logical Structure is defective, forming an 
initial linking of physical Structures to form said com 
posite logical Structure, and wherein Said replacing 
includes updating Said linking. 

26. The method of claim 25 said forming an initial linking 
comprises: 

Selecting the physical Structures forming the composite 
logical Structure from a pool of available physical 
StructureS. 

27. The method of claim 25 said forming an initial linking 
comprises: 

forming the composite logical Structure according to an 
algorithm. 

28. A memory System including a controller and a non 
Volatile memory, wherein the non-volatile memory is com 
prised of a plurality of units of erase, wherein the controller 
accesses the non-volatile memory according to a set of 
metablock linkings, each comprised of a plurality of units of 
erase, wherein the controller establishes the set of metablock 
linkings in a deterministic manner. 

29. The memory system of claim 28, wherein the set of 
metablock linkings is established according to an algorithm. 

30. The memory system of claim 29, wherein metablock 
linkings not formed according to the rule are indicated by a 
flag. 
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31. The memory system of claim 30, wherein the flag is 
maintained in the controller. 

32. The memory system of claim 30, wherein the flag is 
maintained in the non-volatile memory 

33. The memory system of claim 29, wherein the algo 
rithm optimizes the Set of linkings according to the pattern 
of defective blocks in the non-volatile memory. 

34. The memory system of claim 29, wherein the con 
troller determines the pattern of defective blocks in the 
non-volatile memory based on a Scan of the non-volatile 
memory. 

35. The memory system of claim 28, wherein the set of 
metablock linkings is established based on a random allo 
cation. 

36. The memory system of claim 28, wherein the set of 
metablock linkings is updated in response to defects by 
replacing a defective block in a linking with non-defective 
block from a list of one or more non-defective blocks. 

37. The memory system of claim 36, wherein a record of 
the list of one or more non-defective blocks maintained in 
the non-volatile memory. 

38. The memory system of claim 37, wherein the record 
of the list of one or more non-defective blocks is cached in 
volatile memory of said controller by said controller. 

39. The memory system of claim 28, wherein a record of 
the Set of metablock linkings is maintained in the non 
Volatile memory. 

40. The memory system of claim 39, wherein the record 
of the Set of metablock linkings is cached in Volatile memory 
of said controller by said controller. 

41. The memory system of claim 39, wherein an initial set 
of metablock linkings is established according to an algo 
rithm and wherein the record of the set of metablock linkings 
lists only those linkings that do not conform to the algo 
rithm. 

42. The memory system of claim 41, wherein the record 
of the Set of metablock linkings lists only those units of erase 
that do not conform to the algorithm. 

43. A method of operating a non-volatile memory System 
having an array of memory Storage elements organized in at 
least two planes, wherein the individual planes are divided 
into a plurality of non-overlapping blocks of Storage ele 
ments wherein a block contains the Smallest group of 
memory Storage elements that are erasable together, and the 
individual blocks are divided into a plurality of pages of 
Storage elements wherein a page is the Smallest group of 
memory Storage elements that are programmable together, 
comprising: 

linking at least one block from individual ones of Said at 
least two planes to form a metablock wherein the 
metablock components are erased together as a unit; 

redirecting a metablock component block associated with 
a defective physical block to a spare physical block in 
the same plane if a spare physical block is available in 
the same plane; 

assigning the metablock components not associated with 
the defective physical block to a spare block area if no 
spare physical block is available in the same plane; and 

updating a defect map structure, wherein the defect map 
Structure includes an entry corresponding to the meta 
block. 


