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BLOCK ADDRESSING FOR PARALLEL 
MEMORY ARRAYS 

BACKGROUND 

[0001] 1. Field of the Invention 
[0002] Embodiments of the invention generally relate to 
integrated circuits. In particular, embodiments of the inven 
tion relate to memory circuits. 
[0003] 2. Description of the Related Art 
[0004] Semiconductor memory devices are ubiquitous in 
digital electronics devices. Examples of these devices include 
computers, cameras, digital media players, games, personal 
digital assistants, mobile phones, navigation devices, non 
volatile storage products, and the like. Examples of non 
volatile storage products include CompactFlash (CF) cards, 
MultiMedia cards (MMC), secure digital (SD) cards, Flash 
PC cards (e.g., ATA Flash cards), SmartMedia cards, solid 
state disks (SSDs), hybrid hard drives, and memory sticks. 
Semiconductor memory provides storage and retrieval of 
data. 
[0005] There exist many types of semiconductor memories. 
Examples of memories include various types of random 
access memory (RAM) (including SRAM, DRAM, and 
SDRAM), ?ash memory, electrically erasable programmable 
read only memory (EEPROM), magnetoresistive random 
access memory (MRAM), programmable conductor 
memory, ferroelectric memory, and the like. There are also 
many subtypes Within these memories. 
[0006] Typically, the memory cells of a memory device are 
arranged in one or more arrays and are accessed by activation 
of appropriate Word lines (roWs) and bit lines (columns). In 
most types of memory devices, each cell stores a single bit of 
data. HoWever, some cells, such as ?ash memory cells, can 
store data in more than one level (more than one bit per cell). 
[0007] Memory devices can also be organiZed into pages 
and further into blocks. For example, NAND ?ash is gener 
ally organiZed into blocks and pages. This organiZation can 
also be found in NOR ?ash, electrically erasable program 
mable read only memory (EEPROM), and programmable 
read only memory (PROM). The siZes of the blocks and pages 
can vary in a very broad range. One example of a 2 gigabyte 
(GB) memory array has 2,048 blocks, each block having 64 
pages, With each page having 2,112 bytes, including 2,048 
data bytes and 64 spare bytes (not including spare blocks, 
pages, roWs, columns, etc.). Conceptually, this is illustrated in 
FIG. 1. 
[0008] Bad or unusable memory cells can be identi?ed 
during test. For example, a memory cell can fail for being 
stuck in a particular logic state, for not meeting a timing 
speci?cation, or the like. During production, these failures 
can be mapped and corrected by substitution of defective 
roWs and/or columns With extra or redundant roWs and/or 
columns in an array. This type of failure is typically handled 
by the permanent mapping of internal addresses for indi 
vidual roWs and addresses Within an array and is transparent 
to the end user. 

[0009] Cells can also fail in the ?eld. For example, many 
non-volatile memory types can Wear out over multiple Write 
cycles. Some memory devices can also include error correc 
tion codes (ECC), and are tolerant of bad cells Within correct 
able limits. Unless correctable by some form of error correc 
tion, bad or unusable memory cells shouldnot be used. Bad or 
unusable memory cells can affect the usability of higher order 
memory units. For example, bad cells can cause a roW to be 
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unusable, and the page(s) of the roW to be unusable. Blocks of 
memory can also have spare pages to replace bad pages. 
When an insu?icient number of pages for a block is available, 
the entire block may be marked as a bad block, and none of the 
pages of that block are typically accessible. 
[0010] A problem arises in the handling of bad blocks. Bad 
blocks can be marked in a bad block table. For example, if a 
block is determined to be bad during production test, a repair 
procedure can be used to replace the bad block With a spare 
block. 
[0011] With reference to FIG. 2, in one example, tWo or 
more arrays store data from or provide data to a data bus. It 
can take longer to Write to or read from a page of data to or 
from an array 202, 204 than to or from a cache register 206, 
208. For speed, the memories canbe arranged such that a page 
from one array 202 is Written to or read ?rst, then a page from 
a second array 204 is Written to or read, then a neW page is 
Written to or read from the ?rst array 202, and so forth. This is 
knoWn as “ping-ponging,” and is fast because the data from 
the alternate array can be preloaded into the applicable cache 
register 206, 208 While the data from the other cache is being 
Written or read. Other registers 210, 212 can assist With the 
Writing or the fetching of data. If the arrays 202, 204 are on the 
same chip, the cache registers 206, 208 can be shared, i.e., 
there Would typically be only one cache register. 
[0012] HoWever, if the addresses are not sequential, then 
the preloading may not occur ef?ciently. For example, When 
tWo 8-bit chips are used to provide data, then address lines 
that are provided to the tWo chips are typically shared, and the 
least signi?cant bit (LSB) of an address line is redundant. In 
a conventional chip With multiple arrays, not only are the 
address lines shared, but a roW decoder is also typically 
shared among the multiple arrays. When a block of an array is 
bad, a repair solution can map a different block to the same 
logical address as a good block. HoWever, the activation of a 
different set of roW lines for the replacement block can con 
siderably lengthen Write or read times because, for example, 
tWo different physical memory locations are then accessed 
from Within the memory device for Writing or reading. This is 
shoWn in FIG. 3. 

[0013] FIG. 3 illustrates an example of a conventional tech 
nique for pairing blocks from tWo different memory arrays 
302, 304. More than tWo memory arrays can be “paired” or 
matched, i.e., associated for storage and retrieval together. In 
another example, 4 arrays or 8 arrays are “paired.” In the 
illustrated example, the ?rst four blocks (IA-4A) 306, 308, 
310, 312 from memory array A 302 are good. A ?rst block 1B 
314, a second block 2B 316, and a fourth block 4B 320 from 
memory array B 304 are good. HoWever, a third block 3B 318 
ofmemory array B 304 is bad. The ?rst block 1A 306 and the 
?rst block 1B 314 are paired. The second block 2A 308 and 
the second block 2B 316 are paired. The fourth block 4A 312 
and the fourth block 4B 320 are paired. 

[0014] HoWever, the third block 3A 310 from arrayA 302 is 
not paired With the third block 3B 318 from array B 304 
because the third block 3B 318 is bad and is not usable. 
Rather, the third block 3A 310 is paired With another block 
XB 322 from array B. Typically, the good blocks at the end 
(by physical address) of an array are spare blocks, and the 
other block XB 322 that is used is selected from one of the 
spare blocks. For example, block XB 322 can be the 2,050-th 
block of an array speci?ed to have at least 2,048 good blocks. 
The third block 3A 310 and the other block XB 322 are at 
different physical addresses, and When pages of data are 
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stored to or retrieved from each, the pages from the third 
block 3A 310 and the pages from the block XB 322 are 
internally accessed using tWo separate accesses and Without 
“ping-ponging.” This reduces performance. For example, the 
technique illustrated in FIG. 3 typically uses some form of 
internal controller intervention to select the replacement 
block(s) and to combine data from separate internal memory 
reads, Which further sloWs doWn access. 
[0015] The use of multiple arrays for data is common. In 
systems With multiple channels of data, there canbe data from 
multiple arrays for a data stream. Another example Where 
blocks canbe paired is When a data bus is relatively Wide, such 
as in a 32-bit Wide data bus, and each of four memory arrays 
handles 8 bits of the 32 bits of data. 
[0016] FIG. 4 illustrates an example of a conventional tech 
nique for pairing blocks from tWo different memory arrays 
402, 404. In this technique, the entire physical address of a 
bad block is skipped, and the next physical address With tWo 
or more good blocks is used. This technique still typically 
uses controller intervention to manage the jump in physical 
addresses. In the illustrated example, the ?rst four blocks 
(1A-4A) 406, 408, 410, 412 from memory array A 402 are 
good. A ?rst block 1B 414, a second block 2B 416, and a 
fourth block 4B 420 from memory array B 404 are good. 
HoWever, a third block 3B 418 of memory array B 404 is bad. 
The ?rst block 1A 406 and the ?rst block 1B 414 are paired. 
The second block 2A 408 and the second block 2B 416 are 
paired. The fourth block 4A 412 and the fourth block 4B 420 
are paired. 
[0017] HoWever, the third block 3A 410 from arrayA 402 is 
not paired With the third block 3B 418 from array B 404 
because the third block 3B 418 is bad and is not usable. In 
contrast to the example of FIG. 3, Where the block 3A 310 is 
still used, in the example of FIG. 4, the third block 3A 410, 
While good, is left unpaired and unused. This preserves the 
ability of the arrays 402, 404 to “ping-pong” for speed When 
reading the various pages of associated blocks as the paired 
blocks arranged in this manner use the same physical 
addresses and are accessible With activation of the same roWs 
of a shared roW decoder. HoWever, the third block 3A 410 is 
not utiliZed despite its viability and is effectively treated as a 
bad block. This decreases the number of available blocks for 
an array, and if the effective number of good blocks falls 
beloW the minimum speci?ed, this can decrease the produc 
tion yield and increase the cost of production. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] These draWings and the associated description 
herein are provided to illustrate embodiments and are not 
intended to be limiting. 
[0019] FIG. 1 illustrates a memory architecture With mul 
tiple pages and blocks Within arrays. 
[0020] FIG. 2 illustrates reading from multiple memories 
for fast access or for parallel access. 
[0021] FIG. 3 illustrates a prior art technique of pairing 
blocks from different memory arrays, Which results in rela 
tively sloW access to data. 
[0022] FIG. 4 illustrates a prior art technique of pairing 
blocks from different memory arrays, Which results in inef 
?cient utilization of memory space. 
[0023] FIG. 5 illustrates an example of collectively map 
ping blocks for tWo arrays. 
[0024] FIG. 6 illustrates an example of collectively map 
ping blocks for four arrays. 
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[0025] FIG. 7 illustrates an example of a controller, an 
address translator, and a memory device. 
[0026] FIG. 8 is a schematic of a memory chip With address 
translators. 
[0027] FIG. 9 illustrates an example of a lookup table 
(LUT) for implementation of address translation. 
[0028] FIG. 10 is a ?owchart generally illustrating collec 
tive block mapping. 
[0029] FIG. 11 is a ?owchart generally illustrating block 
mapping Within an array. 
[0030] FIGS. 12A and 12B illustrate examples of memory 
maps. 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0031] Although particular embodiments are described 
herein, other embodiments of the invention, including 
embodiments that do not provide all of the bene?ts and fea 
tures set forth herein, Will be apparent to those of ordinary 
skill in the art. 
[0032] One embodiment of the invention provides associa 
tive mapping of the blocks of tWo or more memory arrays 
such that data, such as pages of data, from good blocks of the 
tWo or more memory arrays can be Written or read in an 

alternating manner for speed or can be Written to read in 
parallel for providing data to relatively Wide data channels. 
For example, this obviates controller intervention to access 
associated data spread among disparate roWs and can increase 
the throughput of data by providing, Where con?gured, the 
ability to alternate reading of data from tWo or more arrays. 
For example, While data from one array is being loaded to a 
cache, data from another array that has already been loaded to 
the cache can be read. In one example, the mapped blocks 
correspond to the smallest erasable entity of a ?ash device. In 
another example, the mapped blocks correspond to a rela 
tively large number of memory cells. In addition, relatively 
feW of the good blocks of an array go unused. 
[0033] FIG. 5 illustrates an example of collectively map 
ping blocks for tWo arrays. The principles and advantages of 
the collective mapping can be applied to a very Wide range of 
numbers of arrays. For example, FIG. 6 illustrates an example 
of collectively mapping blocks for four arrays. The status of a 
block as good or bad can be determined during manufacture 
or later in the ?eld. A Wide variety of techniques can be used 
to determine Whether a block is good or bad. An applicable 
technique Will be readily determined by one of ordinary skill 
in the art. Moreover, it may be desirable to mark a block as bad 
even if it is good if, for example, the applicable memory cells 
are Within one more error of not being correctable by error 

correction codes (ECC), or the applicable memory cells are 
near Wear out limits, etc. 

[0034] Desirably, the goodblocks of the arrays are logically 
addressed together so that an accessing electronic processing 
unit, such as a controller, processor, CPU, or other device, can 
read data rapidly in parallel from the arrays Without having to 
make address jumps or having to read data from arrays sepa 
rately. In one embodiment, the good blocks are logically 
rearranged to form consecutively addressable good blocks of 
memory. In one embodiment, the mapping is performed such 
that the good blocks are mapped to relatively loW addresses, 
and the bad blocks or unused spare blocks, if any, are mapped 
to relatively high addresses. The mapping for the unused 
blocks (bad block or spare blocks) is not critical. Examples 
Will be described beloW in connection With FIGS. 12A and 
12B. In one example, roW decoders for a memory device are 
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not shared among the arrays. This permits independent roW 
addressing of blocks of memory from the arrays. Such pro 
gramming of a roW decoder or an address translator to skip 
over bad blocks in an array and retain a contiguous mapping 
of good blocks can be readily accommodated at production 
test. In addition, the repair of blocks that fail in the ?eld can 
also be accommodated. For example, a bank of fuses can be 
used to store a repair solution. Fuses can be programmed to 
identify a logical address range corresponding to an original 
block that has gone bad. When the logical address range is 
encountered, a good block (previously redundant) is substi 
tuted for the bad block. The fuses can be Flash-based fuses, 
Which permit the reprogramming of repair solutions for ?eld 
based repairs. 
[0035] With reference to FIG. 5, the blocks of arrayA 502 
and array B 504 are collectively associated. Array A 502 and 
array B 504 can be on the same chip or on different chips. The 
blocks of arrayA 502 and array B 504 have logical addresses 
506, 508 and have internal addresses 510, 512. The logical 
addresses 506, 508 are used by devices that access the 
memory, such as controllers, processors, CPUs, and the like. 
The internal addresses 510, 512 relate to the original physical 
addresses Within the arrays. 
[0036] For the purposes of discussion, FIG. 5 Will generally 
be described using the internal addresses 510, 512 as the 
references for the blocks. In the example, for array A 502, 
blocks With internal addresses 1A 514, 2A 516, 3A 518, 4A 
520, 5A 522, 6A 524, 7A 526, and 8A 528 are shoWn. Blocks 
1A 514, 2A 516, 3A 518, 4A 520, 5A 522, 7A 526, and 8A 
528 are good, and block 6A 524 is bad. For array B 504, 
blocks With internal addresses 1B 530, 2B 532, 3B 534, 4B 
536, 5B 538, 6B 540, 7B 542, and 8B 544 are shoWn. Blocks 
1B 530, 2B 532, 4B 536, 5B 538, 7B 542, and 8B 544 are 
good, and blocks 3B 534 and 6B 540 are bad. 
[0037] Block 1A 514 is paired With block 1B 530, and both 
are mapped at the starting logical address for the blocks, 
Which is typically 0 for the ?rst page of the block. Block 2A 
516 is paired With block 2B 532, and both are mapped at the 
next block address, i.e., the second logical block address for 
the ?rst page. This is typically a ?xed offset from 0 and 
typically varies depending on the number of pages for a block. 

[0038] Block 3B 534, Which is bad, is not intentionally 
paired and is mapped to an unused address, such as to an 
address near the end of the range of addresses for the array. In 
one embodiment, the mapping process remaps the bad blocks 
starting With the last available block addresses ?rst (highest 
addresses) and progressively maps bad blocks to loWer 
addresses as the bad blocks are encountered. This permits the 
good blocks to be mapped in a ?rst contiguous address space 
at the beginning (starting block address) for the blocks of the 
array, and the bad blocks to be mapped in a second contiguous 
address space at the end of the address range. The mapping of 
the good blocks to a relatively large contiguous address space 
provides a relatively large usable memory area for the user. 
HoWever, other techniques for separating the logical 
addresses for the good blocks from the bad blocks Will be 
readily determined by one of ordinary skill in the art. 
[0039] Block 3A 518 is paired With block 4B 536, and both 
are mapped to the third logical block address. With remap 
ping and the use of separate roW decoders for each array, 
block 3A 518 and block 4B 536 can both be mapped to the 
same logical address 508 and accessed at the same time even 
though internally Within the arrays 502, 504, the blocks 518, 
536 are at disparate internal addresses as determined by roW 
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count Within the arrays 502, 504. Block 4A 520 is paired With 
block 5B 538, and is mapped to the fourth logical block 
address. Block 5A 522 is paired With block 7B 542, and 
mapped to the ?fth logical block address. Block 6A 524 is 
bad, not paired, and is mapped toWards the end of the 
addresses for the arrayA 502. Block 6B 540 is bad, not paired, 
and is mapped toWards the end of the addresses for the array 
B 504. Block 7A 526 is paired With block 8B 544 and is 
mapped to the sixth logical block address. 
[0040] With the mapping described above, each pair of 
good blocks has a matching logical address 506, 508 and 
blocks from both arrays 502, 504 are available to be accessed 
at the same time for rapid access to data by, for example, data 
Writes to or reads of consecutive addresses. In one embodi 
ment, the pages of data from array A 502 are interleaved With 
pages of data from array B 504 to permit the controller to 
“ping-pong” back and forth betWeen the arrays 502, 504 
When Writing or reading pages of data. 
[0041] FIG. 6 illustrates an example of collectively map 
ping blocks for four arrays 602, 604, 606, 608. The collective 
mapping for the ?rst four good blocks for each array 602, 604, 
606, 608 is shoWn. It Will be understood that arrays typically 
have many blocks, e.g., thousands. For clarity, the blocks Will 
be referenced in the folloWing discussion via their internal 
addresses (e.g., physical roW address), Which are mapped to 
logical addresses, Which are used by hosts, such as control 
lers, processors, and the like. Even When matched blocks are 
at disparate physical addresses (disparate by roWs), the 
matched blocks can be Written to or read from at the same 

time Without separate Writes or reads, Which improves 
memory performance. 
[0042] The illustrated portion of array A 602 has four 
blocks 1A 610, 2A 612, 3A 614, 4A 616, all of Which are 
good. Array B 604 has good blocks 1B 620, 2B 622, 3B 624 
and 5B 628. Block 4B 626 is not good. Array C 606 has good 
blocks 1C 630, 3C 634, 4C 636, and 5C 638. Block 2C 632 is 
not good. Array D has good blocks ID 640, 2D 642, 3D 644, 
and SD 648. Block 4D 646 is not good. 
[0043] In the illustrated example, the blocks are matched as 
folloWs. Block 1A 610, block 1B 620, block 1C 630, and 
block ID 640 are matched. Block 2A 612, block 2B 622, 
block 3C 634 and block 2D 642 are matched. Block 3A 614, 
block 3B 624, block 4C 636, and block 3D 644 are matched. 
Block 4A 616, block 5B 628, block 5C 638, and block SD 648 
are matched. 

[0044] Block 4B 626, block 2C 632, and block 4D 646 are 
bad blocks and are mapped to an address space outside of the 
contiguous address spaces used for the good blocks. For 
example, the bad blocks can be mapped to the end of the 
address space. 
[0045] The matching or “pairing” of the blocks described 
above preserves the continuity of addresses for accessing 
memory, Which permits reading blocks of memory quickly by 
alternating among the arrays and/or permits reading data 
from arrays in parallel. HoWever, the blocks do not have to be 
mapped in sequential internal address order in order to retain 
the bene?t of consecutive logical addresses. In one embodi 
ment, the data is addressed sequentially as seen by a control 
ler, processor, or CPU, but the actual ordering of the physical 
blocks Within a memory chip can vary and Will typically be 
transparent to the controller or processor. In one embodiment, 
the mapping is implemented using fuses, such as Flash fuses, 
to store mapping data. The mapping can be initially deter 
mined during production test and updated in the ?eld. In one 
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embodiment, the fuses lie outside of a roW decoder, but 
impact the decoding solution. For example, the fuses can be 
part of an address translator circuit, can be part of an override 
circuit that overrides normal roW decoding, or the like. In 
another embodiment, the fuses provide programmability of a 
roW decoder itself. 

[0046] FIG. 7 illustrates an example of a controller 702, an 
address translator 704, and a memory device(s) 706. The 
controller 702 represents a controller or other processor that 
uses the memory device 706. Other controllers or processors 
can also use the memory device 706 via, for example, direct 
memory access (DMA) 708. The address translator 704 pro 
vides mapping and/or remapping as applicable of the 
addresses for the blocks of the memory device 706. 
[0047] In one embodiment, the address translator 704 is 
outside the memory device 706 as shoWn in FIG. 7. This 
permits off-the-shelf memory device(s) 706 to be used, and 
permits relatively many memory devices 706 to be used per 
address translator 704. 
[0048] In another embodiment, the address translator 704 is 
part of the memory device 706. It shouldbe noted that a single 
memory device 706 can store multiple memory arrays. The 
address translator 704 can alternatively be integrated With the 
controller 702, be integrated With a DMA controller, or be a 
separate chip. In one embodiment, the address translator 
translates or maps logical addresses as seen by devices using 
the memory device 706, such as the controller 702, into the 
addresses used to retrieve data from the memory device 706. 
The mapping information can be stored in a lookup table 
(LUT). In the illustrated embodiment, the blocks of a memory 
are addressed (block portion of addresses) toWards the most 
signi?cant bit (msb) portions addresses, While pages (if 
present) and bytes are addressed toWard the least signi?cant 
bit (lsb) portions of the addresses. Where pages of arrays are 
intended to be read in a “ping-pong” manner, then their 
address translation can be varied accordingly. 
[0049] FIG. 8 is a schematic ofa memory chip 800 With an 
address translator 802. In the illustrated example, the memory 
chip 800 has memory array A 804 and memory array B 806. 
For clarity, miscellaneous supporting circuits for memory 
array B 806 are not shoWn, and in one embodiment are the 
same as that described for memory arrayA 804. When imple 
mented on the same chip, the tWo arrays 804, 806 can share a 
cache register 808. 
[0050] The address translator 802 receives logical 
addresses as an input and provides translated addresses as an 
output. The logical addresses can originate from, for 
example, a controller, processor, CPU, or the like, coupled to 
an input/ output circuit 809. In one embodiment, the transla 
tion function of the address translator can be selectively 
enabled or disabled via an enable signal 810. The address 
translator 802 can also have a mode for programming and a 
mode for normal usage, Which can be selected With a program 
signal 812. For example, the address translator 802 can be 
programmed during production test to map good blocks to a 
contiguous address space. 
[0051] Outputs of the address translator 802 are provided to 
an address latch 814 for array A 804 and to another address 
latch (not shoWn) for array B 806. The mapping betWeen 
array A 804 and array B 806 can be different, so the addresses 
that are latched can also be different. It should be noted that 
the address translator 802 typically does not have to translate 
every bit of an address bus, but should at least translate the 
address bits used for selecting blocks. 
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[0052] An output of the address latchA 814 is provided as 
an input to a roW decoder 816. In one embodiment, the roW 
decoder 81 6 for memory array A 804 is independent from the 
roW decoder for memory array B 806. This permits disparate 
physical pages of data (different by physical roW address) 
from memory array A 804 and memory array B 806 to be 
accessed at the same time With a common logical address. In 
one embodiment, the roW decoder 816 can also be mapped to 
correct for bad memory locations in roWs and/ or columns. For 
example, ifa block goes bad in the ?eld, a bank of fuses can 
be programmed to detect the address range for the bad block 
and substitute an otherWise redundant block to repair the 
array. The roW decoder 816 selects appropriate roWs for read 
ing of data. For example, in the context of NAND Flash, the 
roW decoder 816 can activate a particular roW (also knoWn as 
Wordline), and other related roWs can be turned “on” such that 
the particular cells of the selected roW can be Written or read. 

[0053] An output of the address latch 814 is also provided 
as an input to a column decoder 818. In one embodiment, the 
addresses for the roW decoder 816 are translated by the 
address translator 802, but the addresses for the column 
decoder 818 are not translated. Sense/ driver circuits 820 com 
municate With the column decoder 818 and array A 804 to 
Write data to or read data from array A 804. Data buffers/ 
latches 822 store data from the input/output circuit 809 for 
storage in memory array A 804, and data registers 824, 826 
store data retrieved from memory array A 804, memory array 
B 806, respectively. The cache register 808 provides data 
from the data registers 824, 826 for fast access to the data. If 
memory array A 804 and memory array B 806 are not on the 
same chip, then the cache register 808 Will typically not be 
shared. 
[0054] FIG. 9 illustrates an example of a lookup table 
(LUT) 902 for an implementation of address translation. In 
one embodiment, the lookup table 902 is implemented as a 
programmable non-volatile memory, such as EEPROM or 
Flash memory (NOR or NAND). In one embodiment, an 
address translator 904 is implemented by programming the 
lookup table 902 during production test, and using the pro 
grammed lookup table during operation. In one embodiment, 
the lookup table 902 is also reprogrammable in the ?eld such 
as via ?rmWare or state machine control. The lookup table 
902 can alternatively be implemented by a volatile memory 
device, such as static RAM, that is loaded With the appropri 
ate data before use, Which can provide faster speed during 
use. 

[0055] In the illustrated embodiment, the address translator 
904 receives a logical address 906 as an input, and provides 
tWo or more addresses 908, 909 as outputs. The logical 
address 906 does not need to be the full address, e.g., can be 
the portion of the addresses for addressing blocks. One 
address 908 can be for addressing data of one array, and 
another address 909 can be for addressing data of the other 
array of the pair. In the illustrated embodiment, addresses for 
both arrays are translated for ef?cient access of data for the 
CPU. For example, a CPU can read data faster if the data is 
available at contiguous addresses. 
[0056] HoWever, the addresses for an array can remain 
untranslated, and the addresses for the good blocks of the 
other arrays translated to match With the untranslated 
addresses of the untranslated array. For example, during the 
programming process, the address translator 904 can be con 
?gured to pass through the logical address 906 to one or more 
translated addresses 908, 909 Without modi?cation. The 
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translated addresses 908, 909 can be different from each other 
so that data from blocks of disparate addresses can be e?i 
ciently retrieved. When the address translator 904 is enabled 
for translation operations, a logical address 906 can be 
applied to the lookup table 902 as an address to a memory 
location, and the translated address 908 can be retrieved from 
the stored data of the lookup table 902. 

[0057] In the illustrated embodiment, the lookup table 902 
has maps for two arrays. In another embodiment, the lookup 
table 902 can store maps for more than two arrays. In addi 
tion, the lookup table 902 can be alternatively be con?gured 
to store each map for each array in separate tables. In one 
embodiment, a processor 910, such as a microprocessor, 
microcontroller, licensable core, state machine, or the like, is 
con?gured to generate the map stored in the lookup table 902. 
The processor 910 can be part of the memory device, can be 
a separate chip in a system, can be the processor of a device 
using the memory, or the like. In one embodiment, the pro 
cessor 910 is implemented by test equipment. The lookup 
table 902 can be implemented in a variety of ways. For 
example, in one embodiment, only the block address portions 
(such as a bit range within the address) for address data at the 
memory block level is stored in the lookup table 902, and the 
rest of the address from the CPU is combined to form the 
complete address for the memory array. Thus, the portion of 
the block address that is remapped can be remapped using a 
parameter, such as replacement data for that portion of the 
address. For example, in another embodiment, the lookup 
table 902 stores offsets for generating the new addresses, 
rather than the address itself, and the parameter used for 
remapping can be the offset. 

[0058] FIG. 10 is a ?owchart generally illustrating collec 
tive block mapping. It will be appreciated by the skilled 
practitioner that the illustrated process can be modi?ed in a 
variety of ways. For example, in another embodiment, vari 
ous portions of the illustrated process can be combined, can 
be rearranged in an alternate sequence, can be removed, and 
the like. The illustrated process can be used to match blocks 
for two or more memory arrays. 

[0059] The process begins by mapping 1002 at least a por 
tion of the good blocks of an array, e.g., array “A,” in a 
contiguous address space (logical addresses). In one embodi 
ment, the contiguous portion includes at least enough good 
blocks to provide enough memory space to meet the speci?ed 
memory capacity for the array. Accordingly, the at least 
enough good blocks can comprise fewer than all of the good 
blocks. In one embodiment, the portion of contiguous blocks 
includes all of the good blocks as shown in FIG. 12A. In 
another embodiment, the portion of contiguous blocks 
includes only a portion of the good blocks suf?cient to pro 
vide enough memory space to meet the speci?ed memory 
capacity for the array as shown in FIG. 12B. One embodiment 
of a process for performing the mapping 1002 will be 
described in greater detail later in connection with FIG. 11. 

[0060] Referring again to FIG. 10, the process advances to 
map 1004 at least portions of the good blocks of one or more 
other arrays, e.g., array “B,” to the same contiguous address 
space. The mapping of the good blocks to the same contigu 
ous address space ensures that the blocks of the arrays thusly 
mapped share the same logical addresses for e?icient access. 
For example, the different arrays can use independent row 
decoders to permit access to blocks at disparate physical 
addresses at the same time. 
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[0061] The process advances to store 1006 mappings for 
address translation to particular blocks of the various memory 
arrays. In one embodiment the mappings are stored in a 
lookup table as described earlier in connection with FIG. 9. In 
another embodiment, the particular mappings for an array are 
stored by programming a row decoder for the array. 
[0062] FIG. 11 is a ?owchart generally illustrating block 
mapping within an array. The illustrated process maps the 
good blocks of an array into a contiguous address space. The 
process can be repeated as necessary for other arrays. It will 
be appreciated by the skilled practitioner that the illustrated 
process can be modi?ed in a variety of ways. For example, in 
another embodiment, various portions of the illustrated pro 
cess can be combined, can be rearranged in an alternate 
sequence, can be removed, and the like. 
[0063] The process begins by initialiZing 1102 variables. In 
the ?owchart, n indicates the physical or internal block num 
ber (address) and, for example, can be initialiZed to 0. Vari 
able i indicates the logical address and should be initialiZed to 
the starting logical address for the ?rst block of array A. For 
the purposes of discussion, variable i can begin at 0. 
[0064] The process advances to determine 1104 whether 
block n (address n) is good. For example, memory devices 
typically have a reference table populated during production 
test (and updateable by, for example, a controller during use) 
in a known good memory space that indicates which memory 
blocks are good and which are bad. If the block is bad, the 
process stores 1106 the block number n in a bad block table. 
The process advances from the state 1106 to a decision block 
1110. 
[0065] If the block is good, the process associates 1108 
logical address i with block number n. The process advances 
from the state 1108 to the decision block 1110. 

[0066] The process determines 1110 whether it is done with 
the blocks of the array being processed. If it is not yet done, 
the process proceeds to a state 1112, where the process incre 
ments the block number n to prepare for processing the next 
block. The process then returns from the state 1112 back to 
the decision block 11104. 
[0067] If the process is complete, the process proceeds 
from the decision block 1110 to a state 1114, in which the 
process associates or maps the bad blocks collected in the 
state 1106 with addresses at the end of the lookup table or to 
the end of an address range for a row decoder. The bad blocks 
can alternatively be mapped to the end of the lookup table at 
a different point in the process, such as in the state 1106. The 
process can be repeated for the other associated arrays. One 
advantage of the process described in connection with FIG. 
11 is that the blocks of the individual arrays can be processed 
to be addressable in contiguous blocks, such that knowledge 
of the locations of the good blocks of other arrays is not 
required. 
[0068] FIG. 12A illustrates an example of a memory map 
for a memory array, wherein all of the good blocks whether 
used 1202 or spare 1204 are mapped to a contiguous space 
1206 of logical memory addresses. FIG. 12B illustrates 
another example of a memory map for a memory array, 
wherein the good blocks 1208 that are to be used are mapped 
to a contiguous space of logical addresses, and good blocks 
that are spare blocks 1210 are mapped to an address space that 
is not contiguous with the address space for the good blocks 
that are used. 

[0069] Embodiments of the invention advantageously per 
mit a controller or the like to address data from matched 
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blocks of disparate arrays using the same logical address. For 
example, the addresses of one or more good blocks of the 
memory arrays are mapped such that the controller does not 
need to sWitch back and forth among tWo or more different 
logical addresses When accessing data from matched blocks 
of disparate arrays having different physical addresses. Inde 
pendent roW decoders permit pages of data of matched blocks 
having disparate physical addresses to be stored to or 
retrieved from multiple arrays at the same time. This can 
permit data to be accessed relatively e?iciently in, for 
example, multi-channel data busses, ping-ponged arrays, and 
the like. 

[0070] One embodiment is an apparatus for organiZing 
access for matched blocks of data spread among tWo or more 
disparate memory arrays, Wherein the apparatus includes: an 
address translator con?gured to receive at least a block por 
tion of logical addresses originating from a processor, 
Wherein the block portion corresponds to an address range for 
selecting blocks of memory, Wherein the address translator is 
con?gured to modify at least the received block portion of the 
received logical addresses to generate at least one of ?rst 
modi?ed addresses or second modi?ed addresses, Wherein 
the ?rst modi?ed addresses are for selection of memory 
blocks for a ?rst memory array of the tWo or more memory 
arrays, Wherein the second modi?ed addresses are for selec 
tion of memory blocks for a second memory array of the tWo 
or more memory arrays, Wherein the ?rst modi?ed addresses 
and the second modi?ed addresses are con?gured to select 
matched blocks of the ?rst memory array and the second 
memory array, respectively, using a same logical address for 
a block portion of the logical address; a ?rst roW decoder in 
communication With the address translator to receive the ?rst 
modi?ed addresses, the ?rst roW decoder coupled to the ?rst 
memory array; and a second roW decoder in communication 
With the address translator to receive the second modi?ed 
address, the second roW coupled to the second memory array, 
the second roW decoder independent of the ?rst roW decoder. 

[0071] One embodiment is a method of matching blocks of 
memory space for tWo or more memory arrays for access of 
data associated With the matching blocks using a same logical 
address, Wherein the method includes: associating usable 
good blocks of a ?rst array of the tWo or more memory arrays 
With usable good blocks of a second array of the tWo or more 
memory arrays in a contiguous logical address space such 
that matching good blocks of memory for the tWo or more 
memory arrays are logically addressable With a same logical 
address for a block portion of the logical address, Wherein at 
least a portion of the usable good blocks of the ?rst array 
associated With the good blocks of the second array have 
different physical addresses, and Wherein the associated good 
blocks of the ?rst array and the second array are accessible at 
the same time even With disparate physical addresses; and 
storing the associations for logical address translation. 
[0072] One embodiment is a method of modifying 
addresses for access to tWo or more disparate memory arrays, 
Wherein the method includes: receiving logical addresses 
from a processor for access to memory locations of tWo or 
more disparate memory arrays, Wherein block portions of the 
logical addresses relate to addressing of particular blocks 
Within memory arrays; generating ?rst modi?ed addresses for 
a ?rst memory array from the logical addresses and stored 
parameters corresponding to selected memory blocks of the 
?rst memory array to rearrange access to the selected memory 
blocks such that at least a ?rst group of good memory blocks 
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of at least a minimum number of good memory blocks speci 
?ed for the ?rst memory array is accessible in a contiguous 
logical memory address space and such that bad blocks are 
not addressed Within the contiguous logical memory address 
space; generating second modi?ed addresses for a second 
memory array from the logical addresses and stored param 
eters corresponding to selected memory blocks of the second 
memory array to rearrange access to the selected memory 
blocks such that at least a second group of good memory 
blocks of at least a minimum number of good memory blocks 
speci?ed for the second memory array are accessible in the 
contiguous logical memory address space and such that bad 
blocks are not addressed Within the contiguous logical 
memory address space; and using the ?rst modi?ed addresses 
and the second modi?ed addresses to access matched blocks 
of the ?rst memory array and the second memory array such 
that the matched blocks are addressable by the processor 
using a same block portion for the logical address, and such 
that the matched blocks are accessible at the same time even 
When the matched blocks have disparate physical addresses. 
[0073] Various embodiments have been described above. 
Although described With reference to these speci?c embodi 
ments, the descriptions are intended to be illustrative and are 
not intended to be limiting. Various modi?cations and appli 
cations may occur to those skilled in the art Without departing 
from the true spirit and scope of the invention as de?ned in the 
appended claims. 

I claim: 
1. An apparatus for organiZing access for matched blocks 

of data spread among tWo or more disparate memory arrays, 
the apparatus comprising: 

an address translator con?gured to receive at least a block 
portion of logical addresses originating from a proces 
sor, Wherein the block portion corresponds to an address 
range for selecting blocks of memory, Wherein the 
address translator is con?gured to modify at least the 
received block portion of the received logical addresses 
to generate at least one of ?rst modi?ed addresses or 
second modi?ed addresses, Wherein the ?rst modi?ed 
addresses are for selection of memory blocks for a ?rst 
memory array of the tWo or more memory arrays, 
Wherein the second modi?ed addresses are for selection 
of memory blocks for a second memory array of the tWo 
or more memory arrays, Wherein the ?rst modi?ed 
addresses and the second modi?ed addresses are con?g 
ured to select matched blocks of the ?rst memory array 
and the second memory array, respectively, using a same 
logical address for a block portion ofthe logical address; 

a ?rst roW decoder in communication With the address 
translator to receive the ?rst modi?ed addresses, the ?rst 
roW decoder coupled to the ?rst memory array; and 

a second roW decoder in communication With the address 
translator to receive the second modi?ed address, the 
second roW coupled to the second memory array, the 
second roW decoder independent of the ?rst roW 
decoder. 

2. The apparatus of claim 1, Wherein the address translator 
comprises at least one lookup table. 

3. The apparatus of claim 1, Wherein the address translator, 
the ?rst roW decoder, the second roW decoder, the ?rst 
memory array, and the second memory array are embodied in 
an integrated circuit. 
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4. The apparatus of claim 1, wherein the address translator 
is further con?gured to translate the received logical 
addresses to modi?ed addresses for each of the tWo or more 
memory arrays. 

5. The apparatus of claim 1, further comprising tWo or 
more memory arrays of NAND ?ash for the tWo or more 
memory arrays. 

6. The apparatus of claim 1, Wherein the address translator 
is programmable. 

7. The apparatus of claim 1, Wherein at least a portion of the 
address translator is embodied as a programmable roW 
decoder for the ?rst memory array or the second memory 
array. 

8. The apparatus of claim 1, Wherein the apparatus is 
embodied in a controller outside of a memory device. 

9. The apparatus of claim 1, Wherein the apparatus is 
embodied Within a memory device. 

10. A method of matching blocks of memory space for tWo 
or more memory arrays for access of data associated With the 
matching blocks using a same logical address, the method 
comprising: 

associating usable good blocks of a ?rst array of the tWo or 
more memory arrays With usable good blocks of a sec 
ond array of the tWo or more memory arrays in a con 
tiguous logical address space such that matching good 
blocks of memory for the tWo or more memory arrays 
are logically addressable With a same logical address for 
a block portion of the logical address, Wherein at least a 
portion of the usable good blocks of the ?rst array asso 
ciated With the good blocks of the second array have 
different physical addresses, and Wherein the associated 
good blocks of the ?rst array and the second array are 
accessible at the same time even With disparate physical 
addresses; and 

storing the associations for logical address translation. 
11. The method of claim 10, Wherein storing further com 

prises programming one or more lookup tables to store asso 
ciations of good blocks from the tWo or more memory arrays 
and logical addresses. 

12. The method of claim 11, further comprising storing 
parameters that substitute for a block portion of logical 
addresses to store the associations. 

13. The method of claim 11, further comprising storing 
offsets that combine With logical addresses to store the asso 
ciations. 

14. The method of claim 10, further comprising storing the 
associations via programming of one or more roW decoders. 

15. The method of claim 10, Wherein associating com 
prises: 

determining Whether blocks of a memory array are good or 

bad; 
sequentially associating addresses starting from a begin 

ning address for the memory array for the goodblocks of 
the memory array in a contiguous address space; and 

associating the bad blocks of the memory array With 
addresses at an end of an address range for the memory 
array. 
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16. The method of claim 10, further comprising perform 
ing the method during production test. 

17. The method of claim 10, further comprising perform 
ing the method in a ?eld application. 

18. A method of modifying addresses for access to tWo or 
more disparate memory arrays, the method comprising: 

receiving logical addresses from a processor for access to 
memory locations of tWo or more disparate memory 
arrays, Wherein block portions of the logical addresses 
relate to addressing of particular blocks Within memory 
arrays; 

generating ?rst modi?ed addresses for a ?rst memory array 
from the logical addresses and stored parameters corre 
sponding to selected memory blocks of the ?rst memory 
array to rearrange access to the selected memory blocks 
such that at least a ?rst group of good memory blocks of 
at least a minimum number of good memory blocks 
speci?ed for the ?rst memory array is accessible in a 
contiguous logical memory address space and such that 
bad blocks are not addressed Within the contiguous logi 
cal memory address space; 

generating second modi?ed addresses for a second 
memory array from the logical addresses and stored 
parameters corresponding to selected memory blocks of 
the second memory array to rearrange access to the 
selected memory blocks such that at least a second group 
of good memory blocks of at least a minimum number of 
good memory blocks speci?ed for the second memory 
array are accessible in the contiguous logical memory 
address space and such that bad blocks are not addressed 
Within the contiguous logical memory address space; 
and 

using the ?rst modi?ed addresses and the second modi?ed 
addresses to access matched blocks of the ?rst memory 
array and the second memory array such that the 
matched blocks are addressable by the processor using a 
same block portion for the logical address, and such that 
the matched blocks are accessible at the same time even 
When the matched blocks have disparate physical 
addresses. 

19. The method of claim 18, Wherein the modi?ed 
addresses are modi?ed for Writing of data to the tWo or more 
memory arrays. 

20. The method of claim 18, Wherein the modi?ed 
addresses are modi?ed for reading of data to the tWo or more 

memory arrays. 
21. The method of claim 18, Wherein the parameters com 

prise a substitute for block portion of logical addresses. 
22. The method of claim 18, Wherein the parameters com 

prise offsets for generating the ?rst modi?ed addresses and 
the second modi?ed addresses. 

23. The method of claim 18, Wherein at least a ?rst group of 
good memory blocks comprises all the good memory blocks 
of at least the minimum number of good memory blocks, and 
Wherein at least a second group of good memory blocks 
comprises all the good memory blocks of at least the mini 
mum number of good memory blocks. 

* * * * * 


