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FIG. 1 (PRIOR ART) 
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FIG. 2 (PRIOR ART) 
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FIG. 3 (PRIOR ART) 
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FIG. 6 
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FIG. 8 
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METHOD OF DRIVING REMAPPING IN FLASH 
MEMORY AND FLASH MEMORY 

ARCHITECTURE SUITABLE THEREFOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method of Writ 
ing/reading data to/from a ?ash memory in blocks and, and 
more particularly, to a method of driving logical address 
to-physical address remapping When reading/Writing data 
from/to a ?ash memory having a restriction on the number 
of partial Write cycles, and a ?ash memory architecture 
suitable therefor. 

[0003] 2. Description of the Related Art 

[0004] Like other storage devices such as conventional 
random access memories (RAMs), non-volatile storage 
devices and magnetic disks, ?ash memories can arbitrarily 
access data that are stored at speci?c positions. The principle 
difference is hoW data can be reWritten and erased. That is, 
if data is to be reWritten or erased after having been Written 
to a block of a ?ash memory, Which is partitioned into blocks 
of a predetermined siZe for block-based access, a unit 
containing the block must be reWritten or erased. Ablock in 
a ?ash memory is composed of bytes having contiguous 
physical addresses. This block is a basic unit of a ?ash 
memory. A unit is composed of a plurality of blocks and is 
a basic unit for Which data can be physically erased and 
reWritten at a time. 

[0005] Due to the reWrite or erase characteristics of the 
?ash memory, as the number of erase cycles increases, Write 
and update ef?ciency of data is degraded. Furthermore, 
When performing a reWrite/erase operation on the ?ash 
memory, data may be damaged by a failure. To prevent 
damage to data, a block (or sector) remapping technique has 
been employed. 

[0006] This remapping technique manages mapping infor 
mation betWeen a logical block number (abbreviated as 
“LBN”) and a physical block number (abbreviated as 
“PBN”) for data Written to a ?ash memory so that, When 
reWriting or erasing the corresponding data, the data may be 
accessed With the same LBN even if the PBN of the data is 
changed. 

[0007] According to conventional remapping techniques, 
if data is to be reWritten, ?rst, a unit containing the PBN of 
the data on a ?ash memory is searched for a physical block, 
to Which data is not Written, and then the data is Written to 
the physical block. Mapping information betWeen LBN and 
PBN of the data is updated. Thus, a user can access the 
corresponding data using the same LBN even if the PBN of 
the data is changed. In this case, erasure is indicated on 
status information relating to the previous physical block for 
the data. 

[0008] For eXample, When data is Written to units having 
physical unit number (PUN) 1 and PUN2 on a ?ash memory 
as shoWn in FIG. 1, if the user desires to reWrite data Written 
to a block Whose LBN is ‘3’, PUN 1 is changed as shoWn 
in FIG. 2. That is, referring to an LBN-to-logical unit 
number (LUN) mapping table, LBN ‘3’ corresponds to LUN 
‘2’. Then, referring to a LUN-to-PUN mapping table, LUN 
‘2’ corresponds to PUN ‘1’. Thus, PUN 1, Which is a unit 
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Whose PUN is “1”, is searched for an empty physical block. 
As seen from FIG. 1, physical block #4 (PBN 4) is found as 
the empty one. The data relative to LBN ‘3’ is Written to the 
PBN 4, and then mapping information of a block allocation 
map (BAM) for PUN 1 is updated. Then, erasure is indicated 
as status information about PBN 1 in the BAM for PUN 1. 
HoWever, in this case, as the number of unused physical 
blocks in a physical unit increases, the utiliZation ef?ciency 
of a ?ash memory decreases. 

[0009] To solve this problem, according to conventional 
remapping techniques, as shoWn in FIG. 3, ?rst, only used 
blocks in PUN1 are transferred to another unit PUN 2. Then, 
the corresponding PUN is converted to the PUN of the other 
unit, that is, from PUN1 to PUN2. 

[0010] As a result, even if data is transferred to the other 
unit, the data can be accessed using the same LUN. 

[0011] This conventional remapping technique does not 
permit an actual erase operation, as long as an empty block 
or an empty unit eXists in a unit or the ?ash memory, 
respectively. HoWever, since an increased number of erased 
blocks increases the unusable area in the ?ash memory, a 
method of reusing portions Where erased blocks eXist may 
be required. 

[0012] Furthermore, in the event of a system failure such 
as poWer cut-off during a Write operation or unit reuse 
operation, user data or data used for remapping may be 
damaged. Thus, to protect data from such a failure, a 
conventional method involves Writing status information to 
a corresponding block or unit and appropriately modifying 
the Written status information during an operation, thereby 
performing a recovery operation. 

[0013] As described above, the conventional remapping 
technique involves performing a partial Write operation 
numerous times in order to store and manage mapping 
information as Well as data. Thus, it is dif?cult to apply the 
conventional remapping technique to a ?ash memory such 
as a NAND-type ?ash memory as it is. This is because the 
number of partial Write cycles or the number of program 
cycles Within the same page is limited to ?ve or three in the 
case of a NAND-type ?ash memory. Thus, information 
Written to a block or unit cannot be revised many times. For 
eXample, in the event of a system failure, a recovery 
operation may not be normally performed because the 
amount of revision of status information Written to a corre 
sponding block or unit is limited as described above. 

[0014] Furthermore, in order to indicate the status of a 
predetermined block in a process such as free (FF)—>allo 
cated (8F)—>being Written (4F)QWritten (2F)Qbeing eras 
ing (0F)Qerased (00), or to indicate the status of a prede 
termined unit in a process such as free (FF)—>being copied 
(8F)Qvalid (4F)Qbeing transferred (2F), a Write operation 
is performed on the same physical position at least three or 
?ve times. In addition, considering that a path of user data 
or error correction code (ECC) is Written to a unit or a block, 
it is dif?cult to apply the conventional remapping to a ?ash 
memory in Which the number of partial Write cycles is 
limited to three or ?ve. 

SUMMARY OF THE INVENTION 

[0015] To solve the above problems, it is an objective of 
the present invention to provide a method of driving remap 
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ping in a ?ash memory, by Which the status of a block and 
a unit can be Written and handled While keeping the number 
of partial Write cycles to a minimum, and a ?ash memory 
architecture adapted thereto. 

[0016] It is another objective of the present invention to 
provide a method of driving remapping in a ?ash memory 
that indicates status information relating to a block and a unit 
With a smaller number of partial Write cycles using a 
Wrap-count, and a ?ash memory architecture adapted 
thereto. 

[0017] It is still another objective of the present invention 
to provide a method of driving remapping suitable for a 
NAND-type ?ash memory, and a ?ash memory architecture 
adapted thereto. 

[0018] Accordingly, to achieve the above objectives, the 
present invention provides a method of driving remapping in 
a ?ash memory Which is partitioned into a plurality of units, 
each unit having one or more blocks. The method includes 
searching for a predetermined physical unit based on map 
ping information about a predetermined block, searching the 
found physical unit for another block if the predetermined 
block exists in a valid state in the physical unit, the status of 
Which is free, changing the status of the other block into a 
status next to the status of the predetermined block, Writing 
neW data and additional information such as a logical block 
number to the other block, and changing the status of the 
predetermined block into a deleted state. 

[0019] Preferably, the method further includes, When the 
predetermined block does not exist or exists in a deleted 
state, setting the status of the predetermined block to free 
and searching for another block Whose status is free and, 
When the other block does not exist, performing a reclaim 
operation on the physical unit. 

[0020] Preferably, performing a reclaim operation 
includes determining a source unit to be reclaimed and a 
transfer unit, setting the statuses of the source unit and the 
transfer unit to being transferred and being copied, respec 
tively, copying valid blocks and related meta information 
and header information Within the source unit, setting the 
transfer unit, the status of Which has been set as being 
copied, to a valid state, While increasing the number of erase 
cycles (Wear level) of the source unit, and deleting the 
source unit While Writing the number of erase cycles to the 
source unit. 

[0021] According to the present invention, a ?ash memory 
is preferably constructed such that a ?rst block of the unit is 
allocated so as to Write information including a logical unit 
number, validity of a status, and the number of erase cycles 
for a previous block, a second block of the unit is allocated 
so as to Write information including the status of copying/ 
transferring and the number of erase cycles (Wear level), and 
information indicating the status of a block determined 
based on a Wrap-count is Written at a predetermined area of 
a spare array in a block, to Which data of the unit is Written. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The above objectives and advantages of the present 
invention Will become more apparent by describing in detail 
a preferred embodiment thereof With reference to the 
attached draWings in Which: 
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[0023] FIG. 1 shoWs an example of the relationship 
betWeen a block and a unit in a ?ash memory and a 
conventional remapping driving method; 

[0024] FIG. 2 shoWs an example of the relationship 
betWeen a block and a unit in the ?ash memory and the 
conventional remapping driving method When erasing a 
block of the ?ash memory, to Which data has been Written as 
shoWn in FIG. 1; 

[0025] FIG. 3 shoWs an example of the relationship 
betWeen a block and a unit in the ?ash memory and the 
conventional remapping driving method When erasing a unit 
of the ?ash memory, to Which data is Written as shoWn in 
FIG. 2; 

[0026] FIG. 4 shoWs an example of the relationship 
betWeen blocks for explaining Write and reWrite operations 
performed by a remapping driving method for a ?ash 
memory according to the present invention; 

[0027] FIG. 5 shoWs a format of a physical unit (PU) of 
a NAND-type ?ash memory; 

[0028] FIG. 6 shoWs a ?oWchart of a process of Writing a 
block by a remapping driving method for a ?ash memory 
according to the present invention; 

[0029] FIG. 7 shoWs a format of an erase unit of a ?ash 
memory according to the present invention; 

[0030] FIG. 8 shoWs an example of the relationship 
betWeen units for explaining a process of performing a 
reclaim operation by a remapping driving method for a ?ash 
memory according to the present invention; and 

[0031] FIG. 9 shoWs a ?oWchart of a process of a reclaim 
operation in the remapping driving method for a ?ash 
memory according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] First, an erase unit is used as a basic unit of erasure 
in a remapping method for ?ash memory. The erase unit may 
be the same as a physical erasure block of a ?ash memory 
such as the physical unit number (PUN) 1 or PUN 2 shoWn 
in FIGS. 1-3 or may be composed of a plurality of erasure 
blocks. A PUN and a logical unit number (LUN) are 
assigned to each erase unit. APUN is assigned based on the 
physical order of an erase unit, While a LUN indicates the 
logical order of a unit. When a ?ash memory is initially 
used, a table indicating a LUN-to-PUN mapping as shoWn 
in FIGS. 1-3 is provided on the ?ash memory or on a 
separate memory. This table changes each time the mapping 
relationship of the ?ash memory changes due to operations 
such as erase, reWrite, and reproduce. 

[0033] The erase unit is partitioned into blocks (or sectors) 
as shoWn in the PUN 1 and the PUN 2 of FIGS. 1-3. These 
blocks of equal siZe are the basic units of operation for ?ash 
memory. Furthermore, the erase unit includes an erase unit 
header (EUH) and a block allocation map 

[0034] Information about the Whole ?ash memory and 
information required for management of a corresponding 
erase unit are Written in the EUH of the erase unit. The 
information about the Whole ?ash memory may include 
indications of the siZe of the blocks in the erase unit and a 
bad block map. The information necessary for unit manage 
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ment may include a LUN, and a Wear level. The erase unit 
header can take up one or more blocks. 

[0035] Following the EUH, user data and the BAM are 
Written as shoWn in the PUN1 and the PUN2 of FIGS. 1-3. 
The BAM may be collectively Written to one or more blocks 
or may be Written in a particular space such as a spare array 
of a NAND-type ?ash memory on a block-by-block basis. 

[0036] Information about the blocks in the erase unit such 
as a logical block number (LBN) and a block status is 
Written in the BAM. A LBN is the address of a block from 
the vieWpoint of the user. Thus, the BAM represents map 
ping betWeen a LBN and a physical location at Which the 
corresponding block is actually Written. When data Written 
to a block is changed, the content of the BAM such as 
LBN-to-PBN mapping information and status information is 
also changed. 

[0037] As the number of blocks, the statuses of Which are 
changed, increases, unusable portions of the ?ash memory 
increase. Thus, a reclaim operation is appropriately per 
formed so as to reuse spaces occupied by an erase block. A 
conventional remapping driving method considers this 
point, but does not specify hoW the above reclaim operation 
is performed for a ?ash memory such as a NAND-type ?ash 
memory having a restriction on the number of partial Write 
cycles. 
[0038] Thus, the present invention proposes a method of 
indicating status information about a particular block using 
a Wrap-count. This method makes it possible to modify the 
status of the particular block With a smaller number of partial 
Writes and to recover data of the particular block in the event 
of a system failure. Furthermore, since the previous data and 
neW data can be distinguished from each other by using the 
changing order of a Wrap-count, various recovery methods 
such as roll-back and roll-forWard processes may be used. 
The roll-back process is to recover data With neW data, While 
the roll-forWard process is to recover data With previous 
data. As described above, a remapping driving operation of 
the ?ash memory is divided into three main operations: 
block Writing, empty block search, and recovery from fail 
ure. 

[0039] The status of each block in the BAM is indicated as 
‘free’, ‘valid’, or ‘deleted’. The ‘valid’ status may be divided 
into three states, s0, s1, and s2, for example. There is a 
circular relationship betWeen three states in a valid state. For 
example, s0<s1, s1<s2, and s2<s0. The valid status is 
changed in this order, Which is called a Wrap-count. That is, 
a particular block is initially in a free state and When ?rst 
recording data, the status of the particular block is s0. When 
recording data again, the status of the block is changed in the 
order s1, s2, s0. 

[0040] FIG. 4 shoWs a process of Writing data to a 
predetermined block using the above-mentioned status 
information. FIG. 4 is an example in Which ‘free’, ‘s0’, ‘s1’, 
‘s2’, and ‘deleted’ are set as ‘1111’, ‘1110, ‘1100’, ‘1000’, 
and ‘0000’. Thus, the status of the block is given by ?ve 
values Which circulate. FIG. 4 is an example in Which a 
NAND-type ?ash memory composed of physical units 
(PUs) as shoWn in FIG. 5 is used. 

[0041] As shoWn in FIG. 5, a block in a PU for a 
NAND-type ?ash memory is composed of a main array and 
a spare array. Actual data is Written in the main array. 
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Information such as a logical sector number lsn, a Wrap 
count cnt, an error correction code for the cnt and lsn 
ecc_lsn, and an error correction code for data ecc_data are 
Written in the spare array. In this case, the block is also called 
a page. 

[0042] A “block” commonly used in the data sheet of a 
NAND-type ?ash memory is a PU capable of erasure at one 
time. This block may be the same as the “unit” mentioned in 
this embodiment. HoWever, in actual implementation, the 
unit may be composed of a plurality of blocks. 

[0043] First, a LUN and a PUN of a unit belonging to a 
corresponding block are determined using mapping infor 
mation. Acheck is made as to the status of the corresponding 
block in the BMA of the determined PUN. If the status of the 
block is ‘free’ (1111), the status of the block is indicated as 
‘s0’ (1110). Then, information such as data and the logical 
sector number lsn is Written to the block. The block in a 
‘free’ state also has a invalid logical sector number lsn. 

[0044] If the status of the corresponding block is ‘valid’, 
the corresponding PU is searched for a block, the status of 
Which is ‘free’ (1111), according to a typical mapping 
technique. Then, the status of the found block is changed the 
status folloWing the status of the previous block. For 
example, if the status of the previous block is designated ‘s0’ 
(1110), the status of a neW block is changed into ‘s1’ (1100). 
Ablock search is made in the same manner as the conven 

tional remapping driving method. Then, neW data and a neW 
logical sector number lsn are Written to the neW block, the 
status of Which is set to ‘s1’ (1100). The status of the 
previous block is changed to ‘deleted’ (0000). 

[0045] If the status of the corresponding block is ‘s1’ 
(1100) and a block set to ‘free’ (1111) exists in the corre 
sponding unit, the status of the block in a ‘free’ state is set 
to ‘s2’ (1000). Then, information such as data and a logical 
sector number lsn is Written to the corresponding block, the 
status of Which is set to ‘s2’. The status of the previous block 
is changed to ‘deleted’ (0000). 

[0046] If the status of the corresponding block is ‘s2’ 
(1000), and a block set to ‘free’ (1111) exists in the corre 
sponding unit, the status of the block in a ‘free’ state is set 
to ‘s0’ (1110). Then, data and a logical sector number lsn are 
Written to the corresponding block, the status of Which is set 
to ‘s0’. The status of the previous block is changed into 
‘deleted’ (0000). 
[0047] The status change of each block indicated With 
arroWs shoWn in FIG. 4 Will be fully explained. 

[0048] If Write and reWrite for each block are performed in 
this Way, data can be Written to one block by performing a 
partial Write operation three times (prof). If a block is in a 
‘deleted’ state, assuming that data other than status infor 
mation such as data and a logical sector number lsn is all 
valid, data can be actually Written by performing a partial 
Write operation tWice. If a system failure occurs due to a 
poWer failure or other reasons in 401 through 407, a recov 
ery operation is performed, during Which the status of a 
block, to Which data is Written, is set to ‘deleted’. During the 
remaining process, in the case of the above system failure 
such as a poWer failure, it is not necessary to perform any 
particular recovery operation. 

[0049] That is, if a failure occurs When data is being 
Written to a particular block, a recovery operation does not 
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need to be performed on a ‘free’ or ‘deleted’ block. This is 
the case if only one block is valid relative to one logical 
block number. 

[0050] Arecovery operation is required if tWo valid blocks 
having the same logical block number exist. According to 
the conventional art, if tWo valid blocks having the same 
logical block number exist, it is impossible to distinguish a 
previous block from a neW block, Which makes it dif?cult to 
determine Which block Will be erased during a recovery 
operation. On the other hand, in the case of using a Wrap 
count, it is possible to distinguish betWeen a previous block 
and a neW block, Which makes it easy to determine Which 
block Will be erased. Whether a neW block or a previous 
block Will be erased during a recovery operation may be 
determined depending on the type of application. 

[0051] That is, if a system failure occurs When Writing 
block data, a check is made as to Whether tWo valid blocks 
having the same logical block number exists. If only one 
block having ‘valid’ status exists, a recovery operation is not 
needed, and a Write operation is stopped. HoWever, if tWo 
blocks in a ‘valid’ state exist, a previous block and a neW 
block are differentiated based on a Wrap count allocated to 

each block. Then, either a previous block or a neW block is 
deleted. FIG. 4 is an example in Which a neW block is 
deleted. HoWever, a previous block may be deleted as 
required. 
[0052] FIG. 6 is a ?oWchart of a block Write/reWrite 
operation according to the remapping driving method 
according to the present invention. 

[0053] In step 601, a check is made as to Whether a 
corresponding block exists in a corresponding unit. If the 
corresponding block exists, a check is made as to Whether 
the corresponding block is in a ‘valid’ state. If the block is 
valid, the status of the corresponding block is checked in 
step 603. Then, in step 605, a check is made as to Whether 
an empty block exists in the corresponding unit. The check 
is made in such a Way to search the corresponding unit for 
a block that is set as ‘free’. If an empty block exists in the 
corresponding unit, the status value of the neW block is 
determined in step 607. 

[0054] The status value of the neW block is determined 
depending on the status value of the corresponding block 
checked in the step 603. As described above With reference 
to FIG. 4, if the status of the previous block is set to ‘s0’ , 
the status value of the neW block is set to ‘s1’. If the status 
of the previous block is set to ‘s1’ the status value of the neW 
block is set to ‘s2’, and if the status of the previous block is 
set to ‘s2’, the status value of the neW block is set to ‘s0’. If 
the status of the previous block is set to ‘free’, the status 
value of the neW block is set to ‘s0’. 

[0055] Then, in step 609, the status value of the neW block 
determined in step 607 is Written to the empty block found 
in step 605. In step 611, data corresponding to the neW block, 
the status value of Which has been Written, is Written to the 
neW block. In step 613, the status of the previous block is 
changed to “deleted” and the process is terminated. In this 
case, the previous block is the block Whose status Was 
checked in step 603. 

[0056] MeanWhile, if the corresponding block does not 
exist or it is indicated as other than valid (that is, the status 
of the corresponding block is ‘deleted’), as a result of the 
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check made in the step 601, in step 615, the corresponding 
block is designated ‘free’. In this case, if the corresponding 
block does not exist, an area for the corresponding block is 
allocated and the status of the corresponding block is 
designated ‘free’. Then, if an empty block exists in the 
corresponding unit as a result of the check made in the step 
605, the status value of a neW empty block is determined as 
described in the step 607. Conversely, if an empty block 
does not exist, a reclaim operation is performed in step 617. 
The reclaim operation Will be described later With reference 
to FIGS. 7-9. 

[0057] After having performed the reclaim operation, a 
check is made as to Whether an empty block exists in the 
corresponding unit in step 619. If the empty block exists in 
the corresponding unit as a result of the check, the process 
How returns to step 607 to determine the status value of the 
neW block. HoWever, if an empty block does not exist, error 
handling is performed and the process is terminated in step 
621. 

[0058] To read data from a particular block, ?rst, the 
corresponding LUN and PUN are determined using mapping 
information. Then, the physical location of the particular 
block is determined through the BAM for a corresponding 
unit and then data is read therefrom. Data can be read only 
When the block is valid. Thus, if a valid block does not exist, 
this means that the block in the corresponding unit has never 
been Written to or is deleted to be unusable. The block is set 
to initial value OXFF. A block search is made in the same 
manner as in the conventional remapping driving method. 

[0059] MeanWhile, in the case of a unit having a number 
of deleted blocks, a reclaim operation is performed. Also in 
this case, the status of the unit needs to be changed. FIG. 7 
is an example of a format of an erase unit for a ?ash memory 
according to the present invention. Referring to FIG. 7, the 
physical unit number of a previous unit xpun, a Wear level 
of a reclaimed (previous) unit xcnt, a logical unit number 
lun, a valid ?ag v, a bad block table bb tbl, a Wear level cnt, 
copying /transferring cp/xf, and data are Written to the erase 
unit. 

[0060] The status change of a unit is limited depending on 
the number of partial Write operations. A Wrap-count tech 
nique as for a block may be applicable to the unit. HoWever, 
status information may be appropriately distributed over 
each block While Writing the EUH to a plurality of blocks. 

[0061] For example, if the status of the unit is classi?ed 
into free, valid, being copied, and being transferred, the 
EUH is Written over tWo blocks as shoWn in FIG. 8. ‘Free’ 
and ‘valid’ are Written to a ?rst block, While ‘being copied’ 
and ‘being transferred’ are Written to a second block. In this 
case, even if the unit is ‘free’, a counter for the Wear-level 
must be Written. 

[0062] A free erase unit is free and normal units other than 
the free erase unit are valid. The unit that copies data from 
reclaimed blocks, Which Was formerly the erase unit, is 
indicated as being copied ‘cp’. Before performing a reclaim 
operation, the status of the previous unit is indicated as being 
transferred ‘xf’. Valid blocks are copied from the unit being 
transferred to the unit being copied, and then a Wear level cnt 
and a logical block number lun of the unit being transferred 
are copied. The status of the unit being copied is indicated 
as valid v. Then, the unit being transferred is deleted. AWear 
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level cnt” equal to the Wear level cnt copied to the neW unit 
plus 1 is Written to the headers of the neW and previous units, 
respectively. If a failure occurs during the reclaim operation, 
the operation is initiated at portions indicated as redo in 
FIG. 8 and then a recovery process is appropriately per 
formed. That is, in the case of ‘being transferred’ and ‘being 
copied ’, Which are temporary statuses during the reclaim 
operation, the operation is redone. HoWever, no recovery 
operation is performed at portions other than those indicated 
as ‘redo’. 

[0063] A recovery method for a failure during the reclaim 
operation is similar to that for a failure during the block 
Write/reWrite operation. That is, a reclaim operation is 
appropriately performed again according to the processes of 
the operation being performed. For eXample, if tWo units 
having the same LUN eXist, one of Which is being copied 
and the other is being transferred, the unit being copied is 
deleted. If the Wear level of the previous unit (the unit being 
copied) is not yet Written to the unit being transferred, the 
Wear level for the unit being transferred, Which has been 
Written to the previous unit (the unit being copied), is copied 
to the unit being transferred, and then the neXt step is 
performed. 
[0064] The status of the erase unit may be indicated by 
changing various values at the ?xed location like in the 
conventional remapping driving method. Alternatively, the 
unit header may be Written to a plurality of blocks in the 
corresponding unit, a different location may be designated 
for each status of the unit, and the value of location divided 
into 0 and 1 so as to determine Whether the status value is 
allocated. 

[0065] For eXample, information such as a logical unit 
number lun, validity of a unit status, and a Wear level of a 
previous block may be Written to a ?rst block, information 
such as the status of copying/transferring cp/Xf, and a Wear 
level may be Written to a second block. Under this condition, 
it is possible to perform a reclaim operation according to the 
sequence shoWn in FIG. 8 by three partial Write operations. 
If the status information is distributed over more blocks, or 
the arrangement of the status information is appropriately 
adjusted, it is possible to further reduce the number of partial 
Write operations. 

[0066] FIG. 9 is a ?oWchart of a process of reclaiming a 
block by a remapping driving method according to the 
present invention. In step 901, an erase unit (source unit) to 
be reclaimed and a transfer unit (free erase unit) are deter 
mined. In step 902, a check is made as to Whether the 
number of erase cycles for the transfer unit exceeds a 
threshold value. The threshold value may be set to 3 based 
on the above description. If the number of erase cycles is not 
greater than the threshold value 3, the status of the source 
unit is changed to ‘being transferred in step 903, While the 
status of the transfer unit is changed to ‘being copied ’ in step 
904. 

[0067] Then, valid blocks and related meta data such as 
LBN, ECC, and a bad block map are copied from the source 
unit to the transfer unit. Then, in step 906, the remaining 
header information in the transfer unit, such as PUN, the 
number of erase cycles, and LUN, is Written and then the 
status of the transfer unit is changed to valid. In step 907, the 
source unit is deleted, and a neW number of erase cycles is 
Written to the source unit. The neW number of erase cycles 
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is the value equal to the previous number of erase cycles plus 
1. In step 909, the structure of data such as mapping 
information Within a memory is changed. In this case, this 
change is made due to updates. Then, in step 910, a check 
is made as to Whether a source unit number is stored. If the 
stored source unit number eXists, the process ?oW returns to 
step 901. HoWever, if the stored source unit number does not 
eXist, the process is terminated. 

[0068] MeanWhile, if the number of erase cycles of the 
transfer unit eXceeds the threshold value as a result of the 
check made in the step 902, a current source unit number is 
stored in step 911. This is because it is not suitable to transfer 
data of the source unit to this corresponding transfer unit. 
Thus, the current source number is reserved to be used When 
a reclaim operation is performed using a selected source unit 
(erase unit) and then the source unit that Was not formerly 
reclaimed is reclaimed using a changed transfer unit in step 
912. That is, an erase unit having the smallest number of 
erase cycles is selected in step 912 and then the process ?oW 
returns to step 903, thereby performing a reclaim operation 
as described above. 

[0069] As described in the foregoing, the present inven 
tion is advantageous in managing the Write status of a block 
or unit in a ?ash memory such as a NAND-type ?ash 
memory, in Which the number of partial Write cycles is 
limited, by set status information using a Wrap-count. For 
eXample, the status of the block or unit is changed by a 
process such as free (1111) valid (s0 (1110) s1 (1100) 
s2(1000) s0(1110) . . . ) deleted (0000). Thus, if this process 
is applied to a NAND-type ?ash memory, data can be 
Written by performing a partial Write operation three times. 
If the particular block is deleted, assuming that data other 
than actual data and status information such as the LBN 
number is all valid, data can be actually Written by tWo 
partial Write operations. 

[0070] In the case of the erase unit, if information such as 
a corresponding LUN and validity of the status, and the Wear 
level (the number of erase cycles) of the previous unit are 
Written to a ?rst block, and information about copying/ 
transferring and a Wear level are Written to a second block, 
it is possible to perform a reclaim operation by three partial 
program operations. If the status information is distributed 
over more blocks or the arrangement of the status informa 
tion is appropriately adjusted, the number of partial program 
cycles can be further reduced. 

What is claimed is: 
1. A method of driving remapping in a ?ash memory 

Which is partitioned into a plurality of units, each unit having 
one or more blocks, the method comprising: 

searching for a predetermined physical unit based on 
mapping information about a predetermined block; 

searching the found physical unit for another block, the 
status of Which is free, if the predetermined block eXists 
in a valid state in the physical unit; 

establishing a cyclical order of block statuses; 

changing the status of the other block to a status neXt to 
the status of the predetermined block; and 

Writing neW data and additional information including a 
logical block number to the other block; 
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changing the status of the predetermined block to a 
deleted state. 

2. The method of claim 1, Wherein changing the status of 
the other block comprises setting the status of the other 
block depending on the status of the predetermined block, 
Which is set to one of four possible statuses. 

3. The method of claim 2, Wherein changing the status of 
the other block comprises: 

setting the status of the other block to a ?rst valid state if 
the predetermined block is in a free state; 

setting the status of the other block to a second valid state 
if the predetermined block is in the ?rst valid state; 

setting the status of the other block to a third valid state 
if the predetermined block is in the second valid state; 
and 

setting the status of the other block to the ?rst valid state 
if the predetermined block is in the third valid state. 

4. The method of claim 1, further comprising, When the 
predetermined block does not exist or exists in a deleted 
state, setting the status of the predetermined block to free 
and searching for another block, the status of Which is free. 

5. The method of claim 4, further comprising: 

performing a reclaim operation on the physical unit When 
the other block does not exist; 

searching for another block, the status of Which is free; 

returning to changing the status of the other block When 
the other block is found; and 

error processing When the other block is not found. 
6. The method of claim 5, Wherein performing a reclaim 

operation comprises: 
determining a source unit to be reclaimed and a transfer 

unit; 
setting the statuses of the source unit and the transfer unit 

to being transferred and being copied, respectively; 

copying valid blocks and related meta information and 
header information Within the source unit; 

setting the transfer unit, the status of Which has been set 
as being copied, to a valid state, While increasing the 
number of erase cycles (Wear level) of the source unit; 
and 

deleting the source unit While Writing the number of erase 
cycles to the source unit. 

7. The method of claim 6, Wherein performing a reclaim 
operation further comprises; 

checking Whether the number of erase cycles exceeds a 
threshold value; 

returning to setting the statuses of the source unit and the 
transfer unit if the number of erase cycles does not 
exceed the threshold value; 
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storing a source unit number of the source unit if the 
number of erase cycles exceeds the threshold value; 
and 

selecting a source unit having the smallest number of 
erase cycles and then returning to setting the statuses of 
the source unit and the transfer unit. 

8. The method of claim 6, Wherein performing a reclaim 
operation further comprises: 

updating the structure of internal data including mapping 
information about the ?ash memory after deleting the 
source unit and Writing the number of erase cycles; 

checking Whether a source unit to be reclaimed further 
exists; and 

returning to determining a source unit if the source unit to 
be reclaimed further exists. 

9. The method of claim 6, Wherein performing a reclaim 
operation further comprises; 

checking Whether tWo units having the same logical unit 
number exist in the case of a failure; and 

if tWo units having the same logical unit number exist, one 
of Which is being transferred and the other is being 
copied, deleting the unit being copied and Writing the 
number of erase cycles to the unit being copied. 

10. The method of claim 9, Wherein performing a reclaim 
operation further comprises copying the number of erase 
cycles for the unit being transferred, Which is Written to the 
unit being copied, to the unit being transferred, When the 
number of erase cycles is not Written to the unit, the status 
of Which is set to being transferred, in the case of the failure, 
and then terminating the reclaim operation. 

11. The method of claim 1, further comprising: 

checking Whether tWo valid blocks having the same 
logical block number exist in the case of a failure; 

terminating the process of Writing the status of a block if 
only one valid block exists; 

checking the statuses of the tWo blocks and distinguishing 
betWeen the predetermined block (previous block) and 
a next block (neW block) if the tWo valid blocks exist; 
and 

deleting either the predetermined block or the next block, 
depending on the data being recovered. 

12. A?ash memory Which is partitioned into a plurality of 
units, each unit having one or more blocks, Wherein a ?rst 
block of the unit is allocated so as to Write information 
including a logical unit number, validity of a status, and the 
number of erase cycles for a previous block, a second block 
of the unit is allocated so as to Write information including 
the status of being copied/transferred and the number of 
erase cycles (Wear level), and information indicating the 
status of a block determined based on a Wrap-count is 
Written on a predetermined area of a spare array in a block, 
to Which data of the unit is Written. 

* * * * * 


