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(54) NON-VOLATILE STORAGE DEVICE AND CONTROL METHOD THEREOF

(57) A memory card (100) is comprised of: a flash
memory (120) that includes a plurality of physical blocks
(122) made up of a plurality of pages for storing data
and a page register (121) that holds data to be written
to a page; and a controller (110) that specifies and eras-

es an invalid physical block with reference to a valid
block table (114) indicating whether valid data is stored
in each of the physical blocks (122), when data is writ-
ten, and that transfers, at the same time, the data to be
written to the page register (121) while carrying out said
erasure.
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Description

Technical Field

[0001] The present invention relates to a nonvolatile
storage device utilizing a semiconductor memory, and
a control method thereof.

Background Art

[0002] A storage device that has recently come to be
used as a storage of a portable device handling audio
data and video data, is equipped with a nonvolatile
memory such as a flash memory that is updatable, high-
ly portable, and does not require battery backup, and
the like.
[0003] FIG. 1 is a block diagram showing the structure
of a memory card that is an existing nonvolatile storage
device.
[0004] A memory card 300, which is a device for stor-
ing data, being connected to a host apparatus 200 such
as a personal computer and a digital camera, includes
a controller 310 and a flash memory 320. The host ap-
paratus 200 writes and reads data to and from the mem-
ory card 300, by use of a card control signal and a card
data signal. Such card control signal and card data sig-
nal are inputted/outputted between the host apparatus
200 and the controller 310 inside the memory card 300.
[0005] Regarding data writing and reading performed
between the controller 310 and the flash memory 320,
the controller 310 writes and reads data to and from the
flash memory 320 by use of the memory control signal
and memory data signal. Note that the flash memory
320 connected to the controller 310 does not have to be
one chip, and therefore that plural chips may be con-
nected to the controller 310.
[0006] FIG. 2 is a block diagram showing the config-
uration of the controller 310.
[0007] The controller 310 is comprised of an MPU
311, a page RAM 312, an address conversion table 313,
and an erase block table 314.
[0008] The MPU 311 has an overall control over the
controller 310, as well as controlling the data erasure
from, data writing to, and data reading from the flash
memory 320. The page RAM 312 is a volatile memory
for temporarily storing data handled between the host
apparatus 200 and the flash memory 320. The address
conversion table 313 is a table for making a conversion
between a host apparatus 200-specified address of data
that is written to the flash memory 320 and a physical
address in the flash memory 320. The erase block table
314 is a table that indicates, on a physical address basis,
whether physical blocks in the flash memory 320 have
already been erased or written. Information stored in the
address conversion table 313 and the erase block table
314 is generated by reading out data of all the physical
blocks in the flash memory 320 at the power-on time.
[0009] FIG. 3 is a block diagram showing the config-

uration of the flash memory 320.
[0010] The flash memory 320 is comprised of a page
register 321, a memory cell array 323, a row decoder
324, and a command decoder 325.
[0011] The memory cell array 323 is made up of all
the memory cells contained in one chip of the flash
memory 320. Memory cells constitute a page in units in
which reading and writing can be performed simultane-
ously. Furthermore, a plurality of pages make up a phys-
ical block 322 that is an erasure unit. The page register
321 has the capacity equivalent to pages of memory
cells, and holds write data to be inputted from the con-
troller 310 and read data to be read out from memory
cells. The row decoder 324 selects a page specified by
the controller 310 at the time of data reading and writing,
whereas it selects a physical block 322 specified by the
controller 310 at the time of erasing data. The command
decoder 325 executes a command from the controller
310 that is sent as a memory control signal.
[0012] FIG. 4 is a schematic diagram showing exam-
ple correspondence among data elements stored in the
address conversion table 313, the erase block table
314, and the flash memory 320.
[0013] Data in address 0 described in the address
conversion table 313 is a physical address that corre-
sponds to logical address 0. Since such data is "0001"
in an example illustrated in FIG. 4(a), it indicates that
data in logical address 0 is written in physical address
1 in the flash memory 320. Meanwhile, "FFFF" indicat-
ing a physical address that corresponds to logical ad-
dress 1 is an invalid value that means that there is no
data in logical address 1. Here, "invalid value" is an ar-
bitrary value that indicates invalidity and that is defined
as invalid under the address conversion rule. An exam-
ple of such value is a fixed value "0" and the maximum
value "65535" in the case of 16-bit data. Furthermore,
since data in address 2 in the address conversion table
313 is "0002", it indicates that data in logical address 2
is written in physical address 2 in the flash memory 320.
[0014] Meanwhile, the erase block table 314 shows
the state of the respective physical blocks in the flash
memory 320. The erase block table 314 holds, as ad-
dress values, values that correspond to the respective
physical addresses in the flash memory 320, and holds,
as data values, whether the respective physical blocks
in the flash memory 320 have already been erased or
written. For example, the erase block table 314 holds
the value 1 when a physical block has already been
erased, whereas it holds the value 0 when a physical
block has already been written. Stated another way, da-
ta in address 0 in the erase block table 314 indicates
whether a physical block corresponding to physical ad-
dress 0 in the flash memory 320 has already been
erased/written. Since such data is "1" in an example il-
lustrated in FIG. 4(a), it indicates that the physical block
corresponding to physical address 0 has already been
erased. Similarly, since each data in addresses 1 and 2
in the erase block table 314 is "0", it indicates that the

1 2



EP 1 473 737 A1

3

5

10

15

20

25

30

35

40

45

50

55

physical blocks corresponding to the respective physi-
cal addresses 1 and 2 in the flash memory 320 have
already been written.
[0015] Next, a description is given of the operation to
be performed when data in the existing memory card
300 with the above structure is updated by the host ap-
paratus 200. FIG. 5 is a timing chart showing a write
operation to be performed in such case, whereas FIG.
6 is a timing chart showing an erase operation to be per-
formed in such case. In the respective timing charts
shown in FIGS. 5 and 6, upper signals are the card con-
trol signal and card data signal shown in FIG. 1, indicat-
ing that data is inputted from the host apparatus 200 to
the memory card 300. Middle signals are the memory
control signal and memory data signal shown in FIG. 3,
indicating that data is inputted from the controller 310 to
the flash memory 320. A lower signal is a memory con-
trol signal, indicating that data is outputted from the flash
memory 320 to the controller 310. Here, a description is
given for the case as an example where data in logical
address 0 in the memory card 300 is updated, in the
state shown in FIG. 4(a).
[0016] First, the host apparatus 200 sends, to the
memory card 300, a write command 401 for logical ad-
dress 0 as the card control signal at time t421, and starts
transferring the write data as the card data signal at time
t422. Such write data is to be stored into the page RAM
312 of the controller 310 in the memory card 300.
[0017] Upon receipt of the write command 401 from
the host apparatus 200, the controller 310 searches the
erase block table 314 for an already erased physical
block 322 to which it is possible to write the data. The
controller 310 detects from the erase block table 314
that a physical block in physical address 0 is an already
erased physical block 322.
[0018] After the data transfer from the host apparatus
200 is finished, the controller 310 sends a write address
specification command 403 for this data at time t423, so
as to indicate the flash memory 320 that the write ad-
dress is to be inputted thereafter. The command decod-
er 325 decodes the write address specification com-
mand 403, and controls the row decoder 324 to make it
obtain the address to be inputted thereafter.
[0019] The controller 310 sends a write address 404
to the flash memory 320 at time t424. The row decoder
324 obtains the inputted write address, and selects a
specified page so that the data can be written to it. Next,
the command decoder 325 recognizes that the write ad-
dress has been obtained, and controls the page register
321 to obtain the write address to be inputted thereafter.
[0020] Next, the controller 310 starts transferring the
write data 405 from the page RAM 312 to the flash mem-
ory 320 at time t425. The command decoder 325 stores
the inputted write data into the page register 321.
[0021] Then, the controller 310 sends a write execute
command 406 to the flash memory 320 at time t427.
[0022] In response to this, the command decoder 325
starts, at time t427, writing the data stored in the page

register 321 to memory cells of a page selected by the
row decoder 324. At the same time, the command de-
coder 325 sends, to the controller 310, a write busy 407
as the memory control signal indicating that writing is
ongoing. A period defined as the write busy 407 indi-
cates that no data shall be allowed to be newly read out,
written, or erased during such period. This is because
the command decoder 325 does not allow any com-
mands to be inputted from the controller 310 for the rea-
son that the same page that is subject to writing needs
to remain selected by the row decoder 324 while such
writing is taking place.
[0023] According to a general specification, "erase"
and "write" operations to be performed on the flash
memory 320 complete separately and therefore no com-
mand is to be written while writing and erasure are in
busy state (e.g. NH29W12811T datasheet of Hitachi
Ltd.)
[0024] Next, after the write operation to the page is
finished at time t428, the command decoder 325 releas-
es the write busy 407 of the memory control signal. From
then on, it is possible for commands to be inputted from
the controller 310.
[0025] After this, the controller 310 writes, to the other
pages of the physical block 322 to which the above writ-
ing has been performed, data transferred from the host
apparatus 200 in the above-described manner.
[0026] After the data writing is finished as in the above
manner, the controller 310 obtains, from the address
conversion table 313, a physical block in which the data
in logical address 0 subject to the writing, was originally
written. Since data in address 0 in the address conver-
sion table 313 is "0001" in an example shown in FIG. 4
(a), the physical block corresponding to physical ad-
dress 1 is the location where the old data was written.
[0027] Then, in order to erase the old data which be-
came invalid due to the writing performed this time, the
controller 310, as shown in FIG. 6, sends an erase ad-
dress specification command 411 for the physical block
322 corresponding to physical address 1 at time t431,
so as to indicate the flash memory 320 that the erase
address is to be inputted thereafter. The command de-
coder 325 decodes the erase address specification
command 411, and controls the row decoder 324 to ob-
tain the address to be inputted thereafter.
[0028] The controller 310 sends an erase address
412 to the flash memory 320 at time t432. The row de-
coder 324 obtains the inputted erase address, and se-
lects a specified physical block 322 so that the data can
be erased.
[0029] Next, the controller 310 sends an erase exe-
cute command 413 to the flash memory 320 at time
t433.
[0030] In response to this, the command decoder 325
starts, at time t434, erasing the physical block 322 se-
lected by the row decoder 324. At the same time, the
command decoder 325 sends, to the controller 310, an
erase busy 414 as the memory control signal indicating
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that erasure is ongoing. A period defined as the erase
busy 414 indicates that no data shall be allowed to be
newly read out, written, or erased during such period,
as in the case of writing.
[0031] Next, after the erase operation on the physical
block 322 is finished at time t435, the command decoder
325 releases the erase busy 414 of the memory control
signal.
[0032] Then, the MPU 311 of the controller 310 up-
dates the address conversion table 313 and erase block
table 314. FIG. 4(b) is a schematic diagram showing the
state changed from the state shown in FIG. 4(a) by up-
dating the data in logical address 0.
[0033] More specifically, since physical block 322 to
which the writing was performed this time is in address
0, the MPU 311 updates the data in address 0 in the
erase block table 314 to "0" indicating that the block has
already been written. Moreover, as shown in FIG. 4(b),
the MPU 311 also updates the value of address 0 in the
address conversion table 313 to "0000" that indicates
the physical address of the physical block 322 to which
the writing has performed this time. Furthermore, since
the physical block 322 which was erased this time is in
address 1, the MPU 311 updates the data in address 1
in the erase block table 314 to "1" indicating that the
block has already been erased, as shown in FIG. 4(b).
[0034] Data in the memory card 300 is updated by the
host apparatus 200, as in the above-described manner.
[0035] Note that in FIGS. 5 and 6, although time
widths are represented differently from the actual times
for simplification purposes, it actually takes a few ms
until an erase busy 414 and a write busy 407 end (e.g.
according to NH29W12811T data sheet of Hitachi Ltd.,
erase busy time is 1ms and write busy time is 2.5ms).
Furthermore, it takes a few hundred µs to input write
data 405 (e.g. a value calculated from the
NH29W12811T datasheet is: cycle time 120nsx2112
bytes= 253.44µs), which is extremely long compared
with other command inputs and address inputs that re-
quire less than 1µs.
[0036] In other words, time required for update is ap-
proximately equal to the total of erase busy 414, time
required to input write data 405, and write busy 407.
[0037] As described above, when data is updated in
the existing memory card 300, new data is written to an
already erased physical block 322, and then a physical
block 322 which has become old data due to such writ-
ing is erased. This is because, if new data were written
to a physical block 322 that contains original data after
such physical block 322 is erased, there would be the
state in which the original data has already been erased
and the new data has not yet been written, for example,
when some abnormality occurred during data process-
ing, which causes a possibility of data destruction from
the viewpoint of the host apparatus.
[0038] However, when data is updated in the existing
memory card 300, there is such a problem as the dupli-
cation of the same data from the standpoint of the host

apparatus in which new data has already been written
and a physical block 322 which became old data has
not yet been erased, when some abnormality occurs in
the stage where such new data has been written to an
already erased physical block 322.
[0039] Furthermore, when data is updated in the ex-
isting memory card 300, there exists a period during
which the next command cannot be inputted from the
controller 310 to the flash memory 320 while erasure is
ongoing. This causes time required for update to get
longer.
[0040] Moreover, when the capacity of the memory
card 300 becomes lager, the capacity of the address
conversion table 313 and erase block table 3114 also
becomes larger, which further leads to an increased ca-
pacity of the RAM of the controller 310 in which these
tables are generated.
[0041] The present invention has been conceived in
view of the above circumstances, and it is an object of
the present invention to provide a nonvolatile storage
device and a control method thereof capable of main-
taining data consistency even when some abnormality
occurs while data is being updated, as well as capable
of shortening the time required for updating data.

Disclosure of Invention

[0042] In order to achieve the above object, the non-
volatile storage device according to the present inven-
tion is a nonvolatile storage device comprising: a non-
volatile storage unit having a plurality of physical blocks,
each of which is made up of a plurality of pages for stor-
ing data; and a control unit operable to write, when up-
dating the data stored in the storage unit, new data to
an erased first physical block that is different from a sec-
ond physical block in which old data is stored, wherein
when updating the data stored in the storage unit, the
control unit writes the new data to a page of the first
physical block after erasing invalid data stored in said
first physical block.
[0043] Accordingly, it becomes possible to maintain
data consistency, even when some abnormality occurs
while the operation of data rewiring is being performed.
[0044] Here, it is preferable that the storage unit in-
cludes: a specification unit operable to select and spec-
ify one of the pages or one of the plurality of physical
blocks; and a page holding unit operable to hold, in ad-
vance, data to be written to said one of the pages, and
when updating the data stored in the storage unit, the
control unit ( i ) erases the invalid data stored in the first
physical block specified by the specification unit, ( ii )
transfers, to the page holding unit, the new data, while
said erasure is being executed, and ( iii ) writes the new
data to said first physical block after the erasure is fin-
ished.
[0045] In this case, since it is possible to transfer, to
the page holding unit, the new data to be written while
the physical block is being erased, it becomes possible
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to update the data stored in the storage unit, consuming
a shorter time required for transferring the write data.
[0046] Furthermore, the storage unit may include a
plurality of storage areas, each of which has a manage-
ment area and a data area, the management area may
have an address conversion table and a valid block table
which correspond to one of the storage areas which said
management area belongs to, the address conversion
table being used to make a conversion between a logical
address and a physical address, and the valid block ta-
ble indicating whether valid data is stored in the respec-
tive physical blocks, and the control unit may further in-
clude a table holding unit operable to hold the address
conversion table and the valid block table.
[0047] Accordingly, it is not necessary for the table
holding unit of the control unit to hold address conver-
sion tables and valid block tables for all the storage ar-
eas, which requires the table holding unit to have only
a small capacity.
[0048] Note that not only is it possible to embody the
present invention as a nonvolatile storage device with
the above configuration, but also as a nonvolatile mem-
ory and a control device thereof. Moreover, it is also pos-
sible to embody the present invention as a control meth-
od for a nonvolatile storage device that includes, as its
steps, the characteristic units equipped to the nonvola-
tile storage device with the above configuration, and fur-
ther as a program that causes a computer apparatus to
execute these steps.

Brief Description of Drawings

[0049]

FIG. 1 is a block diagram showing a structure of a
memory card that is an existing nonvolatile storage
device;
FIG. 2 is a block diagram showing a configuration
of a controller of the existing memory card;
FIG. 3 is a block diagram showing a configuration
of a flash memory of the existing memory card;
FIG. 4 is a schematic diagram showing example
correspondence among data elements stored in an
address conversion table, an erase block table, and
the flash memory of the existing memory card;
FIG. 5 is a timing chart showing a write operation to
be performed when data is updated in the existing
memory card;
FIG. 6 is a timing chart showing an erase operation
to be performed when data is updated in the existing
memory card;
FIG. 7 is a block diagram showing a structure of a
memory card that is an embodiment of the nonvol-
atile storage device according to the present inven-
tion;
FIG. 8 is a block diagram showing a configuration
of a controller according to the present embodi-
ment;

FIG. 9 is a block diagram showing a configuration
of a flash memory according to the present embod-
iment;
FIG. 10 is a schematic diagram showing an exam-
ple logical configuration inside a memory cell array
of the flash memory according to the present em-
bodiment;
FIG. 11 is a schematic diagram showing example
correspondence among data elements stored in an
address conversion table, a valid block table, and
the flash memory according to the present embod-
iment;
FIG. 12 is a flowchart showing an operation to be
performed in the controller when data is updated in
the memory card according to the present embod-
iment; and
FIG. 13 is a timing chart showing an operation to be
performed when data is updated in the memory card
according to the present embodiment.

Best Mode for Carrying Out the Invention

[0050] The following describes an embodiment of the
present invention with reference to the drawings.
[0051] FIG. 7 is a block diagram showing the structure
of a memory card that is an embodiment of the nonvol-
atile storage device according to the present invention.
[0052] A memory card 100, which is a device for stor-
ing data, being connected to a host apparatus 200 such
as a personal computer and a digital camera, includes
a controller 110 and a flash memory 120. The host ap-
paratus 200 writes and reads data to and from the mem-
ory card 100, by use of a card control signal and a card
data signal. Such card control signal and card data sig-
nal are inputted/outputted between the host apparatus
200 and the controller 110 inside the memory card 100.
[0053] Regarding data writing and reading performed
between the controller 110 and the flash memory 120,
the controller 110 writes and reads data to and from the
flash memory 120 by use of the memory control signal
and memory data signal. Note that the flash memory
120 connected to the controller 110 does not have to be
one chip, and therefore that plural chips may be con-
nected to the controller 110.
[0054] FIG. 8 is a block diagram showing the config-
uration of the controller 110.
[0055] The controller 110 is comprised of an MPU 111,
a page RAM 112, an address conversion table 113, and
a valid block table 114.
[0056] The MPU 111 has an overall control over the
controller 110, and also controls the data erasure from,
data writing to, and data reading from the flash memory
120. The page RAM 112 is a volatile memory for tem-
porarily storing data handled between the host appara-
tus 200 and the flash memory 120. The address conver-
sion table 113 is a table for making a conversion be-
tween a host apparatus 200-specified address of data
that is written to the flash memory 120 and a physical
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address in the flash memory 120. The valid block table
114 is a table that indicates whether data written on the
flash memory 120 is valid or invalid on a physical ad-
dress basis.
[0057] Here, "invalid physical block" means that valid
data is not written to such block, and such physical block
can either be in already written state or already erased
state. Furthermore, information in the address conver-
sion table 113 and the valid block table 114 is written in
the management areas in the flash memory 120, and is
read out by the MPU 111 from the flash memory 120
after the power is turned on or when necessary so as to
be stored into the address conversion table 113 and the
valid block table 114. Moreover, when the address con-
version table 113 and the valid block table 114 are up-
dated, the MPU 111 writes the updated data to the man-
agement areas in the flash memory 120, in response to
such update.
[0058] FIG. 9 is a block diagram showing the config-
uration of the flash memory 120.
[0059] The flash memory 120 is comprised of a page
register 121, a memory cell array 123, a row decoder
124, and a command decoder 125.
[0060] The memory cell array 123 is made up of all
the memory cells contained in one chip of the flash
memory 120. Memory cells constitute a page in units in
which reading and writing can be carried out simultane-
ously. Furthermore, a plurality of pages make up a phys-
ical block 122 that is an erasure unit. The page register
121 has the capacity equivalent to pages of memory
cells, and holds write data to be inputted from the con-
troller 110 as well as read data to be read out from mem-
ory cells.
[0061] The row decoder 124 selects a page specified
by the controller 110 at the time of data reading and writ-
ing, whereas it selects a physical block 122 specified by
the controller 110 at the time of erasing data. The com-
mand decoder 125 executes a command from the con-
troller 110 that is sent as a memory control signal. Fur-
thermore, the command decoder 125 allows a com-
mand to be inputted from the controller 110 to the flash
memory 120 even while data erasure is ongoing, and
exercises a control so that the command decoder 125
can operate even when commands come in the order
of "write data" and "write address".
[0062] FIG. 10 is a diagram showing an example log-
ical configuration inside the memory cell array 123 of
the flash memory 120.
[0063] The memory cell array 123 is divided into plural
areas in address order (four areas in an example shown
in FIG. 10), and each of such areas has a management
area and a data area. The address conversion table 113
and the valid block table 114 of the controller 110 are
tables that describe information of one such area. Stat-
ed another way, an address conversation table 113 and
a valid block table 114 corresponding to an area to which
each management area belongs to is written in such
management area.

[0064] FIG. 11 is a schematic diagram showing exam-
ple correspondence among data elements stored in the
address conversion table 113, the valid block table 114,
and the flash memory 120.
[0065] Data in address 0 described in the address
conversion table 113 is a physical address that corre-
sponds to logical address 0. Since such data is "0001"
in an example illustrated in FIG. 11(a), it indicates that
data in logical address 0 is written in physical address
1 in the flash memory 120. Meanwhile, "FFFF" indicat-
ing a physical address that corresponds to logical ad-
dress 1 is an invalid value that means that there is no
data in logical address 1. Here, "invalid value" is an ar-
bitrary value that indicates invalidity and that is defined
as invalid under the address conversion rule. An exam-
ple of such value is a fixed value "0" and the maximum
value "65535" in the case of 16-bit data. Furthermore,
since data in address 2 in the address conversion table
113 is "0002", it indicates that data in logical address 2
is written in physical address 2 in the flash memory 120.
[0066] Meanwhile, the valid block table 114 shows the
state of data written to the flash memory 120. The valid
block table 114 holds, as address values, values that
correspond to the respective physical addresses in the
flash memory 120, and holds, as data values, whether
data written to the respective physical addresses in the
flash memory 120 is valid data or invalid data. For ex-
ample, the valid block table 114 holds the value 0 when
such data is valid, whereas it holds the value 1 when
such data is invalid. Stated another way, data in address
0 in the valid block table 114 indicates whether data in
physical address 0 in the flash memory 120 is valid or
invalid. Since such data is "1" in an example illustrated
in FIG. 11(a), it indicates that data in physical address
0 is invalid. Similarly, since each data in addresses 1
and 2 in the valid block table 114 is "0", it indicates that
data in the respective physical addresses 1 and 2 in the
flash memory 120 is valid.
[0067] Next, a description is given of the operation to
be performed when data in the memory card 100 with
the above structure is updated by the host apparatus
200. FIG. 12 is a flowchart showing an operation to be
performed in the controller 110 in such case, whereas
FIG. 13 is a timing chart showing an operation to be per-
formed in such case. In the timing chart shown in FIG.
13, upper signals are the card control signal and card
data signal shown in FIG. 7, indicating that data is in-
putted from the host apparatus 200 to the memory card
100. Middle signals are the memory control signal and
memory data signal shown in FIG. 3, indicating that data
is inputted from the controller 110 to the flash memory
120. A lower signal is a memory control signal, indicating
that data is outputted from the flash memory 120 to the
controller 110. Here, a description is given for the case
as an example where data in logical address 0 in the
memory card 100 is updated, in the state shown in FIG.
11(a).
[0068] First, the host apparatus 200 sends, to the
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memory card 100, a write command 301 intended for
logical address 0 as the card control signal at time t321,
and starts transferring write data as the card data signal
at time t322. Such write data is to be stored into the page
RAM 112 of the controller 110 in the memory card 110.
[0069] Upon receipt of the write command 301 from
the host apparatus 200, the controller 110 searches the
valid block table 114 for a physical block storing invalid
data to which it is possible to write the data (Step S101).
Upon detecting in the valid block table 114 that physical
address 0 is a physical block 122 storing invalid data,
the controller 110 sends, to the flash memory 120, an
erase address specification command 303 for the phys-
ical block 122 corresponding to physical address 0 at
time t322. Such erase address specification command
303 indicates that the erase address is to be inputted
thereafter. The command decoder 125 decodes the
erase address specification command 303, and controls
the row decoder 124 to make it obtain the address to be
inputted thereafter.
[0070] Next, the controller 110 sends an erase ad-
dress 304 to the flash memory 120 at time t323. The row
decoder 124 obtains the inputted erase address, and
selects a specified physical block 122 so that the data
can be erased.
[0071] Then, the controller 110 sends an erase exe-
cute command 305 to the flash memory 120 at time t324
(Step S102).
[0072] In response to this, the command decoder 125
starts, at time t325, erasing the physical block 122 se-
lected by the row decoder 124. At the same time, the
command decoder 125 sends, to the controller 110, an
erase busy 306 as the memory control signal indicating
that erasure is ongoing. During the period defined as the
erase busy 306, no data shall be allowed to be newly
read out from, written to, or erased from a physical block
122 which are operations that require a selection by the
row decoder 124, since the row decoder 124 needs to
continuously select the physical block 122 subject to
erasure.
[0073] After the data transfer from the host apparatus
200 is finished, the controller 310 sends a write data in-
put command 307 to the flash memory 120 at time t326,
regardless of whether or not the erase busy 306 is in-
putted from the flash memory 120 as the memory control
signal, so as to indicate the flash memory 120 that write
data is to be inputted thereafter. The command decoder
125 decodes the write data input command 307, and
controls the page register 121 to make it obtain the write
data to be inputted thereafter.
[0074] Next, the controller 110 starts transferring write
data 308 from the page RAM 112 to the flash memory
120 at time 327t (Step S103). The command decoder
125 stores the inputted write data into the page register
121. The data transferred here is write data to be written
to a page included in the physical block 122 that is being
erased. Note that the flash memory 120 is performing
erase operation here, but it is possible to store write data

since the page register 121 is not in use.
[0075] After the erase operation performed on the
physical block 122 is finished at time t328, the command
decoder 125 releases the erase busy 306 of the memory
control signal. From then on, it is possible for the row
decoder 124 to select another physical block 122 or
page.
[0076] After the transfer of the write data from the
page RAM 112 to the flash memory 120 is finished and
the erase busy 306 from the flash memory 120 is re-
leased (Steps S104 and S105), the controller 110 sends
a write address specification command 309 for the data
transferred to the page register 121 at time t328, so as
to indicate the flash memory 120 that a write address is
to be inputted thereafter. The command decoder 125
decodes the write address specification command 309,
and controls the row decoder 124 to obtain the address
to be inputted thereafter.
[0077] The controller 110 sends a write address 310
to the flash memory 120 at time t329. The row decoder
124 obtains the inputted write address, and selects a
specified page so that the data can be written to it. The
page to be specified here is a page included in the phys-
ical block on which the erase operation has finished
above.
[0078] Then, the controller 110 sends a write execute
command 311 to the flash memory 120 at time t330
(Step S106).
[0079] In response to this, the command decoder 125
starts, at time t331, writing the data stored in the page
register 121 to memory cells in the page selected by the
row decoder 124. At the same time, the command de-
coder 125 sends, to the controller 110, a write busy 312
as the memory control signal indicating that writing is
ongoing. During a period defined as the write busy 312,
the row decoder 124 keeps selecting a page to which
data is to be written, and therefore no data shall be al-
lowed to be newly read out from, written to, or erased
from a physical block 122, which are operations that re-
quire a selection by the row decoder 124, as in the case
of the period of the erase busy 306.
[0080] After the write operation to the page is finished
at time t332, the command decoder 125 releases the
write busy 312 of the memory control signal.
[0081] After this, the controller 110 writes the data
transferred from the host apparatus 200, to the other
pages of the physical block 122 which has been erased
in the above-described manner.
[0082] Then, the MPU 111 of the controller 110 up-
dates the address conversion table 113 and valid block
table 114 (Step S107). FIG. 11(b) is a schematic dia-
gram showing the state changed from the state shown
in FIG. 11(a) by updating the data in logical address 0.
[0083] More specifically, since the data correspond-
ing to logical address 0 which was updated this time is
"0001", as shown in FIG. 11(a), the MPU 111 updates
the data in the corresponding address 1 in the valid
block table 114 to "1", as shown in FIG. 11(b), indicating
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invalid data. Moreover, the MPU 111 also updates the
value of address 0 in the address conversion table 113
to "0000", as shown in FIG. 11(b), that indicates the
physical address of the physical block 122 to which the
writing has performed this time. Then, the MPU 111 up-
dates the data in address 0 in the valid block table 114
to "0" indicating valid data, as shown in FIG. 11(b).
[0084] Finally, the MPU 111 writes the address con-
versation table 113 and valid block table 114 which have
been updated in the above manner, to the management
areas in the flash memory 120 in updated form.
[0085] Data in the memory card 100 is updated by the
host apparatus 200 side, as in the above-described
manner. Note that when this writing is carried out, the
updated old data of logical address 0 exits in the flash
memory 120 as invalid data, and will not be erased until
writing is performed to the physical block 122 that stores
such old data, at the time of updating another data.
[0086] As described above, when data is updated in
the memory card 100, a physical block 122 storing
invalid data is erased first, and then new data is written
to such physical block 122 which has been erased. This
makes it possible to transfer write data 308 from the
page RAM 112 to the page register 121 in the flash
memory 120 even during the period of the erase busy
306. Accordingly, it becomes possible to update the
flash memory 120, consuming a shorter time required
for transferring write data.
[0087] Moreover, it is also possible to maintain con-
sistency between data even if some abnormality occurs
while the operation for updating data is taking place.
[0088] Furthermore, since the memory cell array 123
is logically divided into plural areas, and an address con-
version table 113 and a valid block table 141 corre-
sponding to each of such areas are written to the man-
agement area of each of the areas, the RAM of the con-
troller 110 that reads in these tables is required to have
only a small capacity.
[0089] Note that in the present embodiment, the con-
troller 110 sends, to the flash memory 120, the write data
input command 307 after the data transfer from the host
apparatus 200 is finished, but the present invention is
not limited to this. Therefore, the controller 110 may
send the write data input command 307 after the erase
execute command 305 is sent and before the data trans-
fer from the host apparatus 200 is finished, for example.
In this case, the controller 110 transfers the write data
308 from the page RAM 112 to the flash memory 120
after the data transfer from the host apparatus 200 is
finished.
[0090] Moreover, in the present embodiment, a de-
scription is given for a method in which the command
decoder 125 exercises such a control as enables the
flash memory 120 to operate even if commands are in-
putted in order of "write data" and "write address", but
the present invention is not limited to this. It is therefore
possible to input commands in order of "write address"
and "write data" by newly incorporating an address reg-

ister to the flash memory 120, where a write address to
be inputted during the period of the erase busy 306 is
to be stored, and then by moving such write address to
the row decoder 124 from the address register before
the writing is executed.
[0091] As described above, according to the nonvol-
atile storage device of the present invention, it is possi-
ble to maintain consistency between data even if some
abnormality occurs during the operation for updating da-
ta is taking place, since, when data stored in a storage
unit is updated, data stored in an invalid physical block
that is different from a physical block in which old data
is stored, is erased first and then new data is written to
a page in the erased physical block.
[0092] Furthermore, it is also possible to shorten the
time required for updating data, by transferring, to the
storage unit, data to be written next, in line with the eras-
ure of a physical block. This leads to an improved usa-
bility of the nonvolatile storage device, as well as to a
further improved user convenience.
[0093] As is obvious from the above, the present in-
vention, which is capable of improving the usability of a
nonvolatile storage device, is extremely useful in the
present age when there is a widespread use of portable
devices utilizing nonvolatile storage devices.

Industrial Applicability

[0094] As described above, the nonvolatile storage
device according to the present invention is suited for
use as a storage device that stores data of a portable
device, such as a digital camera and a mobile phone,
that handles audio data and video data.

Claims

1. A nonvolatile storage device comprising:

a nonvolatile storage unit having a plurality of
physical blocks, each of which is made up of a
plurality of pages for storing data; and
a control unit operable to write, when updating
the data stored in the storage unit, new data to
an erased first physical block that is different
from a second physical block in which old data
is stored,

wherein when updating the data stored in the
storage unit, the control unit writes the new data to
a page of the first physical block after erasing invalid
data stored in said first physical block.

2. The nonvolatile storage device according to Claim
1,

wherein the storage unit includes:

a specification unit operable to select and spec-
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ify one of the pages or one of the plurality of
physical blocks; and
a page holding unit operable to hold, in ad-
vance, data to be written to said one of the pag-
es,

wherein when updating the data stored in the
storage unit, the control unit ( i ) erases the invalid
data stored in the first physical block specified by
the specification unit, ( ii ) transfers, to the page
holding unit, the new data, while said erasure is be-
ing executed, and ( iii ) writes the new data to said
first physical block after the erasure is finished.

3. The nonvolatile storage device according to Claim
2,

wherein when writing the new data, the con-
trol unit transfers, to the specification unit, an ad-
dress for specifying the page to which the new data
is to be written, after transferring said new data to
the page holding unit, and writes the new data to
said one of the pages selected by the specification
unit.

4. The nonvolatile storage device according to Claim
1,

wherein the storage unit includes a plurality of
storage areas, each of which has a management
area and a data area,

the management area has an address con-
version table and a valid block table which corre-
spond to one of the storage areas which said man-
agement area belongs to, the address conversion
table being used to make a conversion between a
logical address and a physical address, and the val-
id block table indicating whether valid data is stored
in the respective physical blocks, and

the control unit further includes a table holding
unit operable to hold the address conversion table
and the valid block table.

5. The nonvolatile storage device according to Claim
4,

wherein the control unit ( i ) reads out, from
the storage unit, the address conversion table and
valid block table corresponding to each of the stor-
age areas when necessary, so as to have the table
holding unit hold said readout tables,

( ii ) specifies the first physical block in which
the invalid data is stored with reference to the valid
block table when updating the data stored in the
storage unit, ( iii ) updates the address conversion
table and the valid block table when said update of
the data is finished, so as to reflect said update of
the data on these tables, and ( iv ) writes the updat-
ed address conversion table and valid block table
to the corresponding management area.

6. A nonvolatile memory, comprising:

a plurality of physical blocks, each of which is
made up of a plurality of nonvolatile pages for
storing data;
a specification unit operable to select and spec-
ify one of the pages or one of the physical
blocks; and
a page holding unit operable to hold, in ad-
vance, data to be written to said one of the pag-
es,

wherein the data to be written to said page is
transferred to the page holding unit while said one
of the physical blocks specified by the specification
unit is being erased.

7. A control device for controlling a nonvolatile mem-
ory that includes a plurality of physical blocks, each
of which is made up of a plurality of nonvolatile pag-
es for storing data, the control device comprising a
control unit operable to write, when updating the da-
ta stored in the nonvolatile memory, new data to an
erased first physical block that is different from a
second physical block in which old data is stored,

wherein when updating the data stored in the
nonvolatile memory, the control unit writes the new
data to a page of the first physical block after eras-
ing invalid data stored in said first physical block.

8. The control device according to Claim 7, further
comprising a table holding unit operable to hold an
address conversion table and a valid block table,
the address conversion table being used to make a
conversion between a logical address and a phys-
ical address, and the valid block table indicating
whether valid data is stored in the respective phys-
ical blocks,

wherein the control unit specifies the first
physical block in which the invalid data is stored with
reference to the valid block table, when updating the
data stored in the nonvolatile memory, and updates
the address conversion table and the valid block ta-
ble when said update of the data is finished, so as
to reflect said update of the data on these tables.

9. A control method for controlling a nonvolatile stor-
age device, the control method comprising a control
step of writing new data to an erased first physical
block that is different from a second physical block
in which old data is stored, when data stored in a
nonvolatile storage unit having a plurality of physi-
cal blocks is updated, each of said physical blocks
being made up of a plurality of pages for storing da-
ta,

wherein in the control step, when the data is
updated, the new data is written to a page of the
first physical block, after invalid data stored in said

15 16



EP 1 473 737 A1

10

5

10

15

20

25

30

35

40

45

50

55

first physical block is erased.

10. The control method for controlling the nonvolatile
storage device according to Claim 9, further com-
prising a table holding step of holding an address
conversion table and a valid block table, the ad-
dress conversion table being used to make a con-
version between a logical address and a physical
address, and the valid block table indicating wheth-
er valid data is stored in the respective physical
blocks,

wherein the control step includes:

a specification step of specifying the first phys-
ical block in which the invalid data is stored with
reference to the valid block table, when the data
stored in the storage unit is updated; and
an update step of updating the address conver-
sion table and the valid block table when said
update of the data is finished, so as to reflect
said update of the data on these tables.

11. A program for updating data stored in a nonvolatile
memory that includes a plurality of physical blocks,
each of which is made up of a plurality of nonvolatile
pages for storing data, the program causing a com-
puter to execute a control step of writing new data
to an erased first physical block that is different from
a second physical block in which old data is stored,

wherein in the control step, when the data is
updated, the new data is written to a page of the
first physical block, after invalid data stored in said
first physical block is erased.
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