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MEMORY DEVICE AND CONTROLLING
METHOD OF THE SAME

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s a Continuation Application of PCT Application
No. PCT/JP2009/071069, filed Dec. 11, 2009, which was
published under PCT Article 21(2) 1n English.

This application 1s based upon and claims the benefit of
priority from prior Japanese Patent Application No. 2008-

316066, filed Dec. 11, 2008, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a memory device and a
controlling method of the memory, and 1n particular to a
memory device a nonvolatile semiconductor memory.

2. Description of the Related Art

Memory devices, such as a memory card, are used as a
media for storing music data or video data. They devices use
nonvolatile semiconductor memories, such as flash memo-
ries. Memory devices typically include a controller for
controlling the memory. A file system of a host into which
such a memory device 1s inserted assigns logical addresses
to data, and requests the memory device to write this data.
The controller instructs the flash memory to store the write
data 1n free memory areas. Moreover, the controller manages
relation between logical addresses assigned to data by the
file system, and memory areas in the flash memory which
store the corresponding data.

Typical examples of the tlash memory used for memory
devices include a NAND flash memory. In the NAND flash
memory, data 1s written in the unit called a page which
consists of more than one bits. The NAND flash memory can
crase data only 1n the unit called a block which consists of
more than one pages.

A user may want to know performance of the memory
device through the host device. Such performance includes
recording speed, time required for record, recordable time,
etc. A techmique for predicting such performance 1is
described 1n Jpn. Pat. Appln. KOKAI Publication No. 2006-
1’78923, This techmque uses the following principles.

As described above, the NAND flash memory can erase
data only 1n the umt of block. That 1s, it cannot overwrite
data. In order to update data in the memory, a new block
needs to be prepared, the data not to be updated needs to be
copied 1n the new block, and the data to be updated needs to
be written 1n the new block. For this reason, data in the flash
memory 1s written fast 1n continuous free pages, and slowly
written 1n a block including pages storing data and ones
without data. That 1s, data write speed varies according to
distribution of written pages 1n a block (fragmentation).
Using this, the write speed of each block 1s calculated, and
recordable time of the memory device 1s calculated from the
number of blocks which satisty the write speed required by
application in a host which will store data 1n the memory
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device. However, such a technique using fragmentation
requires complicated calculation of performance, and a long,
time for execution. For this reason, a need arises for the

memory device which allows for simpler performance pre-
diction.

Moreover, the increased memory capacity, improved
memory device performance, and diversified contents
required to be recorded by the user generate a variety of
types of usage of memory devices. For example, a request
arises for recording two videos such as two TV programs, or
recording a picture while recording videos. It 1s, however,
impossible to fulfill the demand to write data for multiple
files 1in parallel into the memory device 1n real time because
the mnability of data overwrite requires the above-mentioned
data copy, which takes a long time to result 1n a low speed
ol writing accompanied by data copy.

BRIEF SUMMARY OF TH.

L1l

INVENTION

According to an aspect of the present invention, there 1s
provided a memory device comprising: a memory which has
memory areas; and a controller configured to, upon receipt
of write data, write data in the memory areas while manag-
ing correspondence between logical addresses of write data
and memory areas which store corresponding write data, and
which has a first mode and a second mode, wherein a
plurality of the memory areas constitutes a management
umt, the controller 1n the first mode 1s able to write pieces
of data in respective memory arcas and configured to
maintain data 1n one or more memory areas 1n one manage-
ment unit which contains data to be updated, the controller
in the second mode 1s configured to write pieces of data 1n
respective memory areas 1n the ascending order of logical
addresses of the pieces of data and configured to invalidate
data 1n one or more memory areas 1n one management unit
which contains updated data.

According to another aspect of the present invention,
there 1s provided a memory device comprising: a memory
which has memory areas; and a controller configured to,
upon receipt of write data, write data in the memory areas
while managing correspondence between logical addresses
of the write data and memory areas which store correspond-
ing write data, configured to recognize a logical address
group which consists of successive logical addresses, and
configured to, upon receipt of a first command, shiit to a
real-time write enable mode, wherein upon receipt of a data
writing instruction, the controller 1 the real-time write
enable mode writes data 1n a work area temporarily prepared
for a logical address group which contains the logical
address of the write data 1n the ascending order of logical
addresses of pieces of the write data, and assigns a logical
address to the work area after completion of data writing to
the last memory area in the work area.

According to another aspect of the present invention,
there 1s provided a method of controlling a memory device
comprising memory areas, the method comprising: upon
receipt of write data, writing data 1in the memory areas while
managing correspondence between logical addresses of the
write data and memory areas which store corresponding
write data; 1n a first mode, writing pieces of data 1n respec-
tive memory areas and maintaining data in one or more
memory areas 1n one management unit which contains data
to be updated, wherein a plurality of the memory areas
constitute one management umit; in a second mode, writing
pieces ol data in respective memory areas in the ascending
order of logical addresses of the pieces of the pieces of data
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and invalidating data 1n one or more memory areas in one
management unit which contains updated data.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 illustrates main functional blocks of a memory
card according to a first embodiment with functional blocks
ol a host device.

FIG. 2 illustrates details of a register.

FI1G. 3 illustrates configuration of memory space.

FIG. 4 illustrates memory areas recognized by the host
and memory areas of the memory card.

FIG. 5 1llustrates transition of modes taken by the memory
card of the first embodiment.

FIG. 6 illustrates a state 1n the memory card during
writing for a first example of the first embodiment.

FI1G. 7 1illustrates a state following FIG. 6.

FIG. 8 illustrates a state following FI1G. 7.

FIG. 9 1llustrates a state following FIG. 8.

FIG. 10 1llustrates a first example of commands and data
received by the memory card of the first embodiment.

FIG. 11 illustrates a state in the memory card during
writing for the first example of the first embodiment.

FIG. 12 1llustrates a state following FIG. 11.

FIG. 13 illustrates a state following FIG. 12.

FIG. 14 illustrates a state following FIG. 13.

FIG. 15 illustrates a state following FIG. 14.

FIG. 16 1illustrates a second example of commands and
data received by the memory card of the first embodiment.

FIG. 17 1llustrates a state in the memory card during
writing for the second example of the first embodiment.

FIG. 18 1llustrates a state following FIG. 17.

FIG. 19 1llustrates a state following FIG. 18.

FI1G. 20 1llustrates a state following FI1G. 19.

FI1G. 21 1llustrates a state following FI1G. 20.

FI1G. 22 1llustrates a third example of commands and data
received by the memory card of the first embodiment.

FIG. 23 1illustrates a state in the memory card during
writing for the third example of the first embodiment.

FIG. 24 illustrates a state following FIG. 23.

FIG. 25 illustrates a state following FIG. 24.

FIG. 26 illustrates a state following FIG. 25.

FIG. 27 illustrates a state following FIG. 26.

FI1G. 28 1llustrates a first example of commands and data
received by the memory card of a second embodiment.

FIG. 29 illustrates a state in the memory card during
writing for the first example of the second embodiment.

FI1G. 30 1llustrates a state following FI1G. 29.

FI1G. 31 illustrates a state following FI1G. 30.

FI1G. 32 illustrates a state following FIG. 31.

FI1G. 33 illustrates a state following FIG. 32.

FIG. 34 illustrates a second example of commands and
data received by the memory card of the second embodi-
ment.

FIG. 35 illustrates a state in the memory card during
writing for the second example of the second embodiment.

FIG. 36 illustrates a state following FIG. 35.

FI1G. 37 1llustrates a state following FI1G. 36.

FIG. 38 illustrates a state following FI1G. 37.

FIG. 39 illustrates a state following FIG. 38.

FI1G. 40 1llustrates a third example of commands and data
received by the memory card of the second embodiment.

FIG. 41 1llustrates a state in the memory card during
writing for the third example of the second embodiment.

FI1G. 42 1llustrates a state following FIG. 41.

FI1G. 43 1llustrates a state following FI1G. 42.
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FIG. 44 1llustrates a state following FIG. 43.
FIG. 45 illustrates a state following FIG. 44.
FIG. 46 illustrates a state following FIG. 45.
FIG. 47 1llustrates a state following FIG. 46.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

Embodiments of the present invention will now be
described with reference to drawings. In the following, the
same components are indicated with the same reference
numbers throughout the figures, and repetitive description
will be given only when required. Note that drawings are
merely illustrative.

In the following, description will be given of a memory
device according to embodiments of the present mvention
with a memory card, in particular SD card, taken as an
example. Any memory device that has a memory and a
controller for controlling thereof which i1s described herein
1s, however, included within the scope of the present inven-
tion.

First Embodiment
[1] Configuration

Configuration of the memory card according to the first
embodiment of the present invention will be described with
reference to FIGS. 1 to 4. FIG. 1 1llustrates main functional
blocks of the memory card according to the first embodi-
ment. FIG. 1 also illustrates functional blocks of a host
device connected to this memory card. Each functional
block can be implemented as hardware, computer solftware,
or a combination of the both. To clearly illustrate this
interchangeability of hardware and software, description
will be given generally mn terms of their functionality.
Whether such functionality 1s implemented as hardware or
software depends upon the particular application and design
constraints imposed on the overall system. Those skilled 1n
the art may implement the described tunctionality in varying,
ways lor each particular application, but all variations
should be included within the scope of the present invention.

The host device (referred to as a host hereinaiter) 1 has
software 11, such as application and/or an operating system.
The software 11 1s mnstructed by a user to write data to a
memory card 2, and to read data therefrom. The software 11
instructs the file system 12 to wrnte/read data 12. The file
system 12 1s mechanism for managing file data stored in
storage medium, record management information 1n
memory areas in the storage medium, and uses this man-
agement information to manage the file data.

The host 1 has an SD interface 13. The SD interface 13
consists of hardware and software to allow the host 1 to be
interfaced with the memory card 2. The host 1 communi-
cates with the memory card 2 via the SD interface 13. The
SD 1nterface 13 specifies various agreements for communi-
cation between the host 1 and the memory card 2. The SD
interface 13 and the SD interface 31 of the memory card 2
(to be described later) provide various kinds of commands
recognizable by both the interfaces. The SD interface 13 also
includes hardware configuration (e.g., pin arrangement,
number of pins, etc.) which can be connected to the SD
interface 31.

The memory card 2 has a NAND flash memory 21 and a
controller 22 for controlling the memory 21. The memory
card 2 starts to receive power, when connected to the host 1
or when the host 1 1s turned on with the memory card 2
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inserted, to perform mmtialization and then processing
according to access from the host 1.

The memory 21 nonvolatily stores data, and writes and
reads data in the unit called a page which consists of
multiple memory cells. A page has a physical address unique
to the page. The memory 21 erases data 1n the unit called a
physical block (erase block) which consists of multiple
pages. A physical address may be assigned to a physical
block.

The controller 22 manages data storage state n the
memory 21. Management of memory states mcludes man-
agement between a physical address of a page (or a physical
block) and a logical address of data stored in the page, and
which page (or physical block) contains no data or invalid
data.

The controller 22 includes the SD interface 31, micro
processing unit (MPU) 32, read only memory (ROM) 33,

random access memory (RAM) 34, and NAND interface 35.

The SD interface 31 consists of hardware and software to
allow the host 1 to be interfaced with the controller 22.

The SD interface 31 specifies agreements which enable
communication with the SD interface 13, includes various
kinds of commands, and includes hardware configuration
(e.g., a pin arrangement, and the number of pins, etc.), as the
SD 1interface 13. The memory card 2 (controller 22) com-
municates with the host 1 via the SD interface 31. The SD
interface 31 includes a register 36.

The MPU 32 manages the overall operation of the
memory card 2. The MPU 32 reads firmware (control
program) stored 1n the ROM 33 onto the RAM 34 to perform
predetermined processing when, for example, the memory
card 2 starts to receive power. The MPU 32 creates various
kinds of tables (to be described later) on the RAM 34
according to the control program and performs predeter-
mined processing to the memory 21 according to commands

received from the host 1.
The ROM 33 stores the control program for the MPU 32,

etc. The RAM 34 1s used as a work area for the MPU 32, and
temporarily stores control programs and various kinds of
tables. The tables include a translation table (logical/physi-
cal table) of a physical address of a page which stores data
with a logical address assigned by the file system 12. The
NAND interface 35 allows the controller 22 to be interfaced
with the memory 21.

Memory areas in the memory 21 include, for example, a
system data area, a security data area, a protected data area,
a user data area, etc., defined 1n accordance with a type of
stored data. The system data area i1s reserved by the con-
troller 22 for storing data required for its operation. The
security data area stores key information for encryption and
security data for authentication, and 1s inaccessible by the
host 1. The protected data area stores important data and
secure data. The user data area can be accessed and used by
the host 1, and stores, for example, user data, such as AV
content files and 1mage data. When the description “the
memory 21”7 1s used to refer to the memory space of the
memory 21, 1t refers to the user data area. The controller 22
reserves a part of the user data area, where it stores control
data (e.g., logical/physical table) required for its own opera-
tion.

The register 36 has various registers, such as a card status
register, CID, RCA, DSR, CSD, SCR, and OCR as 1llus-
trated 1n FIG. 2. These registers store error information, an
individual number of the memory card 2, a relative card
address, bus driving power of the memory card 2, charac-
teristics parameter values of the memory card 2, data
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arrangement, and operating voltage, 1 any, defined by
operation voltage range of the memory card 2, efc.

The register 36 (for example, CSD) stores a class of the
memory card 2, the time required for data copy, an AU size,
ctc. The class 1s defined by the minimum write speed
guaranteed by the memory card belonging to this class. The
highest write speed 1s determined by the class. Therefore, the
host 1 can read the data indicative of the AU size from the
register 36 to use this information for the management of the
memory card 2, and can read the data indicative of the class
from the register 36 to learn the maximum write perfor-
mance of the memory card 2. Moreover, the CSD may
turther store performance information, such as performance
information described 1in Jpn. Pat. Appln. KOKAI Publica-
tion No. 2006-178923.

FIG. 3 illustrates a configuration of the memory space of
the memory 21. As shown 1n FIG. 3, the memory 21 has
normal memory areas 41 and a page buller 42. The memory
area 41 includes multiple physical blocks BLK. Each physi-
cal block BLK consists of multiple pages PG. Each page PG
includes serially-connected memory cell transistors.

Each memory cell consists of a so-called stacked-gate
metal oxide semiconductor field effect transistor (MOS-
FET). Each memory cell transistor stores information
according to 1ts threshold voltage which varies according to
the number of electrons captured 1n a floating gate electrode.
The memory 21 may be configured so that a memory cell
transistor can take more than two different threshold volt-
ages, that 1s, a memory cell can store multiple levels
(multiple bits).

Control gate electrodes of the memory cell transistors
belonging to the same row are connected to the same word
line. Selection gate transistors are provided in the both ends
of a chain of serially-connected memory cell transistors
which belong to the same column. One of the selection gate
transistors 1s connected to a bit line. Data 1s written or read
in a unit of the set of the serially-connected memory cell
transistors. The memory area which consists of this set of the
memory cell transistors corresponds to one page.

In an example of FIG. 3, each page PG has 2112 B, for
example, and each block 52 consists of 128 pages. Data 1s
erased in the unmit of the block BLK. The page bufler 34
inputs/outputs the data from/to the memory 21, and tempo-
rarily holds the data. The data size which can be held by the
page buller 42 1s the same as that of the page PG, 1.e., 2112
B (2048 B+64 B).

As 1llustrated 1n FI1G. 4 and described above, the memory
21 writes or reads data in the unit of the page PG, and erases
data 1n the unit of the block BLK. On the other hand, the file
system 12 manages data 1n the unit of a recording unit (RU).
That 1s, the file system 12 divides the data write-requested
by the software 11 into segments of a suitable size according
to the size of the RU, and assigns a logical address to each
segment. The RU 1s equivalent to a piece of data which 1s
written 1nto with one multi-block write command. The file
system 12 supplies the data assigned a unique logical
address as the write data to the memory card 2 after a write
command. The controller 22 writes the write data in suitable
pages. The size of the RU 1s an integral multiple of a page
capacity. Therefore, the memory card 2 writes the write data
of the RU size i pages which have sequential physical
addresses. Note that since the RU has a correspondence with
the unique logical address managed by the file system,
assigning data to the RU means assigning a logical address
to the data. The file system 12 uses the table to manage the
connecting relation of segments of the data, and uses this
relation to restore the original data by connecting the seg-
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ments. The controller 22 uses the translation table (logical/
physical table) to manage correspondence between a logical
address and an address of a page (physical address) which
stores the data of this logical address.

The file system 12 also uses a concept of AU (allocation
unit) which consists of a predetermined number of sequen-
tial RUs which belong to a predetermined range. The
controller 22 can recognize the boundary of the AU by
looking at high bits of the logical address of the data. An AU
size 1s an integral multiple of the block (physical block)
capacity. Thus, the RU size 1s equal to the size of combined
pages, and the AU size 1s equal to the size of combined
blocks. For this reason, description will be given with the
RU and AU each used as a unit of a reading/writing of the
data in the memory card 2 below. That 1s, the “RU” used for
the memory card 2 means combined sequential pages of the
same size as the RU, and the “AU” used for the memory card
2 means combined sequential blocks of the same size as the
AU. Specifically, the data which the file system 12 assigned
to an RU 1s stored in an RU in the memory card 2, the
memory card 2 manages the RU (logical address) assigned
to the data by the file system 12, and the RU 1n the memory
21 which stores this write data with a table.

[2] Operation

[2-1] First Example

Referring to FIGS. 5 to 14, a part of operation of the
memory card 2 will now be described first. FIG. 5 illustrates
transition of modes taken by the memory card according to
a first embodiment. As shown 1n FIG. 5, the memory card 2
has a random write mode and a sequential write mode. The
controller 22 operates according to the current one of the two
modes. The memory card 2 1s in the random write mode
when the power supply from the host 1 starts. The memory
card 2 in the random write mode shifts to the sequential
write mode when 1t receives a sequential write start com-
mand or it detects random write instruction by detecting
non-successive logical addresses of write data. On the other
hand, the memory card 2 in the sequential write mode will
shift to the random write mode when 1t receives a sequential
write end command. The SD interface 31 1s configured to
recognize the sequential write start command and sequential
write end command

Referring to FIGS. 6 to 9, the random write mode will
now be described. FIGS. 6 to 9 illustrate in order one state
during writing in the random write mode. AUs except for
work AUs 1 FIGS. 6 to 9 represent AUs recognized by the
file system 12, and also represent AUs of the memory card
2 which store the data in AUs recognized by the file system
12.

First, the first to Nth RUs belonging to AU1 1n the
memory card 2 store data 1 to N. In this state, the host 1
wishes to write data 20 to 22 1n the fourth to sixth RUs in
AU1. Since the flash memory 21, however, cannot carry out
this update instruction directly by overwriting the data, it
performs the following operations. First, as shown in FIG. 7,
the memory card 2 (controller 22) prepares an AU for
temporary work use (a work AU). Then, the memory card 2
copies data 1 to 3 to the same first to third RUs in the work
AU as the RUs 1n AU1 whose data will not be updated,
respectively.

As shown 1 FIG. 8, the memory card 2 writes data 20 to
22 1n the same fourth to sixth RUs 1n the work AU as the
updated RUs 1 AU1 whose data will be updated.
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As shown 1n FIG. 9, the memory card 2 copies data 7 to
N of AU1 to the same seventh to Nth RUs 1n the work AU

as non-updated RUs in the work AU, respectively. Then, the
memory card 2 carries out closing processing to work AUL.
Closing processing refers to setting the work AU as AUL,
more specifically, setting the work AU as an AU which
stores the data in AU1 recognized by the file system 12, or

rewriting the logical/physical table. At the same time, the old

AU 1s discarded. In other words, the old AU1 will be dealt
with as an AU which has invalid data. The data in the old AU
1s erased at a predetermined timing to make 1t a new free AU.

The sequential write mode will now be described with
reference to FIGS. 10 to 14. FIG. 10 illustrates the first
example of commands and data transmitted between the host
1 and the memory card 2 in the sequential write mode and
betfore and after that. FIGS. 11 to 14 each sequentially
illustrates a state during writing for the first example 1n the
sequential write mode. AUs except for work AUs 1 FIGS.
11 to 14 represent AUs recognized by the file system 12, and
also represent AUs of the memory card 2 which store the
data in AUs recognized by the file system 12.

First, the memory card 2 1s 1in the random write mode, and
as shown in FIG. 11, the first to eighth RUs in AUl
respectively store data 1 to 8, and the first to eighth RUs 1n
AU2 respectively store data 9 to 16. In this state, as shown
in FIG. 10, the host 1 supplies the sequential write start
command to the memory card 2. Upon receipt of this
command, the memory card 2 shifts to the sequential write
mode.

As shown 1n FIG. 11, the host 1 wishes to write data 20
to 22 1n the fourth to sixth RUs 1n AU1. That 1s, the host 1
wishes to update the fourth to sixth RUs with data 20 to 22.
In order to perform this writing, as shown i FIG. 10, the
host 1 supplies the write command, and then data 20 to 22
associated with the fourth to sixth RUs in AU1 to the
memory card 2. As shown 1n FIG. 11, upon receipt of this
write request, the memory card 2 prepares a work AU1 for
AU1L. The work AU consists of only free RUs, and 1s used
temporarily by the memory card 2 for internal use. In the
sequential write mode, the memory card 2, 1n response to the
write request, always prepares a free work AU and writes
data 1n 1t. Since the original AU1 for the work AU 1s still
eflective, even 1f a write error occurs for some reason at this
stage, the state before the writing can be restored.

In the sequential write mode, the data of the RU which
will not be updated 1s not copied to the RU in the work AU.
Theretfore, as shown 1 FIG. 12, the memory card 2 respec-
tively writes data 20 to 22 1n the same fourth to sixth RUs
in the work AU as the RUs 1in AU1 which are mstructed to
data 20 to 22.

As shown 1n FIG. 12, the host 1 wishes to update data 7
and 8 1n the seventh and eighth RUs 1n AU1 with data 23 and
24, and to update data 9 to 11 in the first to third RUs in AU2
with data 25 to 27. In order to perform this update, as shown
in FIG. 10, the host 1 supplies the write command, data 23
and 24 associated with the seventh and eighth RUs 1n AU,
and data 25 to 27 associated with the first to third RUs 1n
AU2 to the memory card 2. Upon receipt of this write
request, as shown in FIG. 13, the memory card 2 respec-
tively writes data 23 and 24 in the same seventh and eighth
RUs 1n the work AU as the RUs 1n AU1 which are instructed
to store data 23 and 24. Since data has been written 1n the
last RU 1n work AU1 at this time, as shown 1n FIG. 14, the
memory card 2 performs the closing processing to the work
AU. Then, the memory card 2 prepares a new work AU for
AU2.
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As shown 1n FIG. 15, the memory card 2 respectively
writes data 25 and 27 1n the same first to third RUs 1n the

work AU as the RUs 1n AU2 which are instructed to store
data 25 to 27.

Since the write request has been completed, as shown 1n
FIG. 10, the host 1 supplies the sequential write end com-
mand to the memory card 2. Upon receipt of this command,
as shown in FIG. 15, the memory card 2 performs the
closing processing to the work AU without copying data 12
to 16 stored 1n the fourth to eighth RUs 1n AU2 to the work
AU, and then shifts to the random write mode. The sequen-
t1al write end command 1s not necessary, and the sequential
write mode can be terminated when write data with non-
sequential logical addresses are detected.

[2-2] Second Example

Parallel recording of data for multiple files using the first
example will now be described with reference to FIGS. 16
to 21. FIG. 16 1llustrates a second example of the command
and data received by the memory card according to the first
embodiment. FIGS. 17 to 21 illustrate 1n order one state
during writing of the second example 1n the memory card 2.
AUs except for work AUs 1n FIGS. 17 to 21 represent AUs
recognized by the file system 12, and also represent AUs of
the memory card 2 which store the data in AUs recognized
by the file system 12. The second example relates to only
operation in the sequential write mode, and remaining
operation 1s the same as the first example.

First, the memory card 2 1s in the random write mode. As
shown i1n FIG. 16, the memory card 2 will shift to the
sequential write mode when 1t receives the sequential write
start command from the host 1.

As shown 1n FIG. 17, the host 1 wishes to write data Al
to A5 1n the first to fifth RUs in AU1. In order to perform this
writing, as shown 1n FIG. 16, the host 1 supplies the write
command, and then data A1 to A5 associated with the first
to fifth RUs 1n AU1 to the memory card 2.

The memory card 2 1n the sequential write mode, in
response to a write request, always prepares a free work AU
and writes data 1n 1t as described above. Therefore, as shown
in an FIG. 18, the memory card 2 respectively writes data Al
and A5 1n the same first to fifth RUs 1n work AU1 as the RUs
in AU1 which are instructed to store data Al to AS.

As shown 1n FIG. 18, the host 1 wishes to write data Bl
to B3 1n the first to third RUs 1n AU2. In order to perform
this writing, as shown 1n FIG. 16, the host 1 supplies the
write command, and then data B1 to B3 associated with the
first to third RUs 1n AU2 to the memory card 2. Data B1 to
B3 belong to a different AU from data Al to A3, therefore
data B1 to B3 constitute a file different from that constituted
by data Al to A3. As an example, data B1 to B3 1s part of
video data, and data Al to AS are part of other video data.
The memory card 2 (controller 22) can determine that data
B1 to B3 constitute a diflerent file from that of data A1 to AS
by looking at their AUs, 1.e., high bits of their logical
addresses.

Upon receipt of the write request of data B1 to B3, the
memory card 2 determines that 1t constitutes a different {file
from that of data A1 to AS previously requested to be written
from theirr AUs as described above. As a result of this
determination, as shown in FIG. 19, the memory card 2
prepares a new work AU2 for AU2, and respectively writes
data B1 to B3 in the same first to third RUs 1n work AU2 as
the RUs 1n AU2 which are instructed to data B1 to B3.

Further, as shown 1n FIG. 19, the host 1 wishes to write
data A6 and A7 in the sixth and seventh RUs in AUL. In
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order to perform this writing, as shown in FIG. 16, the host
1 supplies the write command, and then data A6 and A7

associated with the sixth and seventh RUs 1n AUI1 to the
memory card 2. Data A6 and A7 belong to AU1 which
contain data Al to A5 previously requested to be written.
Theretfore, upon receipt of this write request, as shown 1n an
FIG. 20, the memory card 2 respectively writes data A6 and
A7 1n the same sixth and seventh RUs 1n work AU1 as the
RUs in AU1 which are instructed to store data A6 and A7.

As shown 1n FIG. 20, the host 1 wishes to write data B4
to B6 1n the fourth to sixth RUs 1n AU2. In order to perform
this writing, as shown 1n FIG. 16, the host 1 supplies the
write command, and then data B4 to B6 associated with the
fourth to sixth RUs 1n AU2 to the memory card 2. Data B4

to B6 belong to AU2 which contain data B1 to B3. There-

fore, as shown in FIG. 20, the memory card 2 respectively
writes data B4 to B6 1n the same fourth to sixth RUs 1n work
AU2 as the RUs in AU2 which are instructed to store data
B4 to B6.

Since the write request has been completed, as shown 1n
FIG. 16, the host 1 supplies the sequential write end com-
mand to the memory card 2. Upon receipt of this command,
as shown i FIG. 21, the memory card 2 performs the
closing processing to all the works AU, and then shiits to the
random write mode.

Note that, the second example illustrates data group for
two files, 1.e., two streams which comprise a file by data Al
to A7, and another file by data B1 to B6. The present
embodiment, however, can also be applied to three or more
streams 1n accordance with the principle described in the
specification. How many streams of data can simultaneously
be written by the memory card 2 depends on how many
work AUs can be prepared by the memory card 2. The
number of the works AU simultaneously prepared can be
determined according to the write speed and/or storage
capacity of the memory card 2, or specification.

[2-3] Third Example

The technique for closing the work AU at required timing,
will now be described with reference to FIGS. 22 to 27. FIG.
22 1illustrates a third example of commands and data
received by the memory card of the first embodiment. FIGS.
23 to 27 1llustrate in order one state during writing of the
third example 1n the memory card 2. AUs except for work
AUs 1n FIGS. 23 to 27 represent AUs recognized by the file
system 12, and also represent AUs of the memory card 2
which store the data in AUs recognized by the file system 12.
The third example relates to only operation in the sequential
write mode, and remaining operation 1s the same as the first
example.

First, the memory card 2 is 1n the random write mode. In
this state, as shown 1n FIG. 22, the memory card 2 shifts to
the sequential write mode when 1t receirves the sequential

write start command from the host 1.

As shown 1n FIG. 23, the host 1 wishes to write data Al
to AS 1n the first to fifth RUs 1n AU1. In order to perform this
writing, as shown in FIG. 22, the host 1 supplies the write
command, and then data Al to AS associated with the first
to fifth RUs 1n AU1 to the memory card 2.

Upon receipt of this write request, as shown 1n FIG. 24,
the memory card 2 prepares a new work AU1 for AU1, and
respectively writes data Al to AS in the same first to {ifth
RUs i work AU1 as the RUs 1n AU1 which are instructed
to store data Al to AS.

As shown 1n FIG. 24, the host 1 wishes to write data B1

to B3 1n the first to third RUs 1n AU2. In order to perform
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this writing, as shown in FIG. 22, the host 1 supplies the
write command, and then data B1 to B3 associated with the
first to third RUs 1n AU2 to the memory card 2. As shown
in FIG. 25, since data B1 to B3 constitute a diflerent file
from that constituted by data Al to AS, the memory card 2
prepares a new work AU2 for AU2. The memory card 2
respectively writes data B1 to B3 1n the same first to third
RUs 1n work AU2 as the RUs 1n AU2 which are instructed
to store data B1 to B3.

Then, 1n order to complete the writing of the {file consti-
tuted by data B1 to B3 while continuing the writing of the
file partly constituted by data Al to A5, the host 1 supplies
a work AU close command to the memory 2. Upon receipt
of this command, the memory card 2 performs a closing
processing to the work AU into which data has been written
just belore this command. As a result, the further work AU
can be provided instead of work AU2. For example, 11 the
memory card 2 can write two {iles 1n parallel, 1t will be ready
to write file data after the closing processing to work AU2.
The close command can also be realized by specitying an
argument which requires the closing processing in the
sequential write end command.

The close command has an argument which specifies the
target work AU for the closing processing. This argument
can specily the last work AU into which data has been
written as described above, any work AU among multiple
work AUs, or all the work AUs.

As shown 1n FIG. 26, the host 1 wishes to write data 6 and
7 1n the sixth and seventh RUs 1n AU1. In order to perform
this writing, as shown 1n FIG. 22, the host 1 supplies the
write command, and then data A6 and A7 associated with the
sixth and seventh RUs 1n AU1 to the memory card 2. Upon
receipt of this write request, as shown 1 an FIG. 27, the

memory card 2 respectively writes data A6 and A7 1n the
same sixth and seventh RUs in work AU1 as the RUs in AU1

which are instructed to store data A6 and A7.

Since the write request has been completed, as shown 1n
FIG. 22, the host 1 supplies the sequential write end com-
mand to the memory card 2. Upon receipt of this command,
as shown i FIG. 21, the memory card 2 performs the
closing processing to all the work AUs (only work AU1, 1n
the present example), and then shifts to the random write
mode.

As described above, the memory card according to the
first embodiment has the random write mode and sequential
write mode. In the sequential write mode, 1n response to
update request of data, the data 1n the RUs belonging to the
AU which contains the RUs not to be updated 1s not copied
to the new AU. Therefore, 1n the sequential write mode, data
1s always written 1n continuous free RUs. The speed of such
writing 1s the maximum one realizable by the tlash memory
21. To be allowed to write data with the maximum perfor-
mance 1s very beneficial to the host 1. The maximum write
speed depends on the inherent performance of the flash
memory 21 and 1s almost constant. For this reason, the time
required to complete the instructed writing can be easily
calculated from the maximum write speed and the number of
AUs (RUs) derived from the data size required to be written
by the host 1. Such calculation 1s easy, which requires short
time.

Moreover, 1 the memory card 2, data 1s wrtten in
continuous RU pages 1n order of the logical address of the
write data. Such data writing can draw the maximum write
speed out of the memory 21. Furthermore, the memory card
does not copy data in the sequential write mode, it can keep
writing 1n response to a write request. As described above,
since the speed by such writing 1s the maximum for the
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memory 21, the memory card 2 can keep writing by the
maximum write speed 1n the sequential write mode.

Since the memory card 2 can maintain the maximum
write speed in the sequential write mode, providing an
exclusive work AU to data for each of two or more separate
files allows for saving data for two or more {iles 1n parallel
as described 1n relation with the second example.

Moreover, according to the memory card according to the
first embodiment, a work AU close command 1s provided.
With this command, the memory card 2 which i1s writing
data for multiple files in parallel can perform the closing
processing to selected work AUs, without waiting for supply
of the sequential write end command. As a result, 1t can
release the work AU for write-completed file data to provide
anew work AU for other file data. This 1s useful when this
function 1s realized with hardware because how many
streams can be written 1n parallel 1s limited.

Second Embodiment

In a second embodiment, the exclusive command for
transition to a specific writing ready state 1s provided. The
memory card according to the second embodiment has the

same configuration as and operates differently from the first
embodiment (FIGS. 1 to §).

[1] First Example

Operation of the first example of the second embodiment
will be described with reference to FIGS. 28 to 34. FIG. 28
illustrates the first example of commands and data received
by the memory card according to the second embodiment.
FIGS. 29 to 33 illustrate 1n order one state during writing of
the first example 1n the memory card 2. AUs except for work
AUs 1n FIGS. 29 to 33 represent AUs recognized by the file
system 12, and also represent AUs of the memory card 2
which store the data in AUs recognized by the file system 12.

First, as shown 1n FIG. 29, the first to eighth RUs 1n AU1
store data 1 to 8, and the first to eighth RUs 1n AU2 store data
9 to 16. Then, as shown i FIG. 28, the host 1 supplies a
write preparation command to the memory card 2. Upon
receipt of this command, the memory card 2 carries out
preparation for shifting to a state where writing can start
immediately. The memory card 2 informs the host 1 of 1ts
under preparation while performing the transition process-
ing to a real-time write ready (1immediate write) state mode
(real-time write enable mode) by transmitting a signal, for
example, indicative of a busy state. After the busy state

finishes, the host 1 starts writing.

As shown 1n FIG. 29, the host 1 wishes to write data 20
to 22 1n the fourth to sixth RUs 1 AU1. In order to perform
this writing, as shown in FIG. 28, the host 1 supplies the
write command, and then data 20 to 22 associated with the
fourth to sixth RUs in AU1 to the memory card 2.

Upon receipt of a write request, the memory card 2 in the
real-time write enable state prepares the work AU for the AU
of write target (AU1) unless 1t has previously received a
continuation command (to be described later) as shown 1n
FIG. 29.

This write request requests the writing from a non-leading,
RU 1n the AU. The memory card 2 in the immediate write
state does not copy data 1n lower RUs (first to third RUs)
than the write-data RUs 1n the AU (AU1) to which the write
data belong to (fourth to sixth RUs 1n this example) to the
work AU. Therefore, as shown 1n FIG. 30, the memory card
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2 respectively writes data 20 to 22 in the same fourth to sixth
RUs 1n the work AU as the RUs in AU1 which are instructed

to store data 20 to 22.

The host 1 wishes to update data 7 and 8 of the seventh
and eighth RUs 1n AU1 by data 23 and 24, and update data
9 to 11 of the first to third RUs in AU2 by data 25 to 27. In
order to perform this update, as in an FIG. 28, the host 1
supplies the write command, data 23 and 24 associated with
the seventh and eighth RUs i AU1, and data 25 to 27
associated with the first to third RUs 1n AU2 to the memory
card 2. Upon receipt of this write request, as shown 1n an
FIG. 32, the memory card 2 respectively writes data 23 and
24 1n the same seventh and eighth RUs 1n the work AU as
the RUs in AU1 which are instructed to store data 23 and 24.
At this time, since data has been written 1n the last RU 1n the
work AU, the memory card 2 performs the closing process-
ing to the work AU. The memory card 2 then prepares a new
work AU for AU2.

As shown 1n an FIG. 33, the memory card 2 respectively
writes data 25 and 27 1n the same first to third RUs 1n the
work AU as the RUs 1n AU2 which are instructed to store
data 25 to 27.

Since the write request has been completed, as shown 1n
FIG. 28, the host 1 supplies the close command to the
memory card 2. The close command has the argument which
specifies the target work AU for the closing processing as in
the first embodiment, and has an argument which specifies
with a copy or without a copy. In the close command
supplied by FIG. 28, without a copy 1s specified. Upon
receipt of this command, as shown in FIG. 33, the memory
card 2 performs the closing processing to the work AU
without copying data 12 to 16 of non-updated RUs (third to
eighth RUs) 1n the AU (AU2) targeted for the writing by the
last write command to the work AU.

In the second embodiment, operations other than those in
the real-time write enable state remain the same as those in
the random write mode of the first embodiment.

[2] Second Example

Parallel recording of data for multiple files using the first
example will now be described with reference to FIGS. 34
to 39. FIG. 34 illustrates the second example of commands
and data received by the memory card according to the
second embodiment. FIGS. 35 to 39 illustrate 1n order one
state during writing of the second example in the memory
card 2. AUs except for work AUs 1n FIGS. 35 to 39 represent
AUs recognized by the file system 12, and also represent
AUs of the memory card 2 which store the data in AUs
recognized by the file system 12.

As shown 1n FIG. 34, the memory card 2 shifts to the
real-time write enable state with the write preparation com-
mand received from the host 1.

As shown 1n FIG. 35, the host 1 wishes to write data Al
to AS 1n the first to fifth RUs in AU1L. In order to perform this
writing, as shown in FIG. 34, the host 1 supplies the write
command, and then data A1 to AS associated with the first
to fifth RUs 1n AU1 to the memory card 2. The first to eighth
RUs m AUI1 store data X1 to X8.

As described above, the memory card 2 1n the real-time
write enable state prepares a new work AU unless it has
previously received the continuation command (to be
described later). For this reason, as shown i FIG. 36, the
memory card 2 prepares work AU1 for AU1. The memory
card 2 then respectively writes data A1 and AS 1n the same
first to third RUs 1n work AU1 as the RUs 1n AU1 which are
instructed to store data Al to AS.
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The host 1 wishes to write data for a different file from the
file partly constituted by data Al to AS 1n parallel. For this
reason, it expects to write data 1n work AU1 later. For this
reason, as shown i FIG. 34, the host 1 supplies the
continuation command to the memory card 2. The continu-
ation command can be realized by providing an argument
which specifies instruction for the closing processing or
instruction for maintaining of the work AU in the close
command. Alternatively, a command other than the close
command may be provided. Upon receipt of the continua-
tion command, as shown in FIG. 36, the memory card 2
maintains work AU1 for AU1 which 1s the write target by the
write request just before the continuation command, without
performing the closing processing to work AUL.

As shown 1n FIG. 36, the host 1 wishes to write data B1
to B3 1n the first to third RUs 1n AU1. In order to perform
this writing, as shown 1n FIG. 34, the host 1 supplies the
write command, and then data B1 to B3 associated with the
first to third RUs 1n AU2 to the memory card 2.

As described above, upon receipt of the write command,
the memory card 2 1n the real-time write enable state creates
a new work AU unless continuous use of the existing work
AU 1s required by the continuation command. Since data B1

to B3 belong to the AU (AU2) different from AU to which
data Al to A3 belong (AU1), as shown i FIG. 37, the
memory card 2 prepares work AU2 upon receipt of the write
data B1 to B3. The memory card 2 respectively writes data
B1 to B3 1n the same first to third RUs 1n work AU2 as the
RUs 1mn AU2 which are instructed to store data B1 to B3.

Then, 1 order to write the data following data A5, as
shown 1 FIG. 34, the host 1 supplies the continuation
command to the memory card 2. Upon receipt of the
continuation command, as shown 1 FIG. 37, the memory
card 2 will maintain work AU2 for the AU which 1s the target
by the write request just before this command

As shown 1n FIG. 37, the host 1 wishes to write data A6
to A7 1n the sixth and seventh RUs 1n AUL. In order to
perform this writing, as shown in FIG. 34, the host 1 supplies
the write command, and then data A6 to A7 associated with
the sixth and seventh RUs in AU1 to the memory card 2.

Since the memory card 2 maintains work AU1 for AU1 as
shown 1n FIG. 38, the memory card 2 does not create a new
work AU 1n response to the write command. Rather, the
memory card 2 respectively writes data A6 and A7 in the
same sixth and seventh RUs in work AU1 as the RUs in AU1
which are instructed to store data A6 and A7.

Then, 1 order to write the data following data B3, as
shown 1 FIG. 34, the host 1 supplies the continuation
command to the memory card 2. Upon receipt of the
continuation command, as shown 1 FIG. 38, the memory
card 2 maintains work AU1 for the AU which 1s the target
by the write request just before this command

As shown 1n FIG. 38, the host 1 wishes to write data B4
and B5 1n the fourth and fifth RUs i AU2. In order to
perform this writing, as shown in FIG. 34, the host 1 supplies
the write command, and then data B4 and B5 associated with
the fourth and fifth RUs 1n AU2 to the memory card 2.

As shown 1 FIG. 39, since the memory card 2 maintains
work AU2 for AU2, the memory card 2 respectively writes
data B4 and BS5 1n the same fourth and fifth RUs in work
AU2 as the RUs in AU2 which are instructed to store data
B4 and BS.

As shown 1n FIG. 38, the host 1 wishes to write data B6
in the sixth RU 1n AU2. When the host 1 wishes the writing
to the RU(s) 1n the AU including the RU to which the data
has been last written, 1t can perform this by just supplying

the write command without supplying the continuation
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command. In order to perform this writing, as shown 1n FIG.
34, the host 1 supplies the write command, and then data Bé6

associated with the sixth RU 1n AU2 the memory card 2.
Upon receipt of this write request, the memory card 2 writes
data B6 1n the same sixth RU 1n work AU2 as the RU which
1s 1structed to stores data B6 in AU2.

Since the write request has been completed, as shown 1n
FIG. 34, the host 1 supplies the close command to the
memory card 2. In the example of FIG. 34, the argument for
specifying the close target AU 1n the close command speci-
fies all the work AUs, and without a copy 1s also specified
in another argument. Upon receipt of this command, as
shown 1n FIG. 39, the memory card 2 performs the closing
processing to work AU1 and AU2, without copying data X8

of the non-updated RU in AU1 (eighth RU) to work AUL.

(3] Third E

Example

Another illustrative parallel recording of data for multiple
files using the first example will now be described with
reference to FIGS. 40 to 47. FIG. 40 illustrates the third
example of commands and data received by the memory
card according to the second embodiment. FIGS. 41 to 47
illustrate 1n order one state during writing of the third
example 1 the memory card 2. Data Al to A7 1n these
figures 1s typically video data, and data B1 to B3 and data
C1 to C3 picture data. AUs except for work AUs in FIGS.
41 to 48 represent AUs recognized by the file system 12, and
also represent AUs of the memory card 2 which store the
data in AUs recognized by the file system 12.

As shown 1n FIG. 40, the memory card 2 shifts to the
real-time write enable state with the write preparation com-
mand received from the host 1.

As shown 1n FIG. 41, the host 1 wishes to write data Al
to A5 1n the first to fifth RUs in AU1. In order to perform this
writing, as shown 1n FIG. 40, the host 1 supplies the write
command, and then data A1 to A5 associated with the first
to fifth RUs 1n AU1 to the memory card 2. The first to eighth
RUs 1 AUI1 store data X1 to X8.

As described above, since the memory card 2 in the
real-time write enable state prepares a new work unless it
has previously recerved the continuation command, the
memory card 2 prepares work AU1 for AU1, as shown in
FIG. 42. The memory card 2 respectively writes data Al to
AS 1n the same first to fifth RUs in work AU1 as the RUs in
AU1 which are instructed to store data Al to AS.

The host 1 wishes to write data for a different file from
that partly constituted by data Al to AS 1n parallel. For this
reason, as shown in FIG. 40, the host 1 supplies the
continuation command to the memory card 2. Upon receipt
of the continuation command, as shown 1n FIG. 42, the
memory card 2 maintains work AUL.

As shown 1n FIG. 42, the host 1 wishes to write data Bl
to B3 1n the first to third RUs 1n AU2. In order to perform
this writing, as shown in FIG. 40, the host 1 supplies the
write command, and then data B1 to B3 associated with the
first to third RUs 1n AU2 to the memory card 2. The first to
eighth RUs 1 AU2 store data Y1 to Y8.

Since data Bl to B3 belong to a different AU from AU1
to which data has been written previously, as shown 1n FIG.
43, the memory card 2 prepares work AU2 upon receipt of
the write data B1 to B3. The memory card 2 respectively
writes data B1 and B3 in the same first to third RUs in work
AU2 as the RUs 1n AU2 which are instructed to store data
B1 to B3.

Since the writing of the file constituted by data B1 to B3
has been completed, as shown in FIG. 40, the host 1 supplies
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the close command to the memory card 2. This close
command has an argument specifying without a copy. Upon
receipt of this command, as shown 1n FIG. 44, the memory
card 2 performs the closing processing to work AU2 without
copying data Y4 to Y8 of non-updated RUs (fourth to eighth
RUs) 1n AU2 which is the target of the writing by the last
write command to work AU2.

As shown 1n FIG. 44, the host 1 wishes to write data A6
and A7 in the sixth and seventh RUs 1 AU1. In order to
perform this writing, as shown in FIG. 40, the host 1 supplies
the write command, and then data A6 and A7 associated with
the sixth and seventh RUs in AU1 to the memory card 2.

Since the memory card 2 maintains work AU1 for AU1 as
shown 1n FIG. 44, the memory card 2 does not create a new
work AU 1n response to the write command. Rather, the
memory card 2 respectively writes data A6 and A7 1n the
same sixth and seventh RUs in work AU1 as the RUs in AU1
which are instructed to store data A6 and A7.

As the writing of the file which consists of data A1 to A7
has been completed, as shown in FIG. 45, the host 1 wishes
to write data C1 to C3 1n the first to third RUs 1n AU3. In
order to perform this writing, as shown 1n FIG. 40, the host
1 supplies the write command, and then data C1 to C3
associated with the first to third RUs 1n AU3 to the memory
card 2. The first to eighth RUs 1n AU3 store data Z1 to Z8.

Data C1 to C3 belong to a different AU from AUI1 to
which the previous writing has been performed. Moreover,
AU1 still includes the non-updated data X8. The memory
card 2 which has receirved the write command 1n this state
without receiving the continuation command copies the
non-updated data in AU1 to which the last writing has been
performed 1n the work AU. That 1s, as shown in FIG. 46, the
memory card 2 copies data X8 to the same eighth RU 1n the
work AU as the RU i AU1 to which data X8 1s assigned.
Then, since the memory card 2 has not received the close
command instructing the close processing to work AUI, 1t
does not perform the closing processing to work AU1. Note
that since this copying 1s after the end of the real-time
writing, 1t affects neither writing nor calculation of writing,
time. Copying of data X8 i AU1 to work AU1 can be
speciflied by the close command. That 1s, before supply of
the write command for writing data C1 to C3, the host 1
supplies the close command with an argument specifving
with a copy to the memory card 2. Upon receipt of such a
close command, the memory card 2 copies the data of the
RU (eighth RU) higher than the last-written RU (seventh
RU) 1n the target AU (AU1) to the same eighth RU 1n work
AUL.

Then, the memory card 2 prepares work AU3 for AU3.
Since writing of data C1 to C3 correspond to the writing
from the leading RU in AU3, their copy 1s unnecessary.
Therefore, as shown in an FIG. 47, the memory card 2

respectively writes data C1 to C3 1n the same first to third
RUs 1 work AU3 as the RUs 1n AU3 which are instructed

to store data C1 to C3.

Since writing the data for the file constituted by data Al
to A7, and the data for the file constituted by data C1 to C3
has been completed, as shown 1n FIG. 40, the host 1 supplies
the close command to the memory card 2. This close
command has an argument specilying without a copy and
another argument speciiying the closing processing to all the
AUs (work AU1 and AU3 1n thus example). Therefore, upon
receipt of this command, as shown 1n FIG. 47, the memory
card 2 performs the closing processing to work AU1, and the

closing processing to work AU3 without copying data 74 to
/8 of the non-updated RUs (fourth to eighth RUs) in AU3

to work AU3.
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As described above, according to the memory card of the
second embodiment, the real-time writing state 1s defined.
Upon receipt of the write command, the memory card 1n the
real-time writing state prepares the work AU which consists
of only free RUs and writes data 1in the RUs in the work AU
in the order of the logical addresses of the write data. The
speed of writing to such continuous free RUs 1s the maxi-
mum realized by the flash memory 21. The maximum write
speed depends on the inherent performance of the flash
memory 21 and 1s almost constant. For this reason, the time
required to complete the instructed writing can be easily
calculated from the maximum write speed and the number of
AUs (RUs) derived from the data size required to be written
by the host 1. Such calculation 1s easy, which requires short
time.

Moreover, the continuation command 1s provided in the
memory card according to the second embodiment. With the
continuation command, the closing processing 1s not nec-
essary to a work AU to prepare another work AU. For this
reason, providing an exclusive work AU to data for each of
two or more separate files allows for recording data for two
or more files 1n parallel.

Note that all the continuation command 1nstructs 1s to
suspend the writing to a created work AU. For this reason,
even 11 the memory card recerves the continuation command
as 1n the second example, 1t writes data i only free RUs
without suspending the writing as in the first example.

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the invention in
its broader aspects 1s not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive

concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A memory device comprising:

a memory which includes memory areas; and

a controller configured to, upon receipt of write data,
write data 1n the memory areas while managing corre-
spondence between addresses of write data and
memory areas which store corresponding write data,
wherein

a plurality of the memory areas constitute a management
unit,

the controller 1s configured:

to [receive] perform, upon receipt of a write request
including a sequential write start command [and, after
the start command], a first write command to a first
management unit [to perform], arnd write data items
having serial addresses in the first management unit,
sequential writes of the write data items to the first
management unit 1n a sequential mode, ro data item
that has been stored in the first management unit before
receipt of the write request and has not been updated by
the write request being stored in the first management
unit, the first write command being received just after
the sequential write start command without any com-
mand thervebetween, and the write data items being
received dfter the first write command; and

to [receive] end, upon receipt of a second write command
to a second management unit], the second management
unit] having an address that is non-sequential with an
address of the first management unit in the sequential
mode, [to end] the sequential mode to perform writes to
the second management unit to invalidate data in the
first management unit which has not been updated by
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writes to the first management unit and to maintain data
in the second management unit which has not been
updated by writes to the second management unit.

2. The device according to claim 1, wherein

the controller comprises a register holding information on
a speed of data writing to the memory areas.

3. The device according to claim 1, wherein

upon receipt of a data writing instruction, the controller
prepares a work area temporarily secured for an address
group which will contain the address of the write data,

the write data 1s written in the work area, and

the work area consists of only unwritten memory areas
which contain no effective data.

4. The device according to claim 1, wherein the controller

writes 1n a first work area first pieces of data which have
a predetermined association with each other and have
addresses which belong to a first address group, and

writes 1n a second work area second pieces of data which

have a predetermined association with each other and

have addresses which belong to a second address
group.

5. The device according to claim 1, wherein

the memory 1s able to have data written in units of one
memory area, and 1s able to have data erased 1n units of

one erase unit which consists of successive memory
areas.

6. A method of controlling a memory device comprising
a memory comprising memory areas and a controller, the
method comprising:
upon receipt of write data, writing data in the memory
arcas while managing correspondence between
addresses of the write data and memory areas which
store corresponding write data, a plurality of the
memory areas constituting a management unit;
[receiving] performing, upon receipt of a write request
including a sequential write start command [and, after
the start command], a first write command to a first
management unit [to perform), arnd write data items
having serial addresses in the first management unit,
sequential writes of the write data items to the first
management unit 1 a sequential mode, no data item
that has been stored in the first management unit before
receipt of the write vequest and has not been updated by
the write request being stored in the first management
unit, the first write command being received just after
the sequential write start command without any com-
mand therebetween and before veceiving the data items,
and
[receiving] ending, upon receipt of a second write com-
mand to a second management unit], the second man-
agement unit] having an address that is non-sequential
with an address of the first management unit in the
sequential mode, [to end] the sequential mode to per-
form writes to the second management unit to 1mnvali-
date data in the first management unit which has not
been updated by writes to the first management unit and
to maintain data in the second management unit which
has not been updated by writes to the second manage-
ment unit.
7. The method according to claim 6, wherein
the controller comprises a register holding information on
a speed of data writing to the memory areas.

8. The method according to claim 6, wherein

upon receipt of a data writing instruction, the controller
prepares a work area temporarily secured for an address
group which will contain the address of the write data,

the write data 1s written in the work area, and

the work area consists of only unwritten memory areas

which contain no effective data.
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9. The method according to claim 6, wherein the control-
ler

writes 1n a first work area first pieces of data which have

a predetermined association with each other and have

addresses which belong to a first address group, and
writes 1n a second work area second pieces of data which
have a predetermined association with each other and
have addresses which belong to a second address

group.

10. The method according to claam 6, wherein the
memory 1s able to have data written in units of one memory
area, and 1s able to have data erased 1n units of one erase unit
which consists of successive memory areas.
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