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(54) [Title of the Invention]

Information Processing Device, Information Storage Method, and Storage Medium
(57) [Abstract]

[Problem]

To provide an information processing device that is able to prevent the loss of flash disk
management information when the power supply is low.

[Solution]

Even if flash disk management information 8 is placed in a RAM 4, the content of the flash
disk management information may become damaged when the power supplied by a battery
or dry cell becomes low, so if necessary, the content is automatically written to a
predetermined save region in the flash ROM and saved. Then, when power is restored by
charging or replacing the battery and the reset process is started, the saved flash disk
management information is retrieved and written to a predetermined region of the RAM 4
and restored. As a result, the content will not be lost during a drop in power even when the
flash disk management information is placed in a high-speed readable/writable RAM. In this
way, an information processing can be provided that has a pseudo disk device using flash
ROM.
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[Claims]
[Claim 1]

An information processing device that stores management information required for storing
data in a nonvolatile memory in a volatile memory that retains content using power supplied
from a power supply, the information processing device comprising:

a power supply capacity detecting means for detecting the capacity of the power supply and
determining whether or not the detected capacity of the power supply is less than a
predetermined threshold value;

a save process determining means for checking, when it has been determined that the
capacity of the power supply is less than the predetermined threshold value, whether
information saved to a save region provided in the nonvolatile memory is valid or invalid,
the save process determining means deciding to perform save processing when invalid and
not to perform save processing when valid; and

a management information saving means for performing save processing, when it has been
decided to perform the saving process, by writing management information stored in the
volatile memory after enabling writing to the save region and writing that the management
information subjected to the save processing is valid.

[Claim 2]

The information processing device according to claim 1, further comprising:

a recovery process determining means for checking, when reset, whether the information
saved in the save region is valid or invalid, the recovery process determining means
deciding to perform initialization processing when invalid and to perform management
information recovering processing when valid;

an initialization processing means for erasing the contents of the nonvolatile memory and
initializing the management information when it has been decided to perform the
initialization processing; and

a recovery processing means for reading the management information from the save region
and restoring processing for storing data in the nonvolatile memory when it has been
decided to perform the recovery processing.

[Claim 3]

The information processing device according to claim 1 or claim 2, further comprising a
saved information invalidation means for writing that the management information saved in
the save region is invalid when the management information has been updated.

[Claim 4]

The information processing device according to claim 1, wherein the threshold value used in
the determination process performed by the power capacity detecting means is set in
accordance with the capacity of the power supply when the content of the volatile memory
cannot be retained or when the save process determining means and the management
information saving means cannot be executed.

[Claim 5]
The information processing device according to claim 1, wherein the threshold value used in

the determination process performed by the power capacity detecting means is set in
accordance with the voltage value of the power supply when the content of the volatile
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memory cannot be retained or when the save process determining means and the
management information saving means cannot be executed.

[Claim 6]

The information processing device according to claim 1, wherein the management
information comprises: virtual blocks when the nonvolatile memory is treated as a disk
device; a block conversion table for mapping the virtual blocks and real blocks managed by
dividing the nonvolatile memory into divisions that are the same size as the virtual blocks;
and a block management table for managing information such as the number of erasures of
the nonvolatile memory, numbers of the real blocks, the status of each real block, etc.

[Claim 7]

The information processing device according to claim 1, wherein a flag region in which valid
and invalid are written consists of at least 2 bits,

the value indicating valid is a magic number in which all bits are not 0 and all bits are not 1,
and all bits are overwritten with the value 0 when switching from valid to invalid.

[Claim 8]

An information storage method that stores management information required for storing
data in a nonvolatile memory in a volatile memory that retains content using power supplied
from a power supply, the information processing method comprising the steps of:

detecting the capacity of the power supply and determining whether or not the detected
capacity of the power supply is less than a predetermined threshold value;

checking, when it has been determined that the capacity of the power supply is less than
the predetermined threshold value, whether information saved to a save region provided in
the nonvolatile memory is valid or invalid, and deciding to perform save processing when
invalid and not to perform save processing when valid; and

performing save processing, when it has been decided to perform the saving process, by
writing management information stored in the volatile memory after enabling writing to the
save region and writing that the management information subjected to the save processing
is valid.

[Claim 9]

The information processing method according to claim 8, further comprising the steps of:
checking, when reset, whether the information saved in the save region is valid or invalid,
and deciding to perform initialization processing when invalid and to perform management
information recovering processing when valid;

erasing the contents of the nonvolatile memory and initializing the management information
when it has been decided to perform the initialization processing; and

reading the management information from the save region and restoring processing for
storing data in the nonvolatile memory when it has been decided to perform the recovery
processing.

[Claim 10]

The information processing method according to claim 8 or claim 9, further comprising the
step of:

writing that the management information saved in the save region is invalid when the
management information has been updated.
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[Claim 11]

The information processing method according to claim 8, wherein the threshold value used
in the step of detecting the capacity of the power supply in accordance with the capacity of
the power supply when the content of the volatile memory cannot be retained or when the
step of determining whether to perform save processing and the step of saving
management information cannot be executed.

[Claim 12]

The information processing method according to claim 8, the threshold value used in the
step of detecting the capacity of the power supply is set in accordance with the voltage
value of the power supply when the content of the volatile memory cannot be retained or
when the step of determining whether to perform save processing and the step of saving
management information cannot be executed.

[Claim 13]

The information processing method according to claim 8, wherein the management
information comprises: virtual blocks when the nonvolatile memory is treated as a disk
device; a block conversion table for mapping the virtual blocks and real blocks managed by
dividing the nonvolatile memory into divisions that are the same size as the virtual blocks;
and a block management table for managing information such as the number of erasures of
the nonvolatile memory, numbers of the real blocks, the status of each real block, etc.

[Claim 14]

The information processing method according to claim 8, wherein a flag region in which
valid and invalid are written consists of at least 2 bits,

the value indicating valid is a magic number in which all bits are not 0 and all bits are not 1,
and all bits are overwritten with the value 0 when switching from valid to invalid.

[Claim 15]

A storage medium storing a program executed by a CPU in an information processing device
that stores management information required for storing data in a nonvolatile memory in a
volatile memory that retains content using power supplied from a power supply, the
program comprising the steps of:

detecting the capacity of the power supply and determining whether or not the detected
capacity of the power supply is less than a predetermined threshold value;

checking, when it has been determined that the capacity of the power supply is less than
the predetermined threshold value, whether information saved to a save region provided in
the nonvolatile memory is valid or invalid, and deciding to perform save processing when
invalid and not to perform save processing when valid; and

performing save processing, when it has been decided to perform the saving process, by
writing management information stored in the volatile memory after enabling writing to the
save region and writing that the management information subjected to the save processing
is valid.

[Claim 16]
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An information processing device that has nonvolatile memory and volatile memory used
during the storage of data and that, when storing data in the nonvolatile memory, writes
the data to the nonvolatile memory once the data has been written to the volatile memory,
the information processing device comprising:

a power source capacity detecting means for detecting the capacity of a power source that
supplies power to the volatile memory; and

a data storage procedure changing means for changing the data storage procedure based
on the detected capacity of the power supply when data is stored in the nonvolatile
memory.

[Claim 17]

The information processing device according to claim 16, wherein the data storage
procedure changing means switches between writing to the nonvolatile memory once
writing to the volatile memory has been performed and writing directly to the nonvolatile
memory.

[Claim 18]

The information processing device according to claim 17, wherein writing is performed
directly to the nonvolatile memory when the power supply capacity detecting means has
detected that the capacity of the power supply is less than a predetermined threshold value.

[Claim 19]

An information processing method that has nonvolatile memory and volatile memory used
during the storage of data and that, when storing data in the nonvolatile memory, writes
the data to the nonvolatile memory once the data has been written to the volatile memory,
the information processing method comprising the steps of:

detecting the capacity of a power source that supplies power to the volatile memory; and
changing the data storage procedure based on the detected capacity of the power supply
when data is stored in the nonvolatile memory.

[Claim 20]

The information processing method according to claim 19, wherein the data storage
procedure changing step switches between writing to the nonvolatile memory once writing
to the volatile memory has been performed and writing directly to the nonvolatile memory.

[Claim 21]

The information processing method according to claim 19, wherein writing is performed
directly to the nonvolatile memory when the power supply capacity detecting step has
detected that the capacity of the power supply is less than a predetermined threshold value.

[Claim 22]

A storage medium storing a program executed by a CPU in an information processing device
that, when storing data in the nonvolatile memory, writes the data to the nonvolatile
memory once the data has been written to the volatile memory, the program comprising the
steps of:

detecting the capacity of a power source that supplies power to the volatile memory; and
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changing the data storage procedure based on the detected capacity of the power supply
when data is stored in the nonvolatile memory.

[Detailed Description of the Invention]

[0001]

[Technical Field of the Invention]

The present invention relates to an information processing device, such as a mobile
information terminal, that is driven by a battery or dry cell and that, for example, treats a
flash ROM used to store data like a disk device, and also relates to an information storage
method and a storage medium.

[0002]

[Prior Art]

In recent years, as flash ROMs have become cheaper and gained larger capacities, systems
have been realized in which flash ROMs are treated not as ROMs but as disk devices, and
file systems have been constructed for them. Flash ROMs have the following general
characteristics.

(1) Reading can be handled like memory, but writing requires issuing a special command.

(2) Writing cannot be performed unless erased.

(3) Erasing can only be performed in erase block units (generally 64 Kbytes, etc.) or in chip
units.

(4) It takes a long time to erase (generally one or more seconds).
(5) The number of rewrites is limited (generally 100,000 times, etc.).
[0003]

Because of these characteristics, the following processing is performed when flash read-only
memory is treated as a disk device.

(A) Each erase block in a flash ROM is divided into block units (512 bytes, 1024 bytes, etc.)
which are managed as a disk device. These blocks are called real blocks.

(B) A block conversion table is prepared that maps the virtual blocks and real blocks serving
as a disk device from the perspective of higher-level software (the OS, etc.).

(C) An erase block management table is prepared for managing the number of times each
erase block has been erased, the numbers of the real blocks in each erase block, and the
status of each real block. The status of a real block can be free (writable state), busy
(written and mapped to a virtual block), and garbage (unwritable unless erased).

(D) In block read processing, the number of a real block humber is obtained from the
number of the virtual block in a block conversion table and the content of the real block is
retrieved.
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(E) In block write processing, the number of a real block humber is obtained from the
number of the virtual block in the block conversion table. If a virtual block has not yet been
written, the number of the real block cannot be obtained. In this case, a free real block is
obtained from an erase block management table, the content is written to the real block,
and the status of the real block is changed to busy. The number of the real block is then
written to the block conversion table. When the number of the real block is obtained from
the number of the virtual block in the block conversion table, the status of the real block is
changed in the erase block management table from busy to garbage. The free real block is
obtained from the erase block management table, the content is written to the real block,
and the status of the real block is changed to busy. The block conversion table is then
updated with the number of the new real block.

(F) When the number of real blocks with garbage status has accumulated, garbage
collection processing is performed synchronously or asynchronously. First, the erase block
management table is checked, and an erase block with a large number of real blocks with
garbage status and a small number of erasures is selected. If the erase block contains a real
block with busy status that is to be changed to garbage status, the content is copied to a
real block with free status in another erase block, the real block is changed to busy status,
and the block conversion table is updated accordingly. When there are no real blocks with
busy status, the erase block is erased, the erase count is updated, and all of the real blocks
in the erase block are changed to free status.

[0004]

Flash disk management information consisting of a block conversion table and an erase
block management table required for the processing described above is generally stored in a
flash ROM.

[0005]

When storing information such as the current state of the computer, an address book, and
documents in a mobile information device, nonvolatile memory such as flash memory is
used to store the information when the power is turned off. Memory that does not lose its
content when the power is turned off often has very slow read and write access speeds.

[0006]

In order avoid this situation, the following operations are usually performed. When there is
a request to read from nonvolatile memory, the data read from nonvolatile memory is
stored in RAM, which is volatile memory but with a high access speed. The next time the
same data is read, it is read from the RAM. When there is a request to rewrite some of the
data, the data read to the RAM is rewritten.

[0007]

When the CPU has no other work to process or when there is no free space left in the RAM
for temporary storage, the data in the RAM rewritten by the write request is stored in
nonvolatile memory with a slow access speed. In this way, RAM is configured for use as a
nonvolatile memory cache.

[0008]
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[Problem to Be Solved by the Invention]

However, the information processing described above has the following problems, and
improvements are desired. In an information processing device driven by a battery or dry
cell such as a mobile information terminal, if the battery or dry cell has power supply
capacity, some systems constantly supply power to the DRAM or SRAM to continually
guarantee the content. In such a system, flash disk management information can be placed
in the DRAM or SRAM. This method has the advantage of faster rewriting compared to when
management information is placed in a flash ROM.

[0009]

However, when the method of placing flash disk management information in DRAM or SRAM
is used, important flash disk management information is lost if enough power is not supplied
to the DRAM or SRAM due to a decrease in the power supply capacity of the battery or dry
cell.

[0010]

In a battery-powered information processing device, modified data stored in the volatile
RAM is also lost when the remaining battery power is low and the battery dies.

[0011]

Therefore, in light of these problems, it is an object of the present invention to provide an
information processing device, as well as an information storage method and storage
medium, that is able to prevent the loss of flash disk management information when the
power supply capacity decreases by detecting that the power supply capacity is decreasing,
automatically saving (writing) the flash disk management information in the RAM to a
predetermined save region in the flash ROM when the power supply capacity falls below a
predetermined threshold value, and restoring (copying) the saved flash disk management
information to the RAM the power supply capacity is once again sufficient due to charging or
replacement of the battery and the system has been restarted.

[0012]

Another object of the present invention is to provide an information processing device, as
well as an information storage method and storage medium, that is able to reduce the
amount of data loss if the battery dies during a writing operation.

[0013]
[Means for Solving the Problem]

In order to achieve these objects, the invention according to claim 1 is an information
processing device that stores management information required for storing data in a
nonvolatile memory in a volatile memory that retains content using power supplied from a
power supply, the information processing device comprising: a power supply capacity
detecting means for detecting the capacity of the power supply and determining whether or
not the detected capacity of the power supply is less than a predetermined threshold value;
a save process determining means for checking, when it has been determined that the
capacity of the power supply is less than the predetermined threshold value, whether
information saved to a save region provided in the nonvolatile memory is valid or invalid,

9
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the save process determining means deciding to perform save processing when invalid and
not to perform save processing when valid; and a management information saving means
for performing save processing by writing management information stored in the volatile
memory after enabling writing to the save region and writing that the saved management
information is valid when it has been decided to perform the saving process.

[0014]

The invention according to claim 2 is the information processing device according to claim 1,
further comprising: a recovery process determining means for checking, when reset,
whether the information saved in the save region is valid or invalid, the recovery process
determining means deciding to perform initialization processing when invalid and to perform
management information recovering processing when valid; an initialization processing
means for erasing the contents of the nonvolatile memory and initializing the management
information when it has been decided to perform the initialization processing; and a
recovery processing means for reading the management information from the save region
and restoring processing for storing data in the nonvolatile memory when it has been
decided to perform the recovery processing.

[0015]

The invention according to claim 3 is the information processing device according to claim 1
or claim 2, further comprising a saved information invalidation means for writing that the
management information saved in the save region is invalid when the management
information has been updated.

[0016]

The invention according to claim 4 is the information processing device according to claim 1,
wherein the threshold value used in the determination process performed by the power
capacity detecting means is set in accordance with the capacity of the power supply when
the content of the volatile memory cannot be retained or when the save process
determining means and the management information saving means cannot be executed.

[0017]

The invention according to claim 5 is the information processing device according to claim 1,
wherein the threshold value used in the determination process performed by the power
capacity detecting means is set in accordance with the voltage value of the power supply
when the content of the volatile memory cannot be retained or when the save process
determining means and the management information saving means cannot be executed.

[0018]

The invention according to claim 6 is the information processing device according to claim 1,
wherein the management information comprises: virtual blocks when the nonvolatile
memory is treated as a disk device; a block conversion table for mapping the virtual blocks
and real blocks managed by dividing the nonvolatile memory into divisions that are the
same size as the virtual blocks; and a block management table for managing information
such as the number of erasures of the nonvolatile memory, numbers of the real blocks, the
status of each real block, etc.

[0019]

10
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The invention according to claim 7 is the information processing device according to claim 1,
wherein a flag region in which valid and invalid are written consists of at least 2 bits, the
value indicating valid is a magic number in which all bits are not 0 and all bits are not 1, and
all bits are overwritten with the value 0 when switching from valid to invalid.

[0020]

The invention according to claim 8 is an information storage method that stores
management information required for storing data in a nonvolatile memory in a volatile
memory that retains content using power supplied from a power supply, the information
processing method comprising the steps of: detecting the capacity of the power supply and
determining whether or not the detected capacity of the power supply is less than a
predetermined threshold value; checking, when it has been determined that the capacity of
the power supply is less than the predetermined threshold value, whether information saved
to a save region provided in the nonvolatile memory is valid or invalid, and deciding to
perform save processing when invalid and not to perform save processing when valid; and
performing save processing, when it has been decided to perform the saving process, by
writing management information stored in the volatile memory after enabling writing to the
save region and writing that the management information subjected to the save processing
is valid.

[0021]

The invention according to claim 9 is the information processing method according to claim
8, further comprising the steps of: checking, when reset, whether the information saved in
the save region is valid or invalid, and deciding to perform initialization processing when
invalid and to perform management information recovering processing when valid; erasing
the contents of the nonvolatile memory and initializing the management information when it
has been decided to perform the initialization processing; and reading the management
information from the save region and restoring processing for storing data in the nonvolatile
memory when it has been decided to perform the recovery processing.

[0022]

The invention according to claim 10 is the information processing method according to claim
8 or claim 9, further comprising the step of: writing that the management information saved
in the save region is invalid when the management information has been updated.

[0023]

The invention according to claim 11 is the information processing method according to claim
8, wherein the threshold value used in the step of detecting the capacity of the power
supply in accordance with the capacity of the power supply when the content of the volatile
memory cannot be retained or when the step of determining whether to perform save
processing and the step of saving management information cannot be executed.

[0024]
The invention according to claim 12 is the information processing method according to claim

8, the threshold value used in the step of detecting the capacity of the power supply is set
in accordance with the voltage value of the power supply when the content of the volatile
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memory cannot be retained or when the step of determining whether to perform save
processing and the step of saving management information cannot be executed.

[0025]

The invention according to claim 13 is the information processing method according to claim
8, wherein the management information comprises: virtual blocks when the nonvolatile
memory is treated as a disk device; a block conversion table for mapping the virtual blocks
and real blocks managed by dividing the nonvolatile memory into divisions that are the
same size as the virtual blocks; and a block management table for managing information
such as the number of erasures of the nonvolatile memory, numbers of the real blocks, the
status of each real block, etc.

[0026]

The invention according to claim 14 is the information processing method according to claim
8, wherein a flag region in which valid and invalid are written consists of at least 2 bits, the
value indicating valid is a magic number in which all bits are not 0 and all bits are not 1, and
all bits are overwritten with the value 0 when switching from valid to invalid.

[0027]

The invention according to claim 15 is a storage medium storing a program executed by a
CPU in an information processing device that stores management information required for
storing data in a nonvolatile memory in a volatile memory that retains content using power
supplied from a power supply, the program comprising the steps of: detecting the capacity
of the power supply and determining whether or not the detected capacity of the power
supply is less than a predetermined threshold value; checking, when it has been determined
that the capacity of the power supply is less than the predetermined threshold value,
whether information saved to a save region provided in the nonvolatile memory is valid or
invalid, and deciding to perform save processing when invalid and not to perform save
processing when valid; and performing save processing, when it has been decided to
perform the saving process, by writing management information stored in the volatile
memory after enabling writing to the save region and writing that the management
information subjected to the save processing is valid.

[0028]

The invention according to claim 16 is an information processing device that has nonvolatile
memory and volatile memory used during the storage of data and that, when storing data in
the nonvolatile memory, writes the data to the nonvolatile memory once the data has been
written to the volatile memory, the information processing device comprising: a power
source capacity detecting means for detecting the capacity of a power source that supplies
power to the volatile memory; and a data storage procedure changing means for changing
the data storage procedure based on the detected capacity of the power supply when data
is stored in the nonvolatile memory.

[0029]
The invention according to claim 17 is the information processing device according to claim
16, wherein the data storage procedure changing means switches between writing to the

nonvolatile memory once writing to the volatile memory has been performed and writing
directly to the nonvolatile memory.

12



JP 2000-112836 A (P2000-112836A)

[0030]

The invention according to claim 18 is the information processing device according to claim
17, wherein writing is performed directly to the nonvolatile memory when the power supply
capacity detecting means has detected that the capacity of the power supply is less than a

predetermined threshold value.

[0031]

The invention according to claim 19 is an information processing method that has
nonvolatile memory and volatile memory used during the storage of data and that, when
storing data in the nonvolatile memory, writes the data to the nonvolatile memory once the
data has been written to the volatile memory, the information processing method
comprising the steps of: detecting the capacity of a power source that supplies power to the
volatile memory; and changing the data storage procedure based on the detected capacity
of the power supply when data is stored in the nonvolatile memory.

[0032]

The invention according to claim 20 is the information processing method according to claim
19, wherein the data storage procedure changing step switches between writing to the
nonvolatile memory once writing to the volatile memory has been performed and writing
directly to the nonvolatile memory.

[0033]

The invention according to claim 21 is the information processing method according to claim
19, wherein writing is performed directly to the nonvolatile memory when the power supply
capacity detecting step has detected that the capacity of the power supply is less than a
predetermined threshold value.

[0034]

The invention according to claim 22 is a storage medium storing a program executed by a
CPU in an information processing device that, when storing data in the nonvolatile memory,
writes the data to the nonvolatile memory once the data has been written to the volatile
memory, the program comprising the steps of: detecting the capacity of a power source
that supplies power to the volatile memory; and changing the data storage procedure based
on the detected capacity of the power supply when data is stored in the nonvolatile
memory.

[0035]
[Embodiments of the Invention]

Embodiments of the information processing device, information processing method, and
storage medium of the present invention will now be described.

[0036]

[First Embodiment]

13
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Fig. 1 is a block diagram showing the hardware configuration of the information processing
device in the first embodiment. In the figure, 1 is the battery that supplies power to the
device, and 2 is a power supply capacity detector that detects the power capacity of the
battery 1 and interrupts the CPU 3 or changes the register value when the power capacity
has fallen below a set threshold value.

[0037]

Here, 3 is the CPU that executes programs, driver programs, application programs, etc.
described later, 4 is RAM such as SRAM or DRAM, 5 is flash ROM, 6 is the system bus that
connects these components, 7 is program code and data (program code/data), including the
programs, driver programs, application programs, etc. described later, and 8 is flash disk
management information such as a block conversion table and an erase block management
table. The program code/data 7 and flash disk management information 8 are located in the
RAM 4,

[0038]

Also, 9 is a flash disk management information saving region for saving flash disk
management information 8, and 10 is the real block region when the flash ROM 5 is treated
as a disk device. The flash disk management information save region 9 and the real block
region 10 are arranged in the flash ROM 5.

[0039]

In addition, 11 is a charging connector for connecting an external power source during
charging, and 12 is a battery charger that charges the battery 1 based on power from the
external power source connected via the charging connector 11. Note that the battery 1
may be a dry cell. Because charging is impossible in this case, a charging connector 11 and
battery charger 12 are not required, and the cell is replaced instead of being charged.

[0040]

Furthermore, 13 is a liquid crystal display serving as an output means for the user interface
of the device, and 14 is a digitizer serving as an input means. Note that the liquid crystal
display 13 and the digitizer 14 may be omitted, and there are no particular restrictions on
their configuration.

[0041]

Fig. 2 is a diagram showing two tables constituting flash disk management information 8.
Here, 201 is a block conversion table and 202 is an erase block management table.

[0042]

Fig. 3 is a diagram showing the configuration of a flash disk management information save

region 9, which is the region for saving the block conversion table 201 and the erase block

management table 202. Here, 301 is a save information validity flag indicating whether the
content of a saved table is valid or invalid, 302 is a block conversion table save region, and
303 is an erase block management table save region. An erase block large enough to house
these three regions is allocated as the flash disk management information save region 9.

[0043]
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The saved information validity flag 301 requires at least 2 bits, but may be 1 byte or 4
bytes. The value indicating valid is a magic number in which all bits are not 0 and all bits
are not 1. For example, when the save information validity flag 301 is 1 byte, a number
such as 12 (HEX), which is neither 0 (HEX) nor ff (HEX), may be selected as a magic
number. When the saved information validity flag 301 is a magic number, it means that the
saved information is "valid", otherwise it means the saved information is "invalid".

[0044]

In other words, when the flash disk management information save region 9 is completely
erased, the save information validity flag 301 becomes ff (HEX), which means "invalid".
Also, when switching the flag from "valid" to "invalid", 0 (HEX) is written. In this way, the
flash ROM cannot be rewritten from value 0 to value 1 unless it is erased. However, because
the value 1 can be rewritten to value 0 without erasing, the flag can be switched from
"valid" to "invalid" without erasing.

[0045]

Here, a flash ROM 5 generally has the following characteristics. Reading can be accessed
directly, just like normal RAM. Writing cannot be performed unless erasing has been
performed once. Also, unlike RAM, the CPU cannot directly write to flash read-only memory
but does so by issuing a special command string to the flash ROM 5. In addition, when
overwriting a previously written location, erasing must be done once. Erasing can only be
done in 64 Kbyte units (this unit is called an erase block). The number of erasures is only
guaranteed up to about 100,000.

[0046]

In order to handle a flash ROM 5 with these characteristics as a disk device, the driver
program generally performs the following processing.

[0047]

A disk device is handled in block units such as 512 bytes and 1024 bytes. Therefore, as
shown in Fig. 4, the real block region 10 of the flash ROM 5 is divided into blocks, and each
block is assigned a real block number for management purposes. Fig. 4 is a diagram
showing a real block region 10 in a flash ROM 5.

[0048]

A block conversion table 201 (see Fig. 2 (A)) is prepared for converting virtual block
numbers and real block numbers. File system programs and application programs that use
driver programs handle virtual disk devices by specifying virtual block humbers.

[0049]

An erase block management table 202 (see Fig. 2(B)) is also prepared. The erase block
management table 202 manages information indicating the erase block status (erase count)
for each erase block in real block region 10, the write status of each real block in the erase
block, whether free (writable), busy (written and mapped to a virtual block), or garbage
(unwritable unless erased).
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[0050]

If the erase block size is 64 Kbytes and the block size is 512 bytes, one erase block contains
128 real blocks. Both erase blocks and blocks are numbered beginning with 0.

[0051]

In the initial state of the driver program, all erase blocks are erased, all real blocks are free,
and the block conversion table 201 is empty. In the initial state, for example, when a user
issues a write request to virtual block number 3 (denoted as virtual block [3]), the target
erase block is first selected. Here, the erase block with the smallest erase count is selected.
In this example, erase block humber 2 (denoted as erase block [2]) is selected.

[0052]

Then, the real blocks with a free status are used starting with the lead block. In this
example, the real block number is 256 (denoted as real block [256]). Data is written to this
real block [256], and the real block is changed to busy. Finally, real block number 256 is
written in the entry for virtual block [3] in the block conversion table 201.

[0053]

Subsequent write processing other than overwriting is performed in the same manner as
above, using real block [257], real block [258], etc. in this order. When erase block [2] has
been used up, a new erase block is selected in the same manner as above, and the same
processing is repeated.

[0054]

When an overwrite write request is issued, for example when a write request is issued once
again to virtual block [3], first, real block [256] mapped by the block conversion table 201
is invalidated as garbage (and the corresponding entry in the erase block management table
202 is updated). A new real block is once again obtained, data write processing is
performed, and the entry in virtual block [3] of the block conversion table 201 is updated.

[0055]

As the overwriting write process is repeated, the number of real blocks with garbage status
increases and the number of real blocks with free status decreases. As a result, garbage
collection needs to be performed at certain intervals. When garbage collection is performed,
the erase block management table 202 is referenced, and an erase block containing no real
blocks with a free status, many real blocks with garbage status, and a low erase count is
targeted. The content of all real blocks with busy status in the erase block are copied to real
blocks with free status in another erase block, the real blocks at the copy destination are
changed to busy status, and the corresponding entries in the block conversion table 201 are
updated.

[0056]
When all this processing has been completed, the erase block is erased (updating the
number of erasures in the erase block management table 202), and all real blocks belonging

to the erase block changed to free status (updating the corresponding entries in the erase
block management table 202). This garbage collection processing may be performed
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periodically, or may be performed when the number of real blocks with free status becomes
equal to or less than a certain threshold value.

[0057]

When a read request is issued, the block conversion table 201 is referenced to obtain the
real block mapped to the specified virtual block, and the data content of the block to the
user's memory region.

[0058]

This driver program processing enables a flash ROM 5 to be read from and written to in
block units like a disk device.

[0059]

The operations performed to save and restore flash desk management information will now
be described in detail with reference to the appended flow charts. An appropriate threshold
value is set in advance for the power source capacity detecting device 2. The power supply
capacity detecting device 2 may detect, for example, a change in voltage as the power
supply capacity. In this case, if the voltage drops below this value, the content of the RAM 4
cannot be retained and executing the main processing operations such as saving data
becomes difficult. The power supply capacity detecting device 2 periodically checks the
power supply voltage, and when it becomes lower than the threshold value, interrupts the
CPU 3 or changes a register value (readable by the CPU 3).

[0060]

Also, while the battery 1 has enough power to operate the RAM 4, the battery 1 continues
to supply power to the RAM 4 to retain the content even if the application program pauses
and the CPU 3 goes into a low power mode such as sleep mode. The RAM 4 is DRAM, and
switch processing is performed in advance when it is necessary to switch to, for example,
self-refresh mode. This allows the application program to resume execution where it left off
when the CPU 3 returns to normal mode. The flash disk management information 8 can also
continue to be used where it left off.

[0061]

When the battery 1 does not have enough power to power the CPU 3 and RAM 4, the
content of the RAM 4 becomes corrupted and power will not be supplied to the CPU 3 and
RAM 4 to run the program unless charging is performed via the battery charger 12. If the
battery 1 is a dry cell, the battery is replaced instead of recharging. When power is
restored, the CPU 3 is in a reset state, and the program starts running from the reset
process.

[0062]

Fig. 5 is a flow chart showing the processing steps performed during a reset. The processing
program can be loaded into the RAM 4 from a storage medium (not shown) and executed by
the CPU 3. First, the process checks whether or not the save information validity flag 301 is
a magic number (step S501), and determines whether the saved information is "valid" or
"invalid" (step S502). When determined to be "invalid", the initialization process is
performed from step S503.
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[0063]

Determining that information is "invalid" in the reset process means that the entire device is
in the initial state, the entire flash ROM5 has been erased or is in an indeterminate state,
and the saved information validity flag 301 has a value other than a magic number.

[0064]

In this case, initialization processing is performed. All erase blocks in the flash ROM 5 are
erased (step S503). All real block numbers in the block conversion table 201 are cleared
(step S504). All erase counts in the erase block management table 202 are initialized to a
value of 1 (step S505). All real blocks in the erase block management table 202 are
changed to free status (step S506), and the process ends.

[0065]

However, when the information is determined to be "valid" in step S502, processing is
performed to restore the saved flash disk management information. The content of the
block conversion table save region 302 is copied to the block conversion table 201 and
restored (step S510). The content of the erase block management table save region 303 is
copied to the erase block management table 202 and restored (step S511), and the process
ends.

[0066]

Fig. 6 is a flow chart showing the saving process steps performed when the power supply
capacity detector 2 has detected that that the voltage of the battery 1 has fallen below a
preset threshold value. This processing program, as in Fig. 5, can be loaded into the RAM 4
from a storage medium (not shown) and executed by the CPU 3. In the system used in the
present embodiment, an interrupt is sent to the CPU 3 when the power supply capacity
detector 2 has detected that the voltage has fallen below the threshold value. When the
system changes a register value, the program running on the CPU 3 may periodically read a
register, and start the process from step S602 in Fig. 6 when the value has changed.

[0067]

First, when power supply capacity detector 2 interrupts the CPU 3 (step S601), the following
operations are executed by the interrupt processing program corresponding to the interrupt
or by another processing program (such as a task processing program) started by the
interrupt processing program.

[0068]

The process checks whether the saved information validity flag 301 is a magic number (step
S602), and determines whether the saved information is "valid" or "invalid" (step S603). If
the information is "valid", there is no need to perform save processing, so the subsequent
processing is terminated. However, when the information "invalid", the save processing
needs to be performed so the process advances to step S604 and subsequent steps.

[0069]

18



JP 2000-112836 A (P2000-112836A)

All the erase blocks in the flash disk management information save region 9 are erased to
make information writable (step S604). The content of the block conversion table 201 is
written and saved to the block conversion table save region 302 (step S605). The content of
the erase block management table 202 is written and saved to the erase block management
table save region 303 (step S606). A magic humber is written to the saved information
validity flag 301 to indicate that the saved information is "valid" (step S607). The process is
then ended.

[0070]

Next, the read, write, and garbage collection processing will be described. This processing is
basically the same as the general read, write, and garbage collection processing described
above. However, during write processing and garbage collection processing that involve
updating the block conversion table 201 and erase block management table 202, a value of
0 is written to the save information validity flag 301 (all bits are 0) in order to indicate that
the information in the flash disk management information save region 9 has become
"invalid". In flash ROM, a value of 0 can generally be written without performing erase
processing. In other words, changing from a magic number to a value of 0 does not require
erasing, and a value of 0 can simply be written.

[0071]

In the present embodiment, when the flash disk management information 8 is placed in the
RAM 4, the capacity of the battery or dry cell becomes low, and the contents of the flash
disk management information may become corrupted, the contents are automatically
written and saved in a predetermined save region of the flash ROM if necessary.

[0072]

Then, when the power has been restored by charging or replacing the battery and the reset
process has been started, the saved flash disk management information is read to a
predetermined region of the RAM 4 and restored. As a result, an information processing
device can be provided that has a pseudo disk device using flash ROM whose content is not
corrupted by a power drop even when flash disk management information is placed in a
RAM that can be read from and written to at high speed.

[0073]
[Second Embodiment]

The information processing device in the second embodiment is applied to a mobile
information device. Fig. 7 and Fig. 8 are block diagrams showing the configuration of and
operations performed by the mobile information device in the second embodiment. In these
figures, 101 is a remaining battery voltage detector that detects whether the voltage of a
battery 102 has dropped.

[0074]

Here, 102 is a battery that supplies power supply voltage to the mobile information device,
103 is a nonvolatile RAM such as flash ROM which stores data even when no power supply
voltage is supplied but whose access speed is slower than that of volatile memory, 104 is a
CPU, 106 is ROM that stores programs and data for the CPU 104 to operate, and 107 is RAM
used by the CPU 104 to store temporary data.
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[0075]

Also, 109 is a display (display device), 108 is a display driver that drives the display device
109, 105 is a communication device 105 that communicates with external devices, and 110
is an input device (coordinate input device) for inputting data to the computer.

[0076]

In addition, 111 is a bus for exchanging data with the ROM 106, RAM 107 and display driver
108, and 112 is an I/O bus for exchanging data with the communication device 105. Some
of the RAM 107 is allocated as a temporary storage region for the nonvolatile RAM 103.

[0077]

Fig. 9 shows a management structure for managing the temporary storage region for the
nonvolatile RAM 103 allocated in the RAM 107. In this figure, 401 is a table for managing
data to be written, and 402 is data to be written to the nonvolatile RAM 103.

[0078]

Fig. 10 is a diagram showing the exterior of a mobile information device that is a computer
operating on battery power. In this figure, 701 is the main case that houses the CPU 104,
ROM 106, RAM 107, nonvolatile RAM 103, display driver 108, and input device 110, etc.

[0079]

In the example shown in FIG. 7, the input device 110 is composed of a digitizer that enables
input with a pen, and this digitizer is superimposed on the display 109. Here, 702 is a pen
for inputting data into the computer, and 703 is a wireless phone terminal for data
communication.

[0080]

In this case, data is written to the non-volatile RAM 103 when an address is registered by
the user in an address book in a mobile information device with this configuration. Fig. 11 is
a flow chart showing data write processing steps performed when writing data to the
nonvolatile RAM 103. The processing program is stored in the ROM 106 and executed by the
CPU 104 as described above.

[0081]
First, the process checks whether or not the region allocated in the RAM 107 as a temporary
storage region for the nonvolatile RAM 103 is full (step S701). When the region allocated in

the RAM 107 is full, a writing operation (flash operation) to the nonvolatile RAM 103 is
performed (step S702). The process is then ended.

[0082]
However, when the region allocated in the RAM 107 is not full, the process uses the battery

voltage detector 101 to check the remaining battery level (step S703). When the remaining
battery level is low, data is directly written to the nonvolatile RAM 103 without using the
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temporary storage region for the nonvolatile RAM 103 allocated in the RAM 107 (see arrow ¢
in Fig. 8; step S704). The process is then ended.

[0083]

However, when the remaining battery level is sufficient, the process advances to step S705
and normal write processing is performed (steps S705 to S707). In normal write processing,
a table 401 for managing data to be written is allocated (step S705). An "unwritten" flag
indicating that writing to the nonvolatile RAM 103 has not yet been performed is set in this
table (step S706). This table is written in a free portion of the temporary storage region for
the nonvolatile RAM 103 allocated in the RAM 107, and a link is made to the data written
using this table (step S707). The process is then ended.

[0084]

A situation will now be described in which the user retrieves data such as an address in an
address book in the mobile information device. Fig. 12 is a flow chart showing the data read
processing steps. This processing program, like the data writing processing program, is
stored in the ROM 106 and executed by the CPU 104. First, the process determines whether
or not the data requested by the user is in the temporary storage area for the nonvolatile
RAM 103 allocated to the RAM 107 (step S801). This can be determined by checking and
following the link in the table 401 in Fig. 9.

[0085]

If the data to be read is in the RAM 107, it is read from the RAM 107 (see arrow a in Fig. 7;
step S802). However, if the data to be read is not in the RAM 107, it is read from the
nonvolatile RAM 103 (see arrow c in Fig. 8; step S803). The process is then ended.

[0086]

Fig. 13 is a flow chart showing the processing steps performed in a write (flash) operation to
the nonvolatile RAM 103 in step S702 of Fig. 11. First, the top table 401 is extracted (step
S901). The process then checks whether or not the "unwritten" flag has been set in the
table (step S902). When the unwritten flag has been set, the data 402 linked to the table
401 is written to the nonvolatile RAM 103 (step S903), and the unwritten flag set in the
table 401 is lowered (see arrow b in Fig. 7; step S904).

[0087]

When the "unwritten" flag has not been set in the table in step S902 or the unwritten flag
set in the table 401 has been cleared in step S904, the process checks for a table linked
next (step S905). When there is a table linked next, the process returns to step S902. When
there is no table linked next, the process ends.

[0088]
By continuing these operations, unwritten data can be written to the nonvolatile RAM 103.
In other words, when the CPU 104 writes data to be stored to the nonvolatile memory 103,

it normally writes in the order indicated by arrows a and b in Fig. 7, and when the battery
capacity is low, writing is performed directly as indicated by arrow c in Fig. 8.

[0089]
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In the present embodiment, the user can write data to the mobile information device faster,
and data is written directly to the nonvolatile RAM 103 when the battery capacity of the
mobile information device is low to minimize data loss even if the battery runs out during a
writing operation.

[0090]

The present invention may be applied to a system composed of a plurality of devices, or an
apparatus composed of a single device. The present invention may also be applied in a
situation where the program is supplied to a system or apparatus. In this case, the system
or apparatus can realize the effects of the present invention by loading a storage medium
containing a program such as software for realizing the present invention into the system or
apparatus.

[0091]

Fig. 14 is a diagram showing a memory map of a storage medium such as ROM. The
storage medium shown in Fig. 14 (A) is used to store the reset processing module shown in
Fig. 5 and the save processing module during a battery voltage drop shown in Fig. 6, etc.
The ROM 106 shown in Fig. 14 (B) stores the data write processing module shown in Fig.
11, the data read processing module shown in Fig. 12, the flash operation processing
module shown in Fig 13, etc.

[0092]

The storage medium is not limited to ROM, and may be, for example, a floppy disk, a hard
disk, an optical disk, a magneto-optical disk, a CD-ROM, a CD-R, a DVD, a magnetic tape,
or a non-volatile memory card.

[0093]

Also, after the program code read from the storage medium has been written to the
memory provided in a function expansion board inserted into the computer or a function
expansion unit connected to the computer, the CPU provided in the function expansion
board or function expansion unit may perform some or all of the actual processing based on
instructions of the program code to implement the functions of the embodiments described
above.

[0094]
[Effects of the Invention]

The information processing device according to claim 1, when storing management
information required for storing data in a nonvolatile memory in a volatile memory that
retains content using power supplied from a power supply, uses a power supply capacity
detecting means to detect the capacity of the power supply and determine whether or not
the detected capacity of the power supply is less than a predetermined threshold value,
uses a save process determining means to check, when it has been determined that the
capacity of the power supply is less than the predetermined threshold value, whether
information saved to a save region provided in the nonvolatile memory is valid or invalid
and decide to perform save processing when invalid and not to perform save processing
when valid, and use a management information saving means to perform save processing
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by writing management information stored in the volatile memory after enabling writing to
the save region and writing that the saved management information is valid when it has
been decided to perform the saving process. As a result, the information processing device
is able to prevent the loss of flash disk management information when the power supply
capacity decreases by detecting that the power supply capacity is decreasing, automatically
saving (writing) the flash disk management information in the RAM to a predetermined save
region in the flash ROM when the power supply capacity falls below a predetermined
threshold value, and restoring (copying) the saved flash disk management information to
the RAM when the power supply capacity is once again sufficient due to charging or
replacement of the battery and the system has been restarted.

[0095]

In this way, when the power supply capacity detecting means determines that the power
supply capacity of the battery or dry cell is low and the content of the RAM cannot be
maintained and the information saved in the specified save region in the flash ROM is
"invalid", the management information saving means saves flash disk management
information such as a block conversion table and an erase block management table to a
predetermined region in the flash ROM and marks the saved information as "valid".

[0096]

Therefore, even if flash disk management information is placed in RAM, the content of the
flash disk management information may become damaged when the power supplied by a
battery or dry cell becomes low, so if necessary, the content is automatically written to a
predetermined save region in the flash ROM and saved. Then, when power is restored by
charging or replacing the battery and the reset process is started, the saved flash disk
management information is retrieved and written to a predetermined region of the RAM and
restored. As a result, the content will not be lost during a drop in power even when the flash
disk management information is placed in a high-speed readable/writable RAM. Note that
the information storage method according to claim 8 and the storage method according to
claim 15 can obtain similar effects.

[0097]

The information processing device according to claim 2 uses a recovery process determining
means to check, when reset, whether the information saved in the save region is valid or
invalid, the recovery process determining means deciding to perform initialization
processing when invalid and to perform management information recovering processing
when valid, use an initialization processing means to erase the contents of the nonvolatile
memory and initialize the management information when it has been decided to perform the
initialization processing, and uses a recovery processing means to read the management
information from the save region and restore processing for storing data in the nonvolatile
memory when it has been decided to perform the recovery processing. As a result, flash
disk information can be reliably managed during a reset.

[0098]

In this way, during a reset, the return processing determining means determines whether
the information saved in a predetermined save region in the flash ROM is "invalid" or
"valid". When "invalid", the initialization processing means executes initialization processing
as a disk device. When "valid", the management information restoring means restores flash
disk management information such as a block conversion table and an erase block
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management table from a predetermined save region. Note that the information storage
method according to claim 9 can obtain similar effects.

[0099]

The information processing device according to claim 3 also includes a saved information
invalidation means for writing that the management information saved in the save region is
invalid when the management information has been updated. As a result, management
information saved in a save region can be managed properly.

[0100]

In this way, when flash disk management information such as a block conversion table and
erase block management table are updated by write processing or garbage collection
processing performed as a disk device, formation saved in a predetermined save region of
the flash ROM is marked as "invalid" by the save information invalidation means. Note that
the information storage method according to claim 10 can obtain similar effects.

[0101]

In the information processing device according to claim 4, the threshold value used in the
determination process performed by the power capacity detecting means is set in
accordance with the capacity of the power supply when the content of the volatile memory
cannot be retained or when the save process determining means and the management
information saving means cannot be executed. As a result, management information can be
reliably saved before the management information stored in the volatile memory is lost.
Note that the information storage device according to claim 5 and the information storage
method according to claim 11 and claim 12 can obtain similar effects.

[0102]

In the information processing device according to claim 6, the management information
comprises: virtual blocks when the nonvolatile memory is treated as a disk device; a block
conversion table for mapping the virtual blocks and real blocks managed by dividing the
non-volatile memory into divisions that are the same size as the virtual blocks; and a block
management table for managing information such as the number of erasures of the non-
volatile memory, numbers of the real blocks, the status of each real block, etc. As a result,
the block conversion table and block management table can be reliably managed. Note that
the information storage method according to claim 13 can obtain similar effects.

[0103]

In the information processing device according to claim 7, a flag region in which valid and
invalid are written consists of at least 2 bits, the value indicating valid is a magic number in
which all bits are not 0 and all bits are not 1, and all bits are overwritten with the value 0
when switching from valid to invalid. As a result, validity and invalidity can be reliably
distinguished using a small number of bits, and switching from valid to invalid can be
performed by overwriting without erasing when a flash ROM is used. Note that the
information storage method according to claim 14 can obtain similar effects.

[0104]
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The invention according to claim 15 is a storage medium storing a program executed by a
CPU in an information processing device that stores management information required for
storing data in a nonvolatile memory in a volatile memory that retains content using power
supplied from a power supply, the program comprising the steps of: detecting the capacity
of the power supply and determining whether or not the detected capacity of the power
supply is less than a predetermined threshold value; checking, when it has been determined
that the capacity of the power supply is less than the predetermined threshold value,
whether information saved to a save region provided in the nonvolatile memory is valid or
invalid, and deciding to perform save processing when invalid and not to perform save
processing when valid; and performing save processing, when it has been decided to
perform the saving process, by writing management information stored in the volatile
memory after enabling writing to the save region and writing that the management
information subjected to the save processing is valid. As a result, the expandability and
versatility of information processing devices can be enhanced. Note that the storage
medium according to claim 22 can obtain similar effects.

[0105]

The invention according to claim 16 is an information processing device that has nonvolatile
memory and volatile memory used during the storage of data and that, when storing data in
the nonvolatile memory, writes the data to the nonvolatile memory once the data has been
written to the volatile memory, the information processing device comprising: a power
source capacity detecting means for detecting the capacity of a power source that supplies
power to the volatile memory; and a data storage procedure changing means for changing
the data storage procedure based on the capacity of the power supply detected by power
source capacity detecting means when data is stored in the nonvolatile memory. As a result,
the amount of data lost can be reduced if the battery runs out during a writing operation.
Note that the information storage method according to claim 19 and the storage medium
according to claim 22 can obtain similar effects.

[0106]

The invention according to claim 17 is an information processing device, wherein the data
storage procedure changing means switches between writing to the nonvolatile memory
once writing to the volatile memory has been performed and writing directly to the
nonvolatile memory. As a result, the writing procedure to a nonvolatile memory such as a
flash ROM can be changed. Note that the information storage method according to claim 20
can obtain similar effects.

[0107]

The invention according to claim 18 is an information processing device, wherein writing is
performed directly to the nonvolatile memory when the power supply capacity detecting
means has detected that the capacity of the power supply is less than a predetermined
threshold value. As a result, information can be written to the nonvolatile memory before
data stored in the volatile memory is lost. Note that the information storage method
according to claim 21 can obtain similar effects.

[Brief Description of the Drawings]

[Fig. 1]
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Fig. 1 is a block diagram showing the hardware configuration of the information processing
device in the first embodiment.

[Fig. 2]

Fig. 2 is a diagram showing two tables constituting flash disk management information 8.
[Fig. 3]

Fig. 3 is a diagram showing the configuration of a flash disk management information save

region 9, which is a region for saving a block conversion table 201 and a erase block
management table 202.

[Fig. 4]

Fig. 4 is a diagram showing a real block region 10 in a flash ROM 5.

[Fig. 5]

Fig. 5 is a flow chart showing the processing steps performed during resetting.

[Fig. 6]

Fig. 6 is a flow chart showing the saving steps performed when the power supply capacity

detector 2 has detected that the voltage of the battery 1 has fallen below a preset threshold
value.

[Fig. 7]

Fig. 7 is a block diagram showing the configuration of and the operations performed by the
mobile information device in the second embodiment.

[Fig. 8]

Fig. 8 is a block diagram showing the configuration of and operations performed by a mobile
information device.

[Fig. 9]

Fig. 9 shows a management structure for a managing temporary storage region for a
nonvolatile RAM 103 allocated in RAM 107.

[Fig. 10]

Fig. 10 is a diagram showing the exterior of a mobile information device that is a computer
operating on battery power.

[Fig. 11]

Fig. 11 is a flow chart showing data write processing steps performed when writing data to
the nonvolatile RAM 103.

[Fig. 12]
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Fig. 12 is a flow chart showing the data read processing steps.
[Fig. 13]

Fig. 13 is a flow chart showing the processing steps performed in a write (flash) operation to
the nonvolatile RAM 103 in step S702 of Fig. 11.

[Fig. 14]
Fig. 14 is a diagram showing a memory map of a storage medium such as ROM.
[Key to the Drawings]

1, 102: Battery

2: Power supply capacity detector

3, 104: CPU

4: RAM

5: Flash ROM

8: Flash disk management information
9: Flash disk management information save region
10: Real block region

101: Battery voltage detector

103: Nonvolatile RAM

106: ROM

107: RAM

201: Block conversion table

202: Erase block management table
301: Save information validity flag
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[Fig. 1]
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RAM /J
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Flash ROM /J
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1: Battery 10: Real block region
2: Power supply capacity detector 11: Charging connector
7: Program code data 12: Battery charger
8: Flash disk management information 13: Liquid crystal display
9: Flash disk management information save region 14: Digitizer
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[Fig. 2]
(A)
201: Block Conversion Table
Virtual Block Number Real block Number
0 2
1 \
2 \
3 18
4 128
8388607 \
(B)
202: Erase Block Management Table
0 1
No. of 120 No. of 132
Erasures Erasures
State of 0 Garbage State of 128 Busy
Real block 1 Garbage Real block 129 Busy
2 Garbage 130 Free
127 | Garbage 255 |  Free
[Fig. 3]
Information save enable flag < 301
Block conversion table save region < 302
Erase block management table save region < 303
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[Fig. 4]
Real Blocks
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JJ J‘ i" I"
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Y ¥y ¥ T
of[1]2]s 128125120131
126 |127 254|255
% ¥ ===
' Erase Blocks X :
: i ] ;
] 1 ] 1
1 ] ) ]
I l i
\ Real Block Region
10

30



[Fig. 5]

( Start Reset Processing )

1
5501
L~
5502 YES
NO
S503
L~
I
5504
|~
: S$505
|~
)
5506
Py
5510
b
S5N
e
( END )

JP 2000-112836 A (P2000-112836A)

S501: Check if save information validity flag 301 is
“enabled” or “disabled”

S502: “Enabled”?
S503: Erase all erase blocks in Flash ROM 5

S504: Clear all real block numbers in block conversion
table 201

S505: Initialized all number of erasure fields in the
erase block management table 202 as “1”

S506: Set all real block status fields in the erase block
management table 202 to “free”

S510: Copy the content of the block conversion table
save region 302 and restore to the block conversion
table 201

S511: Copy the content of the erase block
management data save region 303 and restore to the
erase block management table 202
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[Fig. 6]

( Start Save Processing

)

1
5601
|~
1
S602
|-
S603
YES
NO
5604
|~
!
5605
| —
]
5606
P
)
S607
|~
( END

JP 2000-112836 A (P2000-112836A)

S601: CPU 3 interrupted by power supply capacity
detector 2

S602: Check if save information validity flag 301 is
“enabled” or “disabled”

S603: “Enabled”?

S604: Erase all erase blocks in flash disk management
information save region 9

S605: Write content of block conversion table 201 to
block conversion table save region 302 and save

S606: Write content of erase block management table
202 to erase block management table save region 303
and save

S607: Set magic number in save information validity
flag 301 to write “enable”
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[Fig. 7]
102
—~_101
112
103
< P
105 104
CPU
a
110 1
J hn b
< >
!
107~ RAM ROM
106 —-
108
109 — DISPLAY
101: Battery voltage detector

102:
103:
105:
108:
110:

Battery

Nonvolatile RAM
Communication device
Display driver
Coordinate input device
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[Fig. 8]
102
—._-101
112
103
& -
CARNK,
CPU
ryu [ s 11
gt >

107~ RAM | | ROM
106 ey
108

109 DISPLAY

101: Battery voltage detector
102: Battery

103: Nonvolatile RAM

105: Communication device
108: Display driver

110: Coordinate input device
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111
111
1]

DATA

[Fig. 10]

DATA

DATA
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[Fig. 11]
@tart Data Write Processing)
S701: Is RAM full?
5702 S702: Flash operation processing
~
S703: Is battery level low?
S704: Write to nonvolatile RAM
S704
S705: Allocate table
| S706: Mark as “unwritten” in table
S707: Write to RAM
I
[
'y
( END )
[Fig. 12]

(Start Data Read Processing)
S801: In RAM?

5801
S802: Read from RAM
NO
S803: Read from nonvolatile RAM
YES S802
P
S803

C
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[Fig. 13]

( Start Flash Operation )

YES

i
S901
|~
5902
YES
5903
NO
5905 S604
NO
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S901:

S902:

S903

S904:

S905:
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Fetch lead table

Marked “unwritten”?

: Write to nonvolatile RAM

Delete “unwritten” mark

In table?
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[Fig. 14]

(A)

Directory Information

Processing Module During Reset in Fig. 5

Save Processing Module During Battery Voltage Drop in Fig. 6

(B)

Directory Information

Processing Module During Data Writing in Fig. 11

Processing Module During Data Reading in Fig. 12

Processing Module During Flash Operation in Fig. 13
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Continued From Front Page

[F Terms (Reference)]
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