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METHOD OF CONTROLLING MEMORY,
MEMORY CONTROL CIRCUIT, STORAGE
DEVICE AND ELECTRONIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from prior Japanese Patent Application No. 2011-
50372, filed on Mar. 8, 2011, the entire contents of which are
incorporated herein by reference.

FIELD

The embodiments relate to a method for controlling a
memory, a memory control circuit, a storage device and an
electronic device.

BACKGROUND

Conventionally, an electronic device such as a personal
computer includes a storage device, such as a nonvolatile
semiconductor memory. Examples of the nonvolatile semi-
conductor memory include a flash memory capable of elec-
trically rewriting stored content.

Referring to the nonvolatile semiconductor memory such
as flash memory, the number of operations for rewriting
stored content to each memory cell has an upper limit. In the
case of rewriting operations for which the quantity exceeds
the upper limit and are carried out for a single memory cell of
the nonvolatile semiconductor memory, data written to the
memory cell is not guaranteed to be held. Accordingly,
restrictions for the number of rewrite operations for a memory
cell correspond to the period for which the semiconductor
memory may be used, that is, the life of the device.

Conventional methods for prolonging the life of a semi-
conductor memory are described in Japanese Laid-Open
Patent Publications Nos. 2005-242897, 2003-228513 and
2009-116465, for example.

In the case in which logic 0 data stored in a memory cell of
a flash memory is rewritten to logic 1 data, there are restric-
tions in that an erasing operation is also carried out over a
whole sector including the rewritten-target memory cell. For
this reason, a reduction in the number of erasing operations is
desired.

SUMMARY

One aspect of the embodiments is a method of controlling
a memory including a first storage area and a second storage
area. The method includes determining, in response to a
request for writing a write data string, whether the write data
string changes a logical value stored in the memory from a
firstlogical value to a second logical value, writing, to the first
storage area, a logical value that is located in a position of the
write data string and does not change an existing logical value
of the memory from the first logical value to the second
logical value, and writing the second logical value that is
located in a position of the write data string and changes an
existing logical value of the memory from the first logical
value to the second logical value to the second storage area
which is different from the first storage area.

Additional objects and advantages of the invention will be
set forth in part in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
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2

invention will be realized and attained by means of the ele-
ments and combinations particularly pointed out in the
appended claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention, together with objects and advantages
thereof, may best be understood by reference to the following
description of the presently preferred embodiments together
with the accompanying drawings in which:

FIG. 1 is a schematic diagram illustrating an electronic
device including a storage device;

FIG. 2 is a block diagram illustrating the storage device;

FIGS. 3(a) to 3(e) are diagrams for explaining an operation
of the storage device;

FIG. 4 is a block diagram illustrating the storage device;

FIG. 5 is a flow chart illustrating a write processing;

FIG. 6 is a flow chart illustrating a transfer processing;

FIGS. 7 to 11 are diagrams for explaining a write process-
mg;

FIG. 12 is a diagram for explaining a read processing; and

FIGS. 13(a) to 13(c) and FIGS. 14(a) to 14(c) are diagrams
for explaining an operation of another storage device.

DESCRIPTION OF THE EMBODIMENTS

An embodiment will be described below with reference to
FIGS.1to 12.

As illustrated in FIG. 1, an electronic device 10 includes a
processor (for example, a CPU) 11, and a storage device 13
coupledto the processor 11 via abus 12. The electronic device
10 is a personal computer, for example.

The storage device 13 includes a nonvolatile semiconduc-
tor memory (for example, a flash memory) and stores pro-
gram data files or various data files. The processor 11 reads
data stored in the storage device 13 through the bus 12 and
executes a processing in accordance with the data. The pro-
cessor 11 stores a data file created in accordance with the
processing to be executed in the storage device 13 through the
bus 12.

Next, a schematic structure of the storage device 13 will be
described.

As illustrated in FIG. 2, the storage device 13 includes an
interface circuit (referred to as an I/F) 21, a control circuit 22
and a memory 23.

The interface circuit 21 transmits and receives various
signals to and from the processor 11 through the bus 12. For
example, the processor 11 provides the storage device 13 with
command information for writing or reading a data string,
address information for specifying a data string to be written
or read, and a write data string WDT to be written to the
storage device 13. The data string includes a plurality of bits
(for example, eight). The interface circuit 21 provides the
control circuit 22 with the information received through the
bus 12. The control circuit 22 writes the data string WDT to
the memory 23 in accordance with the information provided
from the processor 11. Moreover, the control circuit 22 sends
aread data string RDT read from the memory 23 to the bus 12
through the interface circuit 21 in accordance with the infor-
mation transferred from the processor 11. The processor 11
receives the read data string RDT through the bus 12.

The memory 23 is a nonvolatile semiconductor memory,
for example, a flash memory. Each of the memory cells
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included in the memory 23 stores a logical value of 0 or a
logical value of 1. A change in the logical value of the memory
cell from 0 to 1 may be referred to as an erasure (or “0 to 1
rewriting”). A change in the logical value from 1 to 0 may be
referred to as writing (or “logical O rewriting”). Accordingly,
each memory cell included in the memory 23 has the logical
value of 1 in the erasure state and has the logical value of 0 in
the write state.

Each memory cell is changeable from the erasure state to
the write state independently of the other memory cells. How-
ever, it is impossible to erase a single memory cell in a sector
while maintaining the other memory cells in the same sector
including the single memory cell in the write state. In order to
change a memory cell in a single sector into the erasure state,
accordingly, all of the memory cells included in the single
sector are simultaneously changed from the write state into
the erasure state.

The memory 23 includes a plurality of sectors including a
first sector MSm and a second sector MSs. A sector is a unit
area to be an erasing target when the stored data are to be
erased, for example.

The first sector MSm includes memory cells the number of
which corresponds to address information (hereinafter
referred to as an external address ADR) provided from the
processor 11 in access from the processor 11 and a data
volume (a bit number) of a write or read data string to be
accessed by the processor 11, that is, a memory capacity
depending on the external address ADR. For example, the
external address ADR may have 32 bits and a single data
string may have eight bits.

The second sector MSs has a memory capacity set depend-
ing on the memory capacity of the first sector MSm (for
example, a half of the memory capacity of the first sector
MSm). Address information of each of the sectors MSm and
MS:s is set to be selectively accessible to each address. The
address information of each ofthe sectors MSm and MSs may
be referred to as an internal address. The first sector MSm is
an example of a first storage area and may be referred to as a
main sector. The second sector MSs is an example ofa second
storage area and may be referred to as an auxiliary sector.

As described above, the processor 11 outputs the external
address ADR to write and/or read a data string. An address
translator 31 of the control circuit 22 has a conversion table
which will be described below. The conversion table may be
stored in a static random access memory (SRAM), for
example.

The address translator 31 converts the external address
ADR into an internal address ADm for accessing the main
sector MSm. The address translator 31 converts the external
address ADR into an internal address ADs for accessing the
auxiliary sector MSs.

The control circuit 22 generates a write data string WDm to
be written to the main sector MSm and a write data string
WDs to be written to the auxiliary sector MSs based on the
write data string WDT provided through the interface circuit
21 from the processor 11 illustrated in FIG. 1. The control
circuit 22 generates the read data string RDT based on a read
data string RDm read from the main sector MSm and a read
data string RDs read from the auxiliary sector MSs.

The control circuit 22 controls writing a data string to and
reading a data string from the main sector MSm and the
auxiliary sector MSs in accordance with the information
stored in the table of the address translator 31. The conversion
table of the address translator 31 includes address converting
information for converting the external address ADR into the
internal addresses ADm and ADs. The conversion table of the
address translator 31 includes status information indicating
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whether auxiliary data corresponding to a data string stored in
the main sector MSm is stored in the auxiliary sector MSs.

Writing the data string to the memory 23 will be described
below.

As described above, when one of the memory cells in the
memory 23 is changed from the write state to the erasure state,
it is necessary to erase the whole sector including the memory
cell in a lump. Therefore, the control circuit 22 determines
whether the write data string WDT includes data that changes
the state of the memory cell from the write state to the erasure
state (which data may be referred to as “0-to-1 changing
data”). For example, the control circuit 22 compares the read
data string RDT read from the memory 23 in accordance with
the external address ADR with the write data string WDT on
a bit unit before writing the write data string WDT to deter-
mine whether the 0-to-1 changing datais included in the write
data string WDT.

Ifthe 0-to-1 changing data is not included in the write data
string WD, the control circuit 22 writes the write data string
WDT to the main sector MSm. Accordingly, the control cir-
cuit 22 outputs the write data string WDm which is identical
to the write data string WDT, and converts the external
address ADR into the internal address ADm for accessing the
main sector MSm and then provides the internal address ADm
and the write data string WDm to the memory 23. The
memory 23 stores the write data string WDm in the main
sector MSm based on the internal address ADm.

If the 0-to-1 changing data is included in the write data
string WDT, the control circuit 22 generates the write data
string WDm to be written to the main sector MSm and the
write data string WDs to be written to the auxiliary sector MSs
from the write data string WDT. For example, the control
circuit 22 changes the 0-to-1 changing data in the write data
string WDT into the logical value of 0 and thus generates the
write data string WDm. Accordingly, the 0-to-1 changing data
is not included in the write data string WDm. The control
circuit 22 stores the write data string WDm in the internal
address ADm into which the external address ADR is con-
verted by the address translator 31.

The control circuit 22 generates data configured to logi-
cally invert only a bit in a position of the 0-to-1 changing data
(a bit position). For example, the control circuit 22 generates
the auxiliary data string WDs in which each of the bits in the
positions of the 0-to-1 changing data in the write data string
WDT is set to the logical value of 0-to-1 changing and each of
the remaining bits other than the positions of the 0-to-1
changing data is set to the logical value of 1. The control
circuit 22 assigns the auxiliary sector MSs to a certain area of
the main sector MSm depending on the internal address ADm
and holds the assignment information of the auxiliary sector
MSs. The control circuit 22 stores, in the table of the address
translator 31, address converting information for converting
the external address ADR into the internal address ADs for
writing the auxiliary data string WDs to the auxiliary sector
MSs. Furthermore, the control circuit 22 associates status
information indicating that the auxiliary data string WDs
corresponding to the write data string WDm is present with
address converting information for converting the external
address ADR into the internal address ADm and stores the
information in the table of the address translator 31.

Thus, the control circuit 22 stores, in the main sector MSm,
the write data string WDm including no 0-to-1 changing data.
When writing the write data string WDT including the 0-to-1
changing data to the storage device 13, therefore, no erasing
operation is carried out for the main sector MSm. The auxil-
iary data string WDs includes the logical value of 0 in the
position of the 0-to-1 changing data. The logical value of 0
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serves to change the memory cell into the write state. When
writing the auxiliary data string WDs, therefore, no erasing
operation is carried out for the auxiliary sector MSs.

Also in the case in which the write data string WDT
includes the 0-to-1 changing data, thus, writing the data string
WDT to the memory 23 is not accompanied by the erasing
operation. As compared with a time required for writing the
data string accompanying the erasing operation, therefore, a
time required for writing the write data string WDT may be
shortened. Moreover, writing the write data string WDT
including the 0-to-1 changing data is not accompanied by the
erasing operation. For this reason, the number of the erasing
operations of the memory 23 is reduced as compared with the
related art. This prolongs a period for which the memory 23 is
operable, that is, the life of the memory 23.

Next, reading the data string will be described.

The control circuit 22 receives the external address ADR.
The address translator 31 converts the external address ADR
into the internal address ADm. The control circuit 22 reads the
data string RDm from the main sector MSm of the memory 23
in accordance with the internal address ADm. The control
circuit 22 determines whether an auxiliary data string corre-
sponding to the internal address ADm is present in accor-
dance with status information corresponding to the internal
address ADm. If the auxiliary data string is not present, the
control circuit 22 outputs the read data string RDT which is
identical to the data string RDm read from the main sector
MSm.

In the case in which the auxiliary data string corresponding
to the internal address ADm is present, the address translator
31 of the control circuit 22 converts the external address ADR
into the internal address ADs in accordance with the assign-
ment information of the auxiliary sector MSs. The control
circuit 22 reads the auxiliary data string RDs from the auxil-
iary sector MSs of the memory 23 in accordance with the
internal address ADs. The control circuit 22 combines the
data string RDm read from the main sector MSm with the
auxiliary data string RDs read from the auxiliary sector MSs
to generate the read data string RDT.

The auxiliary data string RDs indicates the position of the
0-to-1 changing data for the data string RDm read from the
main sector MSm. For example, the logical value of 0 in the
auxiliary data string RDs indicates the position of the 0-to-1
changing data in bits of the data string RDm, and the logical
value of 1 in the auxiliary data string RDs indicates a bit
position other than the 0-to-1 changing data in the bits of the
data string RDm. The control circuit 22 combines the auxil-
iary data string RDs with the data string RDm to generate the
read data string RDT including the O to 1 converting data. For
example, the control circuit 22 logically inverts each bit of the
auxiliary data string RDs to generate an inverted data string,
and combines the inverted data string with the data string
RDm read from the main sector MSm, for example, executes
an OR processing. The read data string RDT subjected to the
combining processing has a bit with the logical value of 1 in
the bit position of the 0-to-1 changing data in the data string
RDm read from the main sector MSm. Accordingly, the con-
trol circuit 22 generates a data string including the bit having
the logical value of 1 in the bit position of the 0-to-1 changing
data from the data string RDm read from the main sector
MSm based on the auxiliary data string RDs.

Next, an operation for a memory having a plurality of main
sectors will be described with reference to FIGS. 3(a) to 3(e).
FIGS. 3(a) to 3(e) illustrate only the address translator 31
included in the control circuit 22 and the memory 23.

As illustrated in FIG. 3(a), the memory 23 has two main
sectors 23a and 235, and two auxiliary sectors 23¢ and 234.
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The address translator 31 has main tables 31a and 315 corre-
sponding to the main sectors 23a and 235 respectively, and
auxiliary tables 31c¢ and 31d corresponding to the auxiliary
sectors 23¢ and 23d respectively.

Each of the main sectors 234 and 235 has the external
address ADR provided from the processor 11 in access from
the processor 11, and memory cells the number of which
corresponds to a data volume (a bit number) of the write or
read data string accessed by the processor 11. The auxiliary
sectors 23¢ and 234 indicate storage areas for a memory
capacity set depending on the memory capacities of the main
sectors 23a and 236 (for example, a half of the memory
capacities of the main sectors 23a and 235).

The control circuit 22 selects one of the two main sectors
23a and 235 as a target sector and selects the other as a
non-target sector. The control circuit 22 alternately switches
the target sector and the non-target sector. The control circuit
22 accesses the target sector in response to the external
address ADR. The control circuit 22 brings a memory cell of
the non-target sector into the erasure state. In an example, the
main sector 23a is the target sector and the main sector 235 is
the non-target sector.

The control circuit 22 converts the external address ADR
into an internal address AD1 for accessing the main sector
23a by referring to the main table 31a. The control circuit 22
determines whether an auxiliary data string is present based
on the status information related to the address converting
information corresponding to the internal address AD1. Ifthe
auxiliary data string is not present, the control circuit 22
accesses the main sector 23q in accordance with the internal
address AD1 and outputs the read data string RDT which is
identical to the read data string RD1 read from the main sector
23a as illustrated in FIG. 3(a).

The control circuit 22 determines whether the 0-to-1
changing data are included in the write data string WDT. If the
0-to-1 changing data is not included, the control circuit 22
stores the write data string WD1 which is identical to the write
data string WDT in the main sector 23 in accordance with the
internal address AD1 as illustrated in FIG. 3(a).

If the 0-to-1 changing data is included, the control circuit
22 assigns the auxiliary sector 23c¢ to the target area of the
main sector 234 in accordance with the external address ADR
as illustrated in FIG. 3(b). The target area is set to include the
storage area of the main sector 23qa indicated as the internal
address AD1 obtained by converting the external address
ADR in accordance with the main table 31a. The auxiliary
sector 23c¢ is assigned to a portion illustrated in hatching in the
main sector 23a of FIG. 3(b).

The control circuit 22 generates a write data string WD1
including no 0-to-1 changing data from the write data string
WDT. The control circuit 22 generates an auxiliary data string
WD2 having a bit with the logical value of 0 which is to be
written to the memory cell in the position of 0-to-1 changing
data in the write data string WDT. The control circuit 22
converts the external address ADR into the internal address
ADI1 in accordance with the main table 31a. Then, the control
circuit 22 stores the write data string WD1 in the main sector
234 in accordance with the internal address AD1.

The control circuit 22 relates the status information indica-
tive of the presence of the auxiliary data string WD2 to the
address converting information for the internal address AD1
and stores the information in the main table 31a. The control
circuit 22 stores, in the auxiliary table 31¢, the address con-
verting information for generating an internal address to
access the auxiliary sector 23¢ based on the assignment infor-
mation of the auxiliary sector 23¢ and the internal address
AD]1. The control circuit 22 converts the external address
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ADR into the internal address AD2 in accordance with the
auxiliary table 31c. Then, the control circuit 22 stores an
auxiliary data string WD2 in the auxiliary sector 23¢ in accor-
dance with the internal address AD2.

In a reading operation, as illustrated in FIG. 3(c¢), the con-
trol circuit 22 converts the external address ADR into the
internal address AD1 for accessing the main sector 23a by
referring to the main table 31a. The control circuit 22 reads
the read data string RD1 from the main sector 234 in accor-
dance with the internal address AD1 and holds the read data
string RD1 thus read.

Subsequently, the control circuit 22 determines whether an
auxiliary data string is present based on the status information
related to the address converting information corresponding
to the internal address AD1. If the auxiliary data string is
present, the control circuit 22 converts the external address
ADR into the internal address AD2 in accordance with the
auxiliary table 31c. The control circuit 22 reads an auxiliary
data string RD2 from the auxiliary sector 23¢ in accordance
with the internal address AD2. Then, the control circuit 22
combines the auxiliary data string RD2 thus read with the
held read data string RD1 to generate the read data string
RDT.

The control circuit 22 executes a transfer processing in a
certain timing which is controlled. The certain timing implies
a time that a transfer command is provided from an outside
(for example, the processor 11), for instance. The control
circuit 22 starts a transfer processing as illustrated in FIG.
3(d) in response to the transfer command. Accordingly, the
control circuit 22 sequentially generates a read address RA1
in accordance with the main table 314, and sequentially reads
the data string RD1 from the main sector 23a in accordance
with the read address RA1. If status information correspond-
ing to access information of the read address RA1 indicates
no auxiliary data, the control circuit 22 stores the write data
string WD which is identical to the data string RD1 corre-
sponding to the read address RA1 in the main sector 235 in
accordance with a write address WA generated in accordance
with the main table 315.

On the other hand, if the status information corresponding
to the access information of the read address RA1 indicates
that the auxiliary data is present, the control circuit 22 gen-
erates a read address RA2 in accordance with the read address
RA1 and the auxiliary table 31¢ and reads the data string RD2
from the auxiliary sector 23¢ in accordance with the read
address RA2. In the same manner as in FIG. 3(c), then, the
control circuit 22 combines the data string RD1 read from the
main sector 23a with the data string RD2 read from the
auxiliary sector 23c¢ to generate the write data string WD and
to store the write data string WD in the main sector 235 in
conformity to the write address WA generated in accordance
with the main table 315.

Accordingly, the control circuit 22 transfers the data string
of the main sector 23¢ and the data string of the auxiliary
sector 23¢ to the main sector 235. When all of the data in the
main sector 23a and the auxiliary sector 23¢ are ended to be
transferred, the control circuit 22 sets the main sector 235 to
be a transfer destination to an access target sector and sets the
main sector 23a to be a transfer source to a non-target sector.
Furthermore, the control circuit 22 classifies the main table
31a corresponding to the main sector 23a and the auxiliary
table 31¢ corresponding to the auxiliary sector 23¢ into dirty
sectors.

During the transfer processing, the control circuit 22 per-
mits write and/or read accesses to the memory 23. The sectors
to be writing and reading targets are determined depending on
a result of the comparison between the external address ADR
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and the write address WA. For example, in the case in which
the external address ADR is smaller than the write address
WA, the data string corresponding to the external address
ADR has already been transferred from the main sector 23ato
the main sector 23b. Accordingly, an access target based on
the external address ADR is the main sector 235 to be the
transfer destination. On the other hand, in the case in which
the external address ADR is larger than the write address WA,
the data string corresponding to the external address ADR is
still present in the main sector 23a. Therefore, the access
target based on the external address ADR has the main sector
23a to be the transfer source and the auxiliary sector 23¢ (in
the case in which the 0-to-1 changing data is present).

When the transfer processing is ended as described above,
the control circuit 22 converts the external address ADR into
the internal address AD1 by referring to the main table 315
and carries out read/write from/to the main sector 234 in
accordance with the internal address AD1 as illustrated in
FIG. 3(e). Moreover, the control circuit 22 erases all of the
data in the main sector 23a and the auxiliary sector 23¢ which
are classified into the dirty sectors. If it is determined that the
0-to-1 changing data is present in the write data string WDT
to the main sector 235, the control circuit 22 assigns the
auxiliary sector 23d to the main sector 235 and writes the data
strings WD1 and WD2 to the main sector 235 and the auxil-
iary sector 234 in the same manner as in FIG. 3(b).

As described above, the control circuit 22 sets one of the
main sectors 23a and 235 as the target sector and sets the other
as the non-target sector. The control circuit 22 accesses the
target sector in response to the external address ADR. The
control circuit 22 erases all of the memory cells of the non-
target sector. The control circuit 22 executes the erasing
operation for the non-target sector for a period in which the
target sector may be accessed. Accordingly, the processor 11
illustrated in FIG. 1 does not need to wait for the completion
of'the erasing operation for the main sector but may continu-
ously access the storage device 13.

The control circuit 22 alternately switches the target sector
and the non-target sector for the main sectors 23a and 235.
Accordingly, the control circuit 22 alternately executes the
erasing operation for the two main sectors 23a and 2354.
Consequently, the number of the erasing operations for the
main sectors 23a and 235 is smaller than that in the case in
which the writing operation and the erasing operation are
executed for a single sector. Thus, a period for which the
memory 23 is operable, that is, the life of the memory 23 may
be prolonged.

Next, an example of the control circuit 22 will be
described.

As illustrated in FIG. 4, the external address ADR and an
external access signal RW are provided to the address trans-
lator 31 of the control circuit 22 through the interface circuit
21. The external access signal RW indicates whether access to
the storage device 13 is read access or write access. For
example, the external access signal RW having an H level
indicates the read access and the external access signal RW
having an L level indicates the write access.

The address translator 31 has a plurality of conversion
tables 31a to 31d. Each of the conversion tables 31a to 314
may be stored in an SRAM, for example. The first conversion
table 314 and the second conversion table 315 are illustrative
as a main table, and the third conversion table 31¢ and the
fourth conversion table 31d are illustrative as an auxiliary
table.

The first conversion table 314 stores the address converting
information for converting the external address ADR into the
internal address AD1 and the sector status information indi-



US 8,812,767 B2

9

cating whether the auxiliary data string corresponding to the
data string stored in the area (memory cell) indicated by the
internal address AD1 is present. Similarly, the second con-
version table 315 stores the address converting information
for converting the external address ADR into the internal
address AD1 and the sector status information indicating
whether the auxiliary data string corresponding to the data
string stored in the area (memory cell) indicated by the inter-
nal address AD1 is present. The third conversion table 31c¢
stores address converting information for converting a read
address RAD into the internal address AD2. Similarly, the
fourth conversion table 314 stores address converting infor-
mation for converting the read address RAD into the internal
address AD2. The read address RAD is provided from a read
controller 33.

The address translator 31 outputs the internal address and
the internal access information based on the external access
signal RW indicative of the read access or the write access.

Inthe case in which the external access signal RW indicates
the read access, the address translator 31 converts the external
address ADR into the internal address AD1 by referring to the
main tables 31a and 314, and provides an internal access
signal IRW indicating the read access and the internal address
AD1 to the memory 23. In the case in which the auxiliary data
string corresponding to the data string indicated by the exter-
nal address ADR is present, the address translator 31 converts
the read address RAD provided from the read controller 33
into the internal address AD2 by referring to the auxiliary
tables 31c¢ and 314, and provides the internal access signal
IRW indicative of the read access and the internal address
AD?2 to the memory 23.

Inthe case in which the external access signal RW indicates
the write access, the address translator 31 provides the inter-
nal access signal IRW indicative of the read access and the
internal address AD1 (the internal address AD2 if necessary)
to the memory 23 in the same manner as the case of the read
access. Based on a table specifying signal LSW provided
from a data decomposing circuit 36, then, the address trans-
lator 31 converts the external address ADR into the internal
address AD1 by referring to the main tables 31a¢ and 315 and
provides the internal access signal IRW indicative of the write
access and the internal address AD1 to the memory 23. In the
case in which the auxiliary data string is present, the address
translator 31 converts the external address ADR into the inter-
nal address AD2 by referring to the auxiliary tables 31¢ and
31d and provides the internal access signal IRW indicative of
the write access and the internal address AD2 to the memory
23 based on the table specifying signal LSW provided from
the data decomposing circuit 36.

The address translator 31 stores hit information in a read-
ing list 32 based on the sector status information stored in the
main conversion tables 31a and 315 corresponding to the
external address ADR. The sector status information indi-
cates whether an auxiliary data string corresponding to a data
string indicated by the external address ADR is present. The
case in which the auxiliary data is present may be referred to
as “hit”. The address translator 31 stores the hit informationin
the reading list 32 in the case in which the auxiliary data is hit.
The hit information includes the external address ADR and
information (a table number) indicative of the conversion
table for generating an internal address to access the sector
storing the auxiliary data.

The address translator 31 provides sector status informa-
tion SSI to the read controller 33.

The read controller 33 controls the read from a sector
depending on the hit information stored in the reading list 32
in a subsequent cycle based on a clock signal when the aux-
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iliary data is stored in the auxiliary sector depending on the
sector status information SSI. For example, the read control-
ler 33 provides the address translator 31 with the auxiliary
read address RAD depending on the external address ADR
read from the reading list 32. The read controller 33 provides
the address translator 31 with a table specifying signal LSR
depending on the table number read from the reading list 32.

The address translator 31 converts the auxiliary read
address RAD into the internal address AD2 by referring to the
auxiliary tables 31¢ and 314 depending on the table specify-
ing signal LSR. The address translator 31 provides the
memory 23 with the internal address AD2 and the internal
access signal IRW for reading. The memory 23 reads a data
string of the auxiliary sector indicated by the internal address
AD2 and outputs the read data string RD2 in accordance with
the internal access signal IRW.

The read controller 33 provides a control signal to a data
inverting circuit 34 and a data combining circuit 35 in accor-
dance with the sector status information SSI. The sector status
information SSI indicates whether the auxiliary data is
present. Accordingly, the read controller 33 outputs a control
signal depending on whether the auxiliary data is present.

The data inverting circuit 34 outputs a data string which is
identical to the data string RD1 read from the main sectors
23a and 2354 in response to the control signal of the read
controller 33, and logically inverts and outputs the data string
RD2 read from the auxiliary sectors 23¢ and 23d.

If the auxiliary data string is not present, the data combin-
ing circuit 35 outputs the read data string RDT which is
identical to the data string output from the data inverting
circuit 34 in response to the control signal of the read con-
troller 33. If the auxiliary data string is present, the data
combining circuit 35 holds, in a buffer 354, the data string
provided from the data inverting circuit 34 in a first cycle in
response to the control signal of the read controller 33, and
outputs the read data string RDT obtained by combining the
data string output from the data inverting circuit 34 with the
data string held in the buffer 354 in subsequent cycles.

The data string provided from the data combining circuit
35 is utilized in the data decomposing circuit 36 in a write
access (write processing) and transfer processing. Inthe write
access, the data string provided from the data combining
circuit 35 to the data decomposing circuit 36 may be referred
to as a reference data string RRD in order to make a distinc-
tion from the read data string RDT output to the bus 12
through the interface circuit 21.

The write data string WDT is provided to the data decom-
posing circuit 36 through the interface circuit 21. The data
decomposing circuit 36 compares the write data string WDT
with the reference data string RRD every bit, and determines
whether the 0-to-1 changing data is included in the write data
string WDT. The data decomposing circuit 36 generates the
write data strings WD1 and WD2 and provides the write data
strings WD1 and WD2 to the memory 23 depending on a
result of the decision for the 0-to-1 changing data.

The data decomposing circuit 36 provides an assignment
necessity signal RAS to the assignment controller 37 depend-
ing on the result of the decision of the 0-to-1 changing data.
For example, the data decomposing circuit 36 outputs the
assignment necessity signal RAS having an H level which
indicates an assignment necessity if the O-to-1 changing data
is included in the data string WDT, and outputs the assign-
ment necessity signal RAS having an L level which indicates
an assignment non-necessity if the 0-to-1 changing data is not
included. If the assignment is required, the data decomposing
circuit 36 outputs the table specifying signal LSW depending
on the result of the decision.
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Each of the conversion tables 31a to 314 of the address
translator 31 is cleared in an initialized state (immediately
after the transfer processing, for example). For this reason, the
assignment controller 37 sets address converting information
ofthe external address ADR and the internal address AD1 for
accessing a target sector into the main table set as a target
table. The assignment controller 37 sets status information
(no auxiliary data string at this time) corresponding to the
address converting information.

The address converting circuit 31 converts the external
address ADR into the internal address AD1 in accordance
with the address converting information set to the main tables
31a and 315. The address converting circuit 31 provides the
memory 23 with the internal address AD1 and the internal
access signal IRW which is identical to the external access
signal RW (indicative of the write access at this time). The
memory 23 stores the write data string WD1 in an area indi-
cated by the internal address AD1 in response to the internal
access signal IRW.

The assignment controller 37 assigns the auxiliary table
and sets the address converting information to the auxiliary
table in response to the assignment necessity signal RAS
having the H level which is output from the data decomposing
circuit 36. The address converting circuit 31 converts the
external address ADR into the internal address AD2 in accor-
dance with the address converting information set to the aux-
iliary tables 31c¢ and 31d. The address converting circuit 31
provides the memory 23 with the internal address AD2 and
the internal access signal IRW for writing. The memory 23
stores the write data string WD2 in the auxiliary sector indi-
cated by the internal address AD2 in accordance with the
internal access signal IRW.

The assignment controller 37 assigns the auxiliary table
and sets the address converting information to the auxiliary
table in response to the hit information output from the
address converting circuit 31. The address converting circuit
31 outputs the hit information when the sector status infor-
mation of the internal address AD1 corresponding to the
external address ADR has the auxiliary data. The auxiliary
data (for example, data obtained through a logical inversion)
are stored in the auxiliary sectors 23¢ and 234 when the 0-to-1
changing data is generated, that is, the data for changing the
logical value of O to the logical value of 1 is included in the
write data string WDT in the data string stored in the main
sector. Consequently, the erasing operation for the whole
main sectors 23a and 235 may be suppressed.

A writing operation that changes the logical value of O to
the logical value of 1 may be carried out again in the same
position (bit position) as described above with respect to the
data string storing the auxiliary data in the auxiliary sectors
23¢ and 23d in some cases. For example, the state of the
memory cell is changed like 1—=0—=1—=0—1, that is, the
write data string WDT including the 0-to-1 changing data is
received twice or more. In the case in which a clear auxiliary
sector is present for the writing, the assignment controller 37
assigns the clear auxiliary sector and writes data correspond-
ing to the position of the 0-to-1 changing data to the auxiliary
sector.

For example, the memory 23 illustrated in FIG. 4 has the
two auxiliary sectors 23¢ and 23d4. When access is given by
setting a single auxiliary sector (for example, the sector 23) as
a target sector, the auxiliary sector 234 is brought into a clear
state. By assigning the auxiliary sector 23d, accordingly, the
write data string WDT is stored as described above.

The erasure controller 38 executes the transfer processing
in response to a write ending signal WCS provided from an
outside through the interface circuit 21. The erasure control-
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ler 38 provides an assignment change signal CAS to the
assignment controller 37, and the assignment controller 37
sets an unused sector to write the data string in response to the
assignment changing signal CAS. The erasure controller 38
provides the address converting circuit 31 with an address
signal TAD for a transfer and a table specifying signal LST for
the transfer. The address converting circuit 31 changes the
address signal TAD for the transfer to the internal addresses
AD1 and AD2 by referring to the tables 31a to 31d, and
provides the memory 23 with the internal access signal IRW
and the internal addresses AD1 and AD2 which correspond to
operations on different occasions.

Description will be given to the read, write and transfer
operations of the control circuit 22.

[Read Operation]

1. The Case in which Auxiliary Sector has No Relevant
Data

The external access signal RW indicative of the read access
and the external address ADR are provided to the address
converting circuit 31. The address converting circuit 31 con-
verts the external address ADR into the internal address AD1
by referring to the target table (for example, the main table
31a) and provides the internal access signal IRW indicative of
the read access and the internal address AD1 to the memory
23. The main table 31a is set by writing the data string, that is,
the write operation.

The memory 23 reads the data string indicated by the
internal address AD1 and outputs the read data string RD1.
The read controller 33 controls the data inverting circuit 34
and the data combining circuit 35. The read data string RD1
output from the memory 23 is provided as the read data string
RDT to the interface circuit 21 through the data inverting
circuit 34 and the data combining circuit 35, and is output
from the interface circuit 21 to the bus 12.

2. The Case in which Auxiliary Sector has Relevant Data

The external access signal RW indicative of the read access
and the external address ADR are provided to the address
converting circuit 31. The address converting circuit 31 con-
verts the external address ADR into the internal address AD1
by referring to the main tables 31a and 315, and provides the
memory 23 with the internal access signal IRW indicative of
the read access and the internal address AD1. The memory 23
reads the data string indicated by the internal address AD1
and outputs the read data string RD1. The read controller 33
controls the data inverting circuit 34 and the data combining
circuit 35. The read data string RD1 output the memory 23 is
provided to the data combining circuit 35 through the data
inverting circuit 34, and the data combining circuit 35 holds
the read data string in the buffer 35a.

The address converting circuit 31 outputs hit information
and the reading list 32 stores the hit information. The read
controller 33 reads the hit information stored in the reading
list 32 and provides the read address RAD and the table
specifying signal LSR to the address converting circuit 31 in
a next cycle. The address converting circuit 31 changes the
read address RAD to the internal address AD2 by referring to
the auxiliary tables 31c¢ and 31d. The address converting
circuit 31 provides the memory 23 with the internal access
signal IRW indicative of the read access and the internal
address AD2. The memory 23 reads the data string indicated
by the internal address AD1 and outputs the read data string
RD2. The read controller 33 provides a control signal for an
inverting operation to the data inverting circuit 34, and pro-
vides a control signal for a combining operation to the data
combining circuit 35. The read data string RD1 output from
the memory 23 is logically inverted through the data inverting
circuit 34 and is provided to the data combining circuit 35.
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The data combining circuit 35 combines the read data string
provided from the data inverting circuit 34 with the read data
string held in the buffer 354, thereby generating and output-
ting the read data string RDT.

In the case in which a plurality of auxiliary sectors is set to
the external address ADR, a plurality of hit information cor-
responding to the auxiliary sectors is stored in the reading list
32. The read controller 33 reads all of the hit information
stored in the reading list 32, and carries out the same control
as described above to combine a plurality of data strings read
from the auxiliary sectors respectively with the data string
held in the buffer 354, thereby generating the read data string
RDT.

[Write Operation]

1. First Write Operation

The external access signal RW indicative of the write
access and the external address ADR are provided to the
address converting circuit 31. The write data string WDT is
provided to the data decomposing circuit 36. In a first write
operation, the main tables 31a¢ and 315 of the address con-
verting circuit 31 are cleared. Therefore, the address convert-
ing information and the sector status information are set to the
main table (for example, the main table 314) to be a target
through the assignment controller 37. The address converting
circuit 31 converts the external address ADR into the internal
address AD1 by referring to the main table 31a. The address
converting circuit 31 provides the memory 23 with the inter-
nal access signal IRW indicative of the write access and the
internal address AD1. The data decomposing circuit 36 pro-
vides the memory 23 with the write data WD1 which is
identical to the write data string WDT. The memory 23 stores
the write data string WD1 in an area indicated by the internal
address AD1.

2. Second Write Operation and Succeeding Operation

The external access signal RW indicative of the write
access and the external address ADR are provided to the
address converting circuit 31. The data decomposing circuit
36 holds the write data string WDT to be provided in the
buffer 36a. The address converting circuit 31 reads, from the
memory 23, the data strings RD1 and RD2 corresponding to
the external address ADR in the same manner as the read
operation. Depending on the presence of the relevant sector,
the reference data string RRD which is identical to the data
string RD1 or the reference data string RRD obtained by
combining the data string RD1 with the data string RD2 is
provided from the data combining circuit 35 to the data
decomposing circuit 36. The data decomposing circuit 36
compares the write data string WDT held in the bufter 36a
and the reference data string RRD with each other.

2.1. The Case of No 0-to-1 Changing Data

The address converting circuit 31 converts the external
address ADR into the internal address AD1 by referring to the
main table 31a. The address converting circuit 31 provides
the memory 23 with the internal access signal IRW indicative
of the write access and the internal address AD1. The data
decomposing circuit 36 provides the memory 23 with the
write data string WD1 which is equivalent to the write data
string WDT. The memory 23 stores the write data string WD1
in an area indicated by the internal address AD1.

2.2. The Case of 0-to-1 Changing Data

The data decomposing circuit 36 outputs the assignment
necessity signal RAS. The assignment controller 37 sets the
auxiliary table (for example, the auxiliary table 31c¢) and
assigns the auxiliary sector 23¢ to the main sector 23a. In the
main table 31q, information indicative of the auxiliary data is
set to the sector status information corresponding to the
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address converting information for converting the external
address ADR into the internal address AD1.

The data decomposing circuit 36 generates the write data
string WD1 including no 0-to-1 changing data based on the
result of the comparison between the write data string WDT
and the reference data string RRD. The data decomposing
circuit 36 provides the write data string WD1 to the memory
23 and provides the table specifying signal LSW to the
address converting circuit 31. The address converting circuit
31 converts the external address ADR into the internal address
AD1 by referring to the main table 31a based on the table
specifying signal LSW, and provides the internal access sig-
nal IRW indicative of the write access and the internal address
ADI1 to the memory 23. The memory 23 stores the write data
string WD1 in the area of the main sector 23a indicated by the
internal address AD1.

Subsequently, the data decomposing circuit 36 generates
the write data string WD2 in which the bit of the position of
the 0-to-1 changing data is set to have a logical value of 0 and
the bit in the other position is set to have a logical value of 1
based on the result of the comparison between the write data
string WDT and the reference data string RRD. The data
decomposing circuit 36 provides the write data string WD2 to
the memory 23 and provides the table specifying signal LSW
to the address converting circuit 31. The address converting
circuit 31 converts the external address ADR into the internal
address AD2 by referring to the auxiliary table 31¢ based on
the table specifying signal LSW, and provides the internal
access signal IRW indicative of the write access and the
internal address AD2 to the memory 23. The memory 23
stores the write data string WD2 in the area of the auxiliary
sector 23¢ indicated by the internal address AD2.

[Transfer Operation]

The erasure controller 38 carries out a processing for per-
forming a transfer in response to the write ending signal
WCS. For example, the erasure controller 38 provides the
assignment change signal CAS to the assignment controller
37. The assignment controller 37 ensures an unused sector
(for example, the main sector 235) in response to the assign-
ment change signal CAS. The address converting circuit 31
reads the data strings RD1 and RD2 from the memory 23 in
the same manner as in the read operation based on the transfer
address ADT output from the erasure controller 38. Depend-
ing on the presence of the relevant sector, the transfer data
string TRD which is identical to the data string RD1 or the
transfer data string TRD obtained by combining the data
string RD1 with the data string RD?2 is provided from the data
combining circuit 35 to the data decomposing circuit 36. The
data decomposing circuit 36 provides the memory 23 with the
write data string WD which is identical to the transfer data
string TRD, and provides the table specifying signal LSW to
the address converting circuit 31. The address converting
circuit 31 converts the transfer address ADT into the internal
address AD1 by referring to the ensured main table 315 based
on the table specifying signal LSW, and provides the memory
23 with the internal access signal IRW indicative of the write
access and the internal address AD1. The memory 23 stores
the write data string WD in the area of the main sector 235
indicated by the internal address AD1.

When writing a single data string to the main sector 235 is
ended, the erasure controller 38 provides the incremented
transfer address ADT to the address converting circuit 31.
Accordingly, the processing is repetitively executed for all of
the internal addresses of the main sector 23a, and the data
strings of the main sector 23a and the auxiliary sector 23¢ are
transferred to the ensured main sector 235. When the transfer
of the data string is ended, the erasure controller 38 provides
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the assignment change signal CAS to the assignment control-
ler 37 and the assignment controller 37 causes the main sector
23a and the auxiliary sector 23¢ to be invalid in response to
the assignment change signal CAS and sets the ensured main
sector 236 into a sector to be a target (validates). Subse-
quently, the erasure controller 38 provides a sector erasing
instruction to the memory 23, and the memory 23 erases the
data strings of the main sector 23a and the auxiliary sector
23c.

A writing processing for the control circuit 22 will be
described.

As illustrated in FIG. 5, the control circuit 22 determines
whether the main sectors 23a and 235 of the memory 23 are
registered in the conversion table, for example, whether the
address converting information for the external address ADR
is registered in the main conversion tables 31a and 315 (step
41). If they are not registered, the control circuit 22 registers
the main sector (for example, the sector 23a) to be a target in
the conversion table (for example, the main table 31a) (step
42) and the processing proceeds to step 45. On the other hand,
if they are registered, the control circuit reads data of a writing
destination indicated by the external address ADR (the refer-
ence data string RRD) and compares the reference data string
RRD with the write data string WDT (step 43).

The control circuit 22 determines whether changing from
the logical value of O to the logical value of 1 is expected to
occur, that is, whether the 0-to-1 changing data is included in
the write data string WDT based on the result of the compari-
son (step 44). If the changing is not expected to occur, the
control circuit 22 writes the write data string WDT to the main
sector 23a (step 45) and the processing proceeds to step 51.

If the changing is expected to occur, the control circuit 22
determines whether an assigned auxiliary sector is present
(step 46). If the auxiliary sector is not present, the control
circuit 22 registers one of the auxiliary sectors (for example,
the auxiliary sector 23¢) in the table (for example, the table
31c¢) and assigns the auxiliary sector 23¢ to the main sector
23a inresponse to the external address ADR (step 47) and the
processing proceeds to step 50.

If the auxiliary sector is present, the control circuit 22
determines whether a bit corresponding to the data string
indicated by the external address ADR in the auxiliary sector
has the logical value of 1 (step 48). The logical value of 1
indicates that a change based on the 0-to-1 changing data is
not carried out over the bit and the logical value of 0 indicates
that the change based on the 0-to-1 changing data is carried
out over the bit. If the relevant data does not have the logical
value of 1, that is, has the logical value of 0, accordingly, the
control circuit 22 additionally sets a new auxiliary sector (for
example, the auxiliary sector 23d) (step 49) and the process-
ing proceeds to the step 47.

If the relevant data has the logical value of 1, the control
circuit 22 writes, to the main sector 23a, a data string which
does not include the 0-to-1 changing data generated from the
write data string WDT and writes the logical value of 0 to the
relevant bit of the auxiliary sector 23¢ (step 50).

Subsequently, the control circuit 22 determines whether
the writing succeeds (step 51). If the writing succeeds, the
control circuit 22 ends the processing for writing a single data
string. If the writing fails, the control circuit 22 provides a
signal indicative of a writing failure notice to a source for the
write data string WDT (for example, the processor 11 illus-
trated in FIG. 1) (step 52). Subsequently, the control circuit
erases the information corresponding to the external address
ADR (the sector status information indicative of the presence
of'the 0-to-1 changing data in the main table 314, the address
converting information for referring to the auxiliary sector
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23¢ and the like) and erases the auxiliary sector 23¢ (step 53),
and ends the processing for writing a single data string. In the
erasure of the auxiliary sector 23c¢, if the other data are writ-
ten, the whole sector is erased after the data are saved, and
save data are written back to the sector.

A transfer processing of the control circuit 22 will be
described in accordance with a flow chart.

As illustrated in FIG. 6, when receiving a writing comple-
tion notice (or detecting a writing completion) (step 61), the
control circuit 22 reads a data string of the main sector to be
a target (for example, the sector 23a) and a data string of an
auxiliary sector (for example, the auxiliary sector 23c)
assigned to the main sector (step 62) and writes a data string
combined with the main sector (for example, the sector 2354)
set for writing (step 63). For example, the control circuit 22
transfers the data strings of the main sector 23a and the
auxiliary sector 23¢ to the main sector 234.

Subsequently, the control circuit 22 determines whether all
of the data are transferred (step 64). If the transfer is not
completed for all ofthe data, the control circuit 22 proceeds to
the step 62. For example, the processing of the steps 62 and 63
is repetitively executed to transfer all of the data from the
main sector 23a and the auxiliary sector 23¢ to the main sector
23b.

When the transfer of all of the data are completed, the
control circuit 22 registers the address converting information
to the main table 315 (step 65) in order to give access to the
main sector 236 to be a transfer destination in accordance
with the external address ADR. Subsequently, the control
circuit 22 clears the tables 31a and 31¢ corresponding to the
main sector 23a and the auxiliary sector 23¢ which are trans-
fer sources (step 66), and the processing then ends.

Next, an example of the write operation will be described
with reference to FIGS. 7 to 11.

The main sector 23a and the auxiliary sector 23¢ in FIG. 7
are set into an initialized state, respectively. In the main sector
23a in the initialized state, all of memory cells in areas indi-
cated by addresses [000] to [002] have the logical value of 1.
In the auxiliary sector 23¢ in the initialized state, similarly, all
of'memory cells in areas indicated by addresses [000] to [002]
have the logical value of 1. In FIG. 7, the addresses [000] to
[002] of the main sector 23a indicate relative addresses in the
main sector 23a. Similarly, the addresses [000] to [002] of the
auxiliary sector 23¢ indicate relative addresses in the main
sector 23a.

In the case in which a data string “00001111” is written to
each of the addresses [000] to [002] of the main sector 23a in
the initialized state, the logical value of 1 in memory cells of
the main sector 23a is changed to 0 and changing from the
logical value of 0 to 1 is not occurred. Accordingly, the data
string “00001111” is exactly provided to the main sector 23a.
Asaresult, as illustrated in FIG. 8, the data string “00001111”
is stored in each of the addresses of [000] to in the main sector
23a.

Next, it is supposed that “00111100” is written as the data
string WDT to the address of [001] of the main sector 23a in
FIG. 8. In this case, the data string “00001111” stored in the
address [001] of the main sector 23a is read as the reference
data string RRD.

As illustrated in FIG. 9, the reference data string RRD and
the write data string WDT are compared with each other on a
bit unit. In this case, two bits “00” encircled in the reference
data string RRD correspond to “11” in the write data string
WDT. Two bits “11” encircled in the reference data string
RRD correspond to “00” in the write data string WDT.
Accordingly, the two bits “11” in the write data string WDT
are data for rewriting the data (RRD) in the main sector 23a
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from the logical value of 0 to the logical value of 1, and
therefore, the 0-to-1 changing data.

Accordingly, the control circuit 22 divides the write data
string WDT into a data string WD1 including no 0-to-1
changing data (a bit array is “000011007) as illustrated on a
left side of FIG. 10 and a data string WD?2 having the logical
value of 0 in the position of the 0-to-1 changing data (a bit
array is “11001111”) as illustrated on a right side of FIG. 10.

As illustrated in FIG. 11, the control circuit 22 assigns an
address “000” of the auxiliary sector 23¢ to an address [001]
of the main sector 234. The control circuit 22 writes the data
string WD1 illustrated in FIG. 10 to the address [001] of the
main sector 23a, and writes the data string WD2 illustrated in
FIG. 10 to the address [000] of the auxiliary sector 23c.

Next, an example of a read operation will be described with
reference to FIG. 12.

As described with reference to FIG. 11, the address “000”
of the auxiliary sector 23¢ is assigned to the address [001] of
the main sector 23a in FIG. 12, the data string “00001100” is
stored in the address [001] of the main sector 23a, and the data
string “11001111” is stored in the address [000] of the aux-
iliary sector 23¢. The control circuit 22 reads the data string of
the address [001] of the main sector 234 as a read data string
RD1 and reads the data string of the address [000] of the
auxiliary sector 23¢ as an auxiliary data string RD2. The
control circuit 22 (the data inverting circuit 34) logically
inverts the auxiliary data string RD2 and generates an
inverted data string RD2x. The control circuit 22 (the data
combining circuit 35) combines (ORs) the read data string
RD1 with the inverted data string RD2x to generate the read
data string RDT and to output the read data string RDT
through the interface circuit 21.

The present embodiment has the advantages described
below.

(1) The control circuit 22 determines whether the 0-to-1
changing data that changes the state of the memory from the
write state to the erasure state is included in the write data
string WDT. If the 0-to-1 changing data is included in the
write data string WDT, the control circuit 22 writes the bit in
the position other than the 0-to-1 changing data from the write
data string WDT to the main sector MSm, and logically
inverts the bit in the position to be the 0-to-1 changing data
and writes the data thus obtained to the auxiliary sector MSs.
The data obtained by logically inverting the 0-to-1 changing
data has the logical value of 0. Therefore, the erasure opera-
tion is not occurred in the auxiliary sector MSs. Thus, the
write data string WDT including the data for changing the
logical value of 0 to the logical value of 1 is written to the main
sector MSm and the auxiliary sector MSs. As a result, the
write data string WDT including the data for changing the
logical value of 0 to the logical value of 1 is subjected to the
write operation having no erasure operation. This reduces the
number of the erasure operations.

(2) The control circuit 22 inverts a logical value placed in a
position to be the 0-to-1 changing data and writes the inverted
logical value to the auxiliary sector MSs. This processing
offers a processing for erasing the data stored in the main
sector MSm on a unit of a data string or a bit unit to the outside
(for example, the processor 11 illustrated in FIG. 1). Accord-
ingly, the erasure operation is performed on the data string
unit or the bit unit.

(3) Writing the write data string WDT including the 0-to-1
changing data through the storage device 13 is not accompa-
nied by the erasure operation. As compared with a time
required for carrying out the writing in the memory which is
accompanied by the erasure operation, therefore, a time
required for writing the storage device 13 is relatively short.
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This shortens a time required for writing the write data string
WDT including the 0-to-1 changing data.

(4) Writing the write data string WDT including the 0-to-1
changing data, that is, the processing for changing from 0 to
1 is not accompanied by the erasure operation. This reduces
the number of the erasure operations of the memory 23, and
furthermore, prolongs the life of the memory 23.

It should be apparent to those skilled in the art that the
present invention may be embodied in many other specific
forms without departing from the spirit or scope of the inven-
tion. Particularly, it should be understood that the present
invention may be embodied in the following forms.

The number of the respective sectors or the size of the
sector may be changed properly. For example, the number of
the sectors for the external address ADR may be changed
appropriately. The numbers of the main sectors and the aux-
iliary sectors may be changed properly. The numbers of the
main sectors and the auxiliary sectors may be set to have
different values from each other.

For example, as illustrated in FIG. 13(a), the external
address ADR is a logical address indicative of two logical
sectors 71a and 71b. The external address ADR includes a
first external address ADRa indicative of the first logical
sector 71a and a second external address ADRb indicative of
the second logical sector 715.

A memory 81 includes four main sectors 81a, 815, 81¢c and
814 set to have a memory capacity depending on the logical
sectors 71a and 715, and three auxiliary sectors 81e, 81fand
81g set to have a certain memory capacity. The memory
capacity of each of the auxiliary sectors 81eto 81g is setto be
a half of the memory capacity of the main sectors 81a to 814,
for example.

An address converting circuit 91 includes main tables 91a
to 91d corresponding to the main sectors 81a to 814, and
auxiliary tables 91e to 91g corresponding to the auxiliary
sectors 81e to 81g.

For example, the main sector 81a is registered in the main
table 914 and the main sector 815 is registered in the main
table 915.

As illustrated in FIG. 13(b), the external address ADRa is
converted into an internal address ADla indicative of the
main sector 81a in accordance with address converting infor-
mation stored in the main table 91a. The memory 81 stores the
write data string WDT in the main sector 81a in accordance
with the internal address AD1a. The memory 81 reads a data
string from the main sector 81a and outputs the read data
string RDT in accordance with the internal address AD1.

Similarly, the external address ADRD is converted into an
internal address AD15b indicative of the main sector 815 in
accordance with address converting information stored in the
main table 915. The memory 81 reads/writes the data string
from/to the main sector 815 in accordance with the internal
address AD1b.

In the case in which the 0-to-1 changing data is included in
the write data string to be written to the main sector 814, the
auxiliary sector 81e is assigned to the main sector 81a and the
address converting information is registered in the auxiliary
table 91e corresponding to the auxiliary sector 81e as illus-
trated in FIG. 13(c). The auxiliary sector 81e is assigned to a
portion that s illustrated with hatching in the main sector 81a.
The external address ADRa is converted into the internal
address AD1a by the main table 91a and is converted into the
internal address AD2a by the auxiliary table 91e. The write
data string including the 0-to-1 changing data is divided into
a first write data string including no 0-to-1 changing data and
a second write data string including data corresponding to the
position of the O-to-1 changing data. The first write data string
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is written to the main sector 8la in accordance with the
internal address AD1a and the second write data string is
written to the auxiliary sector 81e in accordance with the
internal address AD2a.

In the case in which the 0-to-1 changing data is included in
the write data string to be written to the main sector 815,
similarly, the auxiliary sector 81f is assigned to the main
sector 815 and the address converting information is regis-
tered in the auxiliary table 91f corresponding to the auxiliary

sector 81fas illustrated in FIG. 14(a). The auxiliary sector 81/ 10

is assigned to the portion illustrated in hatching in the main
sector 81b. The external address ADRD is converted into the
internal address AD15 by the main table 915 and is converted
into the internal address AD2b by the auxiliary table 91f. The
write data string including the 0-to-1 changing data is divided
into a first write data string including no 0-to-1 changing data
and a second write data string including data corresponding to
the position of the 0-to-1 changing data. The first write data
string is written to the main sector 815 in accordance with the
internal address AD15b and the second write data string is
written to the auxiliary sector 81f in accordance with the
internal address AD2b.

When a writing completion signal or a completion for the
main sector 81a is detected, the data of the main sector 81a
and the auxiliary sector 81e are transferred to the main sector
81c¢. When the transfer of all of the data is ended, the address
converting information is registered in the main table 91c¢
corresponding to the main sector 81c¢ as illustrated in FIG.
14(b). As aresult, the external address ADRa is converted into
the internal address AD1a by the main table 91¢ and the main
sector 81c is accessed by the internal address AD1a.

When a writing completion signal or a completion for the
main sector 815 is detected, similarly, the data of the main
sector 815 and the auxiliary sector 81f are transferred to the
main sector 81d. When the transfer of all of the data is ended,
the address converting information is registered in the main
table 914 corresponding to the main sector 814 as illustrated
in FIG. 14(c¢). As a result, the external address ADRD is
converted into the internal address AD15 by the main table
91d and the main sector 81d is accessed by the internal
address AD1b.

A size (a storage capacity) of the auxiliary sector may be
changed properly. For example, in the case in which the
number of rewrite operations to the main sector is small, a size
(an area) of the memory 23 may be reduced by setting the
auxiliary sector to be small.

In the embodiment, the external address ADR is stored as
the hit information in the reading list 32. The hit information
may be information other than the external address ADR. As
the hit information, for example, it is possible to use the
internal address Al obtained by converting the external
address ADR by referring to the main tables 31a and 315, the
internal address AD2 obtained by converting the external
address ADR by referring to the auxiliary tables 31¢ and 314,
the sector information (for example, the sector address)
indicative of the sector (the auxiliary sector) storing the aux-
iliary data and the like.

Data in a position (a bit) requiring the rewrite may be
changed by a bit operation depending on the result of the
comparison between the write data string WDT and the ref-
erence data string RRD, for example.

The data string RD1 read from the main sectors 23a and
23b may be supplied to the data combining circuit 35, and the
data string RD2 read from the auxiliary sectors 23¢ and 23d
may be supplied to the data inverting circuit 34 and the data
string thus inverted may be supplied to the data combining
circuit 35.
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A volatile memory (for example, a DRAM) having an
equal memory capacity to the memory capacity of the main
sector MSm may be provided, the data of the main sector
MSm and the data of the auxiliary sector MSs may be trans-
ferred to the volatile memory, and the data of the main sector
MSm and the auxiliary sector MSs may be erased and the data
of'the volatile memory may be then written to the main sector
MSm.

As the write ending signal WCS, for example, it is possible
to use a signal generated when turning OFF the power supply
of the electronic device 10, a signal generated when electri-
cally or physically disconnecting the storage device 13 from
the bus 12, a reset signal of the electronic device 10, a standby
signal for setting the operation of a part of the circuits
included in the electronic device 10 into a state such as a
stoppage or the like.

The control circuit corresponding to the memory including
the auxiliary sectors may control the transfer processing
depending on the assignment situation of the auxiliary sector.
For example, the control circuit stops accepting a request for
writing a new data string and executes the transfer processing
in a stage in which a quantity of the auxiliary sector to be
assigned in a next write access is equal to or smaller than a
certain threshold or is eliminated. In this case, the transfer
processing is executed without providing the writing comple-
tion signal from outside. This may not increase the processing
load of an external circuit (for example, the processor 11
illustrated in FIG. 1).

In the above embodiment, the electronic device 10 is a
personal computer. The electronic device 10 may be another
device using a flash memory, for example, arecording device,
a digital still camera, a digital video camera, a portable tele-
phone, a portable music reproducing device or the like.

Although the storage device 13 is coupled to the bus 12 in
the embodiment, the storage device 13 may be incorporated
into a storage device to be coupled to an interface circuit or the
like, for example, a card type storage device, a storage device
to be externally coupled to an electronic device or the like.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in under-
standing the principles of the invention and the concepts
contributed by the inventor to furthering the art, and are to be
construed as being without limitation to such specifically
recited examples and conditions, nor does the organization of
such examples in the specification relate to a showing of the
superiority and inferiority of the invention. Although the
embodiment of the present invention has been described in
detail, it should be understood that the various changes, sub-
stitutions, and alterations could be made hereto without
departing from the spirit and scope of the invention.

What is claimed is:

1. A method of controlling a memory including first and
second storage areas which include a plurality of memory
cells, the method comprising:

determining, in response to a request for writing a write

data string, whether the write data string includes a
logical value-changing portion that changes a logical
value stored in a memory cell of the plurality of the
memory cells from a first logical value to a second
logical value which is different from the first logical
value;

writing, to the first storage area, a logical value-unchanging

portion of the write data string other than the logical
value-changing portion of the write data string, wherein
the logical value-changing portion of the write data
string is not written to the first storage; and
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inverting a logical value of the logical value-changing por-
tion of the write data string from the second logical value
to the first logical value and writing the inverted logical
value of the logical value-changing portion of the write
data string to the second storage area which is different
from the first storage area, wherein the logical value-
unchanging portion of the write data string is not written
to the second storage area.
2. The method of controlling a memory according to claim
1, further comprising:
reading a first data string from the first storage area in
response to a reading request;
reading, from the second storage area, a second data string
that is stored in the second storage area and corresponds
to the first data string read from the first storage area; and
combining a logical inversion of the second data string
with the first data string to generate a read data string and
outputting the generated read data string as a response to
the reading request.
3. The method of controlling a memory according to claim
1, further comprising:
reading a first data string from the first storage area in
response to a reading request;
reading a second data string from the second storage area in
response to the reading request; and
combining a logical inversion of the second data string
with the first data string to generate a read data string and
outputting the generated read data string as a response to
the reading request.
4. The method of controlling a memory according to claim
1, wherein the decision includes:
reading, from the memory, an existing data string placed in
awriting destination address of the write data string; and
comparing the write data string with the existing data string
read from the memory to determine whether the write
data string causes changing from the first logical value to
the second logical value.
5. The method of controlling a memory according to claim
1, wherein the determining includes:
comparing the data string read from the first storage area
with the write data string to determine whether the write
data string causes changing from the first logical value to
the second logical value if the second storage area does
not have the first logical value in an address correspond-
ing to a writing destination address of the write data
string;
combining a logical inversion of a data string placed in the
address corresponding to the writing destination address
in the second storage area with first data string to gen-
erate a reference data string if the second storage area
has the first logical value in the address; and
comparing the write data string with the reference data
string to determine whether the write data string causes
changing from the first logical value to the second logi-
cal value.
6. The method of controlling a memory according to claim
1, wherein the determining includes
determining, prior to writing the write data string to the first
storage area, whether the writing causes changing the
first logical value to the second logical value in the first
storage area.
7. The method of controlling a memory according to claim
1, wherein the determining includes detecting bits in the
writer data string that changes a logical value of 0 in a bit of
the first storage area to a logical value of 1.
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8. A memory control circuit for use with a memory includ-

ing first and second storage areas which include a plurality of
memory cells, the memory control circuit comprising:

a data decomposing circuit that determines, in response to
a request for writing a write data string, whether the
write data string includes a logical value-changing por-
tion that changes a logical value stored in a memory cell
of the plurality of the memory cells from a first logical
value to a second logical value different from the first
logical value and decomposes in accordance with a
determination result, the write data string into first write
data and second write data, the first write data including
a logical value-unchanging portion of the write data
string, and the second write data configured to write the
first logical value in a position in which the changing
from the first logical value to the second logical value is
expected to occur, the first write data not including the
logical value-changing portion of the write data string,
the second write data not including the logical value-
unchanging portion of the write data string; and

an address converting circuit that converts an external
address into a first internal address adapted to write the
first write data to the first storage area and converts the
external address into a second internal address adapted
to write the second write data to the second storage area
which is different from the first storage area in response
to the writing request.

9. A storage device comprising:

a nonvolatile memory including a first storage area and a
second storage area; and

a memory control circuit that controls access to the
memory, the memory control circuit including:

a data decomposing circuit that determines, in response to
a request for writing a write data string, whether the
write data string includes a logical value-changing por-
tion that changes a logical value stored in a memory cell
of the plurality of the memory cells from a first logical
value to a second logical value different from the first
logical value and decomposes in accordance with a
determination result, the write data string into first write
data and second write data, the first write data including
a logical value-unchanging portion of the write data
string, and the second write data configured to write the
first logical value in a position in which the changing
from the first logical value to the second logical value is
expected to occur, the first write data not including the
logical value-changing portion of the write data string,
the second write data not including the logical value-
unchanging portion of the write data string; and

an address converting circuit that converts an external
address into a first internal address adapted to write the
first write data to the first storage area and converts the
external address into a second internal address adapted
to write the second write data to the second storage area
which is different from the first storage area in response
to the writing request.

10. An electronic device comprising:

a storage device; and

a processor that writes a data string to the storage device,

the storage device includes a nonvolatile memory includ-
ing first and second storage areas which include a plu-
rality of memory cells, and a memory control circuit that
controls access to the memory, wherein the memory
control circuit includes:

a data decomposing circuit that determines, in response to
a request for writing a write data string, whether the
write data string includes a logical value-changing por-
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tion that changes a logical value stored in a memory cell
of the plurality of the memory cells from a first logical
value to a second logical value different from the first
logical value and decomposes in accordance with a
determination result, the write data string into first write 5
data and second write data, the first write data including
a logical value-unchanging portion of the write data
string, and the second write data configured to write the
first logical value in a position in which the changing
from the first logical value to the second logical valueis 10
expected to occur, the first write data not including the
logical value-changing portion of the write data string,
the second write data not including the logical value-
unchanging portion of the write data string; and

an address converting circuit that converts an external 15
address into a first internal address adapted to write the
first write data to the first storage area and converts the
external address into a second internal address adapted
to write the second write data to the second storage area
which is different from the first storage area in response 20
to the writing request.
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