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(54) Flash memory device

(57) A memory device 1a includes a flash memory 10a, 10b, comprising a plurality of blocks, each block
comprising a plurality of sectors 24, the block being a unit of erasure of data. An address in a sector 24 in the
flash memory 10a, 10b is identified according to address conversation in correspondence to a logical address.
If the data cannot be written in a first sector 24 at the address identified, the data is written in a second sector
24in the same block as the first sector 24, without stopping due to the write error. Then, a physical address in
the flash memory 10a, 10b is rewritten in correspondence to the logical address in the address conversion
table to an address of the second sector 24.

Similarly, a flash memory 20 comprises a plurality of sectors 55, if the data cannot be written in a first
sector 55 at the address identified, the data is written in a second sector 55 different from the first sector 55.
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MEMORY DEVICE

The present invention relates to a memory device

using a flash memory such as a memory card.

A flash memory is used for a semiconductor memory
disk card (hereinafter referred to as PC card) used as a
nonvolatile memory for reading and writing data. A PC card

is connected to a host and operates as a memory medium

therefor. By using a flash memory, the access speed of a PC card can be increased more than
by use of a hard dislg drive. A PC card
using a flash memory is used according to PC Card Interface
standard or the ATA (AT Attachment) standard in Japan
Electronic Industry Development Association (JAIDA) which have
been used as sgndards for a hard disk drive for a personal
wmput&. By using the ATA standard, it is not necessary to
limit a memory capacity or to use an exclusive driver provided
for the PC card.

In the ATA standard, similarly to a hard disk drive,
a flash memory has a memory space divided into a sector ID
region and a sector region comprising sectors, and each sector
in the sector region is managed by the sector ID region. A

problem experienced when flash memory is used in a PC card is that



the number of rewrite operations that the flash memory can undergo is limited. Practically,
write or rewrite of data from a host are repeated in particu-
lar sectors in a flash memory, and consequently, the life of the sectors

becomes shorter than the other sectors. If a bad data write
to a sector happens, the PC card warns the error to a host
computer. The host which finds a bad data write decides that
the PC card cannot be used. Even if the particular sectors
are decided not to pe used, the other sectors still can be

used normally. However, the PC card cannot be used anymore.

An object of the invention is to provide a memory
device used as a PC card which uses a memory therein effi-

ciently.

To this end, the invention provides a memory device as set out in the claims.

In one aspect of the invention of a memory device,
then a data is written. in a flash memory comprising a
plurality of blocks, each block comprising a plurality of
sectors, the block being a unit of erasing data, an address
in a sector in the flash memory is identified according to
address conversion in correspondence to a logical address, and
when the data cannot be written in a first sector at the
address identified, the data is written in a second sector in
the same block as the first sector, without stopping due to
the write error. Then, a physical address in the flash memory
is rewritten in correspondence to the logical address in the

address conversion table to an address of the second sector.
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Then, a host accessing the memory device needs no more special
processing for the write error. Similarly, when a data is
written in a flash memory comprising a plurality of sectors,
when the data cannot be written in a first sector at the
address identified, the data is written in a second sector
different from the first sector.

In a second aspect of the memory device of the
invention comprising a flash memory, if each block in the
flash memory comprises a plurality of sectors and a plurality
of alternate sectors, when a data cannot be written in a first
sector at the address identified, the data is written in an
alternate sector in the same block as the first sector. Then,
a physical address in the flash memory is rewritten in
correspondence to the logical address in the address conver-
sion table to an address of the second sector. Thus, a number
of available sectors is kept constant. Further, a physical
address in the flash memory is rewritten in correspondence to
the logical address to an address of the second sector.
Preferably, when all the alternate sectors have been used in
the block the data and data which have been written to the
block are written in a second block not used among the blocks.
Similarly, when a data is written in a flash memory comprising
a plurality of sectors, when the data cannot be written in a
first sector at the address identified, the data is written

in an alternate sector.
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In third aspect of the invention of a memory device,
the memory device comprises a flash memory comprising a
plurality of sectors and a plurality of sector identification
data (IDs) for storing status data on the sectors, énd an
address conversion means converts a logical address designated
by a write command to a physical address in the flash memory.
When the data cannot be written to a physical address in
correspondence to the logical address, the data is written in
a second sector, and a physical address in an address
conversion table in correspondence to the logical address is
rewritten to the physical address.

In fourth aspect of the invention of a memory
device, the memory device comprises a flash memory, and the
flash memory comprises a plurality of sectors, a plurality of
alternate sectors and a plurality of sector identification
data (IDs) for storing logical addresses for the sectors. An
address conversion means converts a logical address designated
by a write command to a physical address in the flash memory.
When the data cannot be written to a physical address in
correspondence to the logical address, the data is written in
an alternate sector, and the logical address is stored in a
sector ID in the sector IDs for the alternate sector.

An advantage of the present invention is that a life

of the memory device can be extended.



Another advantage of the present invention is that
a host connected to the memory device can access the memory

device with no need of special commands.

These and other objects and features of the present
invention will become clear from the following description
taken in conjunction‘with the preferred embodiments thereof
which are given by way of example and with reference to the accompanying drawings, and in

which:

Fig. 1 is a diagram of a host and a PC card;

Fié. 2 is a diagram of a 64 kbytes type PC card;

Fig. 3 is a memory map of a memory;

Fiyg. 4 is a flowchart of write or overwrite when the
memory is used in the PC card;

Fig. 5 is a flowchart of write processing;

Fig. 6 is a flowchart of initialization of the 64
kbytes type PC card using the memory;

Fig. 7 is a memory map of another memory;

Fig. 8 is a flowchart of write or overwrite when the
memory is used in the PC card;

Fig. 9 is a flowchart of rewrite processing;

Fig. 10 is a flowchart of initialization of a 64
kbytes type PC card la using the memory;

Fig. 11 is a diagram of the 512 bytes type PC card;

Fig. 12 is a memory map of a memory;
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Fig. 13 is flowchart of write or rewrite when the
memory is used;

Fig. 14 is a flowchart of a first example of rewrite
processing;

Fig. 15 is a flowchart of read processing;

Fig. 16 is a flowchart of a second example of
overwrite processing;

Fig. 17 is a flowchart of read processing; and

Fig. 18 is a flowchart of initialization of the 512
bytes type PC card using the memory.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

There are two types of flash memories. A first type
is a block type flash memory 10a which erases data in a size
equal to or larger than a data transfer unit (512
bytes/sector) such as a size of 64 kbytes, while a second type
flash memory 10b erases data in the unit of data transfer
unit. Hereinbelow, a PC card using the block type flash
memory is referred to as 64 kbytes type PC card la, while a
PC card where data is erased in the data transfer unit is
referred to as 512 bytes type PC card 1b.

Referring . now to the drawings, wherein like
reference characters designate like or corresponding parts
throughout the several views, Fig. 1 shows a host computer 100

and a 64 kbytes type PC card 1la. The PC card 1la, 1b is

inserted into a card slot in the host 100. The PC card 1la,
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1b has an LED 2 and a speaker 3 for warning a write or rewrite
error to a user. Embodiments of the 64 kbytes type PC card
la and the 512 bytes type PC card 1lb are explained below.
A. 64 Kbytes type PC card

First, embodiments of the 64 kbytes type PC card 1la
are explained. Fig. 2 shows a circuit of the 64 kbytes type
PC card 1a. A command from the host 100 is received by a CPU
4 through an interface (I/F) controller 5, a PC card configu-
ration section 6 and a register 7. A memory 10a or 10b
included in the 64 kbytes card 1la is a flash memory which
erases data in the unit of 64 kbytes (one block). If a write
command to a logical address is received from the host 100,
the CPU 4 identifies a physical address in correspondence to
the logical address by referring to an address conversion
table 8, and reads information stored in a sector ID (identi-
fication data) for the identified physical address. If the
sector ID stores a data meaning that a data can be written to
the physical address, the data from the host 100 is written
to the sector. if a write error happens, a rewrite processing
is performed to change a physical address to which the data
is written. After data write or rewrite is completed, a
sector ID of the physical address to which the data is written
is updated.

The memory 10a or 10b is a flash memory which erases

data in the unit of 64 kbytes (one block), and they have



10

15

20

25

different memory spaces between them. The memory 10a
comprises a sector ID region and a sector region in a memory
space thereof (Fig. 3), while the other memory 10b comprises
an alternate sector region which will be used when bad data
write happens, besides a sector ID region and a sector region
in a memory space thereof (Fig. 7).
A-1. 64 kbytes type PC card using a first type of flash
memory 1l0a

The PC card la with the flash memory 1l0a is
explained. Fig. 3 shows a memory space for a block in the
memory 10a. The memory space has two parts, a sector region
21 comprising a plurality of sectors 24 and a sector ID
(identification data) region 20 storing sector IDs 23 each in
correspondence to one of the sectors 24. Block IDs 22 are
stored in a block ID region 22 (hatched in Fig. 3) in the
sector ID region 20. The memory 10a erases data at a size in
the unit of 64 kbytes (or one block) larger than the data
transfer unit of 512 bytes. The block ID region 22 has a
block information area wherein data on use status in a block
are stored which show for example that a corresponding sector
is not used or stores a data. Further, the sector IDs 23
stored in the region except the block IDs 22 have a logical
address area, a sector information area and an error correct-
ing code (CCD) area. The logical address area stores a

logical address in correspondence to a physical address. The
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sector information area stores data which means for example
that a corresponding sector is used, is not used, or is an
invalid sector which have caused a bad write.

Fig. 4 shows a flowchart performed by the CPUV4vwhen
data is written or rewritten. First, D3 (data request signal
DRQ) in a status register is reset at "L" level to advise to
the host 100 that the card la is ready for a request of data
write or rewrite from the host 100 (step S100). After
receiving a write or rewrite command to a logical address from
the host 100 (step S101), D7 (busy signal BUSY) in the status
register is set at "H" level to process the command in the
card (step S102). Then, a data is written or rewritten to a
physical sector in the memory 10a in correspondence to a
logical address received from the host (step S103). If a
write error happens at the physical sector (YES at step S104),
a rewrite processing explained later is performed (step S105).
After the rewrite processing completes or a write error does
not happen (NO at step S104), the status flag D3 (DRQ) in the
status register in the 64 kbytes card la is set at "H" level
meaning that the processing in the card completes (step $106),
and the status signal D7 (BUSY) in the status register is set
at "L" level (step S107). Then, an IREQ (interrupt request)
signal is set at "L" level for permitting a check performed

by the host 100 (step S109).
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Next, the rewrite processing (step S105 in Fig. 4)
is explained. In this processing, the CPU 4 writes the data
in a different sector not used instead of the sector at which
the data write failed. Thus, a life of the card 1a is
elongated though the sector cannot be used. To the ID
information sector for the sector, a data meaning an invalid
sector is written in order to forbid access from the host 100.
on the other hand, a data meaning that the sector is used to
an ID information area of the different sector at which the
data is written, and the address conversion table is changed
so that the physical address in correspondence to the logical
address received from the host 100 is the address of the
different sector. Thus, even if a bad write happens, the host
100 can access the card 1la.

Fig. 5 shows a flowchart of the rewrite processing
(step S105 in Fig. 4). First, a data meaning an invalid
sector is written to a sector information area for the sector
to which the data is failed to be written (step S110). Then,
a sector for which a data meaning that the sector is not used
is written in a sector information area therefor is searched
in the sector IDs 23 (step S111). Then, a data is written to
the searched sector not used, and a data meaning that the
sector is used 1is written in a sector information area
therefor in the sector IDs 23 (step S112). Then, the address

conversion address 8 is rewritten so that a physical address
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in correspondence to the logical address of the data is
changed to the sector to which the data is written (step
S113).

As explained above, when a write command at a
logical address is received from the host 100, even if a bad
write happens at a sector in the flash memory 10a in corre-
spondence to the logical address, a data is written to a
different sector not used. Thus, even if the data cannot be
written to a part of the sectors in the flash memory 10a, it
can be written without stopping operation in the PC card 1a
due to happening of an error, and a life of the PC card la can
be elongated.

Next, initialization of the 64 kbytes type PC card
la is explained. The PC card la communicates with the host
100 by using an ATA command block for providing necessary
control functions and status information. The command block
is a general term representing seven registers, and it is
provided in the register 7 (Fig. 2). An optional command is
added to the commands supported in the ATA command block in
order to initialize data in the memory 10a in this embodiment.
When the memory 10a is used, the 64 kbytes type PC card 1la
initializes the sectors or erases the data except the invalid
sectors in accordance to the optional command. Then, a data
meaning an invalid sector is written to a sector information

area of the sector to which bad data erasing happens. After
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the initialization, information on a memory capacity to be
output to the host 100 is rewritten according to a number of
the sectors which can be used. The host 100 performs write
or rewrite based on the information, so that it .can prevent
access to invalid sectors.

Fig. 6 shows a flow performed by the CPU 4 when the
above-mentioned optional command is received from the host
100. An initial value of a variable "m" used in the flowchart
is a number of all the blocks in the memory 10a. After the
optional command is received from the host 100 (step S150),
the variable "m" designating a block to be processed is
checked (step S151). If "m" is equals to zero (YES step at
S151), or if a block. to be processed is determined, it is
searched if one or more sector IDs having a data meaning an
invalid sector is written exist in the block (step S152). If
it is decided that such a sector or sectors exist in the block
(YES at step S153), data in the block is erased or initialized
except the invalid sectors (step S154). If it is decided that
such a sector does not exist in the block (NO at step S153),
all the sectors in the block are erased or initialized (step
S155). Next, if it is decided that the erasing completes
normally (YES at step S156), a data meaning a sector not used
is written in sector IDs for the sectors wherein the data are
erased (step S157). On the other hand, if it is decided that

bad data erasing happens (NO at step S156), a data meaning a
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sector not used is written in sector IDs wherein the data are
erased normally and a data meaning a invalid sector is written
in sector IDs for the sectors wherein bad data erasing happens
(step S158). The block IDs include an erase number area
storing times of initialization of the block besides the block
information area for writing information, for example, that
the block is not used or written. Then, after completing the
processing of step S157 or S158, the number stored in the
erase number area is increased by one, and a data meaning that
the block is not used is written in the block information area
(step S159). Next, the variable "m" is decreased by one (step
S160), and the flow returns to step S151 to repeat the
processing of Steps S152 - S160 for a different block until
erasing processing on all the blocks completes.

When the above-mentioned erasing processing on all
the blocks completes or when the variable "m" becomes 0 (YES
at step S151), a number of sectors not used is counted, and
information such as cylinder number, head number and sector
number to be sent to the host 100 in accordance to an identify
drive command are rewritten (step S161). Then, a status flag
D3 (data request signal DRQ) meaning completion of the
processing in the card is set at "H" level (step S162), and
a status flag D7 (busy signal BSY) is set at "L" level (step

S5163). Next, an interrupt request signal (IREQ) requesting
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an interrupt to the host 100 is set at WLt level (step S164)
for permitting a check by the host 100 (step S165).

As explained above, when a sector to which a data
is written is changed due to an error, the address of a'séctor
in correspondence to the logical address in the address
conversion table is changed to the address of the sector to
which the data is written. Further, relevant data in the
sector area 20 are rewritten in correspondence to a change of
sector. Therefore, the host 100 is not needed to have a
special processing for such a PC card even if invalid sectors
happen. For example, when the host 100 sends a write
command, it sends no special command. when the host 100
accesses the PC card 1la, it sends an identify drive command
to the PC card 1la. Then, the CPU 4 sends information on
memory space available in the memory 10a such as cylinder
number, head number and sector number to the host 100, and the
host. 100 gets information on the memory space which can be
used.

A-2. 64 kbytes type PC card using a second type of flash
memory 10b

Next, the PC card la with the flash memory 10b is
explained. Fig. 7 shows a memory space in a block 33 in the
memory 10b. The memory space thereof has three parts, and it
is different from that shown in Fig. 3 in that the alternate

sector region 32 is provided. A first part among the three
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is a sector ID region 30. A block ID region 37 illustrated
with hatching in the sector ID region 30 stores block 1Ds
which have a block information area. 1In the block information
area, status data status on the blocks are stored which means
for example that the block is not used or is on use. Regions
with crosses in the sector ID region 30 in Fig. 7 comprise
alternate sector IDs 38 in correspondence to alternate
sectors. Sector IDs are stored in the region 34 except the
regions 37 and 38 illustrated with hatching and crosses in
Fig. 7. Each of the sector IDs corresponds to a sector, and
a sector ID 34 has a logical address area, a sector informa-
tion area and an error correcting code (CCD) area. The
logical address area stores a logical address in correspon-
dence to a physical address. The sector information area
stores data which show for example that a corresponding sector
is on use, is not used, or is an invalid sector which causes
a bad write. The second part is a sector region 31 comprising
sectors 35 in correspondence to the sector IDs stored in the
sector ID region 30. The third part comprises an alternate
sector region 32 comprising a plurality of alternate sectors
36 to be used instead of sectors wherein bad write happens.

Fig. 8 shows a flow performed by the CPU 4 when data
is written or rewritten. First, D3 (data request signal DRQ)
in a status register in the 64 kbytes PC card la is reset at

"L" level to advise to the host 100 that the card la is ready
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for a request of data write or rewrite from the host 100 (step
S200) . After receiving a write or rewrite command to a
logical address from the host 100 (step S201), D7 (busy signal
BUSY) in the status register is set at "H" level to process
the command in the PC card la (step S202). Then, a data is
written or rewritten to a physical sector in the PC card in
correspondence to a logical address received from the host 100
(step S203). If a write error happens at the physical sector
(YES at step S204), a rewrite processing explained later (Fig.
9) is performed (step S205). After the rewrite processing
(step S205) completes or a write error does not happen (NO at
step S204), the status flag D3 (DRQ) in the status register
in the PC card 1la is set at "H" level which means that the
processing in the card completes (step S206), and the status
signal D7 (BUSY) in the status register is set at "L" level
(step S207). Then, an IREQ signal is set at "L" level for
permitting a check by the host 100 (step S209).

As explained before, when the memory 10a is used in
the PC card la, a data is written to a sector not used instead
of a sector where a bad write happens. On the contrary, when
the memory 10b is used in the PC card la in this embodiment,
an alternate sector prepared beforehand in the alternate
sector area 32 is changed to a state which can be used in the
rewrite processing (step S205), and a data is written to the

sector. Thus, a life of the PC card la can be made longer,
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and a memory capacity to be used can be maintained constant.
Further, when a bad write happens in a certain frequency, a
write error is warned or notified to a user by emitting a
light with the LED 2 or by generating a sound with the speaker
3.

Fig. 9 shows a flowchart of the rewrite processing
(step S205 in Fig. 8). First, a data meaning an invalid
sector is written in a sector information area for the sector
to which the data is failed to be written (step S$220). Then,
an alternate sector is searched in the alternate IDs 38 in the
sector ID area 30 wherein a data meaning alternate sector is
written (step S221). If it is decided that such an alternate
sector ID exists (YES .at step S222), a data meaning a sector
not used is written for initialization to a sector ID area in
the alternate sector ID for the alternate sector (step S223).
After the initialization of the alternate sector ID, a data
is written to the alternate sector, and a data meaning a
sector in use is written to a sector information area in a
sector ID in correspondence to the sector to which the data
is written (step S224). Next, the address conversion address
8 is rewritten, so that a physical address in correspondence
to a logical address designated by the host 100 is changed to
the sector to which the data is written at step S224 (step

S225). Thus, the data is written to the alternate sector.
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on the other hand, if it 1is decided that an
alternate sector ID wherein a data meaning an alternate sector
is stored does not exist in the alternate sector IDs 38 (NO
at step S222), it is decided that all the alternate sectors
in the block 33 is already used, and following processing is
performed for writing the data to a different block not used.
First, a data is written to a sector in a different block
(hereinafter referred to as alternate block) having a block
information area in the block ID 37 thereof to which a data
meaning the block is not used is written, and a data meaning
a sector is used is written to a sector information area in
a sector ID 34 in correspondence to the sector to which the
data is written (step $226). Then, data in the sectors in
correspondence to sector IDs to which-data meaning the sectors
is used are written among the data in the block having no
alternate sector are copied continuously in the alternate
block (step S227). Next, a data meaning an invalid sector is
written in sector information areas of the sector IDs 34 for
the sectors copied in the alternate block at step 5227 to
prevent access (step S228). Then, the sector information area
in sector IDs 34 for the alternate block is written with a
data meaning that the sectors are used (step S229), and the
content of the address conversion table 8 is changed (step
S230). Finally, the LED 2 is lighted, and a speaker 3 is

sounded to warn to a user that a bad write happens and the
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capacity of the PC card decreases (step S231). The warning
may be performed with only the LED 2 or the speaker 3.

Next, initialization of the memory 10b is explained.
As explained above, when a bad write is notified to a user
with the LED 2 and the speaker 3, the host 100 operated by the
user sends an optional command for initializing the 64 kbytes
type PC card la in correspondence to this notification. Then,
the CPU 4 searches sector IDs to which a data meaning an
invalid sector is written, initializes sectors except the
sectors in correspondence to the sector IDs and rewrites
information of memory capacity to be output in correspondence
to an identify drive command received from the host 100.

Fig. 10 shows a flow performed by the CPU 4 when the
above-mentioned optional command is received. An initial
value of a variable "m" used in the flowchart is a number of
all the blocks in the memory 10a. After the optional command
is received from the host 100 (step S250), the variable "m"
designating a block to be processed is checked (step S251).
If the variable "m" is not zero (NO step at S251), or if a
block to be processed is determined, it is searched if a
sector ID or sector IDs having a data meaning an invalid
sector is written exist in a block (step S252). If it is
decided that such a sector ID or sector IDs exist in the block
(YES at step S253), data in the block is erased or initialized

except the invalid sectors (step S254). If it is decided that
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such a sector ID does not exist in the block (NO at step
§253), all the sectors in the block are erased or initialized
(step S255). Next, if it is decided that the erasing or
initialization completes normally (YES at step S5256), a data
meaning an alternate sector is written to sector information
areas in alternate sector IDs for the alternate sectors to be
erased normally (step S259), and a data meaning a sector not
used is written to information areas in sector 1IDs (step
s258). On the other hand, if it is decided that bad data
erasing happens (NO at step S256), a data meaning an alternate
sector is written to sector information areas of alternate
sector IDs 38 for the sectors wherein the data are erased
normally, a data meaning a sector not used is written to
sector information areas of sector IDs 34, and a data meaning
an invalid sector is written to sector IDs or alternate sector
IDs for sectors wherein bad data erasing happens (step 82595.
The block ID 37 includes an erase number area storing times
of initialization of the block pesides the block information
area for writing information, for example, that the block is
not used or is on use. Then, after completing the processing
of step S258 or S259, the number stored in the erase number
area is increased by one, and a data meaning a block not used
is written in the block information area (step S260). Next,
the variable "m" is decreased by one (step S261), and the flow

returns to step S251 to repeat the processing of Steps S252 -
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5261 on a different block until the erasing processing on all
the blocks completes.

When the erasing processing on all the blocks
completes or when the variable "m" becomes 0 (YES at step
S251), a number of sectors not used is counted, and informa-
tion such as cylinder number, head number and sector number
are rewritten (step S262). (When the host accesses the PC
card la, it sends an identify drive command. Then, the CPU
4 sends information on memory space available in the memory
10a such as cylinder number, head number and sector number to
the host 100, and the host 100 gets information on the memory
space available.) Then, a status flag D3 (data request signal
DRQ) meaning completion of the processing in the card la is
set at "H" level (step S263), and a status flag D7 (busy
signal BSY) is set at "L" level (step S264). Next, an
interrupt request signal (IREQ) requesting an interrupt to the
host 100 is set at "L" level (step S265) for permitting a
check performed by the host 100 (step S266).

In the PC card explained above, alternate sectors
are provided. When a write command at a logical address is
received, even if a bad write happens at a sector in the flash
memory 10b in correspondence to the logical address, a data
is written to an alternate sector not used by setting an
alternate sector ID for the alternate sector in a state where

the alternate sector can be used. Thus, even if a data cannot
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be written to a part of the sectors in the flash memory 10b,
the data can be written without stopping operation due to the
error, and a life of the flash memory can be elongated. It
is to be noted that a number of sectors which can be used in
the flash memory 10b can be kept constant.

Further, even when all the alternate sectors in a
block is used, a data is written to a different block not
used. Thus, a life of the flash memory can be elongated more.

When a sector to which a data is written is changed,
the address of a sector in correspondence to the logical
address in the address conversion table is changed to the
address of the sector to which the data is written. Further,
relevant data in the sector areas 30 and 32 are rewritten in
correspondence to the change in sector. When a block is
changed, relevant data in the sector areas 30 and 32 of the
previous and alternate blocks are rewritten in correspondence
to a change of block. Therefore, the host 100 is not needed
to have a special processing for such a PC card la even if
invalid sectors happen. For example, when the host 100 writes
a data in the PC card, it needs no special command. When the
host 100 accesses the PC card la, it sends an identify drive
command to the PC card la to get necessary information on the
memory space.

B. 512 bytes type PC card
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Reference numbers in parentheses in Fig. 1 relates
to a 512 bytes type PC card 1b which erases data in a data
transfer unit (512 bytes/sector). The PC card 1b is inserted
into a card slot in the host 100. The 512 bytes type PC card
1b has an LED 12 and a speaker 13 as means for notifying or
warning a write or rewrite error to a user.

Fig. 11 shows a circuit of the 512 bytes type PC
card 1b. A command from the host 100 is received by a CPU 14
through an I/F controller 15, a PC card configuration section
16 and a register 17. A memory 20 included in the 512 bytes
card 1b is a flash memory which erases data in the unit of one
sector (512 bytes). The CPU 14 reads information stored in
a sector ID for a physical sector determined by an address
conversion circuit 18 according to a logical address received
from the host 100. If the sector ID stores a data meaning
that a sector can be used, the data from the host 100 is
written to the physical address. After the data is written,
the sector ID for the sector is updated. If the physical
sector to be written is an invalid sector which cannot be
used, the CPU 14 pérforms one of rewrite processings explained
later. If a number of the alternate sectors in the memory 20
is equal to or less than a threshold value "g", the LED 12 is
lighted and the speaker 13 is sounded for notifying an error

to a user.
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Fig. 12 shows a memory space of the memory 20 which
is a flash memory wherein erasing is performed in the unit of
data transfer unit (512 bytes/sector). The memory space has
three parts. A first part is a sector ID region 51 étoring
sector IDs 54. A sector ID 54 correspondence to a sector.
The sector ID 54 has a logical address area, a sector informa-
tion area and an error correcting code (CCD) area. The
logical address area stores a logical address in correspon-
dence to a physiqal address. The sector information area
stores data which show for example that a corresponding sector
is on use, is not used, or is an invalid sector which has
caused a bad write. The second part is a sector region 52
comprising sectors 55. The third part comprises an alternate
sector region 53 comprising alternate sectors 56 made of a
plurality of alternate sectors 56 to be used instead of
sectors wherein bad write happens. In the region 57 with
hatching in the sector ID region 51 in Fig. 12 comprises
alternate sector IDs in correspondence to the alternate
sectors 56.

Fig. 13 shows a flow performed by the CPU 14 when
data is written or rewritten. First, D3 (data regquest signal
DRQ) in a status register in the PC card 1b is reset at "L"
level to advise to the host 100 that the card 1b is ready for
a request of data write or rewrite from the host 100 (step

S300). After receiving a write or rewrite command to a
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logical address from the host 100 (step S301), D7 (busy signal
BUSY) in the status register is set at "H" level to process
the command (step S302). Then, a data is written or rewritten
to a physical sector in the memory 20in correspondence to a
logical address received from the host 100 (step S303). If
a write error happens at the physical sector (YES at step
S304), a rewrite processing explained later is performed (step
S305). After the rewrite processing completes (step S305) or
a write error does not happen (NO at step S304), the status
flag D3 (DRQ) in the status register is set at "H" level
meaning that the processing in the card completes (step S306),
and the status signal D7 (BUSY) in the status register is set
at "L" level (step S307). Then, an IR@ signal is set at "L"
level (step S308) for permitting a check by the host 100 (step
S309).

In the first example of the rewrite processing (stép
S305 in Fig. 305), the CPU 14 writes a data in an alternate
sector 56 not used instead of a sector wherein the data is not
written normally, to maintain a number of sectors which can
be accessed by the host 100 constant. Then, a life of the
card 1b can be elongated. Further, if a number of available
alternate sectors is equal to or less than a reference number
"g", the LED 12 is lighted while the speaker 13 is sounded to
alarm or notify it to a user. A data meaning an invalid

sector is written to a sector information area of a sector 1ID



10

15

20

25

- 26 -

for the sector where a bad write happens, and an address of
the alternate sector is written to a logical address area.
Then, if a data meaning an invalid data is written to a sector
information area of a sector ID for the sector to be accessed,
the CPU 14 reads an address of the alternate sector written
to a logical address area of the sector ID, and a data is
written to or read from the alternate sector at the address.

Fig. 14 shows a flowchart of the above-mentioned
rewrite processing (step S305 in Fig. 13). First, an
alternate sector ID 57 is searched having a data meaning
alternate sector (step S350). If it is decided that such an
alternate sector ID exists (YES at step S351), a data meaning
a sector not used is written to a sector ID area of the
alternate sector ID 57 for initialization (step S352). After
the initialization of the alternate sector ID, a data is
written to a relevant alternate sector 56 (step S353). A data
meaning an invalid sector is written to a sector information
area of a sector ID for the sector wherein a bad write
happens, and a physical address of the alternate sector 56 is
written to a logical address area (step S354). On the other
hand, if a sector in correspondence to a logical address
required to be read by the host 100 is confirmed to be an
invalid sector, it reads a data from an alternate sector at
an address written in a logical address area of the sector ID

therefor. Finally, if a number of available alternate sectors
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56 is equal to or less than the reference number (YES at step
S335), the LED 12 is lighted, and the speaker 13 is sounded
to notify it to a user (step S356).

If it is decided that an alternate sector ID wherein
a data meaning alternate sector is stored does not exist (NO
at step S351), D7 (bad block register) in the error register
is set at "1" (step S357), and D3 (error) in the error
register is set at "1" (step S358).

Fig. 15 is a flowchart of read processing. First,
a read command at a logical address is received (step S401).
If a data meaning an invalid sector is written to a sector
information area of a sector ID for a sector at a physical
address determined by the address conversion circuit 18
according to the logical address (YES at step S402), an
address written at a logical address area of the sector ID is
read (step S403), and a data of an alternate sector at the
address is read (step S404). If a data meaning an invalid
sector is not written for the sector at the physical address
determined by the address conversion circuit 18 (NO at step
S402), a data at the sector is read (step S405).

B-2. A second example of rewrite processing

Next, a second example of the rewrite processing
(step S305 in Fig. 13) is explained. 1In the second example,
the CPU 14 writes a data meaning an invalid sector to a sector

information area of a sector ID for the sector wherein bad
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write happens. Then, a data is written to an alternate sector
not used, and a logical address written to a logical address
area of a sector ID for the sector wherein bad wrote happens
is written to a logical address area of a sector ID for the
alternate sector. Thus, a number of sectors which can be
accessed by the host 100 is kept constant, and a life of the
card can be elongated. Further, if a number of available
alternate sectors is equal to or less than a reference number
“g", the LED 12 is lighted while the speaker 13 is sounded to
warn or notify it to a user. Then, if a sector accessed is
an invalid sector, the CPU 14 searches an alternate sector ID
57 having a logical address area 56 wherein the same address
as that for the invalid sector is written, and writes or reads
a data to or from an alternate sector 56 in correspondence to
the searched alternate ID.

Fig. 16 shows a flowchart of the above-mentioned
rewrite processing (step S305 in Fig. 13). First, a data
meaning an invalid sector is written to a sector information
area of a sector ID for a sector where a bad write happens
(step S500). Next, an alternate sector ID 57 is searched
wherein a data meaning alternate sector is written (step
S501). If it is decided that such an alternate sector ID
exists (YES at step S502), a data is written to the alternate
area 56 after data meaning that a sector is not used is

written to a sector information area of the alternate sector



10

15

20

25

- 29 -

ID 57 for initialization (step S503). Then, a data meaning
that the sector is used is written to the sector information
area, and the same address as that of the logical address is
written to the logical address area of the sector ID for the
sector where bad write happens (step S504). Finally, if a
number of available alternate sectors is equal to or less than
a reference number (YES at step S505), the LED 12 is lighted,
and the speaker 13 is sounded to notify or warn it to a user
(step S506).

Oon the other hand, if it is decided that an
alternate sector ID having a data meaning an alternate sector
is stored does not exist (NO at step S502), D7 (bad block
register) in the error register is set at "1" (step S507), and
D3 (error) in the error register is set at "1" (step S508).

Fig. 17 is a flowchart of read processing. First,
a read command at a logical address is received (step S551).
If a data meaning an invalid sector is written to a sector
information area of a sector ID for a sector at a physical
address determined by the address conversion circuit 18 (YES
at step S552), an address at a logical address area of the
sector ID is read (step S553). Next, an alternate sector is
searched having a logical address area wherein the same
address as that read at step S553 is stored (step S554), and
a data of the searched alternate sector is read (step S555).

On the other hand, if a data meaning an invalid sector is not
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written to the sector information area for the sector to be
read (NO at step S552), a data at the sector is read (step
S556) .

Next, initialization of the memory 20 is explained.
After receiving notification of occurrence of bad writes with
the LED 12 and the speaker 13, if the host 100 operated by a
user sends an optional command for initializing the 256 kbytes
type PC card 1b in correspondence to this notification, the
CPU 14 initializes sectors except the sectors in corre-
spondence to the sector IDs having a sector information area
to which data meaning an invalid sector is written and
recognizes a memory capacity to be used practically. The
information on the memory capacity is rewritten to be output
in correspondence to an identify drive command received from
the host 100. Then, the host 100 can obtain information on
the memory space which can be used.

Fig. 18 shows a flow performed by the CPU 14 when
the abqve-mentioned optional command is received. An initial
value of a variable "n" in the flowchart is a number of the
sectors in the card. After the optional command is received
from the host 100 (step S601), the variable "n" representing
a sector is checked (step S602). If the variable "n" = 0 does
not hold (NO step at S602), of if n is determined, it is
searched if a sector ID for the sector has a data meaning an

invalid sector (step $603). If it is decided that the sector
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is not an invalid sector (NO at step S603), data on the sector
is erased (step S604). If it is decided that the erasing of
the data in the sector completes normally (YES at step S5605),
the sector is initialized (step S606). That is, if the sector
is an alternate sector, a data meaning alternate sector is
written to a sector information area in the alternate sector
ID for the alternate sector, while if the sector is a normal
sector, a data meaning a sector not used is written to a.
sector information area of a sector ID for the sector (step
S606). On the other hand, if it is decided that bad data
erasing happens in the sector (NO at step S605), a data
meaning an invalid sector is written to the sector ID or the
alternate sector ID for the sector (step S607). Then, the
variable "n" is decreased by one (step S261), and the flow
returns to step S602 to repeat the processing of Steps 5604 -
S608 on a next sector until erasing processing on all the
sectors completes.
When erasing processing on all the sectors completes
(YES at step S602), a number of sectors not used is counted,
and information such as cylinder number, head number and
sector number is updated (step S609). Then, a status flag D3
(data request signal DRQ) meaning completion of the processing
in the card 1b is set at "H" level (step S610), and a status
flag D7 (busy signal BSY) is set at "L" level (step S611) .

Next, an interrupt request signal (IREQ) requesting an
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interrupt to the host 100 is set at "L" level (step S612) for
permitting a check performed by the host 100 (step S613).
The CPU 14 sends information on memory space
available in the memory 20 such as cylinder number, head
number and sector number to the host 100 in accordance to an
identify drive command. As to the sectors where bad writes
or bad erasing happen, a data meaning an invalid sector is
written to sector information areas in sector IDs therefor.
The host 100 gets information on the memory space available.
The rewrite processings on the 512 bytes type PC
card 1b explained above are performed when a bad write
happens. An address conversion table may be provided instead
of the address conversion circuit 18, and a data may be
written to a sector not used instead of the sector wherein a
bad write happens. It is also possible to set one of the
alternate sectors in a state which can be used in order that
a memory capacity to be used is kept constant, while a data
is written to a sector not used instead of the sector where
bad write happens. In this case, the contents in the address
conversion table is changed, or a physical sector in corre-
spondence to a logical address designated by the host is
changed to that of the sector to which the data is written.
The initialization of the memory 20 is performed similarly to

that shown in Fig. 18.
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Although the present invention has been fully
described in connection with the preferred embodiments thereof
with reference to the accompanying drawings, it is to be noted
tbat various changes and modifications are apparent to those
skilled in the art. Such changes and modifications are to be
understood as included within the scope of the present
invention as defined by the appended claims unless they depart

therefrom.
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WHAT IS CLAIMED 1IS:
1. A memory device comprising:

a flash memory comprising a plurality of blocks,
each block comprising a plurality of sectors, said flash
memory erasing data in the unit of a block;

an address conversion table storing addresses of
sectors in said flash memory in correspondence to logical
addresses;

a data write means for identifying an address in a
sector in said flash memory according to said address
conversion table in correspondence to a logical address
designated with a data write command including a data, and for
writing the data in a first sector at the address identified
or in a second sector different from the first sector, but in
the same block as the first sector when the data cannot be
written in the first sector; and

a rewrite means for rewriting a physical address in
said flash memory in correspondence to the logical address in
said address conversion table to an address of the second
sector when said data write means writes the data in the
second sector.

2. The memory device according to Claim 1, further
comprising a data erase means for erasing data in said flash
memory except sectors to which said data write means cannot

write data, and for rewriting information on a memory space
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of said flash memory which can be used, based on a number of
sectors in which data are erased.
3. A memory device comprising:

a flash memory comprising a plurality of blocks,
each block comprising a plurality of sectors and a plurality
of alternate sectors, said flash memory erasing data in the
unit of a block;

an address conversion table storing addresses of
sectors in said flash memory in correspondence to logical
addresses;

a data write means for identifying an address in a
sector in said flash memory according to said address
conversion table in correspondence to a logical address
designated with a data write command including a data, and for
writing the data in a first sector at the address identified
or in an alternate sector among the alternate sectors in fhe
same block as the first sector when the data cannot be written
in the first sector; and

| a rewrite means for rewriting a physical address in
said flash memory in correspondence to the logical address in
said address conversion table to an address of the alternate
sector when said data write means writes the data in the
alternate sector.
4. The memory device according to Claim 3, further

comprising a data erase means for erasing data in said flash
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write data, and for rewriting information on a memory space
of said flash memory which can be used, based on a number of
sectors in which data are erased.

5. The memory device according to Claim 3, wherein when
said data write means decides that all the alternate sectors
have been used in a first block when the data is written to
the first block, said data write means writes the data and
data which have been written to the block in a second block
not used among the blocks.

6. The memory device according to Claim 5, wherein said
data write means comprises a data buffer, and when said data
write means decides that all the alternate sectors have been
used in a first block when the data is written to the first
block, said data write means stores the data and data which
have been to the block in said data buffer and stores the data
continuously in said data buffer.

7. ' The memory device according to Claim 5, further
comprising a data erase means for erasing data in the unit of
block in said flash memory except sectors to which said data
write means cannot write data, and for rewriting information
on a memory space of said flash memory which can be used,

based on a number of sectors in which data are erased.
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8. The memory device according to Claim 5, further
comprising a means for notifying to a user that said data
write means write a data in a block not used.

9. A memory device comprising:

a flash memory comprising a plurality of sectors;

an address conversion table storing addresses of
sectors in said flash memory in correspondence to logical
addresses;

a data write means for identifying an address in a
sector in said flash memory according to said address
conversion table in correspondence to a logical address
designated with a data write command including a data, and for
writing the data in a first sector at the address identified
or in a second sector different from the first sector when the
data cannot be written in the first sector; and

a rewrite means for rewriting a physical address in
said flash memory in correspondence to the logical address in
said address conversion table to an address of the second
sector when said data write means writes the data in the
second sector.

10. The memory device according to Claim 9, further
comprising a data erase means for erasing data in said flash
memory except sectors to which said data write means cannot

write data, and for rewriting information on a memory space
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of said flash memory which can be used, based on a number of
sectors in which data are erased.
11. A memory device comprising:

a flash memory comprising a plurality of sectors and
alternate sectors;

an address conversion table storing addresses of
sectors in said flash memory in correspondence to logical
addresses;

a data write means for identifying an address in a
sector in said flash memory according to said address
conversion table in correspondence to a logical address
designated with a data write command including a data, and for
writing the data in a first sector at the address identified
or for writing the data to an alternate sector in said flash
memory when the data cannot be written in the first sector;
and

a rewrite means for rewriting a physical address in
said flash memory in correspondence to the logical address in
said address conversion table to an address of the second
sector when said data write means writes the data in the
second sector.

12. The memory device according to Claim 11, further
comprising a data erase means for erasing data in said flash
memory except sectors to which said data write means cannot

write data, and for rewriting information on a memory space
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of said flash memory which can be used, based on a number of
sectors in which data are erased.
13. A memory device comprising:

a flash memory comprising a memory space havihg a
sector region comprising a plurality of sectors, a sector ID
region comprising a plurality of sector IDs each storing
status data and a logical address, and an alternate sector
region comprising a plurality of alternate sectors;

an address conversion means for converting a logical
address to a physical address in said flash memory;

a data write means for writing a data when a data
of invalid sector is not stored in a sector ID for a sector
at a physical address output by said address conversion means
in correspondence to a logical address in a data write
command, or for writing a data of invalid sector in the sector
ID for the sector at the physical address when a data of
invalid sector is stored in the sector ID and initializing an
alternate sector not used, and writing the data in the
alternate sector and writing a physical address of the sector
in the sector ID therefor instead of a logical address stored
in the sector ID; and

a data read means for reading data in a sector at
the address stored instead of the logical address when a data
of invalid sector is stored in a sector ID of a sector at an

address in said flash memory output by said address conversion
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circuit in correspondence to a logical address designated by
the data read command.
14. The memory device according to Claim 13, further
comprising a data erase means for erasing data in a sector
having a sector ID therefor wherein data of invalid sector is
not stored, writing data of sector not used in a sector ID of
a sector to which data are erased normally, writing data of
invalid sector to a sector ID for a sector to which data is
not erased normally, and rewriting information on a memory
space which can be used based on a number of sectors to which
data of sector not used is written to sector IDs therefor.
15. The memory device according to Claim 13, further
comﬁrising a means for notifying to a user that the a number
of alternate sectors not used in said flash memory is less
than a predetermined value.
16. A memory device comprising:

a flash memory comprising a memory space having a
sector region comprising a plurality of sectors, a sector ID
region comprising a plurality of sector 1IDs each storing
status data and a logical address, and an alternate sector
region comprising a plurality of alternate sectors;

an address conversion means for converting a logical
address to a physical address in said flash memory;

a data write means for writing a data when a data

of invalid sector is not stored in a sector ID for a sector
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at a physical address output by said address conversion means
in correspondence to a logical address in a data write
command, or for writing a data of invalid sector for the
sector ID for the sector at the physical address when a data
of invalid sector is stored in the sector ID and initializing
an alternate sector not used, and writing the data to the
alternate sector and writing a logical address stored in the
sector ID for the sector to which data cannot be written to
a sector ID for the alternate sector; and

data read means for reading a data in a sector
having a sector ID storing data of the same logical address
as that stored in a sector ID of the sector which cannot be
used when data of invalid sector is stored in the sector ID
for the sector at an address in said flash memory output by
said address conversion means in correspondence to a data read
command.
17. The memory device according to Claim 16, further
comprising a data erase means for erasing data in a sector
having a sector ID therefor wherein data of invalid sector is
not stored, writing data of sector not used in a sector ID of
a sector to which data are erased normally, writing data on
invalid sector in a sector ID of a sector to which data is not
erased normally, and rewriting information on a memory space
which can be used based on a number of sectors to which data

on sector not used is written in sector IDs thereof.
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18. The memory device according to Claim 16, further
comprising a means for notifying to a user that a number of
alternate sectors not used in said flash memory is less than

a predetermined value.

19. A memory device substantially as hereinbefore described with reference to any one of

the accompanying drawings.
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