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(57) ABSTRACT 

A memory device With a nonvolatile memory and RAM for 
accessing the nonvolatile memory is generally provided With 
a table to convert a logical address to a physical address, 
hoWever, in the invention, the table is divided to a ?rst table 
on RAM and a second table on the nonvolatile memory. The 
?rst table converts speci?c bits of the logical address to a 
?rst physical address indicating a location of the second 
table. The second table converts the other bits of the logical 
address to a physical address of a representative page of 
pages contained in a storage area corresponding to the logi 
cal address. A unit operable to access data (a Writing unit 
operable to, a reading unit operable to, and an erasing unit 
operable to) reaches a target physical address based on the 
logical address. Such con?guration can reduce the capacity 
of each conversion table. 

23 Claims, 17 Drawing Sheets 
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ADDRESS CONVERSION UNIT FOR 
MEMORY DEVICE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an address conversion unit 
for a memory device provided with a nonvolatile memory 
such as a ?ash memory capable of rewriting data therein. 

2. Description of Related Art 
The portable device for music data and video data has 

begun using a memory device provided with a nonvolatile 
memory such as a ?ash memory. The ?ash memory allows 
data to be rewritten, has a high portability, and requires no 
back-up power such as a battery or the like. 

However, the speed of writing data into the ?ash memory 
is slower than the speed of transferring data to a buffer in the 
memory device, whereby a wait time is generated. 
A conventional method of e?iciently writing data into the 

?ash memory is disclosed in Japanese Laid open Publication 
No. 06-301601, in which the data is written in parallel into a 
plurality of physical blocks. 

In addition, in order to access a data stored in the ?ash 
memory, the physical address of the data should be speci?ed 
by means of the logical address. For this purpose, RAM in 
the memory device is provided with a table to convert the 
logical address of the stored data in the ?ash memory to the 
physical address in the ?ash memory. 

In recent years, there is a tendency that information 
handled by the portable device has increased in volume. And 
in order to process such mass of information, it is designed 
so that the memory device increases the storage capacity by 
adding more nonvolatile memories. 

However, the more the storage capacity increases, the 
larger the table becomes in siZe. This causes the increase of 
the RAM’s capacity and physical volume. 

For example, in a case where the storage capacity of the 
memory device is 1 gigabyte and the siZe of the logical block 
in the memory device is 16 kilobytes, the number of logical 
blocks formed on the memory device becomes 2A16; 
therefore, an address to specify a logical block can be repre 
sented by 16 bits. That is, the table to convert a logical 
address to a physical address on a ?ash memory must have a 
capacity of 16 bits><2A16=128 kilobytes. Besides, the logical 
block is a data block speci?ed by the logical address. 

Furthermore, the effective writing method for the ?ash 
memory has been disclosed in the aforementioned prior art, 
while no prior art discloses a method for writing data which 
a reading means can access at high-speed. 

In the conventional writing method, for example, where 
the data is written in consecutive physical blocks from a ?rst 
to a ?fth in order, the data in the ?fth physical block can be 
accessed as follows. 

First of all, the reading means reads the ?rst physical 
block and obtains the second physical block’s address stored 
in the last section of the ?rst physical block, and then reads 
the second physical block. Likewise, the reading means 
reads the third physical block after the second physical 
block, obtains the fourth physical block’s address stored in 
the third physical block, and accesses the fourth physical 
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2 
block. And at last, the reading means obtains the ?fth physi 
cal block’s address stored in the fourth physical block, and 
accesses the ?fth physical block. In such way, in order to 
access the ?fth physical block, the reading means must read 
all the physical blocks from the ?rst to the fourth. This was a 
factor to increase the access time. 

Additionally, the data stored in the ?ash memory is to be 
erased in physical blocks. Therefore, regarding a physical 
block in the ?ash memory, when the data in the physical 
block is erased, if the physical block stores both invalid data 
and valid data, the valid data stored in the same block is also 
erased at the same time. To avoid this problem, a data erasing 
means saves the valid data in the other storage medium, and 
then erases the data of the physical block, namely, the saving 
is to be executed in the prior art. Therefore, the saving must 
be improved more than ever, in order to perform the data 
erasing with high e?iciency. 

SUMMARY OF THE INVENTION 

The present invention is proposed to settle the abovemen 
tioned problems, and has an object to provide a address con 
version unit for a memory device that can control the mass of 
the storage medium by a compact control circuit, and access 
written data at high speed. 

In order to achieve the object, the present invention adopts 
the following means. A logical address is converted to a 
physical address using a ?rst table on RAM and a second 
table on the non-volatile memory. 

An access means (a writing means, a reading means, and 
an erasing means) obtains a ?rst physical address from the 
?rst table based on speci?c bits included in an imparted 
logical address, and speci?es the second table by means of 
the obtained ?rst physical address. The access means obtains 
a second physical address from the speci?ed second table 
based on the other bits included in the imparted logical 
address, and accesses the nonvolatile memory by means of 
the obtained second physical address. 

The logical address is converted to the physical address by 
using the above two tables, so that the capacity of the ?rst 
table can be reduced. 

Moreover, in order to promote e?iciency to form the logi 
cal blocks containing data blocks, and read or erase the logi 
cal block, the present invention is provided with a physical 
block table, a logical block table, an entry counter, and an 
address register. 
The physical block table indicates a state whether a physi 

cal block is occupied or blank. The address register indicates 
a target physical block for writing. The entry counter indi 
cates a data volume of the logical blocks formed on the 
physical blocks. The logical block table indicates states of 
the logical blocks. 

For example, at the time of forming on the nonvolatile 
memory the logical blocks speci?ed by the imparted logical 
addresses, the writing means registers in the physical block 
table as an occupied block the physical blocks on which the 
logical blocks are formed, updates the address register based 
on the pages contained in the logical block, and updates the 
entry counter based on the data amount of the logical block. 

In order to achieve the high speed access to the logical 
blocks on the nonvolatile memory by the reading means and 
etc., the writing means, at the time of forming the logical 
blocks, writes chain information into, for example, a repre 
sentative page of the pages in the logical block, the chain 
information is for specifying the physical addresses of the 
other pages. In the nonvolatile memory, data is written in 
pages, and a logical block is formed over plural pages. 
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Moreover, the writing means registers in the second table 
the information for specifying the physical address of the 
representative page in the logical block on the nonvolatile 
memory. 

As described above, upon receipt of a request to read the 
logical block speci?ed by the speci?c logical address, the 
reading means reads the information stored in the second 
table by means of the logical address, and then obtains the 
physical address of the representative page. According to the 
obtained physical address of the representative page, the 
reading means reads chain information which was written 
into the representative page. The chain information is the 
physical address of the other page contained in the same 
logical block as the representative page. After reading the 
chain information, the reading means obtains the physical 
address of the other page. According to the obtained physical 
address of the other page, the reading means reads the chain 
information written into the other page and then obtains the 
physical address of the different other page. In this way, the 
reading means can obtains the physical addresses of all the 
pages contained in the logical block corresponding to the 
read request. 

Besides, the chain information written in the representa 
tive page may be information for specifying physical 
addresses of all the other pages contained in the same logical 
block as the representative page. In this case, by reading the 
chain information on the representative page, the read means 
can obtain the physical addresses of all the pages contained 
in the logical block corresponding to the read request. 

After obtaining the physical addresses of the pages as 
mentioned above, the reading means reads the data stored in 
the pages. 

The erasing means erases the data stored in the selected 
physical blocks as follows. The erasing means refers to the 
physical block table, the logical block table, and the address 
register, and then determines the physical blocks on which a 
small number of the valid logical blocks are formed. The 
erasing means determines the physical blocks to be erased, 
and copies the valid logical blocks formed on the erase 
target physical blocks to the other physical blocks. And then 
the erase-target physical blocks are erased. By determining 
the erase-target physical blocks in this way it is possible to 
decrease the volume of the valid logical blocks to be copied 
at erasing the data. Therefore, the data erasing can be pro 
cessed at high speed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic block diagram showing a memory 
device; 

FIG. 2 is an illustration showing a structure of a nonvola 
tile memory; 

FIG. 3 is a ?owchart showing a concrete example of a 
procedure for preparing a physical block table; 

FIG. 4 is an illustration showing a physical block table; 
FIG. 5 is a ?owchart showing a concrete example of a 

procedure for preparing a logical block table; 
FIG. 6 is an illustration showing a logical block table; 
FIG. 7 is a ?owchart showing a concrete example of a 

procedure for preparing a ?rst table; 
FIG. 8 is an illustration showing a ?rst table; 
FIGS. 9A and 9B are illustrations for an address register 

and an entry counter, respectively; 
FIG. 10 is a ?owchart showing a procedure of writing data 

in a nonvolatile memory; 
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4 
FIG. 11 is a ?owchart showing a procedure of writing data 

in a nonvolatile memory; 

FIG. 12 is an illustration showing a concrete example of a 
?ash memory in which chain information has been written; 

FIG. 13 is a conceptual illustration showing a procedure 
for obtaining a physical address of a representative page; 

FIG. 14 is a ?owchart showing a procedure of reading 
data; 

FIG. 15 is a ?owchart showing a procedure of erasing 
data; 

FIG. 16 is a ?owchart showing a concrete example of a 
procedure for preparing a logical block table; and 

FIG. 17 is a ?owchart showing a concrete example of a 
procedure for preparing a ?rst table. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A memory device 1 of the present invention, as shown in 
FIG. 1, is provided with plural ?ash memories 2, each of 
which is a nonvolatile memory. Physical blocks B are 
formed on the ?ash memory 2, as shown in FIG. 2. The 
physical block B contains plural pages A. In the ?ash 
memory 2, data is written in pages and data is erased in 
physical blocks. 

Besides, in the embodiments of this invention, it is 
assumed that all the storage capacity of the ?ash memory 2 
is l gigabyte, the storage capacity of the physical block B is 
16 kilobytes, and the storage capacity of the page A is 512 
bytes. But respective storage capacities of the ?ash memory 
2, the physical block B and the page A are not limited to 
those values. 
(First Embodiment) 
[Operations at the Time of Power-On] 
When power is turned on in the memory device 1, a physi 

cal block table preparation means 521 provided to a prepara 
tion means 510 prepares a physical block table 52. And the 
physical block table 52 is prepared on RAM of an address 
control means 5 provided to the memory device 1. FIG. 3 
shows an example of steps for preparing the physical block 
table 52. 

First of all, the physical block table preparation means 
521 initialiZes all values in the physical block table 52 (S301 
in FIG. 3). By the initialiZation in this embodiment, all the 
values of the physical block table 52 are changed to ‘blank’ 
so as to represent that each physical block has no data. 

Subsequently, the physical block table preparation means 
521 actually con?rm a state of a speci?c physical block B 
(S302 in FIG. 3). The state of the speci?c physical block B 
can be known by con?rming a speci?c page A contained in 
the speci?c physical block B shown in FIG. 2. And the spe 
ci?c pageA is a page to write data therein ?rst under a initial 
state. 

In the ?rst step, the speci?c physical block is judged 
whether or not to be defective. For this judgment, the physi 
cal block table preparation means 521 functions as a defec 
tive physical block judgment means 522. The defective 
physical block judgment means 522 con?rms whether it is 
possible to write data normally based on the speci?c page A 
contained in the speci?c physical block B. When any data 
cannot be written into the physical block B because of dam 
age or the like, the physical block B is determined as a 
defective physical block (S303 in FIG. 3). 

If it is determined that a con?rmed physical block B1 is 
not a defective physical block, the physical block table 
preparation means 521 judges whether Page A contained in 
the physical block B1 stores data or not (S304 in FIG. 3). If it 
























