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(57) ABSTRACT 

A memory card includes a controller and a nonvolatile 
Semiconductor memory. The controller manages a corre 
spondence between a first address in a Semiconductor 
memory of a first erase block size and a Second address in 
a Semiconductor memory of a Second erase block size other 
than the first erase block size. The nonvolatile Semiconduc 
tor memory is a memory of the Second erase block size. The 
controller executes access to the nonvolatile Semiconductor 
memory by the Second address. 
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Small-block card physical access layer Write data for each Small-block Card 
physical random block (16 kB) 

Convert physical block address (16 kB) 
to logical block address (16 kB) 

Convert logical sequential block address (16 kB X 16) 
of small-block card to physical block address (256 kB) 

Write data in sequence in units of 2 kB in 256 kB physical block 

Small-block card physical access layer 

Small-block card physicall Small-block 
Card logical Conversion layer 
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Card physical Conversion layer 
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31 "Small-block card logical/physical block address" table 

10 
"Small-block card logical block address/large-block 
Card physical block address" table 32 ... 
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Process of Creating different tables 

A1 

A2 Load programs stored in ROM Onto 
RAM and execute the programs 

Create "small-block card logical/physical block 
address" table and "Small-block card logical block 

A3 address/large-block Card physical block address" 
table On RAM based On addresses stored in given 
area in management data area of flash memory 
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PrOCeSS for Write aCCeSS 

B1 Receive Write Command for 16-kByte block from host 

B2~ ACquire Small-block Card logical address from packet 

Write 16-kByte data to 256-kByte block in 
B3 Order of Small-block Card logical address and 

Store Small-block Card logicall physical address 
to given area in management data area 

B4 Reflect Small-block card logical/physical 
address in different tables On RAM 

B5 Notify host of Completion of proceSS 

End 
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PrOCeSS for COntinuation of addresses 
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with its preceding logical 
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(16 kBytes)? 

DiSCOntinue C3 

Execute involved data copy for the 
latter half of 256-kByte physical 
block of large-block card 
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physical block (whose data has 
been erased) of large-block card 
and stand by (execute involved 
data Copy for the first half 
of the 256-kByte physical block if 
an area to which data is to be 
Written is not located at the head 
of the 256-kByte physical block) 

Write 16-kByte data to 256-kByte 
physical block of large-block Card 
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Copy data of old block 

256 KB Write 16-KB data 
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PrOCeSS for read acceSS 

D Receive read Command for 16-kByte block from hos 

D2 Refer to Small-block card physical block 
address added to read COmmand 

Refer to "Small-block Card logical/physical 
D3 block address" table and acquire Small-block 

Card logical address 

Refer to "small-block card logical block 
address large-block Card physical block 

D4 address" table and acquire large-block 
Card physical block address 

Read data Out of physical area COrresponding 
D5 to acquired large-block Card physical block 

address and returns the data to host 
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PrOCeSS for erase acCeSS 
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MEMORY CARD AND SEMCONDUCTOR 
DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the 
benefit of priority from prior Japanese Patent Application 
No. 2004-028101, filed Feb. 4, 2004, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a memory card 
with a nonvolatile Semiconductor memory and, more par 
ticularly, to a memory card with a NAND flash memory and 
a Semiconductor device embedded in the memory card. 
0004 2. Description of the Related Art 
0005 Some of different flash memory cards are so con 
figured that a host manages physical conditions in the 
memory cards (indicating which logical Sector address is 
included in which physical block address or which block is 
in erase State). In Such a memory card, the host directly 
controls a flash memory of the memory card. The host 
assumes a write unit and an erase unit of the flash memory 
and executes write acceSS and erase access to the flash 
memory using a given block size as an erase unit. 
0006. A memory card has recently been noticed in which 
a block size of erase unit is larger than before. 
0007 Jpn. Pat. Appln. KOKAI Publication No. 2002 
133877 discloses a technique capable of varying in erase 
Size to partly erase data from a memory cell and shortening 
a time period for erasing data from a larger area. 
0008 If no measures are taken when a flash memory in 
a memory card to be accessed varies in write unit and erase 
unit (e.g., the block size of erase unit becomes large), a host 
cannot execute access to the memory card. 
0009. The above problem can be resolved by embedding 
a conversion controller in the memory card. If, however, the 
internal conditions of the flash memory are maintained as 
the host indicates, data needs rewriting in units of erase on 
the flash memory each time the host executes write acceSS 
and erase access to the flash memory. A load on the internal 
operations for write and erase therefore increases consider 
ably. The above publication involves a similar problem. 

BRIEF SUMMARY OF THE INVENTION 

0010. According to one aspect of the present invention, 
there is provided a Semiconductor device comprising a 
memory which Stores a program to manage a correspon 
dence between a first address in a Semiconductor memory of 
a first erase block size and a Second address in a Semicon 
ductor memory of a Second erase block size other than the 
first erase block size; and a processor which executes the 
program Stored in the memory. 
0011. According to another aspect of the present inven 
tion, there is provided a memory card comprising a control 
ler which manages a correspondence between a first address 
in a Semiconductor memory of a first erase block size and a 
Second address in a Semiconductor memory of a Second 
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erase block size other than the first erase block size; and a 
nonvolatile Semiconductor memory of the Second erase 
block size, the controller executing access to the nonvolatile 
Semiconductor memory by the Second address. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0012. The accompanying drawings, which are incorpo 
rated in and constitute a part of the Specification, illustrate 
embodiments of the invention, and together with the general 
description given above and the detailed description of the 
embodiments given below, Serve to explain the principles of 
the invention. 

0013 FIG. 1 is a schematic perspective view of arrange 
ment of devices embedded in a memory card according to an 
embodiment of the present invention; 
0014 FIG. 2 is a block diagram of a configuration 
including a host and the memory card according to an 
embodiment of the present invention; 
0015 FIG. 3 is a diagram showing a difference in data 
location between a flash memory assumed by the host and a 
flash memory used in actuality; 

0016 FIG. 4 is a chart showing a communication hier 
archy of the host and the memory card (large-block card); 
0017 FIGS. 5A and 5B are diagrams of formats of 
commands transmitted from the host, 
0018 FIG. 6 is a diagram comparing a block write 
operation assumed by the host and a write operation per 
formed in actuality by the memory card (large-block card); 
0019 FIGS. 7A and 7B are a diagram showing a block 
format. (for 256-Kbyte physical block that is an erase unit) 
of the flash memory in the large block card and a diagram 
showing details of a last 24-Byte management data area; 

0020 FIG. 8 is a diagram of different tables created on 
a RAM in a controller; 

0021 FIG. 9 is a flowchart of a process of creating each 
of the tables; 

0022 FIG. 10 is a flowchart of a process for write access; 
0023 FIG. 11 is a flowchart showing in detail a process 
for data write in step B3 of the flowchart shown in FIG. 10; 
0024 FIG. 12 is a schematic diagram of a process in step 
C1 of the flowchart shown in FIG. 11; 
0025 FIG. 13 is a schematic diagram of a process in step 
C2 of the flowchart shown in FIG. 11; 
0026 FIG. 14 is a schematic diagram of a process in step 
C3 of the flowchart shown in FIG. 11; 

0027 FIGS. 15A and 15B are schematic diagrams of a 
process in step C4 of the flowchart shown in FIG. 11; 
0028) 
0029 FIG. 17 is a flowchart of a process of erase access; 
0030 FIG. 18 is a timing chart of signals of I/O and R/B 
pins of the memory card when the host writes data to the 
memory card according to the embodiment of the present 
invention; 

FIG. 16 is a flowchart of a process of read access; 
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0031 FIG. 19 is a timing chart of signals of I/O and R/B 
pins of a nonvolatile memory in the memory card according 
to the embodiment of the present invention, when a con 
troller in the memory card writes data to the nonvolatile 
memory; and 

0.032 FIG. 20 is a schematic diagram showing a method 
of using the memory card according to the embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.033 Embodiments of the present invention will be 
described below with reference to the drawings. 
0034 FIG. 1 is a perspective view of arrangement of 
devices embedded in a memory card according to an 
embodiment of the present invention. 
0035 A memory card 1 includes a PCB (printed circuit 
board) Substrate 2 on which a NAND flash memory 3 and a 
controller 4 are arranged as shown in FIG. 1. The controller 
4 has functional blockS Such as a CPU (central processing 
unit) 8 and a ROM (read-only memory) 9. The respective 
devices will be described in detail later. The NAND flash 
memory 3 may include a binary memory that Stores infor 
mation of one bit in one memory cell. The NAND flash 
memory 3 may include a multilevel memory that Stores 
information of more than one bit (e.g., two bits) in one 
memory cell. The NAND flash memory 3 and controller 4 
can be arranged on the same LSI (large-scale integration) 
Substrate. 

0.036 Terms “logical block address” and “physical block 
address' used in the following descriptions mean a logical 
address of a block in itself and a physical address thereof, 
respectively. Terms “logical address” and “physical address” 
also chiefly mean a logical address of a block in itself and 
a physical address thereof, respectively, but they can mean 
an address corresponding to the unit of resolution that is 
Smaller than that of block. 

0037 FIG. 2 is a block diagram of a configuration 
including a host device and the above memory card. The 
same elements as those in FIG. 1 are denoted by the same 
reference numerals. 

0038 A host device (hereinafter referred to as a host) 20 
includes hardware and Software (System) for executing 
access to the memory card connected thereto. The host 20 
manages physical conditions in the memory card (indicating 
which logical Sector address is included in which physical 
block address or which block is in erase state). The host 20 
directly controls the flash memory in the memory card. 
0.039 The host 20 assigns a logical/physical address to 
the flash memory in units of 16 Kbytes on the assumption 
that a NAND flash memory having an erase block size of 16 
Kbytes is used. In most cases, the host 20 executes write 
access or read acceSS in Sequence for the logical address of 
16 Kbytes (i.e., issues a corresponding command). 
0040. The memory card 1 receives power and operates 
when it is connected to the host 20, and performs a proceSS 
corresponding to access from the host 20. The memory card 
1 includes a NAND flash memory 3 and a controller 4 as 
described above. 
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0041) The NAND flash memory 3 is a nonvolatile semi 
conductor memory whose erase block size (block size of 
erase unit) is 256 Kbytes. For example, data is written to or 
read out of the memory 3 in units of 16 Kbytes. The NAND 
flash memory 3 is fabricated using, e.g., a 0.09 um process. 
In other words, the design rule of the NAND flash memory 
3 is smaller than 0.1 um. 
0042. The controller 4 includes a memory interface 5, a 
host interface 6, a buffer 7 and a RAM (random access 
memory) 10 as well as the CPU 8 and ROM 9 described 
above. 

0043. The memory interface 5 performs an interface 
process between the controller 4 and NAND flash memory 
3. The host interface 6 performs an interface proceSS 
between the controller 4 and host 20. 

0044) When the buffer 7 writes data, which is sent from 
the host 20, to the NAND flash memory 3, it temporarily 
Stores a given amount of data (e.g., data for one page). When 
the buffer 7 sends data, which is read out of the memory 3, 
to the host 20, it temporarily Stores a given amount of data. 
0045. The CPU 8 controls the entire operation of the 
memory card 1. When the memory card 1 receives power, 
the CPU 8 loads firmware (control programs described 
later), which is stored in the ROM 9, onto the RAM 10 to 
perform a given process. The CPU 8 thus creates different 
tables (described later) on the RAM 10, receives a write 
command, a read command and an erase command from the 
host 20 and executes access to their corresponding areas on 
the NAND flash memory 3, and controls the transfer of data 
through the buffer 7. 
0046) The ROM 9 is a memory that stores control pro 
grams and the like used by the CPU 8. The RAM 10 is a 
memory that is used as an operation area of the CPU 8 to 
Store control programs and different tables. 
0047 FIG.3 shows a difference in data location between 
a flash memory assumed by the host 20 and a flash memory 
used in actuality (i.e., the NAND flash memory 3 in the 
memory card 1). 
0048. In the flash memory assumed by the host 20, each 
page has 528 bytes (512-byte data storage area+16-byte 
redundant area), and 32 pages correspond to one erase unit 
(16 Kbytes+0.5 Kbytes where K is 1024). Hereinafter a card 
with Such a flash memory is Sometimes referred to as a 
“Small-block card.” 

0049. In the flash memory 3 used in actuality, each page 
has 2112 bytes (512-byte data storage areax4+10-byte 
redundant areax4+24-byte management data storage area), 
and 128 pages correspond to one erase unit (256 Kbytes+8 
Kbytes). Hereinafter a card with such a flash memory is 
Sometimes referred to as a “large-block card.” For the Sake 
of convenience, the erase unit of the Small-block card is 
considered to be 16 Kbytes and that of the large-block card 
is considered to be 256 Kbytes. 
0050. The flash memory assumed by the host 20 and the 
flash memory 3 used in actuality each have a page buffer to 
input/output data to/from the flash memory. The Storage 
capacity of the page buffer of the flash memory assumed by 
the host 20 is 528 bytes (512 bytes+16 bytes), and that of the 
page buffer of the flash memory 3 used in actuality is 2112 
bytes (2048 bytes+64 bytes). For example, in data write 
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mode, each page buffer inputs/outputs data to/from the flash 
memory for each page corresponding to its own Storage 
capacity. 

0051). In FIG.3, the erase block size of the flash memory 
3 used in actuality is sixteen times as large as that of the flash 
memory assumed by the host 20. The present invention is 
not limited to this magnification. These sizes can be changed 
if the former is Substantially an integral multiple of the latter. 
0.052 It is desirable that the storage capacity of the flash 
memory 3 shown in FIG. 3 be 1 gigabit or more in order to 
put the large-block card to practical use. When the Storage 
capacity of the flash memory 3 is, for example, 1 gigabit, the 
number of 256-Kbyte blocks (erase unit) is 512. 
0053. In FIG. 3, the erase unit is a 256-Kbyte block. As 
a matter of practicality, it is effective to Set the erase unit to 
a 128-Kbyte block and, in this case, the number of 128 
Kbyte blocks is 1024. 
0054) In FIG.3, the erase block size of the flash memory 
3 used in actuality is larger than that of the flash memory 
assumed by the host 20. However, the present invention is 
not limited to this case. The erase block size of the flash 
memory 3 used in actuality can be Smaller than that of the 
flash memory assumed by the host 20. 
0.055 FIG. 4 shows a communication hierarchy of a 
system of the host 20 and the memory card 1 (large-block 
card). 
0056. The host 20 includes application software 21, a file 
system 22, driver software 23 and a small-block card physi 
cal access layer 24. The memory card 1 (large-block card) 
includes a Small-block card physical access layer 11, a 
Small-block card physical/Small-block card logical conver 
Sion layer 12, a Small-block card logical/large-block card 
physical conversion layer 13 and a large-block card physical 
access layer 14. 
0057) If the application software 21 requests the file 
System 22 to write data to a file, the file System 22 instructs 
the driver Software 23 to write data in Sequence to a Sector 
based on the logical block address of the Small-block card. 
In order to perform a sequential write operation for each 
16-Kbyte block based on the logical block address of the 
Small-block card, the driver Software 23 makes logical/ 
physical block conversions to issue a random write com 
mand, which indicates the physical block address of the 
Small-block card, to the large-block card through the Small 
block card physical access layer 24 and to transfer data. 
0.058. In write access, both the small-block card and 
large-block card are predicated on that information is trans 
ferred in the following order in terms of a protocol: (1) 
command, (2) page address (row address), (3) column 
address, (4) data and (5) program confirmation command. 
0059. Upon receiving a write command, which indicates 
the physical block address of the small-block card, from the 
host 20, the small-block card physical access layer 11 
acquires not only the physical block address and data but 
also a logical block address contained in data accompanying 
the physical block address and data. 
0060. The Small-block card physical/small-block card 
logical conversion layer 12 has a first table for converting a 
physical block address (for a 16-Kbyte block) of the Small 
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block card to a logical block address (for a 16-Kbyte block) 
of the Small-block card in data read mode. When the 
physical access layer 11 acquires the logical blockaddress of 
the Small-block card in response to the write command, the 
conversion layer 12 reflects it in the first table. The conver 
Sion layer 12 also reflects the physical block address in the 
first table. 

0061 The small-block card logical/large-block card 
physical conversion layer 13 has a Second table for convert 
ing a logical block address (for Sequential 16-Kbyte blockSX 
16) of the small-block card to a physical block address (for 
256-Kbyte physical blocks) of the large-block card in data 
read mode. When the physical acceSS layer 11 receives a 
write command and acquires the logical block address of the 
small-block card, the conversion layer 12 reflects it in the 
Second table. 

0062) The large-block card physical access layer 14 
determines a data location in the flash memory 3 based on 
the logical blockaddress of the Small-block card acquired by 
the Small-block card physical access layer 11, and writes 
16-Kbyte data in sequence in units of two Kbytes (for each 
page) in the 256-Kbyte physical block. The layer 14 stores 
the logical block address and physical block address of the 
Small-block card in a given area within a management data 
area in the flash memory 3. 
0063 Since the host 20 issues a command based on the 
physical block address of the Small-block card, the large 
block card manages to see which 256-Kbyte physical block 
contains the data corresponding to the physical block 
address of the small-block card. More specifically, the host 
20 manages a correspondence between the logical and 
physical block addresses of the Small-block card for each 
16-Kbyte block and manages to see which 256-Kbyte physi 
cal block in the large-block card contains the data corre 
sponding to logical block addresses for Sequential 256 
Kbyte blocks of the Small-block card. 
0064. The host 20 assumes that the erase unit is a 
16-Kbyte block but actually executes access to the large 
block card whose erase unit is a 256-Kbyte physical block. 
The large-block card flexibly responds to the access in 
conformity with the control algorithm and physical format 
used by the host 20. In view of the control algorithm that 
when a new write operation is performed by a 16-Kbyte 
logical block address, data of a block (hereinafter referred to 
an old assign logical block) corresponding to a 16-Kbyte 
physical block address of the small-block card, which has 
already been written by the same logical block address, is 
erased, the host 20 emulates that the old assign logical block 
is in erase State. In actuality, however, data for a 16-Kbyte 
block is not erased in the large-block card; accordingly, 
overhead costs of physical operations for the flash memory 
3 can greatly be reduced. 
0065 FIGS. 5A and 5B are diagrams of formats of 
commands transmitted from the host 20. 

0066. The packet of formats of commands sent from the 
host 20 contains different types of information such as 
command type information (in this case, “write' informa 
tion), an address (physical block address) and data (actual 
content data and accompanying data (512 Bytes+16 Bytes)), 
as shown in FIG. 5A. 

0067. In the above packet, a logical block address of the 
Small-block card (i.e., a logical address corresponding to a 
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16-Byte block to be accessed) is located in a given position 
in the accompanying data of 16 Bytes. The large-block card 
acquires, in particular, the logical block address described 
above as well as the command type information, physical 
block address and data. 

0068 FIG. 6 is a diagram comparing a block write 
operation assumed by the host 20 and a write operation 
performed in actuality by the memory card 1 (large-block 
card). 
0069. When a sequential write operation is performed for 
each 16-Kbyte block based on the logical address of the 
Small-block card, the host 20 (on the left side of FIG. 6) 
performs a random write operation in units of 16-Kbyte 
blocks based on the physical block address of the small 
block card. This is based on the premise that data is erased 
from the old assign logical block for each 16-Kbyte block. 
0070. Upon receiving a write command from the host 20, 
the large-block card (on the right side of FIG. 6) writes data 
in sequence to the flash memory 3 for each 16-Kbyte block 
based on the logical block address of the Small-block card. 
In accordance with the above premise, the large-block card 
notifies the host 20 that the old assign logical block in the 
Small block card is also in erase state. If the host 20 executes 
read access to the old assign logical block, the large-block 
card responds to the access, notifying the host 20 that the 
block is in erase State. The large-block card also notifies, as 
needed, the host 20 that a physical block of the Small-block 
card, which is not assigned to the logical blockaddress of the 
Small-block card, is in erase State. 
0071. As described above, the host 20 performs a random 
write operation in units of 16 Bytes based on the physical 
address of the small-block card. The random write operation 
generally causes frequent operations for rewriting data of 
only part of a large block card (256 Kbytes). In the NAND 
flash memory, data cannot be erased only for each block. In 
order to rewrite data of only part of a block, there is a need 
to write new data to a new block whose data has been erased, 
and copy the other data not to be rewritten, from an oldblock 
to the new block. The operation of rewriting data of only part 
of a block accompanies an operation of copying data not to 
be rewritten (hereinafter referred to as “involved data 
copy'). If the rewriting operation is frequently carried out, 
overhead costs greatly increase. 
0.072 In the present embodiment, a physical address is 
reassigned on the large-block card in order of the logical 
address obtained from the host 20. This reassignment 
decreases the number of operations of rewriting data of only 
part of a block and prevents overhead costs from increasing. 
0073 FIGS. 7A and 7B are a diagram showing a block 
format (for a 256-Kbyte physical block that is an erase unit) 
of the NAND flash memory 3 in the large-block card and a 
diagram showing details of a last 24-Byte management data 
aca. 

0.074. In the large-block card, the 256-Kbyte physical 
block includes sixteen blocks (hereinafter referred to as host 
management blocks) for writing 16-Kbyte data that is a unit 
managed by the host 20. In data write mode, data items are 
located in order of the logical block address of the small 
block card. 

0075 Each of the host management blocks is made up of 
eight pages. Each of the pages includes four 512-Byte data 
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areas and their corresponding 10-Byte ECC areas. Each of 
the pages also includes a 24-Byte management data area 
after the last 512-Byte data area (fourth 512-Byte data area). 
The last 10-Byte ECC area is therefore applied to both the 
fourth 512-Byte data area and the 24-Byte management data 
aca. 

0076) Of 128 24-Byte management data areas included in 
the 256-Kbyte physical block, the last 24-Byte management 
data area 30 Stores both address information corresponding 
to the physical block address acquired by a command Send 
from the host 20 (hereinafter referred to as a host manage 
ment physical address) and address information correspond 
ing to the logical block address (hereinafter referred to as a 
host management logical block address) together. 
0077 More specifically, whenever 16-Kbyte data is writ 
ten to a 16-Kbyte host management block, its corresponding 
host management physical address (for, e.g., 10 bits) is 
Stored in a given area in the management data area 30. Thus, 
Sixteen host management physical addresses corresponding 
to the Sixteen 16-Kbyte host management blocks are Stored 
in a given area in the management data area 30. Of Sequen 
tial Sixteen logical bock addresses corresponding to the 
Sixteen 16-Kbyte host management blocks, the initial logical 
block address (for, e.g., 10 bits) is stored in a given area in 
the management data area 30 as the host management 
logical address. 
0078. In the above configuration, the CPU 8 reads out 
information of the final area (512 Bytes+24Bytes+10 Bytes) 
in each 256 k-byte and refers to the 24-Byte management 
data therein to acquire a host management physical address 
and a host management logical block address of Sixteen 
blocks corresponding to the 256 k-byte block. 
0079 The host management physical address and host 
management logical block address Stored in each 256-Kbyte 
block are used when the first table and the second table 
shown in FIG. 4 are created. 

0080 FIG. 8 is a diagram of different tables created on 
the RAM 10 in the controller 4. 

0081. The first table corresponds to a “small-block card 
logical/physical block address” table 31 and the second table 
corresponds to a “Small-block card logical block address/ 
large-block card physical blockaddress” table 32. The tables 
31 and 32 are created on the RAM 10 using the host 
management physical address and host management logical 
blockaddress stored in the data management area 30 (FIGS. 
7A and 7B). 
0082 The table 31 is used to convert the physical block 
address (corresponding to 16-Kbyte block) of the Small 
block card to the logical block address (corresponding to a 
16-Kbyte block) of the small-block card in data read mode. 
0083) The table 32 is used to convert the logical block 
address (sequential 16-Kbyte blocks.x16) of the small-block 
card into the physical block address (corresponding to a 
256-Kbyte physical block) of the large-block card in data 
read mode. 

0084. A process of creating the tables will now be 
described with reference to the flowchart shown in FIG. 9. 

0085. Upon receiving power from the host 20 (step A1), 
the memory card 1 (large-block card) starts to operate the 
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CPU 8, and loads a control program (for managing a 
correspondence between the physical/logical block address 
of the small-block card and the physical block address of the 
flash memory 3) stored in the ROM 9 onto the RAM 10 and 
executes the program (step A2). 
0086) The CPU 8 creates a “small-block card logical/ 
physical block address” table 31 and a “small-block card 
logical block address/large-block card physical block 
address” table 32 on the RAM 10 using the host manage 
ment address and host management logical block address 
Stored in the management data area 30 of the flash memory 
3 (step A3). Then, the CPU 8 stands by for a command from 
the host 20 (step A4) and performs an operation for each of 
write access, read access and erase acceSS in accordance 
with a control program. 
0087. A process of write access will now be described 
with reference to the flowchart shown in FIG. 10. 

0088 Upon receiving a write command for, e.g., a 
16-Kbyte block from the host 20 (step B1), the CPU 8 
acquires not only a physical block address and data of the 
Small-block card but also a logical block address contained 
in data accompanying the physical block address and data 
(step B2). 
0089. The CPU 8 writes 16-Kbyte data to a 256-Kbyte 
physical block in order of the logical block address of the 
acquired Small-block card, and Stores the host management 
logical block address and host management physical address 
corresponding to the logical block address and physical 
block address of the Small-block card in a give area in the 
management data area 30 (step B3). The CPU 8 reflects the 
logical block address and physical block address of the 
acquired small-block card in the tables 31 and 32 on the 
RAM 10 (step B4). 
0090 Finally, the CPU 8 notifies the host of the comple 
tion of the write operation (step B5). 
0091. The data write operation in step B3 shown in FIG. 
10 will be described in detail with reference to the flowchart 
shown in FIG. 11 and the conceptual diagrams shown in 
FIGS. 12 to 15. 

0092. The CPU 8 determines whether a target logical 
block address (corresponding to a 16-Kbyte block) contin 
ues with its preceding logical block address (corresponding 
to a 16-Kbyte block) in data write mode (step C1 in FIG. 
11). In other words, as shown in FIG. 12, when data has 
been written to the physical block X1 and its previous 
physical blocks, the CPU 8 determines whether a physical 
block to which data is to be written next corresponds to a 
16-Kbyte physical block X2 continuing with the above 
physical block X1. 
0093. If the physical block corresponds to the 16-Kbyte 
physical block X2, the CPU 8 writes 16-Kbyte data to a 
256-Kbyte physical block of the large-block card after the 
previously written 16-Kbyte data (step C2 in FIG. 11). In 
other words, the CPU 8 writes data to the 16-Kbyte physical 
block X2 as shown in FIG. 13. 

0094. If the physical block does not correspond to the 
16-Kbyte physical block X2, the CPU 8 executes involved 
data copy for the latter half of the 256-Kbyte physical block 
of the large-block card (C3 in FIG. 11). In other words, as 
shown in FIG. 14, the old 256-Kbyte block corresponding 
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to a target 256-Kbyte physical block includes both i) a 
physical area Y1 of an old assign 16-Kbyte logical block 
group having old data that is made unnecessary by writing 
(updating) data to the physical block X1 and its previous 
physical blocks and ii) a physical area Y2 having effective 
data that remains effective because no data is updated. Thus, 
the CPU 8 copies data of the physical area Y2 to a physical 
area Y3 subsequent to the physical block X1 in the target 
256-Kbyte physical block. After the copy, the CPU 8 erases 
data from the old 256-Kbyte physical block that is made 
unneceSSary. 

0.095 Then, the CPU 8 writes data to a new 256-Kbyte 
physical block (whose data has been erased) of the large 
block card and Stands by (step C4). The process varies 
according to whether an area to which data is to be written 
is the head of the 256-Kbyte physical block. If the area is the 
head of the block, the CPU 8 writes 16-Kbyte data to a 
physical block Z1 located at the head as shown in FIG. 15A. 
If not, the CPU 8 executes involved data copy for the first 
half of the 256-Kbyte physical block of the large-block card. 
In other words, as shown in FIG. 15B, the CPU 8 copies 
data of the old assign 16-Kbyte logical block group to a 
physical area Z2 from the head of the 256-Kbyte physical 
block to a position located immediately before a physical 
area Z3. After that, the 16-Kbyte data is written to the 
physical area Z3. 
0096] A process of read access will now be described 
with reference to the flowchart of FIG. 16. 

0097. Upon receiving a read command for, e.g., a 
16-Kbyte block from the host 20 (step D1), the CPU 8 
acquires a physical block address of the Small-block card 
added to the read command (step D2), 
0098. Then, the CPU 8 refers to the table 31 and acquires 
a logical block address of the small-block card from the 
acquired physical blockaddress (step D3). The CPU 8 refers 
to the table 32 and acquires a physical block address of the 
large-block card from the acquired logical block address 
(step D4). 
0099 Finally, the CPU 8 reads data out of a physical area 
corresponding to the acquired physical block address of the 
large-block card and returns it to the host 20 (step D5). 
0100 A process of erase access will now be described 
with reference to the flowchart of FIG. 17. 

0101 Upon receiving an erase command for, e.g., a 
16-Kbyte block from the host 20 (step E1), the CPU 8 
records information indicating that the block is in erase State 
in a given area on the RAM 10 when the need arises (step 
E2). 
0102) The step E2 can be omitted. If the CPU 8 executes 
the Step E2, it can correctly reply to a request to confirm an 
erase state, which is issued from the host 20 when the power 
turns on or off. 

0103) Finally, the CPU 8 does actually not erase data 
from the block but notifies the host 20 that the data has been 
erased (step E3). 
0104 FIG. 18 is a timing chart of signals of I/O and R/B 
pins of the memory card 1 when the host 20 writes data to 
the memory card 1 according to the embodiment of the 
present invention. 
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0105. The host 20 controls the memory card on the 
premise that the memory card is a nonvolatile memory 
having an erase block size of 16 Kbytes. For example, when 
the host 20 writes data to the memory card, the host 20 sends 
a serial data input command 80H (H indicates a hexadeci 
mal) to I/O pins 1 to 8. Then, the host 20 sends a column 
address C/A and a page address P/A to the I/O pins 1 to 8. 
The column address C/A and page address P/A are a column 
address and a page address in Virtual physical address Space 
that the host 20 assumes for the memory card 1. 
0106) The host 20 also sends write data to each of the I/O 
pins 1 to 8 528 times. More specifically, the host 20 
sequentially shifts in 528-bit data to each of the I/O pins 
(528 bytes in total for all the I/O pins) while clocking signals 
input to a write enable pin 528 times. Completing the shift-in 
of data, the host 20 sends a program command 10H to the 
I/O pins 1 to 8. In response to the command, the memory 
card outputs a low-level Signal to the R/B pin to indicate that 
the memory card is busy. After a given period of time, the 
memory card outputs a high-level Signal to the R/B pin to 
indicate that the memory card is ready. 
0107. It is to be noted that the states of the R/B pin shown 
in FIG. 18 represent the states viewed from the host 20 as 
to what State the memory card 1 lies in. In other words, even 
though the memory card indicates that the R/B pin is busy 
(outputs a low-level signal) in response to the program 
command 10H in FIG. 18, data is actually not always being 
written to the NAND flash memory 3 in the memory card 
(i.e., data is not always being transferred to a memory cell 
array from a page buffer). Even though the R/B pin returns 
to a ready State, data has actually not always been written to 
the NAND flash memory 3 in the memory card. 
0108 FIG. 19 is a timing chart of signals of I/O and R/B 
pins of the NAND flash memory 3 in the memory card 1 
according to the embodiment of the present invention, when 
the controller 4 in the memory card 1 writes data to the 
NAND flash memory 3. 
0109) The controller 4 recognizes the NAND flash 
memory 3 to be a nonvolatile memory having an erase block 
size of 256 Kbytes. For example, when the controller 4 
writes data to the NAND flash memory 3, the controller 4 
sends a serial data input command 80H (H indicates a 
hexadecimal) to I/O pins 1 to 8. Then, the controller 4 sends 
a column address C/A and a page address P/A to the I/O pins 
1 to 8. The column address C/A and page address P/A are a 
column address and a page address in Virtual physical 
address space that the controller 4 assumes for the NAND 
flash memory 3. Hence, the column address C/A and page 
address P/A shown in FIG. 19 do not always correspond to 
those shown in FIG. 18. 

0110. The controller 4 also sends write data to each of the 
I/O pins 1 to 8 2112 times. More specifically, the controller 
4 sequentially shifts in 2112-bit data to each of the I/O pins 
(2112 bytes in total for all the I/O pins) while clocking 
Signals input to a write enable pin 2112 times. Completing 
the shift-in of data, the controller 4 Sends a program com 
mand 10H to the I/O pins 1 to 8. In response to the 
command, the memory card outputs a low-level Signal to the 
R/B pin to indicate that the memory card is busy. After a 
given period of time, the memory card outputs a high-level 
Signal to the R/B pin to indicate that the memory card is 
ready. 
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0111. It is to be noted that the states of the R/B pin shown 
in FIG. 19 represent the states viewed from the controller 4 
as to what state the NAND flash memory 3 lies in. 
0112 FIGS. 18 and 19 illustrate each of the column 
address C/A and page address P/A in one cycle. However, 
there may be a case where two or more cycles are required 
in accordance with the capacity of the memory card 1 or the 
NAND flash memory 3. 
0113 FIG. 20 is a schematic diagram showing a method 
of using the memory card 1 according to the present embodi 
ment. 

0114 Assume that a controller included in advance in the 
host 20 employs a small-block card 100 having an erase 
block unit of 16 Kbytes. If a large-block card is implemented 
using a memory having an erase block unit of 256 Kbytes 
without including an appropriate controller in the memory 
card, no correct acceSS is likely to be executed because of a 
difference in erase unit. By implementing a large-block card 
including the controller 4 for a memory having an erase 
block unit of 256 Kbytes, it is possible to use a small-block 
card inserted into the host 20. 

0115 According to the foregoing embodiment of the 
present invention, the location of data can be optimized and 
the reduction in overhead costs in write mode can be 
achieved by acquiring Sequential logical block addresses 
from information accompanied by a write command Sent 
from the host that is to execute access to a Small-block card 
and then locating data in order of the logical block address 
of the Small-block card in the physical block of the large 
block card. Moreover, the consistency between the small 
and large-block cards can efficiently be maintained by 
managing a correspondence between the physical/logical 
block address of the Small-block card and the physical block 
address of the large-block card. Furthermore, an erase com 
mand from the host is actually not reflected in part of the 
erase block size of the large-block card (the erase block is 
not partly set in erase state) but the CPU operates as if data 
were erased from the erase block in the memory card. A load 
on the internal operation of the large-block card can thus be 
reduced. 

0116 AS has been described above in detail, according to 
the embodiment of the present invention, it is possible to 
provide a Semiconductor device and a memory card capable 
of efficiently processing an access that assumes a memory 
having a different erase block size. 
0117. Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the Specific 
details and representative embodiments shown and 
described herein. Accordingly, various modifications may be 
made without departing from the Spirit or Scope of the 
general inventive concept as defined by the appended claims 
and their equivalents. 

What is claimed is: 
1. A Semiconductor device comprising: 
a memory which Stores a program to manage a corre 

spondence between a first address in a Semiconductor 
memory of a first erase block size and a Second address 
in a Semiconductor memory of a Second erase block 
Size other than the first erase block size; and 
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a processor which executes the program Stored in the 
memory. 

2. The Semiconductor device according to claim 1, 
wherein the Second erase block size is larger than the first 
erase block size. 

3. A memory card comprising: 
a controller which manages a correspondence between a 

first address in a Semiconductor memory of a first erase 
block size and a Second address in a Semiconductor 
memory of a Second erase block size other than the first 
erase block size; and 

a nonvolatile Semiconductor memory of the Second erase 
block size, 

the controller executing access to the nonvolatile Semi 
conductor memory by the Second address. 

4. The memory card according to claim 3, wherein the 
controller includes: 

a ROM which Stores a program to manage the correspon 
dence, and 

a CPU which executes the program stored in the ROM. 
5. The memory card according to claim 3, wherein the 

first address includes a physical block address and a logical 
block address. 

6. The memory card according to claim 5, wherein the 
controller Stores and manages at least Some of physical 
block addresses and logical block addresses on the nonvola 
tile semiconductor memory. 
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7. The memory card according to claim 5, wherein the 
controller manages the correspondence between the first 
address and the Second address to assure that logical block 
addresses of the first address are continued in a physical 
block of the Second erase block size. 

8. The memory card according to claim 5, wherein the 
controller responds to a block data erase instruction from 
outside, indicating that the data has been erased, but not 
erasing data from the nonvolatile Semiconductor memory. 

9. The memory card according to claim 3, wherein the 
Second erase block Size is larger than the first erase block 
size. 

10. The memory card according to claim 3, wherein the 
Second erase block size is Substantially an integral multiple 
of the first erase block size. 

11. The memory card according to claim 3, wherein the 
first erase block size is 16 Kbytes and the second erase block 
size is 256 Kbytes. 

12. The memory card according to one of claim 3, 
wherein the nonvolatile semiconductor memory is a NAND 
flash memory. 

13. The memory card according to one of claim 3, 
wherein the nonvolatile Semiconductor memory has a design 
rule of smaller than 0.1 um. 

14. The memory card according to one of claim 3, 
wherein the nonvolatile Semiconductor memory has a capac 
ity of 1 gigabit or more. 


