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(57) ABSTRACT 

A data processing System is provided with a flash memory 
including a plurality of blocks and capable of erasing Stored 
data collectively in units of block and a memory control unit 
for accessing the flash memory, the memory control unit 
having a control circuit for formatting the flash memory 
according to a format information for Substantially coincid 
ing each cluster Serving as a logical unit of memory region 
of the flash memory with integer ones of the blocks and a 
control circuit for determining a size and position of each 
cluster and carrying out acceSS control for erasing, write-in 
and reading of data of the flash memory according to the size 
and position of the determined cluster. 
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DATA PROCESSING SYSTEM, BLOCK ERASING 
TYPE MEMORY DEVICE AND MEMORY 
MEDIUM STORING PROGRAM FOR 
CONTROLLING MEMORY DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001) This is a continuation of Application No. PCT/ 
JP98/02862, filed Jun. 25, 1998. 

BACKGROUND OF THE INVENTION 

0002 This invention relates to data processing system 
using block erasing type memory device, block erasing type 
memory device and computer readable program memory 
medium Storing program for formatting, data erasing and 
date write for block erasing type memory device. 
0.003 Recently, a flash memory has been used as a 
portable nonvolatile memory medium instead of a floppy 
disk, particularly as a memory medium for a mobile infor 
mation terminal. The flash memory mentioned herein refers 
to a nonvolatile block erasing type memory device compris 
ing a plurality of blocks, in which data Stored internally can 
be electrically erased by each block. 
0004. When the flash memory is used under a control of 
such a disk operating system as MS-DOS (Microsoft's 
trademark), it is formatted according to the same format as 
that used conventionally for the floppy disk So as to handle 
it in the same way as the floppy disk. According to this 
format, a memory area is divided to boot area, FAT (file 
allocation table) area, directory area and data area. The data 
area is logically divided to clusters according to a definition 
stored in the boot area and a file to be stored in the flash 
memory is memorized in units of one cluster. 
0005. However, in the format of the conventional flash 
memory, the position of the cluster does not coincide with 
that of a block. 

0006 Therefore, if it is intended to update data (file) 
Stored in a cluster, data (file) not necessary to update is also 
erased in units of a block altogether. Thus, the data not 
necessary to update must be Saved in other cluster. 
0007 The same problem occurs when data (file) is writ 
ten into a flash memory. 
0008 Further, if erasing or write-in of data is executed, 
FAT or directory must be rewritten, So that correspondingly 
the data not necessary to erase must be Saved in other block. 
0009. Therefore, in order to update a single file in a 
conventional block erasing type memory device, plural 
blocks must be updated even if it is data within one block. 
For the reason, data write processing is divided to two parts 
So that it takes a long time, thereby often leading to 
deceleration of the entire memory device operation. 
0010 The same problem occurs when data (file) is writ 
ten into the flash memory. 
0.011 Further, if erasing or write-in of data is executed, 
FAT or directory must be rewritten, So that correspondingly 
the data not necessary to erase must be Saved in other block. 
0012. This problem becomes more conceivable when 
data processing unit Such as CPU controls the block erasing 
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type memory device through a direct access thereto without 
using a Special controller for reduction of the size and power 
consumption of the memory device. 

BRIEF SUMMARY OF THE INVENTION 

0013 An object of the present invention is to accelerate 
data access, particularly processing including data erasing in 
the block erasing type memory device. 
0014) Another object of the invention is to provide a 
block erasing type memory device having a format Structure 
capable of achieving data write-in processing rapidly and 
making the best use of the Storage capacity, data processing 
System using the same memory medium and a program 
memory medium Storing a program for formatting of the 
block erasing type memory device, data erasing and data 
write-in. 

0015 According to a first aspect of the present invention, 
there is provided data processing System comprising a block 
erasing type memory device including a plurality of blocks, 
capable of erasing Stored data collectively in units of one 
block and data processing means for accessing the block 
erasing type memory device, wherein the data processing 
means includes a formatting portion connected to the block 
erasing type memory device for formatting the block erasing 
type memory device according to formatting information for 
Substantially coinciding the Size and position of a cluster as 
a logical unit of a memory region of the block erasing type 
memory device with those of integer ones of the blocks, and 
an access control portion for determining the Size and 
position of the cluster according to the format information 
and carrying out access control for data erasing, data write 
in and data read-out for the block erasing type memory 
device according to the determined size and position of the 
cluster. 

0016. In this data processing system, a cluster includes 
integer ones of the blocks. Thus, data erasing and write-in 
processing can be carried out in units of one block. Thus, the 
necessity of Saving other data for data write-in or erasing is 
eliminated, So that the data erasing and write-in processing 
can be carried out rapidly. 
0017 According to a second aspect of the present inven 
tion, there is provided a block erasing type memory device 
having a format information memory region for Storing 
format information for making integer ones Substantially 
correspond to a cluster Serving as a unit of data memory 
region and capable of erasing Stored data collectively in 
units of one block. 

0018. In this block erasing type memory device, the 
cluster includes integer ones. Thus, data erasing and write-in 
processing can be carried out in units of one block. Thus, the 
necessity of Saving other data for data write-in is eliminated, 
So that the data erasing and write-in processing can be 
carried out rapidly. 
0019. Although ordinarily, the cluster has a single block, 

it may be formed of a plurality of the blocks. 
0020. The format information comprises information for 
corresponding the Size of the cluster with the size of the 
block and a position adjusting region for coinciding a start 
position and end position of each of the clusters with the 
Start position and end position of the block, for example, an 
empty region. 
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0021. The block erasing type memory device may store 
directory information indicating a file name and head 
memory position and a file allocation table indicating a file 
position in a single cluster. 

0022. When data is stored in a memory medium, ordi 
narily it is necessary to memorize position information (e.g., 
file allocation table) indicating which position each data is 
Stored and identification name (e.g., file name and directory) 
of each data. This position information and identification 
name must be updated each time when data write-in or 
erasing is carried out. In the above block erasing type 
memory device, the position information and identification 
name are Stored in a Single cluster or a Single block. 
Therefore, the necessity of Saving other data for updating 
these data is eliminated. Thus, the data write-in or erase 
processing can be carried out rapidly. 

0023. It is preferred that stored data of blocks other than 
the aforementioned block including the block for Storing the 
format information is physically erased. 
0024. In general memory medium, it is possible to con 
sider that data has been erased by replacing a particular 
portion of the data (e.g., head one character) with a specific 
code, without physically erasing data Stored in the data 
region (e.g., erasing by writing data corresponding to “1”). 
0.025 However, in the block erasing type memory device 
like the flash memory, by Such data erasing method, new 
data cannot be written over the erased data, So that the 
processing for Saving the original data and erasing its 
appropriate area is required. 

0026. Because according to the present invention, in 
other regions than Such particular regions as boot region and 
FAT region and the like, data has been erased, Saving of data 
and erasing upon write-in processing become unnecessary, 
So that the write-in processing can be accelerated. 
0.027 According to a third aspect of the present inven 
tion, there is provided data processing System comprising a 
connecting portion containing a plurality of blockS and So 
constructed to be connectable to a block erasing type 
memory device capable of erasing collectively Stored data in 
units of one block and a formatting portion for formatting 
the block erasing type memory device by writing format 
information for Substantially coinciding integer ones of the 
blocks, for example, one block with a cluster into the block 
erasing type memory device through the connecting portion. 

0028. According to this system, the cluster includes inte 
ger ones of the blocks. Thus, the data erasing and write-in 
processings can be carried out in units of one block. There 
fore, the necessity of Saving other data for data write-in 
processing is eliminated, So that the data erasing and write-in 
processing can be accelerated. 

0029. To correspond the cluster with the block, it is 
permissible to write information for corresponding the size 
of the cluster with the size of the block and position 
adjusting information for coinciding the Start position and 
end position of each cluster with the Start position and end 
position of each block into the block erasing type memory 
device. 

0030 The aforementioned data processing system may 
further comprise a Section for recording directory informa 
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tion indicating a file name and head memory position and a 
file allocation table indicating a file positioning a cluster. 

0031. These information items are updated each time 
when data write-in or erase processing is carried out. 
Because in Such a System, these information items are Stored 
in a single block, the necessity of Saving other data for 
updating these data is eliminated. Thus, the data write-in or 
erase processing can be accelerated. 
0032. The aforementioned formatting portion may 
include an erasing portion for physically erasing Stored data 
of blocks other than a block in which the format information 
is written. 

0033. In general memory medium, it is possible to 
assume that data has been erased by replacing a particular 
portion of data with a particular code, without physically 
erasing data. 

0034. However, in the block erasing type memory device, 
according to Such data erasing method, a processing for 
erasing the original data or the like is needed at the time of 
data write-in processing, So that the processing takes long 
time. Because according to the present invention, data in the 
data region is physically erased upon formatting, the write 
in processing can be accelerated. 

0035) In erasing a file written in the block erasing type 
memory device also, it is preferable that data of a block 
including that appropriate data is physically erased. 

0.036 The aforementioned data processing system further 
comprises a format information readout portion for reading 
out the format information through the connecting portion, 
a cluster determining portion for determining a size and 
position of a cluster Serving as a minimum unit of a file 
according to format information read out by the format 
information readout portion and a control portion for con 
trolling erasing, write-in and readout of data of the block 
erasing type memory device according to the Size and 
position of a cluster determined by the cluster determining 
CS. 

0037 With Such components, the data erasing, write-in 
processing and the like can be accelerated. 
0038 A program for making the computer to execute the 
above described data processing System and function may be 
Stored in a memory medium and distributed, and installed in 
the computer So as to carry out the above described opera 
tion on the computer. 

0039. Additional objects and advantages of the invention 
will be set forth in the description which follows, and in part 
will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0040. The accompanying drawings, which are incorpo 
rated in and constitute a part of the Specification, illustrate 
presently preferred embodiments of the invention, and 
together with the general description given above and the 
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detailed description of the preferred embodiments given 
below, Serve to explain the principles of the invention. 
0041 FIG. 1 is a block diagram showing a structure of a 
memory control System of a flash memory according to a 
first embodiment of the present invention; 
0.042 FIG. 2 is a schematic diagram showing a structure 
of the flash memory; 
0.043 FIG. 3 is a diagram showing a structure of a 
memory cell array; 

0044 FIG. 4 is a diagram showing a relation between a 
block and cluster in the format of the flash memory accord 
ing to the first embodiment of the present invention; 
004.5 FIG. 5 is a diagram showing a correspondence 
among directory, file allocation table and cluster in the first 
embodiment of the present invention; 
0.046 FIG. 6 is a diagram showing an example of a 
Structure of an address conversion table; 

0047 FIG. 7 is a flow chart showing data read-out 
operation of the first embodiment of the present invention; 
0048 FIG. 8 is a flow chart showing data write-in 
operation of the first embodiment of the present invention; 
0049 FIG. 9 is a flow chart showing data erasing opera 
tion of the first embodiment of the present invention; 
0050 FIG. 10 is a flow chart showing formatting pro 
cessing of the flash memory according to the first embodi 
ment of the present invention; 
0051 FIG. 11 is a flow chart showing file erasing in the 
flash memory according to the first embodiment of the 
present invention; 
0.052 FIG. 12 is a flow chart showing a processing for 
Writing a file into the flash memory according to the first 
embodiment of the present invention; 
0.053 FIG. 13 is a block diagram showing a structure of 
a memory device according to a Second embodiment of the 
present invention; 
0.054 FIG. 14 is a formatting diagram of the flash 
memory according to a third embodiment of the present 
invention; 

0055 FIG. 15 is a flow chart showing a processing of 
formatting the flash memory according to the fourth embodi 
ment of the present invention; 
0056 FIG. 16 is a diagram showing a particular cluster 
group for Storing data of a file allocation table and directory 
according to a fifth embodiment of the present invention; 
0057 FIG. 17 is a diagram showing particular two clus 
ter groups according to the fifth embodiment of the present 
invention; 

0.058 FIG. 18 is a flow chart of a processing for format 
ting the flash memory according to the fifth embodiment of 
the present invention; 

0059 FIG. 19 is a flow chart showing a processing of 
erasing a file in the flash memory according to the fifth 
embodiment of the present invention; and 
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0060 FIG. 20 is a flow chart showing a processing of 
Writing a file into the flash memory according to the fifth 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0061 Hereinafter, the embodiment of the present inven 
tion will be described with reference to the accompanying 
drawings. 
0062 FIG. 1 is a block diagram showing a structure of a 
memory control System of a flash memory according to a 
first embodiment of the present invention. 
0063 As shown here, this memory control system com 
prises a flash memory 1, a memory control unit (memory 
controller) 2, a computer 3 and I/O bus 4. The memory 
control unit 2 is connected to the computer 3 through the I/O 
bus 4 such as SCSI bus and is removable from the computer 
3. 

0064. The flash memory 1 is a block erasing type 
memory device containing a memory cell array 11, an 
address register 12, a column decoder 13, a low address 
decoder 14, a Voltage converting circuit (voltage converter) 
15 and a high voltage generating circuit (high voltage 
generator) 16. 
0065. The memory cell array 11 is constituted of a 
plurality of memory regions each having a memory capacity 
of 1 byte. These memory regions are arranged in matrix of 
16384 rowSX528 columns, and therefore the entire memory 
cell array has a memory capacity of about 8.65 M byte. 
0066 Each row of the memory cell array 11 forms a page 
having a memory capacity of 528 byte as shown in FIG. 2. 
Respective memory regions contained in each page are 
supplied with a column address continuously from 1 to 528. 
0067. Each unit of 16 pages from beginning forms a 
Single block. Each block has a memory capacity of about 
8.03 K byte and the entire memory area includes 1024 
blocks. Each block is Supplied with a block address con 
tinuously from 1 to 1024. 
0068. Every 16 memory regions belonging to the same 
block contains memory cells arranged in matrix of 16 
rowsx8 columns as shown in FIG. 3. These memory cells 
are of NAND type, formed on a common substrate. 
0069. The current path of the memory cell of each 
column is connected in cascade and the gate of each row is 
connected to a common row control input terminal (Trcnt). 
Each row control input terminal Trcnt is connected to a gate 
of each memory cell belonging to other column of the same 
page. 

0070 A source of FETs (field effect transistors) 1-1 to 1-8 
is connected to an end of each current path connected in 
cascade. A drain of each of FETs 1-1 to 1-8 is connected to 
data I/O terminal Talata corresponding to each column and 
a gate thereof is connected to the common row control input 
terminal Tccntl. 

0.071) A drain of each of column selection FETs 2-1 to 2-8 
is connected to the other end of each current path a Source 
of each of the FETs 2-1 to 2-8 is connected to a Substrate. A 
gate of each of the FETs 2-1 to 2-8 is connected to a common 
column control input terminal (Tecnt2). 
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0.072 The column control input terminals Tecnt1 and 
Tccnt2 are connected to the gates of the row selection FETs 
1-1 to 1-8 and FETs 2-1 to 2-8 connected to respective 
memory cells belonging to the same row of the flash 
memory array 11. 

0.073 Each memory cell carries out write-in of data on 
the data I/O terminal Talata, reading to the data I/O terminal 
Tdata and erasing of the memory according to a Voltage 
applied to the row control input terminal Trcnt, column 
control input terminal Tecnt1, Tccnt2 and Substrate. AS 
described later, in the memory cell array 11 generally, data 
write is carried out in units of one page, data read is carried 
out in units of one byte and data erasing is carried out in 
units of one block. 

0.074 Because each memory cell is of NAND type, data 
recording cannot be carried out but in a direction from “1” 
to “0” in a recorded value. A bit in which a recorded value 
of the memory cell is “0” keeps a state of “0” until the 
recording content is reset (erasing in units of one block). 

0075. The address register 12 is connected to the column 
decoder 13, low address decoder 14 and memory control 
unit 2. 

0.076 The address register 12 receives 3-byte information 
indicating column address and page address of the memory 
cell array 11 from the memory control unit 2 by each byte 
and Stores it. Of the Stored information, column address 
information is outputted to the column decoder 13 and page 
address information is outputted to the low address decoder 
14. 

0.077 Column address information is inputted from the 
address register 12 to the column decoder 13. According to 
inputted column address information and an instruction of 
the control circuit (controller) 21, write-in voltage, erasing 
Voltage, readout Voltage or readout inhibiting Voltage gen 
erated by a high Voltage generator 16 is applied to each row 
control input terminal Trcnt. 

0078 Page address information is inputted from the 
address register 12 to the low address decoder 14. According 
to that information and an instruction of the control circuit 
21, forward bias Voltage or reverse bias Voltage generated by 
the high Voltage generator 16 is applied to respective column 
control input terminals Tecnt1, Tccnt2. 

007.9 The voltage converter 15 receives data to be writ 
ten into the memory cell array from data register 24 and a 
Voltage indicating each bit of that data is converted to a 
predetermined write-in voltage. Then, this write-in voltage 
is applied to the data I/O terminal Talata according to an 
instruction of the control circuit 21. When data is read from 
the memory cell array 11, the voltage converter 15 fetches 
a Voltage indicating a content of each memory cell from the 
data I/O terminal Talata, amplifies that Voltage and then 
Stores it in the data register 24. 

0080 According to an instruction of the control circuit 
21, the high Voltage generator 16 generates a write-in 
Voltage to be applied to each row control input terminal 
Trcnt, write inhibiting Voltage to be applied to each data I/O 
terminal Talata, erasing Voltage to be applied to the Substrate 
and forward bias Voltage and reverse bias Voltage to be 
applied to the column control input terminals Tecnt1, Tccnt2 

Jul. 26, 2001 

of each column. A generated Voltage is Supplied to a 
substrate of the memory cell array 11, column decoder 13 
and low address decoder 14. 

0081. The memory control unit (memory controller) 2 
shown in FIG. 1 comprises the control circuit 21, I/O control 
circuit 22, operating logic control circuit 23, command 
register 24 and data register 25. The memory control unit 2 
transferS data between the flash memory 1 and a main 
Storage unit 32. 

0082 The control circuit 21 controls the column decoder 
13, low address decoder 14, voltage converter 15 and high 
Voltage generator 16 as described later, according to a 
command Stored in a command register 24 and an instruc 
tion of the operating logic control circuit 23. 

0083. The I/O control circuit 22 is connected to the data 
bus of the flash memory 1, I/O bus 4, operating logic control 
circuit 23, command register 24, address register 12 and 
Status register 28. 

0084. The I/O control circuit 22 fetches in data from the 
data register 25 and I/O bus 4 according to an instruction of 
the operating logic control circuit 23 and outputs data to the 
address register 12, command register 24, data register 25 
and I/O bus 4. 

0085. The operating logic control circuit 23 is connected 
to a CPU 31 which will be described later, I/O control circuit 
22 and control circuit 21. 

0086 The operating logic control circuit 23 receives a 
command latch Signal, address latch Signal, write-in signal 
and read-out signal from the CPU 31 and according to these 
Signals, controls the control circuit 21 and I/O control circuit 
22 as will be described later. 

0087. The command register 22 stores command infor 
mation received from the I/O control circuit 22 and outputs 
to the control circuit 21. 

0088. The data register 25 has a memory capacity of 528 
bytes and Stores data of a write-in object received from the 
I/O control circuit 22 and outputs to the Voltage converter 
15. Further, it fetches data outputted from the voltage 
converter 15 as a result of read-out from the memory cell 
array 11 and outputs to the I/O control circuit 22. 
0089. The computer 3 comprises a CPU (central process 
ing unit) 31, main storage unit 32 and IOC (I/O control unit) 
33, each connected through a system bus 34 made of VME 
bus. The computer 3 is connected to the I/O bus 4 through 
an IOC 33. 

0090 The CPU 31 executes a program stored in the main 
storage unit 32. The CPU 31 outputs a command for 
executing a program shown in a flow chart described later 
corresponding to an operation of an input device (not 
shown) like a key board, connected to the computer 3 
through the I/O buS 4. It Outputs a command for executing 
a program shown in a flow chart described later. 

0091. The main storage unit 32 stores a file to be stored 
in the flash memory and a file to be read from the flash 
memory 1 as well as processing program of the CPU 31. 

0092. The main storage unit 32 stores master boot record 
to be recorded in boot region when the flash memory 1 is 
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formatted, partition record and an address conversion table 
which will be described later. 

0093. The IOC 33 is an I/O controller for controlling an 
output of data from the CPU 31 or main storage unit 32 of 
the computer 3 to the I/O bus 4 and input of the opposite 
direction processing. Logical Structure of memory region of 
the memory cell array 11 
0094. The memory cell array 11 is formatted according to 
an operating System (OS) used by the computer 3, for 
example, MS-DOS (Microsoft's trade name) and particu 
larly formatted in Such a manner that a block of a physical 
Structure of the memory cell array 11 coincides with a cluster 
of a logical unit of a file managed by OS. 
0.095 Each cluster is supplied with a number beginning 
with “1” and this number does not always agree with an 
order of the block from a head address of the memory cell 
array 11. 

0096. In the initial state in which the memory cell array 
11 is formatted, as shown in FIG. 4, the memory region of 
the memory cell array 11 is divided to master boot memory 
region (master boot memory region), empty region (empty 
region), partition boot memory region (partition boot 
memory region), FAT (file allocation table), directory region 
and file region. 
0097. Of these regions, the master boot memory region, 
empty region, and partition boot memory region are allo 
cated at a head block of the memory cell array 11. 
0098. The master boot memory region includes a first 
page (first Sector) of a head and a region for recording 
information about processing of Startup and information of 
each partition provided on this memory (each virtual 
memory in a case when this memory is divided to one or 
more virtual memories). 
0099 Information about each partition includes informa 
tion, for example, of whether or not each partition is to be 
Started and further includes following information. 

0100 (1) Position of a beginning page of each 
partition 

0101 (2) Position of an end page of each partition 
0102 (3) Total pages included in each partition 

0103) The empty region has 14 pages following the 
master boot memory region. The empty region is provided 
for coinciding a head and end of the block which is a 
physical unit with those of a cluster which is a logical unit 
managed by the OS when the memory region is divided to 
a plurality of clusters. 
0104. The partition boot memory region has a page 
following the empty region. The partition boot memory 
region Stores information about a structure of each partition 
and information about processing for Startup. The informa 
tion about the Structure of each partition has a following 
COntent. 

0105 (4) Memory capacity of a page contained in 
each partition 

0106 (5) Number of pages for consisting a single 
cluster 
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0107 (6) Maximum number of directories which 
each partition is capable of containing 

0108) (7) Number of pages occupied by FAT 
01.09 (8) Number of FATs 

0110. The cluster is a unit of memory consisting of a 
Specified number of pages which are defined in the partition 
boot memory region and a minimum unit of memory in 
which a content of a file managed by the OS is recorded. 
Therefore, different file contents are never contained in a 
cluster. 

0111. According to this embodiment, it is defined that 
each cluster has 16 pages So as to coincide the sizes of the 
block and cluster with each other. 

0112 The blocks 2 to 1024 form data region for storing 
arbitrary data, file and the like. 
0113 FAT and directory are stored in any of the data 
regions (block 2 in the initial condition). The FAT is stored 
in head three pages of 16 pages in a block and the directory 
is Stored in the remaining 13 pages. 
0114. The FAT is a table indicating an allocation of the 

file. The directory includes information about a name of a 
stored file and a number of a cluster in which a head of the 
file is Stored, and the like. 
0115) To coincide the size and position of the block which 
is a physical unit of the memory cell 11 with those of the 
cluster managed by the operating System (OS) of the com 
puter 3, concretely, for example, following values are Stored 
in the master boot memory region and partition boot region. 

0116 (1) Position of a beginning page of each 
partition=1 

0117 (2) Position of an end page of each partition= 
16384 

0118 (3) Total number of pages contained in each 
partition=1 

0119 (4) Memory capacity of a page contained in 
each partition=512 bytes 

0120 (5) Number of pages composing a cluster=16 
0121 (6) Maximum number of directories which 
each partition is capable of containing=256 

0122) (7) Number of pages occupied by FAT=3 
0123 (8) Number of FATS=1 

0.124 FIG. 5 is a diagram showing a relation between 
FAT, directory and cluster. 
0.125. As shown in the same Figure, the number of a 
cluster in which the FAT and directory are stored is indicated 
by a pointer in a memory portion 21a of the control circuit 
21. 

0.126 The directory points out a file name of a file stored 
in the memory cell array 11 and a cluster in which a head 
portion of that file is stored with a pointer. 
0127. When a file cannot be contained in a file, the FAT 
points out a cluster for Storing the following portion. A 
cluster in which the final portion of the file is stored is 
indicated by an end cord (EC). 
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0128. Address conversion table 
0129. The address conversion table is a table for storing 
information indicating the number of a cluster allocated for 
each block. AS described previously, the address conversion 
table is stored in the main storage unit 32 of the computer 3 
and accessed by the CPU 31 and updated. 
0130 FIG. 6 shows an example of a structure of the 
address conversion table. The address conversion table 
comprises a plurality of records. A cluster number beginning 
with “1” is stored at the head of each record and a block 
number corresponding to that number is Stored. 
0131 The number “1” is always allocated to a block in 
which the FAT is stored as a cluster No. The number “I” of 
the cluster is updated by a processing described later So as 
to indicate a block in which the FAT is to be newly stored. 
0132 Basic operation of the flash memory and memory 
control unit 

0133) Next, the basic operation for data readout, write-in 
and erasing with the flash memory 1 and memory control 
unit 2 will be described with reference to a flow chart of 
FIGS. 7 to 9. 

0134) Readout 
0135). Following three types of readout mode are avail 
able. In the first readout mode shown in FIG. 7, the 
command latch Signal is on active level and it is started if a 
write-in signal is inputted to the operating logic control 
circuit 23 with command “OOH' indicating a first readout 
mode being inputted to the I/O control circuit 22 through the 
I/O bus 4 (step 101, a numerical value having “H” at its end 
expresses hexadecimal number). 
0.136 If the write-in signal is inputted, the operating logic 
control circuit 23 instructs the I/O control circuit 22 to input 
a command (step S102) and the I/O control circuit 22 
receiving the instruction stores command “OOH' in the 
command register 24 (step S103). 
0.137 If the control circuit 21 reads a content of the 
command register 24 (step S104), the control circuit 21 
detects a start of the first readout mode. 

0138 Next, the command latch signal is released and 
instead, the address latch Signal is made to active level. A 
Signal indicating a column address is inputted to the I/O bus 
4. If the write-in signal is inputted again in this condition 
(step S105), the operating logic control circuit 23 instructs 
the I/O control circuit 22 to input an address (step S106). 
The I/O control circuit 22 receiving Such an instruction 
Stores a column address in the address register 12 (Step 
S107). 
0139 Next, a low order page address signal specifying 
low order 8 bits of the page address is inputted to the I/O bus 
4 in the condition that the address latch Signal is kept in 
active level (step S108). If the write-in signal is inputted 
again in this condition, the operating logic control circuit 23 
instructs the I/O control circuit 22 to input an address. The 
I/O control circuit 22 receiving Such an instruction Stores a 
low order page address in the address register 12 (Step 
S109). 
0140 Next by the same processing as steps S108 to S109, 
a high order page address Specifying a high order 5 bits of 
the page address is stored in the address register 12 (Step 
S110). 
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0.141. The address register in which the column address 
and page address information items are inputted through 
above three times inputs the column address to the column 
decoder 13 and then block address and page address to the 
low address decoder 14 (step S111). As a result, the column 
decoder 13 and low address decoder 14 specify a memory 
region at the head of an readout object. 
0142. If the readout object is specified, the address latch 
Signal is released and the readout signal is inputted (Step 
S112). The operating logic control circuit 23 in which the 
readout signal is inputted instructs the control circuit 21 to 
start a start of data readout control (step S113). 
0143. The control circuit receiving such an instruction 
instructs the column decoder 13, low address decoder 14 and 
high Voltage generator 16 to Start an operation for reading 
data (step S114). 
0144. The column decoder 13 receiving such an instruc 
tion applies a Sufficiently deep forward bias to the column 
control input terminals Tccnt1, Tccnt2. In this condition, the 
low address decoder 14 applies a predetermined readout 
Voltage to the column control input terminal Tccnt connected 
to a gate of each memory cell forming a memory region of 
a readout object and a predetermined read-out inhibiting 
voltage to the other row control input terminal Tecnt (Step 
S115). 
0145 Consequently, data of 1 byte stored in the memory 
region of the readout object is outputted to each data I/O 
terminal Talata. That data is outputted to the I/O bus 4 
through the data register 25 and I/O control circuit 22 after 
its voltage value is converted by the voltage converter 15 
(step S116). 
0146 Each time when the readout signal is inputted to the 
operating logic control circuit, the Storage content in fol 
lowing memory regions is outputted Successively by each 
byte to the I/O bus through the same processing as Steps 
S112 to S116 (step S117). 
0147 The second readout mode is started by the write-in 
signal when the command “01H' indicating the second 
readout mode is inputted in the I/O control circuit 22 by the 
I/O bus 4 at the aforementioned step S101. 
0.148. The second readout operation is different from the 

first readout mode in that a head position read out is an 
address 256 ahead of a position indicated by the column 
address or page address inputted through the I/O bus 4. The 
other operation is the same as the first readout mode. 
014.9 The third readout mode is started by the write-in 
signal when the command “50H” indicating the second 
readout mode is inputted to the I/O control circuit 22 by the 
I/O bus 4 at the aforementioned step S101. 
0150. In the second readout mode operation, a head 
position read out is an address 512 ahead of a position 
indicated by the low order 4 bits of the column address and 
page address inputted from the I/O bus 4. Further, after data 
of the memory cell of a final column of each page is read, 
if a readout signal is further inputted, readout from a 513th 
memory cell of a next page is carried out. Memory cells 
following 513th one of each page are objects of readout. The 
other operation is the same as the first readout mode. 

0151 Write-in 
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0152 An operation for data write-in shown in FIG. 8 is 
carried out as described below, when an address of a write-in 
object page is Specified, data of a page is written into the data 
register 25 and then data in the data register is written 
Successively into a specified page. 
0153. The write-in processing is started when a write-in 
Signal is inputted to the operating logic control circuit 23 in 
the condition that the command “80H” indicating data 
output to the data register is inputted to the I/O control 
circuit 22 while the command latch Signal is active level 
(step S201). 
0154) After the processing is started, the column decoder 
13 and low address decoder 14 Specify a column address and 
a page address indicating a position of head of a write-in 
object page in the same processing as Steps S102 to S111 in 
data read-in processing (step S202). 
O155 If the address latch signal is released after the 
processing of the Step S202 is terminated and then a write-in 
Signal is inputted to the operating logic control circuit 23, the 
operating logic control circuit 23 instructs the I/O control 
circuit 22 to input data (step S203). 
0156 The I/O control circuit 22 in which such an instruc 
tion is inputted stores data outputted to the I/O bus 4 at an 
address of a head of the data register 25 (step S204). 
0157. The control circuit 21, I/O control circuit 22 and 
operating logic control circuit 23 carry out the same pro 
cessing as steps S203 to S204 and stores write-in data at a 
following address of the data register 25 (step S205). Total 
amount of data to be written in must be within a single page, 
namely less than 528 bytes. 
0158 If all write-in object data are stored in the data 
register 25, the command latch Signal is made to active level 
and the command “10H” instructing to write the storage 
content of the data register 25 into a write-in object page is 
inputted to the I/O bus 4 (step S206). 
0159. If the write-in signal is inputted to the operating 
logic control circuit 23 under this condition, the operating 
logic control circuit 23 instructs the control circuit 21 to Start 
data write-in control (step S207). 
0160 A control circuit 221 receiving such an instruction 
instructs the column decoder 13, low address decoder 14, 
Voltage converter 15, high Voltage generator 16 and data 
register 25 to start data write-in operation (step S208). 
0.161 The high voltage generator 16 receiving such an 
instruction generates a write-in Voltage and Supplies it to the 
low address decoder 14 and then generates a write-in 
inhibiting Voltage and Supplies it to the Voltage converter 15 
(step S209). 
0162 The voltage converter 15 reads 1 byte data stored 
at a head address of the low address decoder 14. The write-in 
inhibiting Voltage inputted from the high Voltage generator 
16 is applied to the data I/O terminal Talata corresponding to 
a bit the logical value of which is “1” and on the other hand, 
ground Voltage is applied to the data I/O terminal Talata 
corresponding to a bit the logical value of which is “0” (step 
S210). 
0163 Next, the column decoder 13 applies a sufficiently 
deep forward bias to the column control input terminal 
Tccntl which is a memory region for a page specified at Step 
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S202 and applies a sufficiently deep reverse bias to the 
column control terminal Tccnt 2. Further, the low address 
decoder 14 applies a write-in voltage inputted from the high 
Voltage generator 16 to the row control input terminal Trcnt 
which is a page specified at step S202 (step S211). 
0164. At this, if ground voltage is applied to a current 
path of an appropriate memory cell, the memory value of the 
memory cell is changed from “1” to “0”. 
0.165 If the processing of step S211 is terminated, fol 
lowing data Stored in the data register 25 is Successively 
written into following memory region specified by step S202 
through the same processing as steps S209 to S211 (step 
S212). 
0166 Data is written into the memory cell array 11 in the 
unit of a page by the above described processing. 
0167 Erasing 

0168 An operation for erasing data in a block shown in 
FIG. 9 is started by inputting a write-in signal into the 
operating logic control circuit 23 when the command latch 
Signal is on active level and a command"60H” indicating a 
load of address of an erasing object block is inputted to the 
I/O control circuit 22 (step S301). 
0169. After the processing is started, the address register 
12 inputs an address of high order and low order pages by 
the same processing as steps S102 to S111 in data read-in 
processing. High order 9 bits of the inputted page address 
are extracted and a block address indicating a position of the 
erasing object block is specified (step S302). 
0170 If the address of the erasing object block is speci 
fied, the command latch Signal is made to active level and 
the command "DOH' instructing to erase the Storage content 
of the erasing object block is inputted to the I/O bus 4 (step 
S303). 
0171 If the write-in signal is inputted to the operating 
logic control circuit 23, the operating logic control circuit 23 
instructs the control circuit 21 to Start a control for erasing 
data of the specified block (step S304). The control circuit 21 
receiving this instruction instructs the column decoder 13, 
low address decoder 14 and high Voltage generator 16 to 
Start the processing for erasing data (step S305). 
0172 The column decoder 13 receiving such an instruc 
tion applies a Sufficiently deep reverse bias to all row control 
input terminals Tccntl and Tccnt2 of the memory cell array 
11. The low address decoder 14 applies ground Voltage to the 
row control input terminals Trcnt of all pages belonging to 
a block specified by step S302 (step S306). 
0.173) In this condition, the high voltage generator 16 
generates an erasing Voltage and this erasing Voltage is 
applied to a Substrate of the memory cell array 11 (Step 
S307). As a result, the memory values of all the memory 
cells belonging to the appropriate block turn to “1”. By the 
above described processing, data Stored in the memory cell 
array 11 is erased in units of one block. 
0.174 Format processing of the flash memory 1 
0.175. Next, the format processing of the flash memory 1 
as shown in FIG. 4 will be described with reference to a flow 
chart of FIG. 10. This processing is started by user's 
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instructing to Start the format by operating Such an input 
device (not shown) as a keyboard connected to the computer 
3. 

0176) The flash memory 1 and memory control unit 2 
execute the above described erasing operation, namely the 
operations of steps S301 to S306 in order to erase each block 
and then erase the storage content of each block (step S401). 
In the processing of step S401, the commands “60H' and 
“DOH' outputted to the I/O bus 4 are transmitted from the 
CPU 31 through the system bus 34 and IOC 33. 
0177 Next, the CPU 31 executes the format program so 
as to generate a master boot record, empty area Size and 
partition boot record having the above described content in 
order to coincide in the size and position the block and Sector 
of the flash memory 1 with each other. 
0.178 The flash memory 1 and memory control unit 2 
execute the above described operation, namely, the opera 
tion of steps S201 to S211 to write a master boot record 
having the above described content by each page from the 
beginning (step S402). In the processing of step S402, the 
commands “80H' and “10H' and write-in object data are 
transmitted from the CPU 31 through the system bus 34 and 
IOC 33. 

0179 Next, the memory control unit 2 empties 14 pages 
and writes a partition boot record into page 16 of block 1 in 
the same operation (step S403). 
0180. As a result, the master boot region, empty region 
and partition boot region are formed in the block 1. 
0181 Finally, the CPU 31 generates an address conver 
Sion table and stores it in the main storage unit 32 (Step 
S404). 
0182. In the address conversion table generated in step 
S404, each cluster and block values are set So that each block 
number from a head address of the memory cell array 11 
coincides with each cluster. That is, the block 2 is set to 
coincide with cluster 2, and the block 3 is set to coincide 
with the cluster 3. In the following treatment, matching of 
the block number or cluster number is performed. 

0183 Here, the processing of the flow chart shown in 
FIG. 10 is terminated. As a result, the flash memory 1 is 
formatted as shown in FIG. 4. 

0184 Processing at the time of power on 

0185. If the power of the computer 3 is turned on, the 
CPU 31 instructs the memory control unit 2 according to a 
program stored in an internal ROM (not shown) to read 
information Stored in the master boot region and partition 
boot region of the flash memory 1 by a first readout mode. 

0186 Consequently, the master boot record stored in the 
first page of the first block is read out from the data I/O 
terminal Talata. The read out master boot record is Supplied 
to the CPU 31. 

0187. The CPU 31 instructs the memory control unit 2 to 
read a partition boot record on the first readout mode by the 
Same operation based on the read out master boot record. 
The read out partition boot record is supplied to the CPU 31. 
The CPU 31 stores the read out boot information in the main 
Storage unit 32. 
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0188 The CPU 31 determines a cluster size and a head of 
the data region according to the readout data. The file access 
operation is carried out following a definition of these boot 
information. Therefore, the minimum unit and position of a 
file at the time of data read-out and write-in become the 
same size and position of the block of the flash memory 1. 
0189 File erase processing 
0190. Next, processing for erasing a file written in the 
flash memory 1 will be described with reference to a flow 
chart shown in FIG. 11. 

0191 The file erase processing is started by operating 
Such an input device (not shown) as a keyboard connected 
to the computer 3 or a necessity of an application program 
being executed by the CPU 31. 
0.192 If the file erase processing is started, the CPU 31 
specifies an erase object file (step S501). Next, the CPU 31 
Specifies a page having FAT and directory (that is, pages 
after a head of a block in which cluster number “1” is 
allocated on the address conversion table). The CPU 31 
instructs the memory control unit 2 to read out an appro 
priate page on the first readout mode through the System buS 
34, IOC 33 and I/O bus 4. The CPU 31 inputs the storage 
content of the FAT and directory read out by the memory 
control unit 2 and stores it in the main storage unit 32 (Step 
S502). 
0193 Next, the CPU 31 retrieves the FAT and directory 
Stored in the main Storage unit 32 and Specifies a cluster in 
which a file specified at step S501 is stored. The cluster 
number is temporarily Stored in the main Storage unit 32 
(step S503). 
0194 Next, the CPU 31 analyzes a content of the FAT 
Stored in the main Storage unit 32 and Selects an empty 
cluster (step S504). The CPU 31 allocates a cluster number 
selected at step S504 to a block to which the cluster number 
“1” is currently allocated and on the other hand, allocates a 
cluster number selected at step S504 to a block in which FAT 
is currently Stored. According to this change of the alloca 
tion, the content of the address conversion table is written 
(step S505). 
0195 Next, the CPU 31 erases information indicating an 
erasing object file specified at step S501 from the content of 
the FAT and directory stored in the main storage unit 32 (step 
S506). As a result, the FAT and directory are updated. Next, 
the CPU 31 instructs the memory control unit 2 to write the 
updated FAT and directory into a first empty block. As a 
result, the memory control unit 2 writes a Single page of a 
head of the updated FAT into a page of a head of an empty 
block selected at step S504 according to actions of steps 
S201 to S212 (step S507). 
0196) The CPU 31 instructs to write in each time when 
the write-in operation of the memory control unit 2 is 
terminated until the updated FAT and directory are all 
written into the empty block selected at step S504. The 
memory control unit 2 writes the FAT and directory succes 
Sively in each of following pages according to actions of 
steps S201 to S212 each time when an instruction is received 
(step S508). 
0197) Next, the CPU 31 specifies a block corresponding 
to the number of a cluster stored at step S503 referring to the 
address conversion table and instructs the memory control 
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unit 2 to erase a Storage content of that block. As a result, 
data Stored in that block or an erasing object file is erased by 
actions of steps S301 to S306 (step S509). 
0198 Next, the CPU 31 instructs the memory control unit 
2 to erase a storage content of a block in which a FAT and 
directory before updating exist (step S510). Consequently, 
the Storage content of the block in which the directory and 
FAT before updating are Stored is erased according to actions 
of steps S301 to S306. 
0199. By the aforementioned processings of steps S501 
to S510, information indicating an erasing object file is 
erased from the FAT and directory and the content of that file 
is also erased. The processing of step S502 may be omitted 
if the content of the FAT and directory has been read in the 
main Storage unit 32 by a processing executed prior to the 
processing of steps S501 to S510. 
0200 File write-in processing 
0201 A processing for writing a file into the flash 
memory will be described with reference to a flow chart 
shown in FIG. 12. The processing of this flow chart is 
executed by user's operating Such an input device (not 
shown) as a keyboard connected to the computer 3 or 
necessity of a user program. 
0202 After the processing is started, the CPU 31 speci 
fies a file name of a file to be written, a head address and data 
amount (step S601). Because the CPU31 is operated accord 
ing to the aforementioned format information, the data 
amount is integer times a block. 
0203) Next, the CPU 31 specifies a block in which the 
FAT and directory exist by referring to the address conver 
Sion table, instructs the memory control unit 2 to read out 
that block on the first readout mode and then inputs the 
storage content of the FAT and directory (step S602). By 
referring to the inputted FAT, an empty cluster in the flash 
memory 1 is retrieved (step S603). 
0204 Next, it is determined whether the number of 
empty clusters retrieved at step S603 is sufficient for storing 
a file of data amount specified at step S601, and directory 
and FAT after updating which will be described later (step 
S604). If it is determined that the number of empty clusters 
is not Sufficient at Step S604, the processing proceeds to that 
of step S610 described later. 
0205 If it is determined that the number of empty clus 
ters is sufficient at step S604, a block necessary for storing 
a file of data amount specified at step S601 is specified in 
order from a head of empty clusters retrieved at step S603. 
The number of each block indicated by each specified 
cluster is specified by retrieving the address conversion table 
and a specified block number is temporarily Stored in the 
main storage unit 32 (step S605). 
0206 Next, the CPU 31 instructs the memory control unit 
2 to carry out write-in operation in order to write a file in a 
block specified at step S605. As a result, the memory control 
unit 2 writes a Single page of a head of a write-in object file 
into a page of a head of an empty block retrieved at Step 
S603 (step S606). 
0207. The CPU 31 instructs the write-in operation each 
time when the write-in operation of the memory control unit 
2 is terminated until the content of a write-in object file is 
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written into an empty cluster retrieved at step S603. The 
memory control unit 2 writes a content of a file Successively 
in following pages according to actions of StepS S201 to 
S212 each time when it receives an instruction (step S607). 
A size of a file to be produced by the CPU 31 is integer times 
the size of a block. Therefore, a write-in object file is divided 
equally and Stored in a plurality of blockS. 
0208 If file write-in operation is terminated, the CPU 31 
updates the FAT and directory according to actions of Steps 
S504 to S508 for erase processing (step S608). In processing 
of Step S506, instead of erasing information indicating an 
erase object file from the FAT and directory stored in the 
main Storage unit 32, information indicating a written file is 
added. If updating of the FAT and directory is terminated, 
the processing of this flow chart is terminated. 
0209. On the other hand, if it is determined that the 
number of empty clusters is not sufficient for write-in of a 
file at step 604, the CPU 31 recognizes that write-in of a file 
is impossible and terminateS processing of this flow chart 
(step S610). 
0210 File readout processing 
0211) To read out a file from the flash memory 1, the same 
processing as that conventionally used for reading a file 
from the flash memory 1 is applied. That is, the CPU 31 
Specifies a file name of a read-out object file, reads out FAT 
information and directory information on the first read-out 
mode and Specifies a page in which a file having an 
appropriate file name is Stored according to read-out infor 
mation. The CPU 31 instructs to read out on the first read-out 
mode. As a result, the appropriate file is Successively read 
out and Supplied to the CPU-31. 
0212. In the memory control system according to this 
embodiment, as described above, the Size and position of a 
block of the flash memory 1 are coincided with the size and 
position of a cluster which is a minimum unit of a file 
managed by the OS. 

0213 Therefore, plural files are not stored in each block. 
Therefore, when a file stored in the flash memory 1 is written 
in, it is not necessary to Save data other than erasing object 
data in the same block in other cluster or erase a block for 
Storing the Saved data and the like. Generally, the data 
write-in speed of the flash memory 1 is higher than data 
read-out Speed and the data erase Speed is slower than the 
data write-in speed. Thus, with Such a structure, the write-in 
processing and erase processing conventionally necessary 
are not required to be carried out thereby making it possible 
to accelerate the processing Speed. 
0214. In general operating System, when a medium is 
initialized, data is erased not by erasing it physically but 
replacing a part of existing data with a Specific code. 
However, in the flash memory, when data is written, even if 
there is left erased data, Saving of the data and physical 
erasing of an appropriate block are necessary thereby decel 
erating the write-in action. According to this embodiment, 
data region is physically erased upon formatting. Therefore 
the erasing processing is not required at the time of write-in, 
So that the write-in processing can be accelerated. 
0215. Further in general operation system, when a file is 
erased, the entire data actually forming that file is not erased, 
but by replacing a head one character with a specific code 
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like “CE, that file is handled as an erased file. In the flash 
memory, even when Such erased data is left, Saving of the 
data and physical erasing of an appropriate block are nec 
essary thereby decelerating the write-in action. Because 
according to this embodiment, the data region is physically 
erased at the time of formatting, the erasing processing upon 
write-in is not necessary So that the write-in processing can 
be accelerated. 

0216. Meanwhile, the structure of the flash memory 1 in 
the memory control System according to this embodiment is 
not restricted to the above described Structure. For example, 
the entire memory capacity of the flash memory 1 does not 
have to be 8 M byte, the memory capacity of each memory 
cell does not have to be 1 byte and the memory capacity of 
a page does not have to be 528 bytes. Further, the number 
of pages of each block does not have to be 16. 
0217. The flash memory may be of NOR type. The 
amount of data inputted or outputted once by the flash 
memory 1 does not have to be 1 byte, for example, may input 
or output more than 2 bytes all at once. 
0218. According to the above described embodiment, 
upon power on, the format of the flash memory 1 is 
determined by accessing the boot region. However, it is 
permissible to make access to the boot region temporarily 
when the flash memory 1 is accessed, determine that it 
coincides with a format recognized by the control circuit 21 
or CPU 31 and then make access to data. 

0219) Although in a format shown in FIG.4, the FAT and 
directory are allocated in the same cluster, it is permissible 
to allocate them Separately. In this case, by making a cluster 
storing the FAT and directory correspond to “1”, “2” or other 
specified number cluster, the positions of the FAT and 
direction are determined. 

0220 Although in the format shown in FIG. 4, only one 
FAT is allocated, it is permissible to allocate a first copy 
(FAT1) and a second copy (FAT2) of the FAT following an 
ordinary disk format. 
0221 Although in the format shown in FIG. 4, the boot 
information and other information like FAT are written in 
Separate blocks, it is permissible to write these information 
items in the same cluster (block). If Such a format structure 
is applied, the boot information and the like are copied in 
other empty block accompanied with updating of the FAT. 
Therefore, the control circuit 21 and CPU 31 store a position 
of the boot region. 
0222. In a case when each cluster has eight pages (4 KB) 
for example, it is permissible to write the master boot record 
in page 1 of a Sector, keep pages 2 to 4 as empty region, Write 
a partition boot record in page 5, write FAT1 and FAT2 in 
pages 7 and 8 and write its directory in other cluster. This 
configuration is effectively available when the FAT and 
directory size are Small, for example, the entire memory 
capacity is about 1 MB. 
0223) In a case when each cluster has eight pages, it is 
permissible to write the master boot record in page 1 of a 
Sector, keep pages 2 and 3 as empty region, write the 
partition record in page 4, write FAT1 and FAT2 in pages 5 
to 8 and write its directory in other cluster. 
0224. In a case when each cluster has 16 pages (8 KB), 

it is permissible to write the master boot record in page 1 of 

Jul. 26, 2001 

a Sector, keep pages 2 to 9 as empty region, write the 
partition boot record in page 10, write FAT1 and FAT2 in 
pages 11 to 16 and write its directory in other cluster. 
Likewise, it is permissible to write the master boot record in 
page 1 of a Sector, keep pages 2 and 3 as empty region, Write 
the partition boot record in page 4, write FAT1 and FAT2 in 
pages 5 to 16 and write its directory in other cluster. This 
configuration is effectively available when the sizes of the 
FAT and directory are relatively large, for example, when the 
memory capacity is 8 MB, 16 MB or equivalent. 
0225. Even if such a format configuration is employed, 
because the sizes of the block and cluster are Set to the same 
Size and position, unrequited erase processing does not 
occur, So that the processing can be executed rapidly. 
0226. The flash memory 1 does not have to be fixed in the 
memory control unit 2 but may be removably installed in the 
memory control unit 2. 
0227 Next, the second embodiment will be described. 
Although according to the first embodiment, the memory 
control unit 2 carries out formatting of the flash memory 1, 
erasing of a file, write-in of a file and the like corresponding 
to a command from the CPU 31, in the second embodiment, 
the CPU 31 itself is capable of carrying out the operation of 
the memory control unit 2. 
0228. In this structure, as shown in FIG. 13 for example, 
the address register 12, column decoder 13, low address 
decoder 14, Voltage converter 15 and high Voltage generator 
15 of the flash memory 1 are connected to the IOC 33. 
0229. If such a configuration is employed, the CPU 31 
itself carries out the operation executed by the memory 
control unit 2. For example, when the flash memory 1 is 
formatted, the CPU 31 updates the block address and 
Simultaneously instructs the low address decoder 14, Voltage 
converter 15 and high Voltage generator 16 to start the 
processing for erasing data through the IOC 33 (FIG. 10, 
step S401). Further, it outputs a write-in object master boot 
record and partition boot record and instructs the column 
decoder 13, low address decoder 14, voltage converter 15 
and high Voltage generator 16 to Start the processing for 
writing these data (steps S402, 403). Then, the address 
conversion table on the main Storage unit 32 is produced 
(step S404). 
0230. The CPU 31 makes access to a head block of the 
flash memory 1 upon power on, So as to read out boot 
information, determines a cluster structure (size and posi 
tion) and controls following access to the flash memory 1 
according to this. 

0231. For example, in a case when a file is erased, the 
CPU 31 itself reads out the FAT and directory according to 
a pointer value (FIG. 11, steps S501, S502) and determines 
a cluster in which a file to be erased is stored (step S503). 
The FAT and directory are updated (steps S504 to S508) and 
a block corresponding to that cluster is erased (step S509). 
Finally, the CPU 31 erases a block in which FAT and the like 
before updating are stored (step S510) and terminates the 
processing. 

0232 For example when new data is written, the CPU 31 
determines an empty cluster according to the FAT and 
controls the column decoder 13, low address decoder 14, 
Voltage converter 15 and high Voltage generator 16 So as to 
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Store data Successively in the memory cell array 11. If file 
write-in is completed, the FAT and directory are updated. 
0233. The size of a file generated by the CPU 31 is 
integer times the block size. Therefore, the file is stored 
exactly in one or a plurality of blockS. Because the sizes of 
the FAT and directory are Set to the same size as a Single 
block, the FAT and directory are stored exactly in a block. 
Therefore, it is possible to prevent a Small amount of data 
which is a part of a file or directory from being Stored in a 
part of the block by a single write-in processing So that the 
file can be erased in units of one block at the aforementioned 
erasing time. 
0234. By CPU 31's controlling the formatting, file eras 
ing and file updating, it is possible to access the flash 
memory 1 without using any control circuit. 
0235 With this structure, if there exist erasing object data 
and other data mixedly in the same block, the CPU 31 must 
carry out the processing of Saving and erasing a file, So that 
there is a fear that the operating Speed of the entire computer 
System drops. Because this embodiment employs a format 
that the class coincides with the block as shown in FIG. 4, 
unnecessary Saving processing and erasing processing can 
be Suppressed, thereby making it possible to raise the 
processing Speed of the entire System. 

0236) Next, the third embodiment will be described. 
Although according to the first and Second embodiments, the 
flash memory 1 is formatted So that a single cluster coincides 
with a single block, according to a third embodiment, the 
flash memory 1 is formatted So that a single cluster corre 
sponds to a plurality of blocks as shown in FIG. 14. 
0237 As shown in the Figure, in this format, the block 1 
of the flash memory is boot region, in which the master boot 
record and partition boot record are Stored. 
0238. The cluster of the flash memory 1 is specified by 
data Stored in the master boot record and partition boot 
record in the boot region. In this format, the blocks 2 to 4 of 
the flash memory 1 correspond to the cluster 1. The blocks 
5 to 7 correspond to the cluster 2. The blocks 8 to 10 
correspond to the cluster 3. Hereinafter, the blocks 1022 to 
1024 correspond to the cluster 343. 
0239). The memory control system according to this 
embodiment and processing thereof are the same as the first 
and Second-embodiments. However, when data of a cluster 
will be erased, this memory control System erases each data 
of three blockS corresponding to data erasing object cluster. 
Therefore, the processing of steps S301 to S307 is repeated 
three times. Although FIG. 14 shows an example in which 
a cluster corresponds to three blocks, a cluster may corre 
spond to any integer more than 2 blockS. 

0240 Next, a fourth embodiment will be described. 
According to the first embodiment, when the flash memory 
1 is formatted, the storage content of all the blocks of the 
flash memory 1 is erased and then the master boot record and 
partition boot record are written into the block 1. However, 
if the boot information is the same between before and after 
the formatting, Such information does not have to be written 
again. Therefore, the fourth embodiment has proposed a 
method in which if the boot information is the same between 
before and after the formatting, the flash memory 1 is 
formatted without erasing the boot information. 
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0241 According to the fourth embodiment, the memory 
control System configuration is the same as the case of FIG. 
1. Further, processing of the flash memory 1 other than 
formatting is the same as the first embodiment. 

0242 FIG. 15 is a flow chart showing a processing for 
formatting the flash memory 1 according to this embodi 
ment. The processing of this flow chart is started by input 
ting a predetermined command to the I/O control circuit 22 
from the CPU 31 through the system bus 34, IOC 33 and I/O 
buS 4 by user's operating an input device Such as a keyboard 
(not shown) connected to the computer 3 like the processing 
of the flow chart shown in FIG. 10. 

0243 If the processing is started, the CPU 31 reads out a 
master boot record and partition boot record Stored in the 
boot region of the flash memory 1 like the processing for 
power on in the first embodiment and temporarily Stores 
them in the main storage unit 32 (step S701). 
0244) Next, to format the flash memory 1, the CPU 31 
reads out the master boot record and partition boot record 
Stored in the main Storage unit 32 through the System bus 34, 
IOC 33, I/O bus 4 and I/O control circuit 22. Then, it is 
determined whether the readout master boot record and 
partition boot record coincide with the master boot record 
and partition boot record temporarily stored at step S701 
(step S702). 
0245. If it is determined that they coincide at step S702, 
the processing of steps S301 to S307 are carried out for 
blocks other than the block 1 of the flash memory 1. As a 
result, data stored in the memory cell of blocks other than the 
block 1 (boot region) of the flash memory 1 is erased (step 
S703). The processing of this flow chart is terminated. As a 
result, the flash memory 1 is formatted as shown in FIG. 4. 

0246. On the other hand, if the comparison result does not 
coincide at step S702, the control circuit 21 carries out the 
processing of steps S401 to S404 shown in FIG. 10 so as to 
format the flash memory 1 (step S704), so that the process 
ing of this flow chart is terminated. 
0247 According to the memory control System according 
to this embodiment, as described above, if the master boot 
record and partition boot record written in the boot region do 
not have to be changed when the flash memory 1 is format 
ted, the erasing of data written in the boot region and writing 
of data into the boot region are not carried out. Because data 
write-in processing and erase processing which take longer 
than data read-out processing do not have to be carried out, 
the flash memory 1 can be formatted more quickly than the 
memory control System according to the first embodiment. 

0248 Next, a fifth embodiment will be described. 
Although according to the first to fourth embodiments, the 
FAT and directory are written into an empty cluster in the 
data region appropriately, in the fifth embodiment the FAT 
and directory can be written into only a particular block. 

0249 According to this embodiment, the structure of the 
memory control System and the format Structure of the flash 
memory 1 are the same as the first embodiment. However, 
the number of a cluster in which the FAT and directory data 
are to be written is not specified and instead, a particular 
number is allocated to a cluster belonging to a particular 
cluster group which will be described later. The CPU 31 
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determines a cluster in which the FAT and directory data are 
written according to an identification flag which will be 
described later. 

0250 FIG. 16 is a diagram showing particular cluster 
groups for Storing data of the FAT and directory according 
to this embodiment. AS shown here, the particular cluster 
group includes two groups, cluster group 1 and cluster group 
2, in any one of which the FAT and directory are to be 
written. 

0251 The structures of the directory and FAT are sub 
Stantially the same as the first and Second embodiments. AS 
shown in FIG. 17, an identification flag employing the value 
“FFh” which cannot be used by ordinary data is written at a 
head of a cluster group in which the FAT and directory are 
written. On the other hand, the cluster group in which the 
FAT and directory are not written is an empty block. Further, 
each identification code (not shown) is attached to the head 
of the FAT region and directory region. 
0252) The format processing on the flash memory 
executed by the control circuit 21 according to this embodi 
ment will be described with reference to a flow chart of FIG. 
18. The processing of this flow chart is started by inputting 
a predetermined command to the I/O control circuit 22 from 
the CPU 31 through the system bus 34, IOC 33 and I/O bus 
4 by user's operating Such an input device (not shown) as a 
key board connected to the computer 3. 
0253) After the processing is started, the control circuit 
21 carries out the same processing as steps S401 to S403 of 
FIG. 5 (step S801). Next, the CPU 31 writes FFh data into 
a head page of a cluster group for Storing initially Set FAT 
and directory according to the processing of Steps S201 to 
S212 and then terminates the processing of this flow chart 
(step S802). As a result, the flash memory 1 is formatted. 
0254. A processing for erasing a file written in the flash 
memory 1 executed by the control circuit 21 according to 
this embodiment will be described with reference to a flow 
chart shown in FIG. 19. The processing of this flow chart is 
Started by inputting a predetermined command to the I/O 
control circuit 22 from the CPU 31 through the system bus 
34, IOC 33 and I/O bus 4 by user's operating such an input 
device (not shown) as a keyboard connected to the computer 
3. 

0255 If the processing is started, the control circuit 21 
carries out the processing of steps S501 to S506 (step S901). 
Next, the CPU 31 writes a content of the updated FAT and 
directory Successively in each page following a head page of 
a cluster group in which the identification flat is not FFh, 
according to actions of the steps S201 to S212 (step S902). 
0256 Next, the CPU 31 erases the content of the cluster 
group in which the directory and FAT before updating are 
stored according to processing of steps S301 to S306 (step 
S903) and terminates the processing of this flow chart. 
0257 The processing of writing a file into the flash 
memory 1 executed by the control circuit 21 according to 
this embodiment will be described with reference to a flow 
chart shown in FIG. 20. The processing of this flow chart is 
Started by inputting a predetermined command to the I/O 
control circuit 22 from the CPU 31 through the system bus 
34, IOC 33 and I/O bus 4 by user's operating such an input 
device (not shown) as a keyboard connected to the computer 
3. 
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0258 If the processing is started, the control circuit 21 
carries out the processing of steps S601 to S607 shown in 
FIG. 11 (however, if it is determined that the number of 
empty clusters is insufficient at a processing of Step S604, 
further processing of S610) (step S1001). Next, the CPU 31 
carries out the processing of steps S902 to S903 (step 
S1002). In the updated FAT and directory, information 
indicating an erasing object file has been deleted, but infor 
mation of a newly written file has been added. Then, the 
processing of the flow chart is terminated. 
0259. As described above, in the memory control system 
of this embodiment, the FAT and directory data can be read 
out even if the memory position of the FAT and directory 
data are not rewritten each time when file erasing or rewrite 
is performed. In the memory control System according to 
this embodiment, the number of clusters for constructing the 
cluster group is not restricted to 2 but the cluster group can 
be constructed by any number of clusterS more than 1. 
0260. In the memory control system of this embodiment, 
particular two cluster groups for Storing the FAT and direc 
tory data do not always have to be provided in a first region 
of the flash memory 1 but may be provided at any position. 
0261) A program (a driver for formatting) for carrying out 
a processing for formatting the flash memory 1, executed by 
the CPU 31 or the like may be provided by such a recording 
medium as a floppy disk and CR-ROM. 
0262. As described above, according to the block erasing 
type memory device according to this embodiment, data 
erasing and write-in can be carried out rapidly. 
0263. Further, the block erasing type memory device can 
be formatted So that data erasing and write-in can be carried 
out rapidly by executing a program Stored in the program 
memory medium according to this embodiment. Further, by 
carrying out a program Stored in the program memory 
medium of this embodiment, data erasing and write-in can 
be carried out rapidly. 
What is claimed is: 

1. A data processing System comprising: 
a block erasing type memory device writing in and 

reading out data using a FAT and directory method and 
including a plurality of blocks, capable of erasing 
Stored data collectively in units of block, and 

data processing means for accessing Said block erasing 
type memory device, 

wherein Said data processing means includes: 
control means connected to Said block erasing type 
memory device for formatting Said block erasing 
type memory device according to formatting infor 
mation for Substantially allowing a cluster Serving as 
a logical unit of a memory region of Said block 
erasing type memory device to correspond in size 
and position with a block or integer ones of Said 
blocks, and 

acceSS means for determining the Size and position of 
the cluster according to Said format information and 
carrying out acceSS control for data erasing, data 
write-in and data read-out for Said block erasing type 
memory device formatted according to the deter 
mined size and position of the cluster. 
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2. A block erasing type memory device having a plurality 
of blocks and capable of erasing data collectively in units of 
block, wherein 

Said block erasing type device writes in and reads out data 
using a FAT and directory method, and includes: 
a memory region formatted according to format infor 

mation for making one or integer ones of the blocks 
Substantially correspond to each of clusters, each 
cluster Serving as a unit of Said memory region. 

3. Ablock erasing type memory device according to claim 
2, wherein each of Said clusterS has a size and position 
Substantially coinciding with a corresponding one of Said 
blocks. 

4. Ablock erasing type memory device according to claim 
2 or 3, wherein Said format information comprises informa 
tion for corresponding the size of each of Said clusters with 
the size of each of Said blockS and a position adjusting 
region for corresponding a start position and end position of 
each of Said clusters with the Start position and end position 
of each of said blocks. 

5. Ablock erasing type memory device according to claim 
4, in which directory information indicating a file name and 
head memory position and a file allocation table indicating 
a file position is Stored in one of Said clusters. 

6. Ablock erasing type memory device according to claim 
4, wherein stored data of the blocks other than said block for 
Storing Said format information is physically erased. 

7. Ablock erasing type memory device according to claim 
2 or 3, in which directory information indicating a file name 
and head memory position and a file allocation table indi 
cating a file position is Stored in one of Said clusters. 

8. Ablock erasing type memory device according to claim 
2 or 3, wherein stored data of the blocks other than said 
block for Storing Said format information is physically 
erased. 

9. A data processing System comprising: 
a connecting portion constructed to be connectable to a 

block erasing type memory device writing in and 
reading out data using a FAT and directory method and 
containing a plurality of blockS and capable of erasing 
collectively Stored data in units of block, and 

formatting means for formatting Said block erasing type 
memory device by writing format information for Sub 
Stantially allowing one or integer ones of Said blockSto 
coincide with each cluster into Said block erasing type 
memory device through said connecting portion. 

10. A data processing System according to claim 9, 
wherein Said formatting means writes format information for 
Substantially coinciding the size and position of each of Said 
clusters with the Size and position of each of Said blocks into 
Said block erasing type memory device. 

11. A data processing System according to claim 9, 
wherein Said formatting means writes information for cor 
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responding the size of each of Said clusters with the size of 
each of Said blocks and position adjusting information for 
corresponding the Start position and end position of each of 
Said clusters with the Start position and end position of each 
of Said blockS into Said block erasing type memory device. 

12. A data processing System according to claim 9, further 
comprising means for recording in each cluster directory 
information indicating a file name and head memory posi 
tion and a file allocation table indicating a file positioning. 

13. A data processing System according to claim 9, 
wherein Said formatting means includes means for physi 
cally erasing Stored data of Said blocks other than that of Said 
blocks in which said format information is written. 

14. A data processing System according to claim 9, further 
comprising file erasing means for erasing a file written in 
Said block erasing type memory device through Said con 
necting portion, Said file erasing means including means for 
physically erasing data of blocks of Said blocks including an 
appropriate data. 

15. A data processing System according to any one of 
claims 9 to 14, further comprising format information read 
out means for reading out Said format information through 
Said connecting means, cluster determining means for deter 
mining a size and position of each of the clusters each 
Serving as a minimum unit of a file, according to format 
information read out by Said format information readout 
means and means for controlling erasing, write-in and 
readout of data of Said block erasing type memory device 
according to the size and position of each of the clusters 
determined by Said cluster determining means. 

16. A data Storage medium Storing a program comprising 
a set of instructions for: 

physically erasing Stored data of a block erasing type 
memory device capable of erasing Stored data collec 
tively in units of block; and 

Writing information for allowing a size and position of 
each of clusters, each Serving as a unit of data memory 
region, to correspond with the Size and position of one 
or integer ones of the blocks into the block erasing type 
memory device the stored data of which has been 
erased. 

17. A data Storage medium according to claim 16, further 
Storing a program including an instruction for, when Stored 
data in the block erasing type memory device is instructed 
to be erased, physically erasing a storage content of the 
block including the data which has been instructed to be 
erased. 

18. A data Storage medium according to claim 16 or 17, 
further Storing a program including an instruction for record 
ing directory information for indicating a file name and head 
memory position and a file allocation table for indicating an 
allocation of the file, in each cluster. 


