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SEMICONDUCTOR MEMORY APPARATUS
AND METHOD FOR WRITING DATA INTO
THE FLASH MEMORY DEVICE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a section 371 of International Applica-
tion No. PCT/JP03/10718, filed Aug. 25, 2003, the disclosure
of which 1s incorporated herein by reference.

The present invention relates to a semiconductor memory
apparatus that includes a flash memory device. In particular,
the invention relates to a method of writing data into the flash
memory device.

BACKGROUND ART

Information processing appliances and, further in recent
years, household electric appliances, such as television sets
and refrigerators, include CPUs and realize advanced operat-
ing control by software. The appliances store (firmware) pro-
grams for the operating control and parameters 1n ROMs.
Semiconductor memory apparatuses that include flash
memory devices are extensively used as the ROMs. In addi-
tion, the semiconductor memory apparatuses are extensively
used 1n portable information processing appliances (mobile
appliances), such as notebook computers, personal digital
assistants (PDA), digital cameras, portable audio players, and
cellular phones, as external, minmiature recording media like
memory cards. Especially for the uses, 1t 1s desirable that the
semiconductor memory apparatuses have large capacities and
small sizes.

The storage area of a flash memory device 1s generally
divided into a plurality of pages each having a fixed number of
memory cells. Writing and reading of data are performed
page by page. The storage area 1s further divided 1nto a plu-
rality of blocks each having a fixed number of the pages. A
data erasing 1s performed collectively 1n each of the blocks.
Accordingly, page-by-page overwriting of data cannot be
performed 1n the strict sense 1n the flash memory device, in
contrast to RAMs.

A conventional semiconductor memory apparatus realizes
a renewal of data stored in some pages of flash memory
devices (which 1s hereafter referred to as a renewal of pages)
and a writing of new data onto blank pages (which 1s hereafter
referred to as an addition of pages), for example, as follows.
FIG. 9 1s an illustration of the renewal or addition of pages 1n
one block of a flash memory 1 by the conventional semicon-
ductor memory apparatus.

The conventional semiconductor memory apparatus com-
prises the flash memory 1 and two RAMs; a saving buffer 20
and a page butfer 2. The flash memory 1 1s divided into more
than one block B0, B1, . . . A physical address 1s allocated to
each of the blocks B0, B1, . . . Each of the blocks includes 32
pages. For example, the head block (or the first block) B0
includes pages PO, P1, . .., and P31, and the (n+1)th block Bn
(n=1) includes pages Q0, Q1, . . ., and Q31. A page in the
block 1s 1dentified by the pair of the physical address of the
block and a page number 1n the block. The page numbers are,
for example, serial numbers 0-31 put on the respective pages
of the block from 1ts top page 1n sequence. The saving buifer
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20 and the page builer 2 each have a storage capacity sub-
stantially equal to that of one page of the flash memory 1.

A host sends out a logical address designating a write target
page and data objects to be written, to the semiconductor
memory apparatus. The semiconductor memory apparatus
stores the data objects DN 1n the page buffer 2. On the other
hand, the semiconductor memory apparatus identifies the
corresponding page 1n the tlash memory 1 from the logical
address. For example, when the logical address designates the
(p+1)th page Pp (0=p=31) of the head block B0, the semi-
conductor memory apparatus converts the logical address
into the pair of the physical address of the head block B0 and
the page number p of the (p+1)th page Pp. The physical
address 1s 1dentified as the physical address of a block being
a source of data transfer (which 1s hereafter referred to as a
source block). Then, the semiconductor memory apparatus
selects, in the flash memory 1, one block 1n which data has not
yet been written (which 1s hereafter referred to as a blank
block). The semiconductor memory apparatus selects, for
example, the (n+1)th block Bn being the blank block. The
physical address of the (n+1)th block Bn 1s identified as a
physical address of the block to which the data stored 1n the
source block B0 1s transferred (which 1s hereafter referred to
as a destination block).

The conventional semiconductor memory apparatus trans-
ters data items stored in the source block B0 to the destination
block Bn as follows. First, the data item DO of the top page PO
of the source block B0 1s read into the saving butler 20 (see the
arrow R0 shown 1 FIG. 9.) Next, the data item D0 of the
saving buflfer 20 1s written onto the top page Q0 of the desti-
nation block Bn (see the arrow WO shown 1n FIG. 9.) Then,
the data 1tem D1 of the second page P1 of the source block B0
1s read 1nto the saving buffer 20 (see the arrow R1 shown 1n
FIG. 9.) Next, the data item D1 of the saving builer 20 1s
written onto the second page Q1 of the destination block Bn
(see the arrow W1 shown in FIG. 9.) Such a data transfer via
the saving butler 20 1s repeated the same number of times as
the page number p of the write target page (the (p+1)th page
Pp of the source block B0) (=p times). When the write target
page (the (p+1)th page) Pp of the source block B0 1s set as the
source page ol data reading, the semiconductor memory
apparatus skips the data transfer to the saving butier 20 for the
page. Instead, the data object DN to be written, which 1s
stored in the page bullfer 2. 1s written onto the (p+1)th page Qp
of the destination block Bn (see the arrow Wp shown in FIG.
9.) The data transfer via the saving butiler 20 1s again repeated
from the page next to the write target page Pp (the (p+2)th
page) of the source block B0. The data item D31 of the bottom
page P31 of the source block B0 is written onto the bottom
page Q31 of the destination block Bn via the saving butier 20
(see the arrows R31 and W31 shown 1n FIG. 9.) The semi-
conductor memory apparatus brings the logical address cor-
responding to the physical address of the source block B0 into
correspondence with the physical address of the destination
block Bn. The data item on the (p+1)th page Pp having the
page number p 1s rewritten in the destination block Bn, in
contrast to the source block B0. Thus, the conventional semi-
conductor memory apparatus realizes the renewal and addi-
tion of pages for one block of the flash memory 1.

Semiconductor memory apparatuses are required to have
large capacities and small Sizes as far as possible. However,
improvements in packing density of the flash memory devices
are not easy. Accordingly, size reductions of circuit parts
except the flash memory devices are desirable. For example,
when many functional sections each include common circuit
parts, the common parts are to be integrated into a single part.
Thereby, reductions in number of the common parts are desir-
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able. Size reductions of the semiconductor memory appara-
tuses are more desirable since they reduce the costs of manu-

facturing through the reductions 1n area of chips. The
conventional semiconductor memory apparatus has the two
RAMSs, the saving buifer and the page bullfer, as described
above. The RAMSs share the commonalities, being used as a
buffer memory and having the substantially same storage
capacity as that of one page of the flash memory device.
Accordingly, the integration of the saving bufler and the page
buifer into one RAM 1s strongly desirable. In the renewal of
pages by the conventional semiconductor memory apparatus,
however, the page bulifer has to hold data objects to be written
until the write target page 1s set as a target ol saving, as
described above. Therefore, 1t 1s difficult that the page buifer
doubles as the saving buitfer.

DISCLOSURE OF INVENTION

An object of the present invention 1s to provide a semicon-
ductor memory apparatus wherein the size of RAM 1s
reduced through the mtegration of the saving builer and the
page bullfer mto a single RAM, and thereby miniaturization 1s
achieved.

A semiconductor memory apparatus according to the
present imvention comprises:

(A) a flash memory device comprising more than one
block, each of which includes more than one page, and a
page-olifset storage area in which a page offset of each of the
blocks 1s stored, and writing data into a blank block from its
top page 1n sequence;

(B) a page builer in which the substantially same amount of
data as the data storage capacity of one of the pages 1s tem-
porarly stored;

(C) an address conversion section for receiving from a host
a logical address that specifies a write target page, and con-
verting the logical address 1nto a pair of a physical address of
the block (which 1s hereafter referred to as a source block) to
which the write target page belongs, and a logical page num-
ber of the write target page; and

(D) a memory control section for (a) reading the physical
address of the source block and the logical page number of the
write target page, (b) selecting one of the blank blocks as a
destination block, (¢) determining a page oifset of the desti-
nation block based on the logical page number of the write
target page, and writing the page offset into the page-oflset
storage area as the page offset of the destination block, (d)
reading a page oilset of the source block from the page-oflset
storage area, (e) obtaining a physical page number of the
write target page based on the page oifset of the source block
and the logical page number of the write target page, (1)
writing a data object to be written, which 1s transferred from
the host to the page butfer, into the destination block from its
top page 1n sequence, (g) obtaining a physical page number of
a transter start page of the source block based on the number
of pages of the data objects and the physical page number of
the write target page, and (h) transferring data stored in the
source block, from the transfer start page 1n a sequential and
cyclic manner, via the page buller, to a page next to or after a
page area of the destination block into which the data object
1s written.

The logical page numbers are serial numbers allocated to
the respective pages 1n the flash memory device by the host.
The physical page numbers are serial numbers put on the
respective pages of each block in the flash memory device,
from the top page in sequence. The page oflset of a block
means a cyclic deviation of the logical page order from the
physical page order 1n the block. The page oflset of the block
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1s preferably the same as the logical page number of the top
page ol the block. The above-described semiconductor
memory apparatus according to the present invention stores
the page oifsets of the respective blocks 1n the flash memory
device. Here, the actually stored data items may be the logical
page numbers of particular pages, in addition to the page
ollsets themselves. The page olfset storage areas are prefer-
ably the redundant areas of the top pages of the respective
blocks. The redundant area of the page 1s the storage area
accessible independently of the data area of the page. For
example, the logical address corresponding to the page, the
tflag showing whether or not the page 1s a blank page, the flag
showing that the data written onto the page 1s enabled/d1s-
abled (1n other words, the access of the host to the page 1s
allowed/inhibited), and the error-detecting code (e.g. CRC)
of the data, are stored 1n the redundant area of the page. The
storage space for the page oflsets may be allocated to a
non-volatile memory separated from the above-described
flash memory device (which i1s hereafter referred to as a
page-ollset storage section), mn addition to the page-oifset
storage area in the flash memory device. The page-oiiset
storage section 1s included, for example, in the memory con-
trol section. The page butler 1s a RAM, and preferably, an
SRAM. The number of pages of the data objects to be written
means the amount of the data objects expressed in the unit that
1s the data storage capacity per page in the flash memory
device. The number of pages of the data objects 1s equal to the
number of pages of the page area of the destination block into
which the data objects are written.

In the above-described semiconductor memory apparatus
according to the present invention, the logical page numbers
of the pages 1n the flash memory device may shift from the
physical page numbers of the pages 1n a cyclic manner in the
respective blocks. The physical page number of each page 1s
calculated based on the logical page number of the page and
the page oifset of the block to which the page belongs. When
receiving from the host the mstruction for a renewal of some
pages or an addition of new pages 1 a block, the above-
described semiconductor memory apparatus according to the
present invention first writes the data objects to be written,
which are transierred from the host to the page butler, into the
destination block, from 1ts top page in sequence. Thereby, the
page buller 1s freed before the start of the saving process for
the source block. Accordingly, the above-described semicon-
ductor memory apparatus according to the present invention
can use the page bufler as a saving buffer at the saving of the
source block. As aresult, the above-described semiconductor
memory apparatus according to the present invention has
R AMs smaller 1n size than those of conventional apparatuses.
Therefore, the above-described semiconductor memory
apparatus according to the present invention has the whole
s1ze smaller than that of the conventional apparatus when the
s1zes of the flash memory devices are fixed.

The above-described semiconductor memory apparatus
according to the present mnvention may further comprise: (a)
a host interface for recerving the logical address of the write
target page and the data object, which are sent out from the
host; and (b) an address-conversion-table storage section
storing a logical/physical address conversion table showing a
correspondence between a logical address and a physical
address for each of the blocks 1n the flash memory device, and
a tlag for showing whether or not each of the blocks is the
blank block; and the above-described memory control section
may count the number of pages of the data objects and may
start data transmission from the source block to the destina-
tion block, when the number of the pages reaches a predeter-
mined number, or when the host provides notification of the
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end of sending of the data object. Here, the address-conver-
sion-table storage section is preferably a RAM. The logical/
physical address conversion table 1s the table showing the
correspondences between the logical address allocated to
cach block 1in the flash memory device and the physical

address of the block.

Since the host interface 1s independent of the memory
control section, data communications between the host and
the semiconductor memory apparatus are performed inde-
pendently of data writing/reading in the flash memory device.
Thereby, for example, the latency time of the host for writing
data mto the flash memory device 1s shortened.

The address conversion section scans, for example, the
redundant areas of the pages 1n the tflash memory device.
Thereby, the logical addresses of the respective blocks 1n the
flash memory device are listed. Thus, the address conversion
section creates the logical/physical address conversion table,
and stores the table into the address-conversion-table storage
section. The address conversion section consults the logical/
physical address conversion table, when converting the logi-
cal address of the write target page into the pair ol the physical
address ol the source block and the logical page number of the
write target page. Thereby, the section can promptly retrieve
the physical address corresponding to the logical address.

The address conversion section further checks whether or
not each block 1s a blank block, based on the data items stored
in the scanned redundant areas. Thereby, the section deter-
mines the above-described flags for the respective blocks, and
stores the flags 1into the address-conversion-table storage sec-
tion. The memory control section consults the above-de-
scribed flags, when selecting one of the blank blocks as a
destination block. Thereby, the section can promptly deter-
mine the destination block.

For example, when transierring the data objects to be writ-
ten, which the host stores in the page builer, from the page
butler to the destination block, the memory control section
counts the number of times of the transter. The host may
notily the semiconductor memory apparatus of the end of
sending of the data objects, for example, using a predeter-
mined command. In that case, the memory control section can
detect the number of pages of the data objects from the above-
described number of times of the transter at the receipt of the
notification. At the same time, the memory control section
starts the data transfer from the source block to the destination
block. Alternatively, the host may notify the semiconductor
memory apparatus of the number of pages of the data objects

before sending the data objects. In that case, the memory
control section starts the data transier from the source block to
the destination block when the above-described number of
times of the transier reaches the notified number of pages.

A method of writing data into a flash memory device,
which 1s the method of writing data into a flash memory
device comprising more than one block, each of which
includes more than one page, and writing data into a blank
block from its top page in sequence;

the method comprising the steps of:

(A) receving from a host a logical address specifying a
write target page;

(B) converting the logical address into a pair of a physical
address of a source block and a logical page number of the
write target page;

(C) selecting one of the blank blocks as a destination block;

(D) determining a page offset of the destination block
based on the logical page number of the write target page, and
writing the page offset Into a page-oilset storage area 1n the
flash memory device as a page oifset of the destination block;
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(E) reading the page offset of the source block from the
page-ollset storage area;

(F) determining a physical page number of the write target
page based on the page ofiset of the source block and the
logical page number of the write target page;

(G) writing a data object to be written, which is transierred
from the host to a page butfer, into the destination block from
its top page 1n sequence; and

(H) obtaining a physical page number of a transier start
page of the source block based on the number of pages of the
data objects and the physical page number of the write target
page, and transferring data stored in the source block, from
the transfer start page 1n a sequential and cyclic manner, via
the page butlfer, to a page next to or after a page area of the
destination block into which the data object 1s written. Here,
the logical page number, the physical page number, the page
olifset of the block, the page-olfset storage area (or the page-
ofl set storage section), the page bulfer, and the number of
pages ol the data objects to be written are defined 1n a manner
similar to the above-described ones.

In the above-described method of writing data according to
the present invention, the logical page numbers of the pages in
the flash memory device may shift from the physical page
numbers of the pages 1n a cyclic manner 1n the respective
blocks. The physical page number of each page 1s calculated
based on the local page number of the page and the page offset
of the block to which the page belongs. When the host pro-
vides the instruction for a renewal of some pages or an addi-
tion of new pages 1n a block, the data objects to be written,
which are transierred from the host to the page buffer, are first
written into the destination block, from 1ts top page in
sequence. Thereby, the page buller 1s freed before the start of
the saving process for the source block. Accordingly, the page
builer can double as a saving buifer at the saving ol the source
block. As a result, a RAM size required in the above-de-
scribed method of writing data 1s smaller than that of the
conventional method. Therefore, a semiconductor memory
apparatus has the whole size smaller than that of the conven-
tional apparatus when the sizes of the flash memory devices
are fixed.

The method of writing data according to the present inven-
tion may further comprise the step of counting the number of
pages of the page area of the destination block, into which the
data objects are written, and starting data transmission from
the source block to the destination block, when the number of
the pages reaches a predetermined number, or when the host
provides notification of the end of sending of the data object.
For example, every time when the data object 1s transferred
from the page butler to the destination block, the number of
times of the transfer 1s counted. The host may notity the
semiconductor memory apparatus of the end of sending of the
data object, for example, using a predetermined command. In
that case, the number of pages of the above-described page
area 1s detected from the above-described number of times of
the transfer at the receipt of the notification. In addition, the
data transier from the source block to the destination block
gets started at the notification. Alternatively, the host may
notily the semiconductor memory apparatus of the number of
pages of the data objects before sending the data objects. In
that case, the data transter from the source block to the des-
tination block starts when the above-described number of
times of the transier reaches the notified number of pages.

The page builer 1s freed before the start of the saving
process for the source block 1n the above-described semicon-
ductor memory apparatus and its method of writing data
according to the present imnvention. Accordingly, the page
butiler can double as a saving builer at the saving process. As
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a result, the above-described semiconductor memory appa-
ratus has RAMs smaller i size than those of conventional
apparatuses. Therefore, the above-described semiconductor
memory apparatus according to the present invention has the
whole size smaller than that of the conventional apparatus
when the sizes of the flash memory devices are fixed. Manu-
facturing costs of the above-described semiconductor
memory apparatus according to the present invention reduce
lower than those of the conventional apparatuses, since the
chip area 1s particularly small.

While the novel features of the invention are set forth
particularly 1n the appended claims, the invention, both as to
organization and content, will be better understood and
appreciated, along with other objects and features thereof,
from the following detailed description taken in conjunction
with the drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram showing a semiconductor
memory apparatus 10 according to an embodiment of the
present invention;

FIG. 2 1s a schematic diagram showing the outline of the
structure of a cell array 1n a flash memory 1 according to the
embodiment of the present invention;

FIG. 3 1s an 1llustration about the semiconductor memory
apparatus 10 according to the embodiment of the present
invention, showing-the transier process from a page builer 2
to the tlash memory 1 that a memory controller 6 performs for
the data objects DN8-DN12 to be written, which are trans-
terred from a host H to the page butler 2;

FI1G. 4 1s an illustration about the semiconductor memory
apparatus 10 according to the embodiment of the present
invention, showing the first half of the data transfer process
from a source block B0 to a destination block Bn that the
memory controller 6 performs following the data transier
process shown 1n FIG. 3;

FIG. 5 1s an 1llustration about the semiconductor memory
apparatus 10 according to the embodiment of the present
invention, showing the second half of the data transier pro-
cess from the source block B0 to the destination block Bn that
the memory controller 6 performs following the data transier
process shown 1 FIG. 3;

FI1G. 6 15 a flow chart of the method of writing data by the
semiconductor memory apparatus 10 according to the
embodiment of the present invention;

FIG. 7 1s a flow chart of transiers of the data objects
DN(q)-DN(g+m-1) to be written from the page butifer 2 to
the destination block Bn (Step 7), about the method of writing,
data by the semiconductor memory apparatus 10 according to
the embodiment of the present invention;

FI1G. 8 1s a flow chart of data transfers from the source block
B0 to the destination block Bn (Step S8), about the method of
writing data by the semiconductor memory apparatus 10
according to the embodiment of the present invention;

FI1G. 9 15 an 1llustration for demonstrating a renewal or an
addition of pages in one block of the flash memory 1 by a
conventional semiconductor-memory apparatus.

It will be recognized that some or all of the figures are
schematic representations for purposes of 1llustration and do
not necessarily depict the actual relative sizes or locations of
the elements shown.

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L]

The following describes the best embodiment of the
present invention, referring to the figures.
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FIG. 1 1s the block diagram showing the semiconductor
memory apparatus 10 according to the embodiment of the
present invention. The semiconductor memory apparatus 10
1s connected with the host H through an external bus 7. Here,
the host H 1s, for example, an information processing device
such as a personal computer, or a mobile appliance such as a
PDA and a cellular phone. The semiconductor memory appa-
ratus 10 may be provided for the host H either internally or
externally.

The flash memory 1 1s preferably a NAND-type EEPROM
(electrically erasable programmable ROM). FIG. 2 1s the
schematic diagram showing the outline of the structure of the

cell array 1n the flash memory 1. The cell array 1s a cluster of

many blocks B0, B1, B2, . . . Each block includes 32 pages,
for example. The head block B0 includes 32 pages P0-P31,
for example. Other blocks B1, B2, . . ., are alike. In the flash
memory 1, data items are only collectively erased on a block-
by-block basis. Each page includes the two-dimensional
arrangement of (512+16)-columnx8 memory cells. Here, the
cight memory cells are connected 1n the NAND-type form,
constituting one column. Furthermore, 512 columns of the
memory cells constitute a data area DA, and the remaining 16
columns of the memory cells constitute a redundant area RA.
Data writing and reading are performed page by page, 1n the
flash memory 1. Here, the data area DA and the redundant
area RA are independently accessed. One memory cell stores
one bit of data, for example. Then, one column of the memory
cells stores eight bits=one byte. In the NAND-type
EEPROM, the data items stored in one column of the memory
cells are sent or recerved at a time as one word. The data areas
DA ofthe cell array have 512 bytes of storage capacity perone
page, or 512 bytesx32=16 kB per one block, as computed
from the above-described structure. The redundant area RA
stores the attributes of the data items stored in the data area
DA of the page to which the redundant area belongs. The
redundant area includes, for example, the logical address
corresponding to the page to which the redundant area
belongs, a flag showing whether or not the page 1s blank, a flag
showing whether the data items written on the page are
enabled or disabled (1n other words, the access by the host 1s
allowed or inhibited), and/or the error-detecting codes (e.g.,
CRC) of the data items.

When data streams of one block si1ze or more are stored 1nto
the flash memory 1, the data streams are divided into pages
and written into the data areas DA of the respective pages,
from the top page of the blank block in sequence. In particu-
lar, the logical page order 1n each block may shift from the
physical page order 1n the block 1n a cyclic manner as follows:
In FIG. 2, for example, the top page (the first page) PO, the
second pageP1, ..., the 30th page P29, the 31st page P30, and
the final page (the 32nd page) P31 of the head block B0 store
data items D2, D3, ..., D31, D0, and D1, respectively. Here,
numerical values beside the reference symbol P showing the
pages of the head block B0 indicate the physical page num-
bers of the respective pages. Furthermore, numerical values
beside the reference symbol D showing data items stored in
the pages P0-P31 indicate the logical page numbers of the
respective pages. Then, each logical page number of the
pages P0-P31 of the head block B0 shiits from the physical
page number by a constant number, “2”.

The cyclic deviations between the logical page orders and
the physical page orders generally vary among the blocks.
This cyclic deviation of a block is referred to as a page offset
of the block. The page ofiset of a block 1s the same as the
logical page number of the top page of the block. In the flash
memory 1, the page offsets are represented by integers
between 0 and 31 inclusive and stored 1n page-oifset storage

L1l
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areas of the respective blocks. Here, the page-oifset storage
area 1s, for example, the redundant area R A of the first page of
cach block. In FIG. 2, the page offset “2” of the head block B0
1s stored 1n the redundant area RA of the top page P0. In
addition, the page offset may be stored in the redundant area
RA of one of the pages except the top page. In that case, the
stored data item may be the logical page number of the page
instead of the page ofiset itself. The semiconductor memory
apparatus 10 can calculate the page offset from the deviation
between the logical page number and the physical page num-
ber of the page.

A host mterface 3 (see FIG. 1) relays data between the
external bus 7 and the internal bus 8, and realizes data
exchanges between functional sections 1n the semiconductor
memory apparatus 10 and the host H. When receiving from
the host H a data read command for the flash memory 1, the
host interface 3 decodes the read command and sends the
logical address to specily a read target page to the address
conversion section 4. The host interface 3 further sends the
data objects to be read, which are transferred from the flash
memory 1 to the page butler 2 by the memory controller 6,
through the external bus 7 to the host H. When receiving from
the host H a data write command for the flash memory 1, the
host interface 3 decodes the write command and sends the
logical address to specity the write target page to the address
conversion section 4. The host interface 3 turther transters the
data objects to be written, which are received from the host H,
through the internal bus 8 to the page buifer 2.

The page butlfer 2 1s an SRAM preferably, and temporarily
stores the data 1items exchanged between the host interface 3
and the memory controller 6. The storage capacity of the page
butler 2 1s 512 bytes, for example, and substantially the same
as the storage capacity of (the data area DA of) one page in the
flash memory 1.

The address conversion section 4 receives the logical
address from the host interface 3. In the logical address, for
example, the upper bits show the logical address of one block
in the flash memory 1 (a logical block address), and the lower
bits show the logical page number of one page in the block.
The address conversion section 4 first divides the logical
address 1nput into the logical block address and the logical
page number. The address conversion section 4 next accesses
an address-conversion-table storage section S. The address-
conversion-table storage section 5 1s a RAM preferably, and
stores a logical/physical address conversion table L. The
address conversion section 4 converts the logical block
address into the physical address of the corresponding block,
based on the logical/physical address conversion table L. The
pair of the physical address and the logical page number 1s
sent to the memory controller 6. Here, the logical/physical
address conversion table L 1s a table bringing a-logical block
address allocated to each enabled block in the flash memory
1 1nto correspondence with the physical address of the block.
The address conversion section 4 scans the redundant areas
R A of the top pages ol blocks of the flash memory 1 at the start
up of the semiconductor memory apparatus 10, for example,
thereby listing the logical block addresses of the enabled
blocks 1n the flash memory 1. Thus, the logical/physical
address conversion table L 1s created and stored in the
address-conversion-table storage section 5.

The address-conversion-table storage section 3 stores, for
example, a flag F for each block of the flash memory 1 to show
whether or not to be a blank block, 1n addition to the logical/
physical address conversion table L. The address conversion
section 4 checks each block in the flash memory 1 for a blank
block, based do the data stored 1in the redundant area RA of'the
block, and determines the above-described flag F. The
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address conversion section 4 further stores the flags F into the
address-conversion-table storage section 5.

The memory controller 6 1dentifies one page 1n the flash
memory 1 based on the pair of the physical address and the
logical page number, which 1s received from the address
conversion section 4. The memory controller 6 performs data
reading/writing for the identified page. For example, at the
receipt of a read command from the host H, the memory
controller 6 first receives from the address conversion section
4 the physical address that 1s converted from the destination
address of the read command, and identifies a block corre-
sponding to the physical address in the flash memory 1. The
memory controller 6 next reads the page offset of the block
from the redundant area of the top page of the block. The
memory controller 6 identifies the physical page number
corresponding to the logical page number, based on the page
offset and the logical page number recerved from the address
conversion section 4. The memory controller 6 reads from the
flash memory 1 the data item stored on the page having the
physical page number, and transiers the data item to the page
buifer 2.

At the receipt of a write command from the host H, the
memory controller 6 performs data writing into the flash
memory 1, that 1s, a renewal or an addition of pages 1n one
block of the tlash memory 1 as follows: FIGS. 3-5 are illus-
trations for demonstrating a method of writing data by the
memory controller 6. FIG. 3 shows a transier process from the
page buffer 2 to the flash memory 1, which the memory
controller 6 performs for the data objects DN8-DN12 to be
written (numerical values beside the reference symbol DN
show logical page numbers) that are transferred from the host
H to the page bufler 2. Here, let “8” be the logical page
number of the write target page indicated by the destination
address of the write command. Furthermore, assume that the
total amount of the data objects DN8-DN12 is substantially
the same as the storage capacity of five pages of the flash
memory 1. FIG. 4 and FIG. 5 respectively show the first and
second halves of the data transfer process from a source block
B0 to a destination block Bn that the memory controller 6
performs following the data transfer process shown in FIG. 3.

The memory controller 6 first receives a physical address
from the address conversion section 4. Then, the memory
controller 6 identifies a block corresponding to the physical
address as a source block in the flash memory 1. In FIGS. 3-5,
for example, the head block (the first block) B0 1s identified as
the source block. The memory controller 6 nextreads the page
olfset “2” of the source block B0 from the redundant area RA
of the top page (the first page) PO of the source block B0. Data
items DO, D1, . . ., and D31 (numerical values beside the
reference symbol D show the logical page numbers of the
pages storing the data items) are stored in the data areas DA of
the source block B0. In the source block B0, the logical page
numbers of the pages P0-P31 (numerical values beside the
reference symbol P show the physical page numbers) shift
from the physical page numbers by the page offset “2” 1n a
cyclic manner, as shown in FIG. 3. Here, the pages PO,
P1, ..., and P31 may include a page 1n a state of being erased
(or a blank page).

The memory controller 6 further recerves the logical page
number “8” of the write target page from the address conver-
sion section 4, and determines the difference between the
logical page number “8” and the page offset “2” of the source
block B0: “8-2=6". Here, the difference generally ranges
from -31 to 31 inclusive. When the difference 1s not negative,
the memory controller 6 1dentifies the difference as the physi-
cal page number of the write target page. When the above-
described difference 1s negative, the memory controller 6
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adds the total page number (=32) per block to the difference,
and 1dentifies the sum as the physical page number of the
write target page. Thus, the physical page number of the write
target page 1s determined as an integer between or equal to O
and 31. In FIGS. 3-5, the seventh page P6 of the source block
B0 1s identified as the write target page.

The memory controller 6 accesses the address-conversion-
table storage section 5 and, based on the flags F stored there,
selects one of blank blocks 1n the flash memory 1 as a desti-
nation block. In FIGS. 3-5, for example, the (n+1)th block Bn
(n=1)1s selected as the destination block. Any of the 32 pages
Q0, Q1, .. ., and Q31 (numerical values beside the reference

symbol () show physical page numbers) 1n the destination

block Bn 1s blank.

The host interface 3 recerves data objects DN8-DN12 to be
written that 1s sent from the host H, and writes the data objects
into the page bulfer 2 page by page. The memory controller 6
transiers the data objects DN8-DN12 from the page buifer 2
to the destination block Bnpage by page (see the arrow shown
in FIG. 3.) The data objects DN8-DN12 are written page by
page, starting from the top page Q0 of the destination block
Bn 1n sequence. Thereby, the data objects DN8-DN12 are
stored in the data areas DA of the top page Q0 through the fifth
page Q4 of the destination block Bn (see FIG. 3.) The
memory controller 6 further determines the logical page num-
ber “8” of the write target page as the page oflset of the
destination block Bn, and writes the page offset into the
redundant area RA of'the top page Q0 of the destination block
Bn.

Every time when transferrmg the data objects DN8-DN12
from the page buller 2 to the destination block Bn, the
memory controller 6 counts the number of times of the trans-
ter. The host H notifies the semiconductor memory apparatus
10 of the end of sending of data objects to be written, using a
predetermined command. The memory controller 6 detects
the command through the host interface 3. At the detection of
the command, the memory controller 6 determines the num-
ber of pages, “5”, of the storage region Q0-Q4 of the data
objects DN8-DN12, based on the above-described number of
times of the transfer. Then, the memory controller 6 further
starts the data transter from the source block B0 to the desti-
nation block Bn. Here, the host H may provide the semicon-
ductor memory apparatus 10 with prior notification of the
page number “5” required for the storage of the data objects
DNS8-DN12. In that case, when the above-described number
of times of the transfer reaches the notified page number “5”,
the memory controller 6 starts the data transfer from the
source block B0 to the destination block Ban.

Before the start of a data transfer from the source block B0
to the destination block Bn (which 1s hereatter referred to as
a block transter), the page buifer 2 1s freed. The memory
controller 6, using the page builfer 2, performs the block
transier as follows (see FIG. 4 and FIG. 5): First, the fifth page
(the 12th page) P11 counted from the write target page (the
seventh page) P6 of the source block B0 1s 1dentified as the
start page of the block transfer (which 1s hereatter referred to
as a transfer start page) (see FIG. 4.) Next, data items
D13, , D31, D0, and D1 on the transfer start page P11
t_lreugh the ﬁnal page (the 32nd page) P31 are transferred to
the destination block Bn as follows (see FIG. 4): First, the
data 1tem D13 on the transfer start page P11 is read into the
page buller 2 (see the arrow R1 shown in FIG. 4.) Further-
more, the data item D13 1n the page butler 2 1s written onto the
sixth page (O3 of the destination block Bn (see the arrow W1
shown 1n FIG. 4.) Next, the data item D14 on the 13th page
P12 of the source block B0 1s read into the page butler 2 (see
the arrow R2 shown 1n FIG. 4.) Furthermore, the data item
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D14 1n the page bulfer 2 1s written onto the seventh page Q6
of the destination block Bn (see the arrow W2 shown 1n FIG.
4.) The above-described data transfer via the page butler 1s
repeated 32-(6+5)=21 times. As a result, the data items D13,
D14, ..., D31, D0, and D1 on the 12th page P11 through the
final page P31 of the source block B0 are transferred to the
data areas DA ofthe sixth page Q3 through the 26th page Q25
of the destination block Bn.

The memory controller 6 next transiers data items D2,

D3, ..., and D7 of the to page P0 through the page (the sixth
page) P5 just before the write target page P6 of the source

block B0 to the destination block Bn as follows (see FIG. 5):

First, the data 1item D2 on the top page PO of the source block
B0 is read into the page butfer 2 (see the arrow R26 shown 1n
FIG. 38.) Furthermore, the data item D2 1s written from the
page butler 2 onto the 27th page (26 of the destination block
Bn. Next, the data item D3) on the second page P1 of the
source block B0 1s similarly transferred via the page butfer 2
to the 28th page Q27 of the destination block Bn. The above-
described data transier via the page buller 2 1s repeated six
times. As a result, the data items D2, D3, . . ., and D7 on the
top page PO through the page (the sixth page) P35 just before
the write target page P6 of the source block B0 are transterred
to the data areas DA of the 27th page Q26 through the final
page Q31 of the destination block Bn.

The physical page number of the transier start page 1s equal
to the sum of the physical page number of the write target
page and the number of pages of the storage region of the data
objects to be written. Here, when the sum 1s the total page
number (=32) per block or more, the value of the sum minus
the total page number 1s 1dentified as the physical page num-
ber of the transier start page. In that case, the memory con-
troller 6 transfers the data items on the transfer start page
through the page just before the write target page to the
destination block Bn in a manner similar to the data transfers
shown 1n FIG. 5.

As a result of the above-described data transfers by the
memory controller 6, the data items D8-D12 on the pages
having the logical page numbers “8” through “12” are
replaced with the new data items DN8-DN12 in the destina-
tion block Bn, 1n contrast to the source block B0 (see FIG. 5.)
Furthermore, the logical page order changes 1n a cyclic man-
ner, and the page offset changes from “2” to “8”.

At the completion of the block transfer, the memory con-
troller 6 disables or collectively erases data items in the
source block B0. At that time, the address conversion section
4 updates the logical/physical address conversion table L, and
brings the logical address corresponding to the physical
address of the source block B0 into correspondence with the
physical-address of the destination block Bn. The address

conversion section 4 further resets the tlag F stored in the

address-conversion-table storage section 5 to show that the
source block B0 1s a blank block. Thus, the renewal and
addition of pages 1n one block of the flash memory 1 are
realized.

The memory controller 6 performs the data writing from
the page bu

the top page Q0 of the destination block Bn and finishing at
the final page Q31 as described above. This writing order 1s
{
{

it i

er 2 into the destination block Bn, starting from

he same as that of conventional apparatuses. Accordingly,
he same configuration as that of the conventional apparatuses
may be used for the data writing from the page buffer into the
destination block.

The method of writing data by the semiconductor memory
apparatus 10 according to the embodiment 1s performed as
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shown by the following tflow: FIG. 6 1s the tlow chart of the

method of writing data by the semiconductor memory appa-

ratus 10.

<Step S1>
A data write command 1s sent out from the host H. The host

interface 3 receives the data write command and decodes 1t

into the logical address of a write target page. The host inter-
face 3 further sends the logical address to the address conver-

s10n section 4.

<Step 52>
The address conversion section 4 receives the logical

address from the host interface 3. The address conversion

section 4 then consults the logical/physical address conver-
sion table L and converts the logical address 1nto the pair of
the physical address of the source block B0 and the logical
page number q (0=q=31) of the write target page. The
address conversion section 4 further sends the pair to the

memory controller 6.

<Step S3>
The memory controller 6 accesses the address-conversion-

table storage section 5 and selects one of blank blocks, Bn in

the flash memory 1 as a destination block, based on the flags

F. Here, when the source block B0 1s a blank block, the source

block B0 itselif may be selected as the destination block Bn. In

that case, the following steps S8 and S9 are skipped.

<Step S4>
The memory controller 6 writes the logical page number g

received from the address conversion section 4 into the redun-

dant area RA of the top page Q0 of the destination block Bn

(see FIG. 3.)

<Step S3>
The memory controller 6 reads the page offset p (0=p=31)

of the source block B0 from the redundant area RA of the top

page PO of the source block BO0.

<Step S6>
The memory controller 6 determines the difference

between the logical page number q of the write target page

and the page offset p of the source block B0. When the
difference q—p 1s negative (q—p<0), the controller adds the

total page number (=32) per block to the difference g—p. A

thus dertved integer value between or equal to O and 31, g—p

or 32+q-p, 1s identified as the physical page number r of the

write target page: r=q—p or r=32+g-p.

<Step S7>
The host interface 3 receives data objects DN(q), DN

(g+1), ... to be written from the host H (reference symbols 1n

parentheses beside the reference symbol DN show logical

page numbers.) The host interface 3 transfers the data objects

DN(qg), DN(g+1), . . . to the page buller 2 page by page. The

host interface 3 further notifies the memory controller 6 of the

transier. The memory controller 6 transiers the data objects

DN(qg), DN(g+1), . . . 1n the page buffer 2 every notification

from the host mnterface 3, starting from the top page Q0 of the

destination block Bn 1n sequence. FIG. 7 1s the flow chart of
the transiers.

Substep SS71: The memory controller 6 mitializes a first
integer variable k in O, when recerving the first notification
of the above-described transfer from the host interface 3.

Substep SS72: The memory controller 6 transiers a data item
in the page butler 2 to the data area DA of the (k+1)th page
Q(k) of the destination block Bn (reference symbol in
parentheses beside the reference symbol Q shows the
physical page number) (see FIG. 3.)

Substep S573: The memory controller 6 increments the first
integer variable k by one. Thus, the first integer variable k
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indicates a number of times of the transfer of the data
objects DN(q), DN(g+1), . . . from the page butifer 2 to the
destination block Bn.

Substep SS74: When finishing the sending of the data objects
DN(q)-DN(g+m-1), the host H 1ssues a predetermined
command shoving the end of the sending. The host inter-
face 3 detects the command. The memory controller 6
accesses the host interface 3 and checks whether or not to
detect the command. When the command 1s not yet
detected, the process 1s repeated from Substep SS72. When
the command 1s detected, the process proceeds to Substep

SSTS.

Substep SS75: When detecting the command, the memory
controller 6 identifies the first integer varniable k as the
number of pages, m (1=m=32-q), of the storage region
Q0-Q(m-1) of the data objects DN(q)-DN(g+m-1).

<Step S8>
The memory controller 6 starts a data transfer from the

source block B0 to the destination block Bn (a block transter).

FIG. 8 1s the tlow chart of the block transfer.

Substep SS81: The memory controller 6 initializes a second
integer variable 1 1 0.

Substep SS82: The memory controller 6 sums up the physical
page number r of the write target page (see Step S6), the
number ol pages m of the storage region Q0-Q(m-1) of the
data objects DN(q)-DN(g+m-1), and the second integer
variable 1. When the sum r+m+1 1s less than 32 (r+m+1<32),
the process proceeds to Substep SS83. When the sum
r+m+1 1s 32 or more (r+m+1=32) the process branches to
Substep SS85.

Substep SS83: The memory controller 6 transters via the page
buifer 2 the data item D(q+m-+1) stored on the (r+m+i1+1 )th
page P(r+m+1) of the source block B0 to the (m+i1+1)th
page Q(m+1) of the destination block Bn (see F1G. 4.) Here,
reference symbols in parentheses beside the reference
symbols P and D show the physical and logical page num-
bers, respectively.

Substep SS84: The memory controller 6 increments the sec-
ond integer variable 1 by one. Then, the process 1s repeated
from Substep SS82.

Substep SS83 1s repeated for-each value of the second integer

variable 1=0, 1, 2, . . ., and 31-(r+m), because of the loop
of Substeps SS82-S584. As a result, the data items D(qg+

m), D(g+m+1), . . ., and D(p-1) of the (r+m+1)th page
P(r+m) through the 32nd page (the final page) P31 of the
source block B0 are transferred to the data areas DA of the
(m+1)th page Qm through the (32-r)th page Q(31-r) of the
destination block Bn (see FI1G. 4.)

Substep SS85: The memory controller 6 sets the 1nitial value
of a third iteger variable j to be equal to the value r+m+1
minus 32: j=r+m+1-32. Here, when r+m<32, the initial
value of the third integer variable j 1s equal to 0. When
r+m=32, the initial value of the third integer variable 7 1s
r+m-32=g+m-p, which 1s equal to 0 or more.

Substep SS86: The memory controller 6 compares the third
integer variable j with the physical page number r of the
write target page. When the third integer variable 7 1s less
than the physical page number r of the write target page
(1<<r), the process proceeds to Substep SS87. When the third
integer variable j 1s equal to the physical page number r of
the write target page (j=r), the process branches to Step S9.

Substep SS87: The memory controller 6 transfers via the page
buifer 2 the data item D(p+7) on the (3+1)th page P(3) of the
source block B0 to the (33-r+7)th page Q(32-r+7) of the
destination block Bn (see FIG. 5.)
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Substep SS88: The memory controller 6 increments the third
integer variables 1 by one. Then, the process 1s repeated

from Substep SS86.

Substep SS87 1s repeated for each value of the integer variable
1=0,1,2,...,r-1, orj=g+m-p, . . ., p—1, because of the
loop of Substeps SS586-S588. As a result, the data 1tems

D(p), . .., and D(g-1) of the first page PO through the rth
page P(r-1) of the source block B0 are transferred to the

data areas DA of the (33-r)th page Q(32-r) through the
32nd page (the final page) Q31 of the destination block Bn
(see FIG. 5.) Alternatively, the data items D(gq+m), . . .,
D31, DO, . . ., and D(g-1) of the (g+m-p+1)th page
P(g+m-p) through the rth page P(r-1) of the source block
B0 are transferred to the data areas DA of the (im+1)th page

Qm through the 32nd page (the final page) (031 of the

destination block Bn.
<Step S9>

The memory controller 6 collectively erases or disables
data 1items 1n the source block B0. The address conversion
section 4 then updates the logical/physical address conver-
sion table L, and brings the logical address corresponding to
the physical address of the source block B0 into correspon-
dence with the physical address of the destination block Bn.
The address conversion section 4 further resets the flag F
stored 1n the address-conversion-table storage section 5 to
show that the source block B0 1s a blank block.

As described above, at the renewal and the addition of
pages 1n one block of the flash memory 1, the semiconductor
memory apparatus 10 according to the embodiment uses the
page buller 2 as a saving space of the data items 1n the original
block, thereby including no saving butler apart from the page
butifer 2, in contrast to conventional apparatuses. As a result,
the semiconductor memory apparatus has RAMs smaller in
s1ze than those of the conventional apparatuses. Therefore, a
small size of the whole apparatus can be maintained.

The above-described disclosure of the invention in terms of
the presently preferred embodiments 1s not to be interpreted
as imntended for limiting. Various alterations and modifications
will no doubt become apparent to those skilled 1n the art to
which the invention pertains, aiter having read the disclosure.
As a corollary to that, such alterations and modifications
apparently fall within the true spirit and scope of the mven-
tion. Furthermore, 1t 1s to be understood that the appended
claims be intended as covering the alterations and modifica-
tions.

INDUSTRIAL APPLICABILITY

The semiconductor memory apparatus according to the
present mvention realizes miniaturization through the inte-
gration of page bufler and saving buifer. Therefore, the
present invention has extremely high industrial applicability.

The mvention claimed 1s:

1. A semiconductor memory apparatus comprising;:

(A) a flash memory device comprising more than one
block, each of which includes more than one page, and a
page-ollset storage area in which apage offset of each of
said blocks 1s stored, and configured to write data into a
blank block front 1ts top page in sequence;

(B) a page buller in which the substantially same amount of
data as the data storage capacity of one of said pages 1s
temporarily stored;

(C) an address conversion section for receiving from a host
a logical address that specifies a write target page, and
converting the logical address into a pair of a physical
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address of a source block to which said write target page

belongs, and a logical page number of said write target

page; and

(D) a memory control section for
(a) reading the physical address of said source block and

the logical page number of said write target page,

(b) selecting the blank block as a destination block,

(c) determining a page offset of said destination block
based on the logical page number of said write target
page, and writing the page oflset into said page-offset
storage area as the page oifset of said destination
block,

(d) reading a page oifset of said source block from said
page-olifset storage area,

() obtaining a phys cal page number of said write target
page based on the page offset of said source block and
the logical page number of said write target page,

(1) writing a data object to be written, which 1s trans-
ferred from said host to said page builer, into said
destination block from its top page 1n sequence,

(g) obtaining a physical page number of a transier start
page of said source block based on the number of
pages ol said data objects and the physical page num-
ber of said write target page, and

(h) transferring data stored in said source block, from
said transfer start page 1n a sequential and cyclic man-
ner, via said page buller, to a page next to or after a
page area of said destination block into which said
data object 1s written.

2. A semiconductor memory apparatus according to claim

1, wherein:

(A) said semiconductor memory apparatus further com-
prising:

(a) a host 1nterface for receiving the logical address of
said write target page and said data object, which are
sent out from said host; and

(b) an address-conversion-table storage section storing a
logical/physical address conversion table showing a
correspondence between a logical address and a
physical address for each of said blocks 1n said tlash
memory device, and a flag for showing whether or not
each of said blocks 1s said blank block; and

(B) said memory control section counts the number of
pages ol said page area, and starts data transmission
from said source block to said destination block in one of
the case when the number of the pages reaches a prede-
termined number and the case when said host provides
notification of the end of sending of said data object.

3. A semiconductor memory apparatus comprising:

(A) a flash memory device comprising more than one
block, each of which includes more than one page, and
configured to write data into a blank block from 1ts top
page 1n sequence;

(B) a page-oliset storage section for storing a page ofiset of
each of said blocks:

(C) apage builer in which the substantially same amount of
data as the data storage capacity of one of said pages 1s
temporarily stored;

(D) an address conversion section for recerving from a host

a logical address that specifies a write target page, and

converting the logical address into a pair of a physical

address of a source block and a logical page number of
said write target page; and
(E) a memory control section for

(a) reading the physical address of said source block and
the logical page number of said write target page,

(b) selecting the blank block as a destination block,
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(¢) determining a page offset of said destination block
based on the logical page number of said write target
page, and writing the page oflset into said page-offset
storage section as the page ofiset of said destination
block,

(d) reading a page oflset of said source block from said
page-olfset storage section,

() obtaining a physical page number of said write target
page based on the page offset of said source block and
the logical page number of said write target page,

(1) writing a data object to be written, which 1s trans-
ferred from said host to said page buifer, into said
destination block from 1ts top page 1n sequence,

(g) obtaining a physical page number of a transfer start
page ol said source block based on the number of
pages ol said data objects and the physical page num-
ber of said write target page, and

(h) transferring data stored in said source block, from
said transier start page 1n a sequential and cyclic man-
ner, via said page buller, to a page next to or after a
page area ol said destination block into which said
data object 1s written.

4. A semiconductor memory apparatus according to claim
3, wherein:

(A) said semiconductor memory apparatus further com-

prising;:

(a) a host interface for receiving the logical address of
said write target page and said data object, which are
sent out from said host; and

(b) an address-conversion-table storage section storing a
logical/physical address conversion table showing a
correspondence between a logical address and a
physical address for each of said blocks 1n said flash
memory device, and a flag for showing whether or not
each of said blocks 1s said blank block; and

(B) said memory control section counts the number of
pages of said page area, and starts data transmission
from said source block to said destination block 1n one of
the case when the number of the pages reaches a prede-
termined number and the case when said host provides
notification of the end of sending of said data object.

5. A method of writing data into a flash memory device,
which 1s the method of writing data into a tlash memory
device comprising more than one block, each of which
includes more than one page, and writing data into a blank
block from 1ts top page 1n sequence;

the method comprising the steps of:

(A) receiving from a host a logical address specilying a
write target page;

(B) converting said logical address 1nto a pair of a physical
address of a source block and a logical page number of
said write target page;

(C) selecting the blank block as a destination block;

(D) determining a page oflset of said destination block
based on the logical page number of said write target
page, and writing the page ofiset into a page-oliset stor-
age area 1n said lash memory device as a page offset of
saild destination block;

(E) reading a page oifset of said source block from said
page-ollset storage area;

(F) determining a physical page number of said write target
page based on the page oflset of said source block and
the logical page number of said write target page;

(G) writing a data object to be written, which 1s transferred
from said host to a page buller, into said destination
block from 1ts top page in sequence; and
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(H) obtaining a physical page number of a transfer start
page of said source block based on the number of pages
of said data objects and the physical page number of said
write target page, and transferring data stored in said
source block, from said transfer start page 1n a sequential
and cyclic manner, via said page butler, to a page next to
or alter a page area of said destination block into which
said data object 1s written.

6. A method of writing data into a flash memory device
according to claim 5, further comprising the step of counting
the number of pages of said page area, and starting data
transmission from said source block to said destination block
in one of the case when the number of the pages reaches a
predetermined number and the case when said host provides
notification of the end of sending of said data object.

7. A method of writing data into a flash memory device,
which 1s the method of writing data into a flash memory
device comprising more than one block, each of which
includes more than one page, and writing data into a blank
block from 1ts top page in sequence;

the method comprising the steps of:

(A) receiving ifrom a host a logical address specitying a
write target page;

(B) converting said logical address 1nto a pair of a physical
address of a source block and a logical page number of
said write target page;

(C) selecting the blank block as a destination block;

(D) determining a page offset of said destination block

based on the logical page number of said write target

page, and writing the page ofiset into a page-oifset stor-
age section as a page oilset of said destination block;

(E) reading a page ofiset of said source block from said
page-ollset storage section;

(F) determining a physical page number of said write target
page based on the page oflset of said source block and
the logical page number of said write target page;

(G) writing a data object to be written, which is transtferred
from said host to a page buller, into said destination
block from 1ts top page in sequence; and

(H) obtaining a physical page number of a transfer start
page of said source block based on the number of pages
of said data objects and the physical page number of said
write target page, and transferring data stored in said
source block, from said transfer start page 1n a sequential
and cyclic manner, via said page butlfer, to a page next to
or alter a page area of said destination block into which
said data object 1s written.

8. A method of writing data 1into a flash memory device
according to claim 7, further comprising the step of counting
the number of pages of said page area, and starting data
transmission from said source block to said destination block
in one of the case when the number of the pages reaches a
predetermined number and the case when said host provides
notification of the end of sending of said data object.

9. A semiconductor memory apparatus comprising.

a flash memory containing a plurality of blocks, each block
including more than one page and being configured for
data to be written into the block from a top page of the
block in sequence:.

a page buffer for storing data which is received from a host
device and which is to be written into the flash memory;

an address converter for veceiving, from the host device, a
logical address that specifies a write target page, and
converting the logical address into a physical address of
a source block to which the write target page belongs
and a logical page number of the write target page, the
source block being one of the plurality of blocks; and
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a memory controller for:
reading the physical address of the source block and the

logical page number of the write target page;

selecting a destination block from the plurality of blocks;

writing the data storved in the page buffer into the destina- 5
tion block from a top page of the destination block in
sequence; and

writing data stoved in the source block to a page next to or
after a page area of the destination block,

wherein the memory controller writes, in a top page of the 1
destination block, a page offset which is calculated from
the logical page number and a physical page number of
the write target page.

10. An information system comprising:

a host device for transmitting information; 5

a semiconductor memory device for rveceiving and stoving
the information transmitted from the host device;

the semiconductor memory device comprising,;

a flash memory containing a plurality of blocks, each block
including more than one page and being configured for -
data to be written into the block from a top page of the
block in sequence;

a page buffer for stoving data which is received from the
host device and which is to be written into the flash
mMemory;, 55

an address converter for receiving, from the host device, a
logical address that specifies a write target page, and
converting the logical address into a physical addrvess of
a source block to which the write target page belongs
and a logical page number of the write target page, the 3
source block being one of the plurality of blocks; and

a memory controller for:

reading the physical address of the source block and the
logical page number of the write target page;

20

selecting a destination block from the plurality of blocks;

writing the data stored in the page buffer into the destina-
tion block from a top page of the destination block in
sequence; and

writing data stored in the source block to a page next to or
dfter a page area of the destination block;

wherein the memory controller writes, in a top page of the
destination block, a page offset which is calculated from
the logical page number and a physical page number of
the write target page.

11. A controller comprising:

for writing data stored in a page buffer into a flash memory
containing a plurality of blocks, each block including
move than one page and being configured for data to be
written into the block from a top page of the block in
sequence, said controller comprising:

a memory controller for:

reading a physical address of a source block to which a
write target page belongs and a logical page number of
the write target page, the source block being one of the
plurality of blocks contained on the flash memory;,

selecting a destination block from the plurality of blocks
contained on the flash memory;,

writing data stoved in the page buffer into the destination
block from a top page of the destination block in
sequence; and

writing data stoved in the source block to a page next to or
dfter a page area of the destination block,

wherein the memory controller writes, in a top page of the
destination block, a page offset which is calculated from
the logical page number and a physical page number of
the write target page.
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