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DESCRIPTION
MEMORY SYSTEM AND METHOD OF CONTROLLING MEMORY SYSTEM

TECHNICAL FIELD
The present invention relates to a memory system

including a nonvolatile semiconductor memory.

BACKGROUND ART

Examples of the nonvolatile semiconductor memory
include nonvolatile semiconductor memories in which a unit
of erasing, writing, and readout is fixed such as a
nonvolatile semiconductor memory that, in storing data,
once erases the data in block units and then performs
writing and a nonvolatile semiconductor memory that
performs writing and readout in page units in the same
manner as the NAND-type flash memory.

On the other hand, a unit for a host apparatus such as
a perscnal computer (PC) to write data in and read out the
data from a secondary storage device such as a hard disk is
called sector. The sector is set independently from a unit
of erasing, writing, and readout of a semiconductor storage
device. Normally, a size of a sector (sector size) of a
host apparatus is smaller than a size of a block (block
size) or a size of a page (page size) of the nonvolatile
semiconductor memory.

Therefore, when the secondary storage device of the PC
such as the hard disk is configured by using the

nonvolatile semiconductor memory, 1t is necessary to write

‘data with a small size from the PC as the host apparatus by

adapting the size to the block size and the page size of
the nonvolatile semiconductor memory.

The data recorded by the host apparatus such as the PC
has both temporal locality and spatial locality (see, for
example, Non-Patent Document 1 : David A. Patterson and

John L. Hennessy, "Computer Organization and Design: The
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Hardware/Software Interface", Morgan Kaufmann Pub,
2004/8/31). Therefore, when data is recorded, if the data
is directly recorded in an address designated from the
outside, rewriting, i.e., erasing processing temporally
concentrates in a specific area and a bias in the number of
times of erasing increases. Therefore, in the NAND-type
flash memory, processing called wear leveling for equally
distributing data update sections is performed. In the
wear leveling processing, for example, a logical address
designated by the host apparatus is translated into a
physical address of the nonvolatile semiconductor memory in
which the data update sections are equally distributed.
When a large-capacity secondary memory device is
configured by using a NAND-type flash memory, if a unit of
data management is small (for example, the page size) at
the time of performing address translation, a size of a
management table increases and cannot be housed in a main
storage memory of a controller of the secondary memory
device, thereby causing a problem in that address
translation cannot be performed at a high speed. Thus, as
capacity of the NAND-type flash memory as the secondary
memory device increases, the size of the management table
increases consequently, and thus a method of decreasing the
capacity of the management table as much as possible has

been desired.

DISCLOSURE OF INVENTION

One aspect of this invention is to provide a memory
system comprising: a nonvolatile semiconductor memory
having a plurality of channel parallel operation elements
including a plurality of memory chips, in which each memory
chip is divided into a plurality of planes capable of
operating in parallel, each plane includes a plurality of
physical blocks as a unit of data erasing, and the memory
chips in the respective channel parallel operation elements

operated in parallel are divided into a plurality of banks,
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which respectively shares a ready/busy signal, over the
channel parallel operation elements; and a controller that
manages a free block based on a logical block associated
with the physical blocks selected from the channel parallel
operation elements operated in parallel and controls a
parallel operation by the planes, banks, or channel
parallel operation elements, wherein the controller
includes: a plurality of free-block management lists in
which the logical blocks with a same bank number, a same
chip number, and a same plane number are respectively
managed as the free blocks; and a free block selecting unit
that selects a required number of free-block management
lists from the free-block management lists to obtain a free

block from selected free-block management lists.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram of a configuration example
of an SSD; FIG. 2 is a diagram illustrating a - connection
mode between a NAND controller and a NAND memory; FIG. 3 is
a block diagram of an internal configuration example of the
NAND controller; FIG. 4 is a diagram illustrating a
physical configuration of the NAND memory; FIG. 5 is a
block diagram of a functional configuration example of a
processor; FIG. 6 is a block diagram of a functional
configuration of a data managing unit; FIG. 7 is a
conceptual diagram of a logical block configuration in a
comparative example when there is no parallel operation by
banks; FIG. B8 is a conceptual diagram of the logical block
configuration in the comparative example when there are
parallel operations by banks; FIG. 9 is a diagram
illustrating a configuration example of an FB managing unit
according to a first embodiment of the present invention;
FIG. 10 is a diagram illustrating an FB management list;
FIG. 11 is a conceptual diagram of a configuration of a
logical block according to the first embodiment; FIG. 12 is

a conceptual diagram of a reserve area and a margin area;
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FIG. 13 is a diagram illustrating a configuration example
of an FB managing unit according to a second embodiment of
the present invention; FIG. 14 a diagram illustrating a
margin table; FIG. 15 is an explanatory diagram of plane
margins and chip margins; FIG. 16 is a flowchart of a
control procedure of a double-speed priority mode according
to a third embodiment of the present invention; FIG. 17 is
a diagram illustrating an example of registered data of a
margin table; FIG. 18 is a flowchart of a control procedure
of a bank priority mode according to the third embodiment;
FIG. 19 is a perspective view of an exterior of a PC
according to a fourth embodiment of the present invention;
and FIG. 20 is a diagram illustrating a functional
configuration example of the PC according to the fourth

embodiment.

'BEST MODE(S) FOR CARRYING OUT THE INVENTION

As for deterioration of cells of the flash memory, an
amount of erasing of the block of the flash memory to be
required with respect to an amount of write data from the
host apparatus becomes an important factecr. The amount of
erasing of the block with respect to the amount of write
data from the host apparatus is referred to as writing
efficiency, and a smaller value thereof is better.
Generally, in the NAND-type flash memory, erasing
processing and write processing of the block require a long
time. Therefore, bad writing efficiency means that there
are lots of erasings of the block and writings into an
erased block with respect to the amount of data writing
from the host apparatus, and consequently, speed
performance of the flash memory deteriorates. Thus, a
method of improving the writing efficiency by bringing the
amount of write data with respect to the flash memory close
to the amount of erasing of the block has been desired.

Therefore, improvement of the writing efficiency and

high speed by parallel processing are realized by
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introducing a concept of a virtual block in which a
plurality of physical blocks, which is a unit of erasing,
is combined (for example, see Patent Document 1 : Japanese
Patent Application National Publication No. 2007-517325),
and performing erasing/writing/readout in parallel in units
of virtual block.

However, the method of constituting the virtual block
by physical blocks, that is, the method of combining the
physical blocks often has a restriction. When the size of
the virtual block is too large, too many physical blocks
are used uselessly even when it is desired to store a small
amount of data, thereby deteriorating the writing
efficiency.

' Exemplary embodiments of a memory system according to
the present invention will be explained below in detail
with reference to the accompanying drawings. The present
invention is not limited to the embodiments.

[First embodiment]

FIG. 1 is a block diagram of a configuration example
of a sclid state drive (SSD) 100. The SSD 100 includes a
memory connection interface such as a drive control circuit
4 as a controller, a NAND-type flash memory (hereinafter,
"NAND memory") 10 as a nonvolatile semiconductor memory, a
dynamic random access memory (DRAM) 20 as a nonvolatile
semiconductor memory, and an advanced technology attachment
interface (ATA I/F) 2. The SSD 100 is connected to a host
apparatus (hereinafter, "host") 1 such as a PC or a central
processing unit (CPU) core via the ATA I/F 2 and functions
as an external memory of the host apparatus 1.

The NAND memory 10 stores user data specified by the
host 1 and stores management information managed by the
DRAM 20 for backup. The NAND memory 10 has a memory cell
array, in which a plurality of memory cells are arrayed in
a matrix, and the individual memory cell can store multiple
values by using an upper page and a lower page. The NAND

memory 10 includes a plurality of memory chips, and each
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memory chip is constituted by arraying a plurality of
physical blocks, which is a unit of data erasing. The NAND
memory 10 writes and reads data for each physical page.

The physical block includes a plurality of physical pages.
In FIG. 1, the NAND memory 10 is connected to a NAND
controller 113 in the drive control circuit 4 in parallel
via four channels (4ch: chO to ch3) and can operate four
channel parallel operation elements 10a to 10d in parallel.
The number of channels is not limited to four and an
arbitrary number of channels can be used.

The DRAM 20 is used as a storage unit for data
transfer, storage of management information, or a work area.
Specifically, as the storage unit for data transfer (a
cache for data transfer), the DRAM 20 is used for
temporarily storing data write-requested from the host 1
before writing the data into the NAND memory 10 or reading
data read-requested from the host 1 from the NAND memory 10
and temporarily storing the data. As the storage unit for
storage of the management information, the DRAM 20 is used
for storing management information for managing a location
of data to be stored in the NAND memory 10 (a master table
in which various management tables stored in the NAND
memory 10 are lcaded at the time of startup, a log which is
change and difference information of the management table,
or the like).

The drive control circuit 4 performs data transfer
control between the host 1 and the NAND memory 10 via the
DRAM 20 and controls respective components in the SSD 100.

The drive control circuit 4 includes a data access bus
101 and a circuit control bus 102. A processor 104 that
controls the entire drive control circuit 4 is connected to
the circuit control bus 102. A boot ROM 105, in which a
boot program for booting respective management programs
(FW: firmware) stored in the NAND memory 10 is stored, is
connected to the circuit control bus 102 via a ROM
controller 106.



10

15

20

25

30

35

WO 2010/093056 PCT/JP2010/052480

An ATA interface controller (ATA controller) 111, the
NAND controller 113, and a DRAM controller 114 are
connected to both the data access bus 101 and the circuit
control bus 102. The ATA controller 111 transfers data to
and from the host 1 via the ATA interface 2. A static
random access memory (SRAM) 115 used as a data work area
and a firmware expansion area is connected to the data
access bus 101 via an SRAM controller 116. When the
firmware stored in the NAND memory 10 is started, the
firmware is transferred to the SRAM 115 by the boot program
stored in the boot ROM 105.

The DRAM controller 114 executes interface processing
and the like between the processor 104 and the DRAM 20.
The NAND controller 113 executes the interface processing

between the processor 104 and the NAND memory 10, data

‘transfer control between the NAND memory 10 and the DRAM 20,

encode/decode processing of an error correction code, and
the like.

FIG. 2 depicts a connection mode between the NAND
controller 113 and the NAND memory 10. The NAND memory 10
includes the channel parallel operation elements 10a to 10d.
The respective channel parallel operation elements 10a to
10d include a plurality of banks capable of performing bank
interleave (in FIG. 2, four banks, Bank 0 to Bank 3), and
each bank in the respective channel parallel operation
elements 10a to 10d includes a plurality of memory chips
(in FIG. 2, two memory chips, Chip 0 and Chip 1).

As shown in FIG. 2, the NAND controller 113 includes a
plurality of channels, and each channel individually
controls memory chips sharing a control I/O signal (Ctrl
I/0) by four chip enable signals (CE) for each bank. The
NAND controller 113 shares four ready/busy signals (RyBy)
spanning over the channels to control so that the memory
chips of each channel sharing the ready/busy signal (RyBy)
operate at the same time. A memory chip group sharing the

ready/busy signal (RyBy) is referred to as a bank, and the
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plurality of banks can independently perform
writing/readout/erasing operations.

FIG. 3 is an internal configuration~example of the
NAND controller 113. The NAND controller 113 includes a
DMA controller (DMAC) 50, an error correction circuit (ECC)
51, and a NAND interface (NAND I/F) 52 that issues a
command, so that each channel operates independently. CE
signal (CEO to CE3) control lines for four banks are
connected to each NAND I/F 52 to control the CE signals
(CE0O to CE3) corresponding to the bank to be accessed. The
NAND controller 113 includes four bank controllers (BANK-C)
53 that monitor the RyBy signal commonly connected for each
bank to control the condition of the bank for independently
operating the four banks. The BANK-C 53 has a function of
qgueuing requests to the respective banks to ensure a right
of use of the channel when there is a request to each bank,‘
and executes readout/writing/erasing requests with respect
to the bank managed by the own BANK-C 53.

FIG. 4 depicts a detailed inner configuration of the
NAND memory 10. In FIG. 4, the number of channels is
indicated as (M+1l), the number of banks is indicated as N+1,
and the number of chips is indicated as K+1. As shown in
FIG. 4, for example, each of the memory chips (chip 0 to
chip K) is divided into two districts of plane 0 and plane
1 each including a plurality of physical blocks. The plane
0 and the plane 1 include peripheral circuits independent
from each other (e.g., a row decoder, a column decoder, a
page buffer, and a data cache), and can simultaneously
perform erasing, writing, and readout by using a double
speed mode. The number of planes in one memory chip is not
limited to two and is arbitrary. As shown in FIG. 4 in an
enlarged scale, one memory chip includes a plurality of
physical blocks (in FIG. 4, X+1 physical blocks).

In this way, in the NAND memory 10, a parallel
operation by a plurality of channels, a parallel operation

by a plurality of banks, and a parallel operation in the
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double speed mode using a plurality of planes can be
performed, and when the number of channels is four, the
number of banks is 4, and the number of planes is 2, up to
32 physical blocks can bé operated in parallel.

FIG. 5 is a block diagram of a functional
configuration example of firmware realized by the processor
104. Functions of the firmware realized by the processor
104 are roughly classified into a data managing unit (DM:
data manager) 120, an ATA-command processing unit 121 (AM:
ATA manager), a security managing unit 122, a boot loader
123, and an initialization managing unit 124.

The data managing unit 120 controls data transfer
between the NAND memory 10 and the DRAM 20 and various
functions of the NAND memory 10 via the NAND controller 113,
the DRAM controller 114, and the like. The ATA-command
processing unit 121 performs data transfer between the DRAM
20 and the host 1 in cooperation with the data managing
unit 120 via the ATA controller 111 and the DRAM controller
114. The security managing unit 122 manages various kinds
of security information in cooperation with the data
managing unit 120 and the ATA-command processing unit 121.

The boot loader 123 loads, when a power supply is
turned on, the management programs (firmware) from the NAND
memory 10 onto the SRAM 115. The initialization managing
unit 124 performs initialization of respective controllers
and circuits in the drive control circuit 4.

The data managing unit 120 performs, for example,
provision of functions that the ATA-command processing unit
121 requests the NAND memory 10 and the DRAM 20 as storage
devices (in response to various commands such as a write
request, a cache flush request, and a read request from the
host 1), management of a correspondence relation between a
logical address given from the host 1 and the NAND memory
10, protection of management information by a snapshot and
a log, provision of fast and highly efficient data readout

and writing functions using the DRAM 20 and the NAND memory
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10, and ensuring of reliability of the NAND memory 10.

In the data managing unit 120, as shown in FIG. 6, a
multilayered management configuration is adopted, and the
data managing unit 120 includes an ATA layer managing unit
120a, a DRAM layer managing unit 120b, a logical layer
managing unit 120c, and a physical layer managing unit 120d
in this order from the top layer.

The ATA layer managing unit 120a receives a request
from the ATA-command processing unit 121 to response to the
request, and notifies an appropriate lower layer managing |
unit of the request. The DRAM layer managing unitl20b uses
a DRAM management table 30 to manage the data on the DRAM
20.

At the time of issuing a Read or Write request to the
SSD 100, the host 1 inputs a logical block addressing (LBA)
as a logical address and data size via the ATA interface 2.
The LBA is a logical address with a serial number from 0 in
which serial numbers from 0 are attached to sectors (size:
512B). A virtual block referred to as the logical block is
constituted by combining a plurality of physical blocks in
the NAND memory 10. The individual physical block
constituting the logical block can operate in parallel, and
erasing, writing, and readout are simultaneously executed.
In a present embodiment of the present invention, the
logical block is basically constituted by selecting one
physical block from different channels. Details of how to
combine the physical blocks constituting the physical block
will be described later.

The logical layer managing unit 120c uses various
logical-layer management tables 31 to manage the data on
the NAND memory 10, and executes: ’

Management of correspondence between the LBA and the
logical block;

Data write control from the DRAM 20 to the NAND memory
10; ‘

Data read control from the NAND memory 10 to the DRAM
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20; and

Organizing of user data in the NAND memory 10.

The physical layer managing unit 120d uses various
physical-layer management tables 32 to manage the NAND
memory 10, and executes provision of the logical block,
management of nonvolatile information, control of the NAND
controller 113, and the like. Specifically, the physical
layer managing unit 120d executes:

Management of a free block, bad block, and active
block;

Management of correspondence between the logical block
and the physical block;

Management of a physical error;

Wear leveling and refresh;

Management of the nonvolatile management ‘information
(snapshot, 1log); and

Control of the NAND controller 113.

The free block (FB) is a logical block which does not
include valid data therein and to which a use is not
allocated yet. The active block (AB) is a logical block,
to which a use is allocated. The bad block (BB) is a
physical block that cannot be used as a storage area
because of a large number of errors. For example, a
physical block for which an erasing operation is not
normally finished is registered as the bad block BB.

The LBA used by the host 1 can be associated with a
logical NAND address (logical block address or the like)
used by the SSD 100 and a physical NAND address (physical
block address or the like) used by the NAND memory 10 by
the management information managed by the respective
management tables 30, 31, and 32 shown in FIG. 6, and the
data can be transferred between the host 1 and the NAND
memory 10. A technology for associating an LBA with a
logical NAND address and associating a logical NAND address
with a physical NAND address in this manner is disclosed,

for example, in International Patent Application
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PCT/JP09/052598, and the whole content thereof is
incorporated in the present application.

Essential parts of the present embodiment are
explained next. In the apparatus, the parallel operation
by the channels, the parallel operation by the banks, and
the parallel operation by the double speed mode using the
planes can be performed, and the physical blocks can be
processed in parallel by using the parallel operations. 1In
the present embodiment, how to combine the physical blocks
constituting the logical block is optimized to efficiently
perform the respective parallel operations and improve the
writing efficiency.

A configuration method of the logical block according
to a comparative example is explained first. For example,
it is considered that the logical block is configured so
that the maximum parallelism can be always ensured with
respect to the SSD having a physical configuration shown in
FIG. 4. 1In the comparative example, restriction in the
selection of the physical block when the maximum
parallelism is preferentially ensured is explained with
reference to FIGS. 7 and 8.

(Comparative example)

In the SSD according to the comparative example,
restrictions of from (1) to (3) are provided with respect
to how to combine the physical blocks constituting the
logical block.

(1) The physical blocks to be selected from the
channel parallel operation elements (10a to 10d) are the
ones belonging to memory chips with the same chip number
(chip 0 to chip K).

(2) To be a combination of plane 0 and plane 1 in a
channel. |

(3) To satisfy the restrictions (1) and (2) in each
bank.

When the restrictions (1) to (3) are satisfied, the

parallel operations by the channels, planes, and banks can
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be performed. A case that there is no parallel operation
by the banks and a case that there are parallel operations
by the banks are compared with each other. When there is
no parallel operation by the banks, as shown in FIG. 7, two
physical blocks (plane O/plane 1) are selected from all the
channels having the same chip number while satisfying the

restrictions (1) and (2) to constitute the logical block.

- In FIG. 7, one logical block LBLKO is constituted of the

physical blocks for the number cf channels and the number
of planes, and one logical block LBLK1l is constituted of
the physical blocks in the same manner. Such a
configuration example of a logical block is disclosed, for
example, in International Patent Application
PCT/JP09/052595, and the whole content thereof is
incorporated in the present application.

On the other hand, when there are parallel operations
by the banks, as shown in FIG. 8, two physical blocks
(plane O/plane 1) are selected from all the channels having
the same chip number to constitute the logical block with
respect to all the banks (bank 0 to bank N). 1In FIG. 8,
one logical block LBLKO is constituted of physical blocks
for the number of channels, the number of planes, and the
number of banks, and one logical block LBLK1l is constituted
of the physical blocks in the same manner. Thus, when
there are parallel operations by the banks, the number of
physical blocks that constitute the logical block (that is,
operates simultaneously) increases by the times of the
number of banks, as compared to the case that there is no
parallel operation.

As described above, the correspondence between the
logical block and the physical block is managed by the
physical layer managing unit 120d. The logical block
includes the free block FB, the active block AB, and the
like, however, the free block FB which does not include the
valid data therein, to which a use has not been allocated

yet, 1s managed according to an FB management list. The FB
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management list is in an FIFO format sorted in order of
becoming the free bock FB, and a logical block ID is held
in each entry. The free block FB returned from the logical
layer managing unit 120c is added to the last of the FB
management list, and the top logical block in the FB
management list is taken at the time of transmitting the
logical block to the logical layer managing unit 120c. 1In
the FB management list, the wear leveling for roughly
equalizing the number of times of erasing of all the
logical blocks and intervals between erasings is performed.

When there is no parallel operation by the banks,
there is little problem even if the FB management list is
constituted of one list. However, when there are parallel
operations by the banks, because the number of physical
blocks that constitute the logical block (that is, operate
simultaneously) increases by the times of the number of
banks, lots of physical blocks are used uselessly even when
it is desired to store a small amount of data, thereby
deteriorating the writing efficiency. Deterioration of the
writing efficiency means an increase of the number of times
of erasing and writing with respect to the memory cell, and
thus the service life of the entire system may be decreased.
Thus, writing speed (= parallelism) and the writing
efficiency are in a trade-off relation.

Therefore, in the present embodiment, an increase in
the number of physical blocks constituting the logical
block is suppressed, and the parallelism is controlled
according to the number of logical blocks required for
processing a write request. When the parallelism is not
required, the writing efficiency is given priority.
Therefore, the SSD 100 according to the present embodiment
includes a plurality of FB management lists, and in each FB
management list, the logical blocks having the same bank
number, chip number, and plane number are managed. A
method of constituting the logical block and a method of
controlling the parallelism in the SSD 100 according to the
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present embodiment are explained below in detail.

FIG. 9 depicts a configuratioh of an FB managing unit
40 that manages the free block FB. The FB managing unit 40
includes an FB management list 50 including a plurality of
FB lists 50-1 to 50-L, an FB selecting unit 42, and an FB
providing unit 43, and is realized as, for example, a
functional block provided by the physical layer managing
unit 120d. The FB providing unit 43 notifies the FB
selecting unit 42 of required information such as the
number of logical blocks in response to a request from the
logical layer managing unit 120c or the like. The FB
selecting unit 42 selects the required number of logical
blocks (logical block ID) from the FB lists 50-1 to 50-L in
the FB management list 50 based on the number of logical
blocks notified from the FB providing unit‘43, and notifies
the FB providing unit 43 of selected one or plurality of
logical block IDs. The FB providing unit 43 notifies the
logical layer managing unit 120c of the notified one or
plurality of logical block IDs as the free block FB.

FIG. 10 depicts a plurality of FB lists 50-1 to 50-L
constituting the FB management list 50. The logical block
IDs of the logical blocks having the same bank number/chip
number/plane number are entered in the respective FB lists
50-1 to 50-L. The FB lists 50-1 to 50-L have a two-stage
configuration including a return FB list 50a and an
allocation FB list 50b. The logical block ID is recorded
in each entry.

The return FB list 50a is aligned in order of erasing
time, and the logical block having less number of times of
erasing is positioned at the top of the list. This is for
preventing repetition of the erasing operation with a short
time interval. A non-required logical block returned from
the logical layer managing unit 120c is added to the last
of the return FB list 50a and held therein for a certain
period. The logical block pushed out from the return FB

list 50a is inserted into a middle of the allocation FB
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list 50b according to the number of times of erasing. When
obtaining the logical block, the FB selecting unit 42 takes
out the logical block from the top of the allocation FB
list 50b to allocate the logical block. The logical block
as the FB taken out from the allocation FB list 50b is
registered as the active block (AB), to which a use is
allocated.

Because the FB lists have the two-stage configuration
with the return FB list 50a and the allocation FB list 50b,
the logical block to be erased can be equally distributed
(wear leveling) so that the number of times of erasing and
an erasing interval of all the logical blocks become
roughly the same. The service life of the NAND-type flash
memory depends on the erasing interval as well as the
number of times of erasing, and it is known that as the
interval becomes longer, a retention property is improved,
and the service life can be extended. This indicates that
if the erasing interval is short, the retention property
deteriorates, and the service life is decreased. It is
also known that even if writing is performed with a short
interval, the retention property is recovered if
corresponding erasing is not performed for a long time. A
technology related to such wear leveling processing is
disclosed, for example, in International Patent Application
PCT/JP08/066508, and the whole content thereof is
incorporated in the present application.

In the present embodiment, as shown in FIG. 11, the
logical block is constituted by collecting the physical
blocks having the same bank number/chip number/plane number
from the respective channels. That is, in the present
embodiment, restrictions of from (1) to (4) below are set
regarding how to combine the physical blocks constituting
the logical block.

(1) To select one physical block of each channel.

(2) To select a physical block of each channel from

physical blocks belonging to the same chip number.
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(3) To select a physical block of each channel from
physical blocks belonging to the same plane number.

(4) To select a physical block in the same bank.

Accordingly, the logical block can be classified for
each bank, for each chip, and for each plane. As shown in
FIG. 10, the respective FB lists 50-1 to 50-L are
configured as a list of logical blocks having the same bank
number/chip number/plane number.

The FB selecting unit 42 determines a combination of
the lists for obtaining one or a plurality of free blocks
FB capable of performing a parallel operation from the FB
lists 50-1 to 50-L according toc a request from the FB
providing unit 43. 1In the case of a logical block
configuration shown in FIG. 11, taking the double speed
mode into consideration when the maximum parallelism is
required, the FB selecting unit 42 selects the followings.

(1) A logical block of plane 0 and plane 1 with the
same chip number in one bank. Accordingly, the FB
selecting unit 42 selects, for example, one logical block
(LBLKO) belonging to "chip a" for channels belonging to
plane 0 and one logical block (LBLK1l) belonging to "chip a"
for channels belonging to plane 1 with regard to bank 0,
thereby selecting two logical blocks.

(2) Logical blocks (LBLKO to LBLKZN+1l) for 2 x number
of banks (N+1l) by performing the same processing as
described above with respect to all the banks. Accordingly,
parallel writing with respect to the logical blocks (LBLKO
to LBLK2N+1l) for 2 x number of banks (N+1l) can be performed.

On the other hand, when one logical block is requested
from the FB providing unit 43, the FB selecting unit 42
selects one list from the FB lists 50-1 to 50-L, and
obtains a free block FB from the selected list to select
one logical block, for example, from the logical blocks
LBLKO to LBLK2N+1l. Thus, because the parallelism used for
actual writing can be determined according to the required

parallelism, the writing efficiency is not deteriorated



10

15

20

25

30

35

WO 2010/093056 PCT/JP2010/052480

18

even when a small amount of data is written.

The number of logical blocks required by the FB
providing unit 43 is not limited to the number of logical
blocks corresponding to the maximum parallelism or one,
which is the minimum number of logical blocks, and an
arbitrary value from 1 to the number of logical blocks
corresponding to the maximum parallelism can be taken. The
FB selecting unit 42 selects a list from the FB lists 50-1
to 50-L according to the requested arbitrary number of
logical blocks, to obtain a free block FB from the selected
list. ’

An algorism for selecting a list for obtaining an FB
from the FB lists 50-1 to 50-L is explained next. Two
algorisms (first algorism and second algorism) are
explained below.

In the first algorism, a list (bank/chip/plane) for
obtaining a free block FB is selected by a round-robin
method weighted by a value inversely corresponding to the
number of bad blocks BB (nﬁmber of BBs) generated in each
bank/chip/plane (for example, a reciprocal of the number of
BBs), the number of logical blocks usable in each
bank/chip/plane (sum total of the number of free blocks FB
and the number of active blocks AB), and the number of
blocks belonging to the respective FB lists. Thaf is, a
round-robin method weighted to increase probability for
obtaining a free block FB as the number of BBs becomes less
is adopted. The bad block BB is a physical block that

cannot be used as a storage area because of a large number

of errors, and for example, a physical block for which the
erasing operation has not normally finished is registered
as the bad block BB.

The active block AB in which there is no valid data as
update data is written is registered as a free block FB and
waits for being reused as the active block AB again. 1In
the bank/chip/plane having the increasing number of BBs,
the number of usable logical blocks (the sum total of the
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number of free blocks FB and the number of active blocks
AB) decreases. If the free block FB is obtained with the
same probability regardless of the number of usable logical
blocks BB, an interval of use until reuse is reduced in the
FB list 50 in which the number of logical blocks decreases
due to frequent generation of the bad blocks BB. In the
NAND-type flash memory, reduction of the interval'of reuse
(relaxation time) should be avoided because it shortens the
service life. 1In the round-robin method weighted by the
number of BBs, the relaxation time can be leveled
regardless of the number of logical blocks.

In the second algorithm, an independent round-robin
method is adopted between the banks and in the bank. A
non-weighted round-robin method is adopted between the
banks, so that a free block FB of a different bank can be
obtained each time. Because a priority level is not
provided between the banks (a free block of a different
bank can be obtained each time), the parallelism for at
least the number of banks can be achieved. In the bank, as
in the first algorithm, a list (chip/plane) for obtaining
the free block FB is selected by the round-robin method
weighted by a value inversely corresponding to the number
of BBs generated in each bank/chip/plane (for example, a
reciprocal of the number of BBs), the number of logical
blocks usable in each bank/chip/plane, and the number of
blocks belonging to the respective FB lists. Accordingly,
in the bank, a chance of obtaining a free block FB from a
chip and a plane with a fewer number of BBs increases, and
the relaxation time can be leveled.

When the second algorithm is adopted, the following
advantages can be further obtained. If the logical block
is obtained one by one, the free block FB can be obtained
from different banks each time in order of bank 0 — bank 1
— bank 2 - bank 3 > ... — bank N (N is a maximum value
of the bank number), which is effective when important

information is duplicated. As shown in FIG. 2, if the bank
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is different, a physical memory chip is different, and thus
the signal line commonly connected to RyBy0 to RyBy3
becomes different. That is, even if one of the RyBy signal
lines is broken and cannot operate, data can be read from a
backup side. Therefore, when the important information is
duplicated, reliability can be improved as compared to a
case that the important information is physically
duplicated in the same memory chip.

As the information required to be duplicated, for
example, nonvolatile management information of the firmware
operating on the SSD 100, such as the log and the snapshot
can be considered. It is because if these pieces of
information.are lost, the data written in the NAND memory
10 cannot be read normally. When a memory chip for storing
such management information required to be duplicated is to
be selected, reliability improvement can be expected only
by obtaining the free block FB for one logical block by
adopting the second algorithm.

The following value can be adopted for a weighted
value of the round robin. The NAND memory 10 generally
includes a storage area {margin area) that cannot be seen
from the host apparatus 1, other than a user data storage
area (reserved area) that can be seen from the host 1. The
reserves area can be specified by the LBA as a logical
address used by the host 1. The margin area is used as a
buffer area at the time of data transfer from the DRAM 20
to the reserved area or for storing the management
informaticon (including the logical-layer management tables
31 and the physical-layer management tables 32).

Because the reserved area has the same capacity as
that of the SSD that can be seen from the user, the
capacity of the reserved area needs to be maintained
constant at all times even if the bad block BB is generated.
Therefore, as the number of bad blocks BB increases, the
margin area decreases as the entire SSD. When one logical

block is focused and taken into consideration, it changes
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with a time corresponding to the use of the SSD to which of
the reserved area and the margih area the logical block
belongs. The logical block used as the reserved area is
referred to as a reserved block and the logical block used
as the margin area is referred to as a margin block.

For example, when a logical block used for storing the
management information is released and returned to the free
block list, and thereafter, is allocated as a logical block
for storing user data, the logical block is one of the
margin blocks at a point in time when being used for
storing the management information; however, it becomes one
of the reserved blocks at a point in time when being used
for storing the user data. Furthermore, in a state in
which the block is held in the free block list, it cannot
be specified to which of the margin block and the reserved
block one block corresponds, except of an exceptional
situation.

If the number of margin blocks or the number of unused
margin blocks is managed for each of the FB lists 50-1 to
50-L, a chance of obtaining a free block FB from a chip and
a plane with a fewer number of BBs can be increased in the
bank, by selecting a list (chip/plane) for obtaining the
free block FB by using by a round-robin method weighted by
the number of margin blocks or the number of unused margin
blocks. The number of margin blocks is a sum total of the
number of free blocks FB and the number of active blocks AB
belonging to the margin area. The number of unused margin
blocks is the number of free blocks FB belonging to the
margin area.

The number of margin blocks and the number of unused
margin blocks in one FB list are obtained in the following
manner. That is, an entire memory capacity of the NAND
memory 10 obtained by totalizing the margin area and the
reserved area is divided by the total number of the FB
lists, and a result of division is divided by the memory

capacity of one logical block, to derive the number D of
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the logical blocks that can be entered in one FB list.

FIG. 12 conceptually depicts allocation of
margin/reserved blocks in one FB list. Because the
reserved area needs to ensure a certain capacity at all
times, the number D2 of the logical blocks obtained by
subtracting a predetermined number D1 for the reserved
block from the number D of the logical blocks that can be
entered in one FB list becomes for the margin blocks if
there 'is no bad block BB. If the number D3 of the bad
blocks BB in the bank/chip/plane corresponding to the FB
list is subtracted from the number D2 of the logical blocks,
the number D4 of the margin blocks can be obtained.
Furthermore, by sequentially subtracting the number of
margin blocks being used as the management area or buffer
area from the number D4 of the margin blocks, the number of
unused margin blocks can be obtained.

Thus, a free block can be preferentially obtained from
the bank/chip/plane with less number of bad blocks by
selecting a list for obtaining the free block FB according
to the round-robin method weighted by the number of margin
blocks or the number of unused margin blocks for each FB
list.

According to the present embodiment, a plurality of FB
management lists is provided. In each FB management list,
the logical blocks having the same bank number/chip
number/plane number are managed, and the FB selecting unit
42 obtains a required logical block (free block FB) in
response to a request from the logical layer managing unit
120c. Therefore, when large parallelism is required, high
speed is realized by multi-parallel processing, and when
small parallelism is sufficient, processing giving a
priority to the writing efficiency can be performed.
[Second embodiment]

FIG. 13 depicts a second embodimeht of the present
invention, and an FB parallelism calculating unit 45 that

calculates the number of free blocks FB that can operate in



10

15

20

25

30

35

WO 2010/093056 PCT/JP2010/052480

23

parallel is added in the FB managing unit 40 in FIG. 9.

- Before requesting the free block FB to the FB
providing unit 43, the logical layer managing unit 120c
requests the FB parallelism calculating unit 45 to
calculate the current number of free blocks FB capable of
operating in parallel. The FB parallelism calculating unit
45 calculates the number of free blocks FB currently
capable of operating in parallel in response to the request
from the logical layer managing unit 120c. The number of
free blocks FB capable of operating in parallel is
calculated according to the following procedure.

(1) Calculate the parallelism in the bank.

(2) Add the parallelism calculated in the respective
banks for all the banks.

The parallelism in the bank (how many free blocks FB

can be simultaneously used in the bank) is determined by

. whether there is a pair of plane 0 and plane 1 having the

same chip number in the free block FB in the bank (whether
there is a pair of planes capable of operating in the
double speed mode). When there is a pair of plane 0 and
plane 1 having the same chip number in a certain bank,
because the pair can perform the parallel operation in the
double speed mode, the parallelism is 2. When there is
only one of plane 0 and plane 1, the parallelism is 1, and
when there is no free block FB in the bank, the parallelism
is 0.

The FB parallelism calculating unit 45 notifies the
logical layer managing unit 120c of the calculated number
of free block FB capable of operating in parallel. The
logical layer managing unit 120c can change the own
processing according to a notified result (parallelism).
For example, when the parallelism can be ensured
efficiently, mass data is collected first to execute the
write processing.

In the second embodiment, because possible parallelism

is calculated and notified to the logical layer managing
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unit 120c, the logical layer managing unit 120c can perform
efficient processing by changing the own processing
according to the notified result, and the writing
efficiency is improved.

[Third embodiment]

In a third embodiment of the present invention, a
specific processing content of the second embodiment is
explained. In the third embodiment, when the physical
layer managing unit 120d ensures parallelism n requested by
the logical layer managing unit 120c, two modes of a
double-speed priority mode for ensuring the parallelism by
giving a priority to double speed and a bank priority mode
for ensuring the parallelism by giving a priority to the
bank parallelism can be switched.

The FB parallelism calculating unit 45 shown in FIG.
13 has a margin table shown in FIG. 14. As shown in FIG.
14, information relating to a margin of the chip when the
double speed mode is used for each bank and information
relating to a margin of the plane when a normal mode is
used without using the double speed mode are registered in
the margin table. The margin table is updated every time
an event occurs in which registered data is to be updated.

The current number of free blocks FB in one of the FB
lists 50-1 to 50-L formed as the list of the logical block
having the same bank number/chip number/plane number, which
are shown in FIG. 10, is defined as "plane margin". If the
number of free blocks FB in one FB list 50-1 is for example
20, the plane margin held by the FB list is 20. When it is
assumed that two "plane margins" constituting the chip are
X and Y, the smaller "plane margin" is defined as "chip
margin" of the chip. When the plane margin of plane 0 of
one chip is 20 and the plane margin of plane 1 in the same
chip is 15, the chip margin of the chip is 15.

In a column of double speed mode perspective in the
margin table, information indicating which chip has the

highest chip margin in the chips belonging to the bank
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(chip number) and a value of the chip margin (hereinafter,
"bank margin at the time of a double speed operation”) are
held. In a column of normal mode perspective in the margin
table, information indicating which plane of which chip has
the highest margin in the planes belonging to the bank
(chip number/plane number) and a value of the plane margin
(hereinafter, "bank margin at the time of a normal
operation”™) are held. A selection priority between the
banks in the double-speed priority mode is determined based
on the bank margin at the time of a double speed operation,
and a selection priority between the banks in the bank
priority mode is determined based on the bank margin at the
time of a normal operation.

For example, when the plane margin and the chip margin
in the respective chips and respective planes in bank 0 are
in a state shown in FIG. 15, a chip having the highest chip
margin in bank 0 is chip 3 having a chip margin of 20, and
the plane having the highest plane margin in bank 0 is
plane 1 of chip 0 having a plane margin of 30. Accordingly,
in the column of the double speed mode perspective of bank
0 in the margin table, a chip number indicating chip 3 and
a value 20 of the margin are registered, and in the column
of the normal mode perspective, a chip number/plane number
indicating chip 0/plane 1 and a value 30 of the margin are
registered.

When the logical layer managing unit 120c as an upper
layer requests the FB providing unit 43 to select a free
block FB, the logical layer managing unit 120c first
inquires the FB parallelism calculating unit 45 of the
highest value of the currently selectable parallelisms and
then requests the FB selecting unit 42 to allocate a block
with the parallelism not exceeding the highest value via
the FB providing unit 43. When being requested to allocate
a free block FB from the logical layer managing unit 120c,
the FB selecting unit 42 is in a state in which allocation

with the specified parallelism can be performed at all
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times.

The parallelism calculation by the FB parallelism
calculating unit 45 is performed according to the following
procedure in the same manner as explained in the second
embodiment. -

(a) Calculate the parallelism of bank 0 in the
following manner.

(a-1l) When the margin at the time of a double speed
operation is larger than 0, designate the parallelism of
bank 0 as 2.

(a-2) When the margin at the time of a double speed
operation is 0 and the margin at the time of a normal
operation is larger than 0, designate the parallelism of
bank 0 as 1.

(a-3) When the margins at the time of a double speed
operation/hormal speed are both 0, designate the
parallelism of bank 0 as 0.

(b) Calculate the parallelisms of banks 1 to N in the
same manner as bank 0.

(c) The sum total of the parallelisms of respective
banks calculated in (a) and (b) are designated as the
parallelism for selecting a block at that point in time,
and informed to the logical layer managing unit 120c of the
parallelism.

A double-speed priority system that ensures the
parallelism by giving a priority to double speed is
explained next with reference to FIG. 16. Execution of a
double speed operation is limited with respect to a pair of
free blocks FB in the same bank and chip but in a different
plane. It is assumed here that allocation of a block with
the parallelism n is requested from the logical layer
managing unit 120c.

The FB selecting unit 42 in FIG. 12 refers to the
margin table shown in FIG. 14 to select a bank having the
largest margin at the time of a double speed operation, and

selects one each, in total, two of the free blocks FB
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belonging to two planes of a chip corresponding to the
margin of the selected bank at the time of a double speed
operation (Step S100). The FB selecting unit 42 determines
whether the sum total of the selected free blocks FB has
reached Int(n/2)*2 (Step S110). Int(n/2)*2 represents an
operation of truncating the numbers after the decimal point
in a result of a division n/2 to obtain an integer value.
For example, when n=3, Int(n/2)=1 and therefore

Int (n/2)*2=2. When the result of the determination at
Steps S110 is Yes, the procedure proceeds to Step S125.
When the result of the determination at Steps $110 is No,
the procedure proceeds to Step S120.

At Step S120, the FB selecting unit 42 refers to the
margin table to determine whether there is a bank in which
the margin at the time of a double speed operation is not O
(Step S120). When there is a bank in which the margin at
the time of a double speed operation is not 0, the FB
selecting unit 42 selects a bank having the largest margin
at the time of a double speed operation from the banks
other than the bank already selected at Step S100, and
selects one each of the free blocks FB belonging to two
planes, in total two free blocks FB, of the chip '
corresponding to the margin of the selected bank at the
time of a double speed operation (Step S100).

The procedure from Steps S100 to S120 is repeated
until the sum total of the selected free blocks FB reaches
Int(n/2)*2 or there is no bank in which the margin at the
time of a double speed operation is not 0.

At Step S125, the FB selecting unit 42 determines
whether the sum total of the selected free blocks FB
reaches the parallelism n requested from the logical layer
managing unit 120c. When the sum total of the selected
free blocks FB reaches the parallelism n, the processing is
finished. ‘

When determination at Step S$125 is No, the FB

selecting unit 42 refers to the margin table to select a
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bank having the largest margin at the time of a normal
operation from the unselected banks, and select one free
block FB belonging to a chip/plane corresponding to the
margin of the selected bank at the time of a normal
operation (Step S130). Hereinafter, the processing at
Steps S130 and S140 is repeated for the unselected banks
until the sum total of the selected free blocks reaches the
parallelism n. When the sum total of the selected free
blocks reaches n, the selection processing is finished.

For example, it is assumed that the margin table is in
a state shown in FIG. 17. 1In FIG. 17, in bank 0, chip O
indicates the largest margin at the time of a double speed
operation, the margin thereof is 15, and chip 0/plane 1
indicates the largest margin at the time of a normal
operation and the margin thereof is 20. In bank 1, chip 2
indicates the largest margin at the time of a double speed
operation, the margin thereof is 10, chip 2/plane 0
indicate the largest margin at the time of a normal
operation and the margin thereof is 30. In bank 2, the
largest margin at the time of a double speed operation is 0,
and chip 3/plane 1 indicates the largest margin at the time
of a normal operation and the margin thereof is 27. 'In
bank 3, the largest margin at the time of a double speed
operation is 0, chip 2/plane 0 indicates the largest margin
at the time of a normal operation and the margin thereof is
9.

In the case of such a table state, it is assumed that
the logical layer managing unit 120c requests the
parallelism n=5 and a free block FB is selected by giving a
priority to double speed. Bank 0 having the largest margin
15 at the time of a double speed operation is first
selected, and one each, in total, two free blocks FB are
selected from planes 0 and 1 of chip 0 of bank 0 (Step
S$100). 1In this state, because determinations at Steps S$S110
and S120 are No, bank 1 having the largest margin 10 at the

time of a double speed operation is selected from banks 1
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tc 3 other than bank 0, and one each, in total, two free
blocks FB are selected from planes 0 and 1 of chip 2 of
bank 1 (Step S100). In this stage, the number of selected
free blocks is four, and the determination at Step S110 is
Yes and the determination at 8125 is No, and the procedure
proceeds to Step S130.

At Step S130, the FB selecting unit 42 selects bank 2
having the largest margin 27 at the time of a normal
operation from unselected banks 2 and 3, and selects one
free block FB from plane 1 of chip 3 of bank 2. Because
the number of selected free blocks becomes five at this
stage and determination at Step S$140 is Yes, the selection
processing is finished.

As a result, free blocks FB are selected one each from
planes 0 and 1 of chip 0 of bank 0, planes 0 and 1 of chip
2 of bank 1, and plane 1 of chip 3 of bank 2, and
parallelism 5 can be achieved by giving a priority to
double speed.

Moreover, in the case of a table state shown in FIG.
17, when the logical layer managing unit 120c requests the
parallelism n=3 and.a free block FB is selected by giving a
priority to double speed, bank 0 having the largest margin
15 at the time of a double speed operation is first
selected, and one each, in total, two free blocks FB are
selected from planes 0 and 1 of chip 0 of bank 0 (Step
S100). 1In this stage, the number of selected free blocks
is two, and the determination at Step S110 is Yes and the
determination at S125 is No, and the procedure proceeds to
Step S130. At Step S130, bank 1 having the largest margin
30 at the time of a normal operation is selected from
unselected banks 2 and 3, and one free block FB is selected
from plane 0 of chip 2 of bank 1. Because the number of
selected free blocks becomes three at this stage and
determination at Step S140 is Yes, the selection processing
is finished.

As a result, free blocks FB are selected one each from
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planes 0 and 1 of chip 0 of bank 0 and plane 0 of chip 2 of
bank 1, and parallelism 3 can be achieved by giving a
priority to double speed.

A bank parallelism priority system that ensures the
parallelism by giving a priority to the bank parallelism is
explained next with reference to FIG. 18. It is assumed
here that allocation of a block with the parallelism n is
requested from the logical layer managing unit 120c.

The FB selecting unit 42 refers to the margin table to
calculate the number m of banks in which the margin at the
time of a normal operation is not 0 (Step $200). The FB
selecting unit 42 compares the parallelism n specified by
the logical layer managing unit 120c with m (Step S210).
When m2n, the FB selecting unit 42 executes processing at
Steps S220 to S230, and when m<n, executes processing at
Steps S250 to S280.

When m>n, the FB selecting unit 42 refers to the
margin table to select a bank having the largest margin at
the time of a normal operation from all the banks, and
selects one free block FB belonging to a chip/plane
corresponding to the margin of the selected bank at the
time of a normal operation (Step S220). The FB selecting
unit 42 determines whether the sum total of the selected
free blocks FB has reached the parallelism n requested from
the logical layer managing unit 120c (Step S230). When the
sum total has not reached the parallelism n, the FB
selecting unit 42 repeats the processing at Steps S$220 and
S230 for the unselected banks until the sum total of the
selected free blocks reaches the parallelism n. When the
sum total of the selected free blocks reaches n, the FB
selecting unit 42 finishes the selection processing.

When m<n, the FB selecting unit 42 refers to the
margin table to select a bank having the largest margin at
the time of a double speed operation from all the banks,
and one each, in total, two of the free blocks FB belonging

to two planes of a chip corresponding to the margin of the
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selected bank at the time of a double speed operation (Step

S250). The FB selecting unit 42 determines whether the sum
total of the selected free blocks FB has reached 2 (n-m)
(Step S260). When the sum total has not reached 2 (n-m),

the FB selecting unit 42 selects a bank having the largest
margin at the time of a double speed operation from the
unselected banks, and selects one each, in total, two of
the free blocks FB belonging to two planes of a chip
corresponding to the margin of the selected bank at the
time of a double speed operation (Step $250). The
processing at Steps S250 and S260 is repeated until the sum
total of the selected free blocks FB reaches 2(n-m).

When the sum total of the selected free blocks FB has
reached 2 (n-m), the FB selecting unit 42 refers to the
margin table to select a bank having the largest margin of
the unselected banks at the time of a normal operation, and
selects one free block FB belonging to:-a chip/plane
corresponding to the margin of the selected bank at the
time of a normal operation (Step $270). Hereinafter, the
processing at Steps S$270 and S280 is repeated for the
unselected banks until the sum total of the selected free
blocks reaches the parallelism n. When the sum total of
the selected free blocks reaches n (Step S280), the
selection processing is finished.

In the table state shown in FIG. 17, it is assumed
that the parallelism n=3 is requested from the logical
layer managing unit 120c to select a free block FB by
giving a priority to bank parallelism. In the table state
shown in FIG. 17, because the number of banks m=4, in which
the margin at the time of a normal operation is not 0, m>n
is established at Step S210. Bank 1 having the largest
margin at the time of a normal operation is selected first,
and one free block FB is selected from plane 0 of chip 2 of
bank 1 (Step S$S220). Bank 2 is then selected and one free
block FB is selected from plane 1 of chip 3 of bank 2, and

bank 0 is selected and one free block FB is selected from
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plane 1 of chip 0 of bank 0, thereby selecting three free
blocks and achieve the parallelism n=3.

In the table state shown in FIG. 17, it is assumed
that the parallelism n=5 is requested from the logical
layer managing unit 120c to select a free block FB by
giving a priority to bank parallelism. Because the number
of banks m=4, m<n is established at Step $8210. At Step
S250, bank 0 having the largest margin at the time of a
double speed operation is selected, and one each, in total,
two free blocks FB are selected from planes 0 and 1 of chip
0 of bank 0. At this stage of selection, determination at
Step S260 becomes Yes, and a free block FB is selected one
each from the unselected banks 1 to 3 by repeating the
processing at Steps S270 and S280 three times (plane 0 of
chip 2 of bank 1, plane 1 of chip 3 of bank 2, and plane 0
of chip 2 of bank 3). Accordingly, in total, five free
blocks FB are selected, thereby enabling to achieve the
parallelism n=5.

In the case of giving a priority to bank parallelism,
the processing at Steps 5250 and S260 is performed to use
the double speed mode for a portion which is not provided
by bank parallelism. That is, in a case that parallelism 5
is requested in a configuration of 4 banks and 2 planes,
when the priority is given to the bank parallelism, the
double-speed mode is used only for one bank and the normal
mode is used for the remaining three banks. 1In a case that
parallelism 5 is requested in a configuration of 4 banks
and 2 planes, when the priority is given to the double
speed, the double speed mode is used in two banks as much
as possible, and the normal mode is used in the remaining
one bank. |

Thus, in the third embodiment, when the requested the
parallelism n is ensured by using the margin table in which
the bank margin at the time of a normal operation and the
bank margin at the time of a double speed operation are

registered, two modes, that is, the double-speed priority
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mode for ensuring the parallelism by giving a priority to
double speed and the bank priority mode for ehsuring the
parallelism by giving a priority to the bank parallelism
can be switched. When the double speed mode is used,
possibility of ensuring the larger parallelism increases
than in the normal mode. Accordingly, when the requested
parallelism is small, the bank parallelism priority system
by giving a priority to the normal mode is used, and when
the requested parallelism is large, the double-speed
priority system is used. Then, when the bank is operated
with small parallelism, many sets of logical blocks capable
of performing the double speed operation can be maintained.
When the bank is actually operated with a large parallelism,
possibility of continuocusly performing the double speed
operation many times increases, and the write processing of
large data can be performed at high speed.

In the third embodiment, the current number of free
blocks FB is registered as the margin in the margin table,
to select a FB list in the double-speed priority mode or
the bank priority mode based on the margin. However, the
value inversely corresponding to the number of bad blocks
BB (for example, a reciprocal of the number of BBs)
explained in the first embodiment, the number of logical
blocks usable in each bank/chip/plane, or the number of
margin blocks or unused margin blocks can be designated as
the margin to select a FB list in the double-speed priority
mode or the bank priority mode according to the margin.
[Fourth embodiment]

FIG. 19 is a perspective view of an example of a PC
1200 on which the SSD 100 is mounted. The PC 1200 includes
a main body 1201 and a display unit 1202. The display unit
1202 includes a display housing 1203 and a display device
1204 accommodated in the display housing 1203.

The main body 1201 includes a chassis 1205, a keyboard
1206, and a touch pad 1207 as a pointing device. The

chassis 1205 includes a main circuit board, an optical disk
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device (ODD) unit, a card slot, and the SSD 100.

The card slot is provided so as to be adjacent to the
peripheral wall of the chassis 1205. The peripheral wall
has an opening 1208 facing the card slot. A user can
insert and remove an additional device into and from the
card slot from outside the chassis 1205 through the opening
1208.

The SSD 100 can be used instead of a conventional hard
disk drive (HDD) in the state of being mounted on the PC
1200 or can be used as an additional device in the state of
being inserted into the card slot.

FIG. 20 is a schematic diagram of a system
configuration example of the PC 1200 on which the SSD 100
is mounted. The PC 1200 includes a CPU 1301, a north
bridge 1302, a main memory 1303, a video controller 1304,
an audio controller 1305, a south bridge 1309, a basic
input/output system read-only memory (BIOS-ROM) 1310, the
SSD 100, an ODD unit 1311, an embedded controller/keyboard
controller IC (EC/KBC) 1312, and a network controller 1313.

The CPU 1301 is a processor for controlling an
operation of the PC 1200, and executes an operating system
(0S) loaded from the SSD 100 onto the main memory 1303.
Furthermore, when the ODD unit 1311 is capable of executing
at least one of read processing and write processing on a
mounted optical disk, the CPU 1301 executes the processing.

Moreover, the CPU 1301 executes a system BIOS stored
in the BIOS-ROM 1310. The system BIOS is a computer
program for controlling a hardware of the PC 1200.

The north bridge 1302 is a bridge device that connects
a local bus of the CPU 1301 to the south bridge 1309. The
north bridge 1302 has a memory controller for controlling
an access to the main memory 1303.

Moreover, the north bridge 1302 has a function of
executing a communication with the video controller 1304
and a communication with the audio controller 1305 through

an accelerated graphics port (AGP) bus and the like.
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The main memory 1303 temporarily stores therein a
computer program and data, and functions as a work area of
the CPU 1301. The main memory 1303, for example, consists
of a DRAM.

The video controller 1304 is a video reproduction
controller for controlling the display unit 1202 used as a
display monitor of the PC 1200.

The audio controller 1305 is an audio reproduction
controller for controlling a speaker 1306 of the PC 1200.

The south bridge 1309 controls each device on a low
pin count (LPC) bus 1314 and each device on a peripheral
component interconnect (PCI) bus 1315. Moreover, the south
bridge 1309 controls the SSD 100 that is a memory device
storing various types of software and data through the ATA
interface.

The PC 1200 accesses the SSD 100 in sector units. A
write command, a read command, a cache flush command, and
the like are input to the SSD 100 through the ATA interface.

The south bridge 1309 has a function of controlling an
access to the BIOS-ROM 1310 and the ODD unit 1311.

The EC/KBC 1312 is a one-chip microcomputer in which
an embedded controller for power management and a keyboard
controller for controlling the keyboard 1206 and the touch
pad 1207 are integrated.

The EC/KBC 1312 has a function of turning on/off the
PC 1200 based on an operation of a power button by a user.
The network controller 1313 is, for example, a
communication device that executes communication with an
external network such as the Internet.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the
specific details and representative embodiments shown and
described herein. Accordingly, various modifications may
be made without departing from the spirit or scope of the

general inventive concept as defined by the appended claims
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CLAIMS
1. A memory system comprising:
a nonvolatile semiconductor memory having a plurality
of channel parallel operation elements including a
plurality of memory chips, in which each memory chip is
divided into a plurality of planes capable of operating in

parallel, each plane includes a plurality of physical

blocks as a unit of data erasing, and the memory chips in

the respective channel parallel operation elements operated
in parallel are divided into a plurality of banks, which
respectively shares a ready/busy signal, over the channel
parallel operation elements; and

a controller that manages a free block based on a
logical block associated with the physical blocks selected
from the channel parallel operation elements operated in
parallel and controls a parallel operation by the planes,
banks, or channel parallel operation elements, wherein

the controller includes:

a plurality of free-block management lists in which
the logical blocks with a same bank number, a same chip
number, and a same plane number are respectively managed as
the free blocks; and

a free block selécting unit that selects a required
number of free-block management lists from the free-block
management lists to obtain a free block from selected free-

block management lists.

2. The memory system according to claim 1, wherein the
free block selecting unit selects the required number of
free-block management lists from the free-block management
lists so that a free-block management list corresponding to
one plane having less number of bad blocks belonging to one

bank and belonging to one chip is preferentially selected.

3. The memory system according to claim 1, wherein the

free block selecting unit selects the regquired number of
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free-block management lists from the free-block management
lists without setting priorities between the banks, and
selects the required number of free-block management lists
from the free-block management lists in a bank so that a
free-block management list corresponding to one plane
having less number of bad blocks belonging to one bank and

belonging to one chip is preferentially selected.

4. The memory system according to claim 3, wherein the
free block selecting unit selects the required number of
free-block management lists from the free-block management
lists by using round robin weighted by a value inversely

corresponding to the number of bad blocks.

5. The memory system according to claim 3, wherein the
free block selecting unit selects the required number of
free-block management lists from the free-block management
lists by using round robin weighted by number of logical

blocks entered into the free-block management list.

6. The memory system according to claim 3, wherein the
free block selecting unit selects the required number of
free-block management lists from the free-block management
lists by using round robin weighted by number of logical

blocks usable as a free block and an active block.

7. The memory system according to claim 3, wherein the
free block selecting unit selects the required number of
free-block management lists from the free-block management
lists by using round robin weighted by number of logical
blocks belonging to a margin area excluding a reserved area
which can be specified by a logical address to be used on a
host side, of a storage area of the nonvolatile
semiconductor memory, and usable as a free block and an

active block.
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8. The memory system according to claim 3, wherein the
free block selecting unit selects the required number of
free-block management lists from the free-block management
lists by using round robin weighted by number of free
blocks, of the logical blocks belonging to a margin area
excluding a reserved area which can be specified by a
logical address to be used on a host side, of a storage
area of the nonvolatile semiconductor memory, and usable as

a free block and an active block.

9. The memory system according to claim 1, further
comprising a free-block parallelism calculating unit that
calculates number of free blocks capable of operating in

parallel.

10. The memory system according to claim 9, wherein when a
parallelism, which is number of free blocks operating in
parallel, is specified, the free block selecting unit can
switch between a first mode in which a parallel operation
of respective planes is given priority, and a second mode
in which a parallel operation of banks is given priority,
and selects the required number of free-block management
lists corresponding to .the selected mode from the free-

block management lists.

11. The memory system according to claim 10, wherein the
free block selecting unit includes a table in which a first
piece of information indicating a selection priority
between banks in a first mode and a second piece of
information indicating a selection priority between banks
in a second mode are registered for each bank, and the free
block selecting unit selects the required number of free-
block management lists corresponding to the selected mode
from the free-block management lists according to the

information registered in the table.
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12. The memory system according to claim 11, wherein

a plane margin 1is set as number of free blocks in each
plane in each chip belonging to the bank, and a chip margin
is set as a minimum value of the plane margins of a
plurality of planes included in a same chip,

the first piece of information includes information
for identifying a chip having a largest chip margin of the
chips belonging to the bank and a largest value of the chip
margin, and '

the second pilece of information includes information
for identifying a plane in a chip having a largest plane
margin of the planes in each chip belonging to the bank and

the largest value of the plane margin.

13. The memory system according to claim 12, wherein when
the first mode is to be executed, the free block selecting
unit preferentially selects the plane in the chip included
in the second piece of information registered in the table
than the chip included in the first piece of information,
and preferentially selects a plane in a chip or a chip
having a larger plane margin or chip margin, and

when the second mode is to be executed, the free block
selecting unit preferentially selects the chip included in
the first piece of information registered in the table than
the plane in the chip included in the second piece of
information, and preferentially selects a plane in a chip

or a chip having a larger plane margin or chip margin.

14. A method of controlling a memory system for
controlling a nonvolatile semiconductor memory having a
plurality of channel parallel operation elements including
a plurality of memory chips, in which each memory chip is
divided into a plurality of planes capable of operating in
parallel, each plane includes a plurality of physical
blocks as a unit of data erasing, and the memory chips in

the respective channel parallel operation elements operated
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in parallel are divided into a plurality of banks, which

respectively shares a ready/busy signal, over the channel

parallel operation elements so that a parallel operation by

the planes, banks, or channel parallel operation elements
can be performed, the method comprising:

respectively managing a free block as a logical block
associated with a plurality of physical blocks selected
from the channel parallel operation elements operated in
parallel, as a free block with a same bank number, a same
chip number, and a same plane number in a plurality of
free-block management lists; and

selecting a required number of free-block management
lists from the free-block management lists to obtain a free

block from selected free-block management lists.

15. The method according to claim 14, comprising selecting
the required number of free-block management lists from the
free-block management lists so that a free-block management
list corresponding to one plane having less number of bad
blocks belonging to one bank and belonging to one chip is

preferentially selected, when obtaining the free block.

16. The method according to claim 14, comprising selecting
the required number of free-block management lists from the
free-block management lists without setting priorities
between the banks, and selects the required number of free-
block management lists from the free-block management lists
in a bank so that a free-block management list
corresponding to one plane having less number of bad blocks
belonging to one bank and belonging to one chip is

preferentially selected, when obtaining the free block.

17. The method according to claim 16, comprising selecting
the required number of free-block management lists from the
free-block management lists by. using round robin weighted

by a value inversely corresponding to the number of bad
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blocks, when obtaining the free block.

18. The method according to claim 16, comprising selecting
the required number of free-block management lists from the
free-block management lists by using round robin weighted
by number of logical blocks entered into the free-block

management list, when obtaining the free block.

19. The method according to claim 16, comprising selecting
the required number of free-block management lists from the
free-block management lists by using round robin weighted
by number of logical blocks usable as a free block and an

active block, when obtaining the free block.

20. The method according to claim 16, comprising selecting
the required number of free-block management lists from the
free-block management lists by using round robin weighted
by number of logical blocks belonging to a margin area
excluding a reserved area which can be specified by a
logical address to be used on a host side, of a storage
area of the nonvolatile semiconductor memory, and usable as
a free block and an active block, when obtaining the free
block.

21. The method according to claim 16, comprising selecting
the required number of free-block management lists from the
free-block management lists by using round robin weighted
by number of free blocks, of the logical blocks belonging
to a margin area excluding a reserved area which can be
specified by a logical address to be used on a host side,
of a storage area of the nonvolatile semiconductor memory,
and usable as a free block and an active block, when

obtaining the free block.

22. The method according to claim 14, further comprising

calculating number of free blocks capable of operating in
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parallel.

23. The method according to claim 22, comprising: when
obtaining the free block, in a case where a parallelism,
which is number of free blocks operating in parallel, is
specified,

enabling switching between a first mode in which a
parallel operation of respective planes is given priority,
and a second mode in which a parallel operation of banks is
given priority; and

selecting the required number of free-block management
lists corresponding to the selected mode from the free-

block management lists.

24. The method according to claim 23, comprising selecting
the required number of free-block management lists
corresponding to the selected mode from the free-block
management lists according to information registered in a
table in which a first piece of information indicating a
selection priority between banks in a first mode and a
second piece of information indicating a selection priority
between banks in a second mode are registered for each bank,

when obtaining the free block.

25. The method according to claim 24, wherein

a plane margin is set as number of free blocks in each
plane in each chip belonging to the bank, and a chip margin
is set as a minimum value of the plane margins of a
plurality of planes included in a same chip,

the first piece of information includes information
for identifying a chip having a largest chip margin of the
chips belonging to the bank and a largest value of the chip
margin, and

the second piece of information includes information
for identifying a plane in a chip having a largest plane

margin of the planes in each chip belonging to the bank and
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the largest value of the plane margin.

26. The method according to claim 25, comprising, when
obtaining the free block:

preferentially selecting the plane in the chip
included in the second piece of information registered in
the table than the chip included in the first piece of
information, and preferentially selecting a plane in a chip
or a chip having a larger plane margin or chip margin, when
the first mode is to be executed; and

preferentially selecting the chip included in the
first piece of information registered in the table than the
plane in the chip included in the second piece of
information, and preferentially selecting a plane in a chip
or a chip having a larger plane margin or chip margin, when

the second mode is to be executed.

27. A controller that controls a nonvolatile semiconductor
memory having a plurality of channel parallel operation
elements including a plurality of memory chips, in which
each memory chip is divided into a plurality of planes
capable of operating in parallel, each plane includes a
plurality of physical blocks as a unit of data erasing, and
the memory chips in the respective channel parallel
operation elements operated in parallel are divided into a
plurality of banks, which respectively shares a ready/busy
signal, over the channel parallel operation elements so
that a parallel operation by the planes, banks, or channel
parallel operation elements can be performed, the
controller comprising:

a plurality of free-block management lists for
respectively managing a free block as a logical block
associated with a plurality of physical blocks selected
from the channel parallel operation elements operated in
parallel, as a free block with a same bank number, a same

chip number, and a same plane number; and
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a free block selecting unit that selects a required
number of free-block management lists from the free-block
management lists to obtain a free block from selected free-

block management lists.

28. The controller according to claim 27, wherein the free
block selecting unit selects the required number of free-
block management lists from the free-block management lists
without settihg priorities between the banks, and selects
the required number of free-block management lists from the
free-block management lists in a bank so that a free-block
management list corresponding to one plane having less
number of bad blocks belonging to one bank and belonging to

one chip is preferentially selected.

29. A personal computer comprising the memory system

according to claim 1.

30. A personal computer comprising the memory system

according to claim 3.
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