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(57 ABSTRACT

A data writing method for writing data from a host system
into a flash memory chip is provided, and the flash memory
chip has a plurality of physical blocks. The method includes
receiving a host writing command and write data thereof, and
executing the host writing command. The method also
includes giving a data program command for writing the write
data into one of the physical blocks of the flash memory chip,
and giving a command for determining whether data stored in
the physical block has any error bit. Accordingly, the method
can effectively ensure the correctness of data to be written
into the flash memory chip.

13 Claims, 9 Drawing Sheets
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DATA WRITING METHOD FOR A FLASH
MEMORY, AND CONTROLLER AND
STORAGE SYSTEM USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 98134508, filed on Oct. 12, 2009. The
entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a data writing method for a
flash memory and particularly to a data writing method
capable of effectively ensure that data is correctly written into
a flash memory, and a flash memory controller and a flash
memory storage system using the same.

2. Description of Related Art

Flash memory is the most adaptable memories to be
applied in portable electronic products which are supplied
power by batteries due to its data non-volatility, low power
consumption, small volume, and non-mechanical structure.
For example, a solid state drive (SSD) is a storage device that
uses a NAND flash memory as its storage medium, and which
has been broadly used in notebook computes as the main
storage device.

A flash memory of a flash memory storage device has a
plurality of physical blocks, and each physical block has a
plurality of physical pages, wherein data must be written info
a physical block according to the sequence of the physical
pages in the physical block. Additionally, a flash memory may
be classified into two types of NAND flash memory, a Single
Level Cell (SLC) NAND flash memory and a Multi Level Cell
(MLC) NAND flash memory, according to the number of bits
that each memory cell thereof is capable of storing. In the
SLC NAND flash memory, because an electric charge in one
memory cell is only identified using one level, whether the bit
stored in one memory cell represents 17 or ‘0" is thereby
identified. Therefore, each memory cell only can store one bit
of data.

Along with the improvement of flash memory manufacture
processes, the ML.C NAND flash memory has developed. To
be specific, an electric charge in one memory cell can be
identified using a plurality of levels in the MLC NAND flash
memory. Therefore, one memory cell may store multiple bits
ofdata in the MLC NAND flash memory. Accordingly, for the
same number of memory cells, the number of pages in an
MLC NAND flash memory is a multiple of the number of
pages in an SLC NAND flash memory.

In particular, because one memory cell may stores multi-
bits of data in the MLC NAND flash memory, the program for
the physical blocks of the MLC NAND flash memory will
include a plurality of phases. Taking a 2 level cell NAND flash
memory as an example, the physical blocks thereof are pro-
grammed in a first phase and a second phase. The first phase
is the programming of a lower page, and the physical property
of the programming of the lower page is similar to the physi-
cal property of the programming of the SLC NAND flash
memory. After the first phase is completed, the programming
of an upper page may be executed (i.e. the second phase),
wherein the speed of programming the lower page is faster
than that of programming the upper page. Similarly, in an 8
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level cell or a 16 level cell, each memory cell contains more
pages and accordingly is programmed in more phases.

In the MLC NAND flash memory the programming of the
upper page may be coupling with the programming of the
lower page, therefore the reliability of the MLC NAND flash
memory is lower than the SLC NAND flash memory. That is,
the probability of occurring writing errors in the MLC NAND
flash memory is higher than that in the SLC NAND flash
memory. In particular, when one memory cell can store more
bits of data in the ML.C NAND flash memory, the probability
of writing errors becomes higher. Thereof, how to ensure that
data is correctly written info a flash memory is one of the
major subjects in the industry.

Nothing herein should be construed as an admission of
knowledge in the prior art of any portion of the present inven-
tion. Furthermore, citation or identification of any document
in this application is not an admission that such document is
available as prior art to the present invention, or that any
reference forms a part of the common general knowledge in
the art.

SUMMARY OF THE INVENTION

The present invention is directed to a data writing method
capable of effectively ensuring that data is correctly written
into a flash memory.

The present invention is directed to a flash memory con-
troller capable of effectively ensuring that data is correctly
written into a flash memory.

The present invention is directed to a flash memory system
capable of effectively ensuring that data is correctly written
into a flash memory.

According to an exemplary embodiment of the present
invention, a data writing method for writing data from a host
system into a flash memory chip is provided, wherein the
flash memory chip includes a plurality of physical blocks.
The data writing method includes configuring a flash memory
controller; receiving a host write command and write data
corresponding to the host write command from the host sys-
tem; and executing the host write command by the flash
memory controller. The data writing method also includes
giving a data program command to the flash memory chip to
write the write data into one of the physical blocks and giving
a command to the flash memory chip to determine whether at
least a portion of data stored in the physical block has any
error bit during the execution of the host write command.

According to an exemplary embodiment of the present
invention, a flash memory controller for writing data from a
host system into a flash memory chip is provided, wherein the
flash memory chip includes a plurality of physical blocks.
The flash memory controller includes a microprocessor unit,
a flash memory interface unit, a host interface unit, and a
memory management unit. The flash memory interface unit is
coupled to the microprocessor unit and configured to couple
to the flash memory chip. The host interface unit is coupled to
the microprocessor unit and receives a host write command
and write data corresponding to the host write command from
the host system. The memory management unit is coupled to
the microprocessor unit and gives a data program command
to the flash memory chip to write the write data into one of the
physical blocks during the execution of the host write com-
mand. Additionally, the memory management unit gives a
command to the flash memory chip to determine whether at
least a portion of data stored in the physical block has any
error bit during the execution of the host write command.

According to an exemplary embodiment of the present
invention, a flash memory storage system including a connec-
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tor, a flash memory chip, and a flash memory controller is
provided. The flash memory chip has a plurality of physical
blocks. The connector is configured to couple to a host system
and receives a host write command and write data corre-
sponding to the host write command from the host system.
The flash memory controller is coupled to the flash memory
chip and the connector, and gives a data program command to
the flash memory chip to write the write data into one of the
physical blocks during the execution of the host write com-
mand. Additionally, the flash memory controller gives a com-
mand to the flash memory chip to determine whether at least
a portion of data stored in the physical block has any error bit
during the execution of the host write command.

As described above, the data writing method provided by
the present invention determines whether data written into a
flash memory has any error bits during the execution of the
host write command, thereby the correctness of the data writ-
ten into the flash memory can effectively be ensured.

In order to make the aforementioned and other features and
advantages of the invention more comprehensible, embodi-
ments accompanying figures are described in detail below.

It should be understood, however, that this Summary may
not contain all of the aspects and embodiments of the present
invention, is not meant to be limiting or restrictive in any
manner, and that the invention as disclosed herein is and will
be understood by those of ordinary skill in the art to encom-
pass obvious improvements and modifications thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with the
description, serve to explain the principles of the invention.

FIG. 1A is a schematic block diagram of a host system
using a flash memory storage device according to a first
exemplary embodiment of the present invention.

FIG. 1B is a diagram of a computer, an input/output device,
and a flash memory storage device according to an exemplary
embodiment of the present invention.

FIG. 1C is a schematic diagram of a host system and a flash
memory storage device according to another exemplary
embodiment of the present invention.

FIG. 1D is a schematic block diagram of the flash memory
storage device in FIG. 1A.

FIG. 2 is a schematic block diagram of a flash memory
controller according to another exemplary embodiment of the
present invention.

FIG. 3 is a schematic block diagram illustrating a flash
memory chip according to the first exemplary embodiment of
the present invention.

FIGS. 4A~4C are schematic diagrams illustrating opera-
tions of physical blocks according to the first exemplary
embodiment of the present invention.

FIG. 5 is a flowchart illustrating a data writing method
according to the first embodiment of the present invention.

FIG. 6 is a schematic block diagram illustrating a flash
memory storage system according to a second exemplary
embodiment of the present invention.

FIG. 7 is a flowchart illustrating a data writing method
according to the second exemplary embodiment of the
present invention.

DESCRIPTION OF EMBODIMENTS

A flash memory storage device usually includes a flash
memory chip and a controller (also referred to as a control
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circuit). The flash memory storage device is usually used
together with a host system so that the host system can write
data into or read data from the flash memory storage device.
Besides, a flash memory storage device may also include an
embedded flash memory and a software that can be executed
by a host system and act as a controller of the embedded flash
memory.

Embodiments of the present invention may comprise any
one or more of the novel features described herein, including
in the Detailed Description, and/or shown in the drawings. As
used herein, “at least one”, “one or more”, and “and/or” are
open-ended expressions that are both conjunctive and dis-
junctive in operation. For example, each of the expressions
“at least on of A, B and C”, “at least one of A, B, or C”, “one
or more of A, B, and C”, “one or more of A, B, or C”” and “A,
B, and/or C” means A alone, B alone, C alone, A and B
together, A and C together, B and C together, or A, B and C
together.

It is to be noted that the term “a” or “an” entity refers to one
or more of that entity. As such, the terms “a” (or “an”), “one
or more” and “at least one” can be used interchangeably
herein.

First Exemplary Embodiment

FIG. 1A is a schematic block diagram of a host system
using a flash memory storage device according to a first
exemplary embodiment of the present invention.

Referring to FIG. 1A, a host system 1000 includes a com-
puter 1100 and an input/output (I/O) device 1106. The com-
puter 1100 includes a microprocessor 1102, a random access
memory (RAM) 1104, a system bus 1108, and a data trans-
mission interface 1110. For example, the I/O device 1106
includes a mouse 1202, a keyboard 1204, a display 1206 and
a printer 1208 as shown in FIG. 1B. It should be understood
that the devices illustrated in FIG. 1B are not intended to
limiting the I/O device 1106, and the /O device 1106 may
further include other devices.

In the present embodiment, the flash memory storage
device 100 is coupled to other devices of the host system 1000
through the data transmission interface 1110. The host system
1000 can write data into or read data from the flash memory
storage device 100 through the operations of the micropro-
cessor 1102, the RAM 1104, and the I/O device 1106. For
example, the flash memory storage device 100 may be a flash
drive 1212, a memory card 1214, or a solid state drive (SSD)
1216 as shown in FIG. 1B.

Generally speaking, the host system 1000 may be any
system for storing data. Even though the host system 1000 is
described as a computer system in the present exemplary
embodiment, in another exemplary embodiment of the
present invention, the host system 1000 may be a digital
camera, a video camera, a telecommunication device, an
audio player, or a video player. For example, if the host
system is a digital camera (video camera) 1310, the flash
memory storage device is then a SD card 1312, a MMC card
1314, a memory stick 1316, a CF card 1318 or an embedded
storage device 1320 (as shown in FIG. 1C). The embedded
storage device 1320 includes an embedded MMC (eMMC). It
should be mentioned that the eMMC is directly coupled to a
substrate of the host system.

FIG. 1D is a schematic block diagram of the flash memory
storage device 100 in FIG. 1A.

Referring to FIG. 1D, the flash memory storage device 100
includes a connector 102, a flash memory controller 104, and
a flash memory chip 106.
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The connector 102 is coupled to the flash memory control-
ler 104 and configured to couple to the host system 1000. In
the present embodiment, the connector 102 is a serial
advanced technology attachment (SATA) connector. How-
ever, the present invention is not limited thereto, and the
connector 102 may also be a Parallel Advanced Technology
Attachment (PATA) connector, a universal serial bus (USB)
connector, an Institute of Electrical and Electronic Engineers
(IEEE) 1394 connector, a peripheral component interconnect

n

6

is not limited thereto, and the host interface unit 210 may also
bea PATA interface, a USB interface, an IEEE 1394 interface,
a PCI Express interface, a SD interface, a MS interface, a
MMC interface, a CF interface, an IDE interface, or other
suitable types of interfaces for data transmission.

The flash memory interface unit 208 is coupled to the
microprocessor unit 202 and configured to access the flash
memory chip 106. Namely, data to be written into the flash
memory chip 106 is converted by the flash memory interface

(PCI) express connector, a secure digital (SD) connector, a 10 unit 208 into a format acceptable to the flash memory chip
memory stick (MS) connector, a multi media card (MMC) 106.
connector, a compact flash (CF) connector, an integrated The error checking and correcting unit 210 is coupled to the
device electronics (IDE) connector, or other suitable connec- microprocessor unit 202 and configured to perform an error
tor. checking and correcting process to ensure the correctness of
The flash memory controller 104 executes a plurality of 15 data. To be specific, when the memory management unit 204
logic gates or control commands which are implemented in a receives a host write command from the host system 1000, the
hardware form or in a firmware form, so as to perform opera- error checking and correcting unit 210 generates an error
tions of writing, reading or erasing data in the flash memory checking and correcting code (ECC code) corresponding to
chip 106 according to the commands of the host system 1000. write date of the host write command, and the memory man-
The flash memory controller 104 includes a microprocessor 20 agement unit 204 writes the write data and the ECC code into
unit 202, a memory management unit 204, a host interface the flash memory chip 106. And, when the memory manage-
unit 206, a flash memory interface unit 208 and an error ment unit 204 reads data from the flash memory chip 106, the
checking and correcting unit 210. memory management unit 204 simultaneously reads the ECC
The microprocessor unit 202 is the main control unit of the code corresponding the read data, and the error checking and
flash memory controller 104, and cooperates with the 25 correcting unit 210 performs the error checking and correct-
memory management unit 204, the host interface unit 206, the ing process to the read data based on the ECC code corre-
flash memory interface unit 208 and the error checking and sponding to the read data. In the present exemplary embodi-
correcting unit 210 to carry out various operations of the flash ment, the maximum number of error bits which can be
memory storage device 100. corrected by the error checking and correcting unit 210 is 26.
The memory management unit 204 is coupled to the micro- 30 And, the maximum number of error bits which can be cor-
processor unit 202, and executes a data writing mechanism rected by the error checking and correcting unit is referred as
and a block management mechanism according to the present “the maximum number of error correcting bits” hereafter.
exemplary embodiment. Below, the operation of the memory Namely, in a case where the number of error bits in data is not
management unit 204 will be described in detail with refer- larger than 26, the error checking and correcting unit 210 is
ence to accompanying drawings. 35 capable of detecting the error bits and correcting the data. It
In the present exemplary embodiment, the memory man- should be noted that the present invention is not limited
agement unit 204 is implemented in the flash memory con- thereto and the maximum number of error correcting bits of
troller 104 as a firmware form. For example, the memory the error checking and correcting unit may be any suitable
management unit 204 including a plurality of control instruc- value, such as 4, 16 or 64.
tions is burned into a program memory (for example, aread 40  Inanotherexemplary embodiment of the present invention,

only memory (ROM)), and the program memory is embedded
into the flash memory controller 104. When the flash memory
storage device 100 is in operation, the control instructions of
the memory management unit 204 are executed by the micro-

the flash memory controller may further include some general
function modules. FIG. 2 is a schematic block diagram of a
flash memory controller according to another exemplary
embodiment of the present invention.

processor unit 202 to accomplish the block management 45  Referring to FIG. 2, besides the microprocessor unit 202,
mechanism and the data writing mechanism according to the the memory management unit 204, the host interface unit 206,
present embodiment. the flash memory interface unit 208 and the error checking
Inanother exemplary embodiment of the present invention, and correcting unit 210, a flash memory controller 104' fur-
the control instructions of the memory management unit 204 ther includes buffer memory 292 and a power management
may also be stored in a specific area (for example, the system 50 unit 294.
area in a flash memory exclusively used for storing system The buffer memory 292 is coupled to the microprocessor
data) of the flash memory chip 106 as program codes. Simi- unit 202 and configured to temporarily store data and com-
larly, when the flash memory storage device 100 is in opera- mands from the host system 1000 or data from the flash
tion, the program instructions of the memory management memory chip 106.
unit 204 are executed by the microprocessor unit 202. In 55 The power management unit 294 is coupled to the micro-
addition, in yet another exemplary embodiment of the present processor unit 202 and configured to control the power of the
invention, the memory management unit 204 may also be flash memory storage device 100.
implemented in the flash memory controller 104 in a hard- The flash memory chip 106 is coupled to the flash memory
ware form. controller 104 for storing data. The flash memory chip 106
The host interface unit 206 is coupled to the microproces- 60 has a plurality of physical blocks 122-(0)~122-(N). Each of
sor unit 202 and configured to receive and identify commands the physical blocks 122-(0)~122-(N) is the smallest erasing
and data received from the host system 1000. Namely, the unit. Thatis to say, each of the physical blocks has a minimum
commands and data sent by the host system 1000 are passed number of memory cells for being erased altogether. Each
to the microprocessor unit 202 through the host interface unit physical block has several pages. In the present exemplary
206. In the present exemplary embodiment, the host interface 65 embodiment, each of the pages is the smallest programming

unit 206 is a SATA interface corresponding to the connector
102. However, it is to be understood that the present invention

unit. In other words, each page is the smallest unit for writing
data or reading data. Fach of the pages usually includes a user
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data area and a redundancy area. The data area is used to store
user data, and the redundant area is used to store system data
(for example, an error checking and correcting (ECC) Code).
In the exemplary embodiment, the flash memory chip 106 is
a multi-level cell (MLC) NAND flash memory chip. How-
ever, the present invention is not limited thereto, and in
another embodiment of the present invention, the flash
memory chip 106 may also be a single level cell (SLC)
NAND flash memory.

8

ships between the logical blocks 350-(0)~350-(H) and the
physical blocks 122-(0)~122-(N).

For example, when the host system is about to store data
into the logical block 350-(0), the flash memory controller
104 gets to know that the logical block 350-(0) is currently
mapped to the physical block 122-(S+1) logically belonging
to the data area 304 according to the logical address-physical
address mapping table. Thus, the memory management unit
204 updates the data in the physical block 122-(S+1), and

FIG. 3 is a schematic block diagram illustrating a flash 10 meanwhile, the flash memory controller 104 gets a physical
memory chip according to the first exemplary embodiment of block 122-(D+1) from the spare area 306 to substitute the
the present invention and FIGS. 4A-4C are schematic dia- physical block 122-(S+1) of the data area 304. However, the
grams illustrating operations of physical blocks according to memory management unit 204 does not instantly move all the
the first exemplary embodiment of the present invention. valid data in the physical block 122-(S+1) into the physical

Referring to FIG. 4 A~4C, because the memory cells of the 15 block 122-(D+1) and erase the physical block 122-(S+1)
flash memory chip 106 only be programmed from ‘1 to ‘0, when the memory management unit 204 writes the new data
data in a physical block has to be erased before the physical into the physical block 122-(D+1). To be specific, the
block is updated. However, since data is written into a flash memory management unit 204 copies the valid data (i.e., the
memory inunit of pages and is erased from the same in unit of pages P0 and P1) to the physical block 122-(D+1) before the
physical blocks, the physical blocks in the flash memory chip 20 page for writing the new data in the physical block 122-(S+1)
106 are alternatively used for storing data. (as shown in FIG. 4A) and writes the new data (i.e., the pages

To be specific, the memory management unit 204 logically P2 in the physical block 122-(D+1)) into the physical block
groups the physical blocks into a system area 302, a data area 122-(D+1) (as shown in FIG. 4B). By now, the flash memory
304, a spare area 306, and a replacement area 308. controller 104 completes the data writing operation and

The physical blocks 122-(0)~122-(S) logically belonging 25 responds to the host system 1000 that the write command has
to the system area 302 are configured to record system data, been executed. Because the valid data in the physical block
wherein the system data includes the manufacturer and model 122-(S+1) may become invalid during a next operation (for
of the flash memory chip, the number of zones in flash example, a write command), instantly moving all the valid
memory chip, the number of physical blocks in each zone, data in the physical block 122-(S+1) to the physical block
and the number of pages in each physical block. 30 122-(D+1) may become meaningless. In this case, an integra-

The physical blocks 122-(S+1)~122-(D) logically belong- tion of the contents of the physical block 122-(S+1) and the
ing to the data area 304 stores the user data and are the physical block 122-(D+1) is a complete content of the map-
physical blocks generally corresponding to the logical blocks ping logic block 350-(0). Here, at this time, the physical block
accessed by the host 1000. That is to say, the physical blocks 122-(S+1) and the physical block 122-(D+1) are referred to as
of the data area are blocks which store valid data. 35 mother-child blocks. The number of mother-child blocks is

The physical blocks 122-(D+1)~122-(A) logically belong- determined according to the size of a buffer memory in the
ing to the spare area 306 are configured to substitute the flash memory controller 104, and the action of temporarily
physical blocks in the data area 304. Accordingly, the physi- maintaining such a mother-child relationship is referred to as
cal blocks in the spare area are either blank or available blocks opening mother-child blocks.

(i.e., no data is recorded in these blocks or data recorded in 40 Thereafter, the flash memory controller 104 integrates the
these blocks is marked as invalid data). In other words, the physical block 122-(S+1) and the physical block 122-(D+1)
physical blocks in the data area and the spare area are alter- into a single physical block only when the contents of the two
natively configured to store data written into the flash are to be actually combined, so that the efficiency of using
memory storage device 100 by the host system 1000. physical blocks can be improved. The operation of integrating

The physical blocks 122-(A+1)~122-(N) logically belong- 45 the physical blocks is also referred to as closing mother-child
ing to the replacement area 308 are replacement physical blocks.
blocks. For example, when the flash memory chip 106 is For example, as shown in FIG. 4C, when the host system
manufactured in the factory, 4% of the physical blocks thereof’ 1000 transfers a write command to the flash memory control-
are reserved for replacement (i.e., the substitute physical ler 104 to store data into another logical block and the
units). Namely, when any physical block in the system area 50 memory management unit 204 determines that the number of
302, the data area 304, and the spare area 306 is damaged, a opening mother-child blocks has reached the upper limit of
physical block in the replacement area 308 is configured to the system and accordingly needs to integrate the physical
replace the damaged physical block (i.e., the bad block). block 122-(S+1) and the physical block 122-(D+1), the
Thus, if there are still available physical blocks in the replace- memory management unit 204 copies the remaining valid
ment area 308 and a physical block is damaged, the memory 55 data (i.e., the pages P3~PN) in the physical block 122-(S+1)
management unit 204 selects an available physical block to the physical block 122-(D+1), then erases the physical
from the replacement area 308 for replacing the damaged block 122-(S+1)and links the physical block 122-(S+1)to the
physical block. If there is no more available physical block in spare area 306. Meanwhile, the memory management unit
the replacement area 308 and a physical block is damaged, the 204 links the physical block 122-(D+1) to the data area 304
flash memory storage device 100 is announced as being in a 60 and maps the logical block 350-(0) to the physical block
write-protect status and data cannot be written therein. 122-(D+1) in the logical address-physical address mapping

Because data from the host system 1000 is written into the table, so as to close the mother-child blocks.
flash memory storage device 100 in the alternative manner In the present exemplary embodiment, when the host inter-
described above, the flash memory controller 104 provides face unit 206 receives a host write command and write data
logical blocks 350-(0)~350-(H) to the host system 1000 for 65 corresponding to the host write command from the host sys-

accessing data and maintains a logical address-physical
address mapping table for recording the mapping relation-

tem 1000, the memory management unit 204 gives a data
program command to the flash memory chip 106 for writing
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the write data from the host system 1000 into the physical
blocks. To be specific, each of the logical blocks 350-(0)
~350-(H) includes a plurality of logical pages, and each of the
logical pages is composed of several logical addresses.
Accordingly, when the host system 1000 accesses data at the
logical addresses, the memory management unit 204 actually
writes data into or read data from the physical page of the
physical block mapped to the logical block that the accessed
logical addresses belong to. In the exemplary embodiment,
the memory management unit 204 transforms the logical
addresses instructed in the host write command to a mapped
logical block by using a logical operation formula, and gets
the physical block mapped to the mapped logical block based
on the logical address-physical address mapping table.

In particular, after the write data is written into the page of
the physical block, the memory management unit 204 gives a
read command to the flash memory chip 106 for reading data
which just is written, and the error checking and correcting
unit 210 performs the error checking and correcting process
to the read data to determine whether an error occurs during
the operation of writing the write data. For example, after the
memory management unit 204 writes the write data into the
physical page P2 of the physical block 122-(D+1) by giving
the data program command, the memory management unit
204 gives the read command to read data stored in the physi-
cal page P2 of the physical block 122-(D+1), and the error
checking and correcting unit 210 performs the error checking
and correcting process to the read data to determine whether
the read data has any error bit. And, when the read data has at
least one error bit, the memory management unit 204 identi-
fies that an error occurs during the operation of writing the
write data and the data stored in the physical page P2 of the
physical block 122-(D+1) is not correct. Namely, in the
present exemplary embodiment, during the execution of a
host write command, besides the operation of writing the
write data into the flash memory chip 106, the memory man-
agement unit 204 further reads the write data to verify
whether the write data correctly is written. Here, “during the
execution of the host write command” means a period which
is from a time point of giving a host write command to the
flash memory controller 104 by the host system 1000 to a time
point of sending an acknowledgement message (i.e. a mes-
sage which informs that the host write command is com-
pleted) to the host system 1000 by the flash memory control-
ler 104,

For example, during the execution of a host write com-
mand, if the error checking and correcting unit 210 deter-
mines the data read from the physical page P2 of the physical
block 122-(D+1) has error bits and the number of error bits is
larger than the maximum number of error correcting bits of
the error checking and correcting unit 210 (i.e. the error
checking and correcting unit 210 can not correct the error
bits), memory management unit 204 moves valid data stored
in other physical pages of the physical block 122-(D+1) to
another physical block (e.g. the physical block 122-(D+2))
and marks the physical block 122-(D+1) as a bad physical
block. And, the memory management unit 204 sends a write
error message to the host system 1000. For example, the host
system 1000 may re-send the host write command and the
write data corresponding to the host write command accord-
ing to the write error message.

Additionally, in a case where the error checking and cor-
recting unit 210 determines the data read from the physical
page P2 of the physical block 122-(D+1) has error bits, if the
number of error bits is not larger than the maximum number
of error correcting bits of the error checking and correcting
unit 210 (i.e. the error checking and correcting unit 210 can
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correct the error bits), the memory management unit 204
determines whether the number of error bits is larger than an
error bit threshold value. And, if the number of error bits is
larger than the error bit threshold value, the memory manage-
ment unit 204 moves valid data stored in all of the physical
pages of the physical block 122-(D+1) to another physical
block (e.g. the physical block 122-(D+2)) and marks the
physical block 122-(D+1) as the bad physical block. Here, the
error bit threshold value may be any suitable value. To be
specific, in the case where the number of error bits of the data
is not larger than the maximum number of error correcting
bits of the error checking and correcting unit 210, when the
number of error bits which occur in the data is larger than the
error bit threshold value, the physical block stored the data is
in a very unreliable status. Thus, the memory management
unit 204 marks the physical block as the bad physical block.
In the present exemplary embodiment, the error bit threshold
value is set as 50% of the maximum number of error correct-
ing bits of the error checking and correcting unit 210.
Furthermore, in the case where the number of error bits of
the data is not larger than the error bit threshold value, the
memory management unit 204 marks the physical block 122-
(D+1) as an unreliable physical block. To be specific, the
memory management unit 204 uses an unreliable physical
block table for recording information related to the unreliable
physical block. In particular, subsequently, when the memory
management unit 204 performs write operations to store data
in the alternative manner, the physical blocks recorded in the
unreliable physical block table will not be considered to be
used first. For example, the memory management unit 204
first uses the physical blocks of the replacement area 308 to
store data. And, only when the bad physical blocks are too

. many and the write operations can not be performed to write

data, the memory management unit uses the physical blocks
recorded in the unreliable physical block table to write the
data.

It should be mentioned that the memory management unit
204 reads data which just is written from a physical block to
verify whether the data is written correctly when the memory
management unit 204 performs the write operation to the
physical block. However, the present invention is not limited
thereto, in another exemplary embodiment of the present
invention, the memory management unit 204 further read data
stored in other physical pages of the written physical block to
determine the status of the written physical block.

FIG. 5 is a flowchart illustrating a data writing method
according to the first embodiment of the present invention.

Referring to FIG. 5, in step S501 the flash memory con-
troller 104 receives a host write command and a logical
address and write data corresponding to the host write com-
mand from the host system 1000.

Instep 8503, the memory management unit 204 of the flash
memory controller 104 uses a data program command to
write the write data into the physical page of a physical block
in the flash memory chip 106 (e.g. the physical page P2 of the
physical block 122-(D+1)) based on the logical block that the
logical address corresponding to the host write command
belongs to.

After that, in step S505, memory management unit 204
gives a read command to read data from the physical block
which just is written (e.g. the physical page P2 of the physical
block 122-(D+1)), and in step S507, the error checking and
correcting unit 210 performs the error checking and correct-
ing process to the read data to determine whether the read data
has any error bit.
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If in the step S507 the error checking and correcting unit
210 determines that the read data does not have any error bit,
the process shown in FIG. 5 is terminated.

If in the step S507 the error checking and correcting unit
210 determines that the read data has at least one error bit, in
step S509 the memory management unit 204 determines
whether the number of error bits is larger than the maximum
number of error correcting bits of the error checking and
correcting unit 210 based on the result of the error checking
and correcting process. And, if the number of error bits is
larger than the maximum number of error correcting bits, in
step S511 the memory management unit 204 copies valid data
stored in other physical pages ofthe physical block to another
physical block (e.g. the physical block 122-(D+2)) and in step
S513 the memory management unit 204 marks the physical
block (i.e. the physical block is written in step S503) as the
bad physical block. Then, in the step S515 the memory man-
agement unit 204 sends a write error message to the host
system 1000, and the process shown in FIG. 5 is terminated.

If the number of error bits is not larger than the maximum
number of error correcting bits, in step S517 the memory
management unit 204 determines whether the number of
error bits is larger than the error bit threshold value based on
the result of the error checking and correcting process. If the
number of error bits is larger than the error bit threshold value,
in step S519 the memory management unit 204 copies valid
data stored in all of the physical pages of the physical block to
another physical block (e.g. the physical block 122-(D+2)).
And, in the step S521 the memory management unit 204
marks the physical block (i.e. the physical block is written in
step S503) as the bad physical block, and the process shown
in FIG. 5 is terminated.

If the number of error bits is not larger than the error bit
threshold value, in step S523 the memory management unit
204 marks the physical block (i.e. the physical block is writ-
ten in step S503) as the unreliable physical block, and the
process shown in FIG. 5 is terminated. As described above,
for example, in step S523 the memory management unit 204
uses the unreliable physical block table for recording infor-
mation related to the physical block which is marked as the
unreliable physical block.

It should be mentioned that in the exemplary embodiment,
the memory management unit 204 reads data which just is
written from a physical block and the error checking and
correcting unit 210 performs the error checking and correct-
ing process to determine whether the data is written correctly
when the host write command is executed. However, the
present invention is not limited thereto, in another exemplary
embodiment of the present invention, the memory manage-
ment unit 204 may compare the read data and the writing data
from the host system 1000 bit by bit to determine whether the
read data has any error bit and the number of error bits thereof.

Second Exemplary Embodiment

FIG. 6 is a schematic block diagram illustrating a flash
memory storage system according to a second exemplary
embodiment of the present invention.

The flash memory storage device 600 is coupled to other
devices of the host system 1000 through the data transmission
interface 1110. Data can be written into or read from the flash
memory storage device 600 through the operations of the
microprocessor 1102, the RAM 1104, and the [/O device
1106. Similarly, the flash memory storage device 600 may be
the flash drive 1212, the memory card 1214, or the solid state
drive (SSD) 1216 as shown in FIG. 1B, or the SD card 1312,
the MMC card 1314, the memory stick 1316, the CF card
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1318 or the embedded storage device 1320 (as shown in FIG.
1C). The embedded storage device 1320 includes an embed-
ded MMC (eMMC). It should be mentioned that the eMMC is
directly coupled to a substrate of the host system.

Referring to FIG. 6, the flash memory storage device 600
includes a connector 602, a flash memory controller 604, and
a flash memory chip 606.

The connector 602 is coupled to the flash memory control-
ler 604 and configured to connect to the host system 1000, In
the present embodiment, the connector 602 is a SATA con-
nector. However, the present invention is not limited thereto,
and the connector 602 can also be a PATA connector, a USB
connector, an IEEE 1394 connector, a PCI Express connector,
an MS connector, an MMC connector, an SD connector, a CF
connector, an IDE connector, or other suitable connectors.

The flash memory controller 604 executes a plurality of
logic gates or control commands which are implemented in a
hardware form or in a firmware form, so as to perform opera-
tions of writing, reading or erasing data in the flash memory
chip 606 according to the commands of the host system 1000.
The flash memory controller 604 includes a microprocessor
unit 612, a memory management unit 614, a host interface
unit 616 and a flash memory interface unit 618. The structure
and functionality of the microprocessor unit 612, the host
interface unit 616, and the flash memory interface unit 618
essentially are similar to the structure and functionality ofthe
microprocessor unit 202, the host interface unit 206, and the
flash memory interface unit 208, so they will not be repeated
here.

The memory management unit 614 is coupled to the micro-
processor unit 612, and executes a data writing mechanism
and a block management mechanism according to the present
exemplary embodiment. Below, the operation of the memory
management unit 614 will be described in detail with refer-
ence to accompanying drawings.

In the present exemplary embodiment, the memory man-
agement unit 614 is implemented in the flash memory con-
troller 604 as a firmware form. For example, the memory
management unit 614 including a plurality of control instrue-
tions is burned into a program memory (for example, a read
only memory (ROM)), and the program memory is embedded
into the flash memory controller 604. When the flash memory
storage device 600 is in operation, the control instructions of
the memory management unit 614 are executed by the micro-
processor unit 612 to accomplish the block management
mechanism and the data writing mechanism according to the
present embodiment.

Inanother exemplary embodiment of the present invention,
the control instructions of the memory management unit 614
may also be stored in a specific area (for example, the system
area in a flash memory exclusively used for storing system
data) of the flash memory chip 606 as program codes. Simi-
larly, when the flash memory storage device 600 is in opera-
tion, the program instructions of the memory management
unit 614 are executed by the microprocessor unit 612. In
addition, in yet another exemplary embodiment of the present
invention, the memory management unit 614 may also be
implemented in the flash memory controller 104 in a hard-
ware form.

The flash memory chip 606 is coupled to the flash memory
controller 604 for storing data. The flash memory chip 606 is
a MLC NAND flash memory chip and has a plurality of
physical blocks 122-(0)~122-(N) and an error checking and
correcting unit 620. The configuration and operation of the
physical blocks in the second exemplary embodiment are
identical to the ones in the first exemplary embodiment, a
detailed description is omitted.
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The error checking and correcting unit 620 is configured to
perform an error checking and correcting process to ensure
the correctness of data. To be specific, when the memory
management unit 614 receives a host write command and

14
physical pages of the physical block 122-(D+1) to another
physical block (e.g. the physical block 122-(D+2)) and marks
the physical block 122-(D+1) as the bad physical block.
Furthermore, in the case where the memory management

write data corresponding to the host write command from the 5 unit 614 determines the number of error bits in the data read
host system 1000 and writes the write data into the flash from the physical page P2 of the physical block 122-(D+1) is
memory chip 606, the error checking and correcting unit 620 not larger than the error bit threshold value based on the result
generates an ECC code corresponding to the write date, and of the error checking and correcting process performed by the
the generated error checking and correcting code is written error checking and correcting unit 620, the memory manage-
into the physical block 122-(0)~122-(N) with the write data. 10 ment unit 614 marks the physical block 122-(D+1) as the
Then, when the memory management unit 614 reads data unreliable physical block.

from the flash memory chip 606, the error checking and It should be mentioned that the memory management unit
correcting unit 620 performs the error checking and correct- 614 reads data which just is written from a physical block to
ing process to the read data based on the ECC code corre- verify whether the data is written correctly when the memory
sponding to the read data. In the present exemplary embodi- 15 management unit 614 performs the write operation to the
ment, the maximum number of error correcting bits of the physical block. However, the present invention is not limited
error checking and correcting unit 620 is 26. Namely, ina case thereto, in another exemplary embodiment of the present
where the number of error bits in data is not larger than 26, the invention, the memory management unit 614 further read data
error checking and correcting unit 620 is capable of detecting stored in other physical pages of the written physical block to
the error bits and correcting the data. It should be noted that 20 determine the status of the written physical block.

the present invention is not limited thereto and the maximum FIG. 7 is a flowchart illustrating a data writing method
number of error correcting bits of the error checking and according to the second exemplary embodiment of the
correcting unit may be any suitable value, such as 4, 16 or 64. present invention.

In particular, after the data is written into the page of the Referring to FIG. 7, in step 8701 the flash memory con-
physical block, the memory management unit 614 gives a 25 troller 604 receives a host write command and a logical
write confirm command to the flash memory chip 606 to address and write data corresponding to the host write com-
determine whether the write data which just is written has any mand from the host system 1000.
error bit. To be specific, when the flash memory chip 606 In step $703, the memory management unit 614 of the flash
receives the write confirm command, the flash memory chip memory controller 604 uses a data program command to
606 reads data from the physical page which just is written 30 write the write data into the physical page of a physical block
into; the error checking and correcting unit 620 performs the in the flash memory chip 606 (e.g. the physical page P2 of the
error checking and correcting process fo determinate whether physical block 122-(D+1)) based on the logical block that the
the read data has any error bit; and the flash memory chip 606 logical address belongs to.
transmits the result of the error checking and correcting pro- Thereafter, in step $705, the memory management unit 614
cess, thereby the memory management unit 614 determinates 35 gives a write confirm command to the flash memory chip 606
the write data which just is written has any error bit based the and receives a result of the error checking and correcting
result of the error checking and correcting process performed process. And, in step $707 the memory management unit 614
by the error checking and correcting unit 620. determinates whether the data which just is written into the

For example, during the execution of the host write com- physical page (e.g. the physical page P2 of the physical block
mand, if the error checking and correcting unit 620 deter- 40 122-(D+1)) has any error bit.

mines the data read from the physical page P2 of the physical
block 122-(D+1) has error bits and the number of error bits is
larger than the maximum number of error correcting bits of
the error checking and correcting unit 620 (i.e. the error

If in the step S707, it is determined the data which just is
written into the physical page does not have any error bit
based on the result of the error checking and correcting pro-
cess, the process shown in FIG. 7 is terminated.

checking and correcting unit 620 can not correct the error 45 Ifin the step 8707, it is determined that the data which just
bits), the memory management unit 614 moves valid data is written into the physical page has at least one error bit, in
stored in other physical pages of the physical block 122-(D+ step S709 the memory management unit 614 determines
1) to another physical block (e.g. the physical block 122-(D+ whether the number of error bits is larger than the maximum
2)) and marks the physical block 122-(D+1) as the bad physi- number of error correcting bits based on the result of the error
cal block. And, the memory management unit 614 sends a 50 checking and correcting process. And, if the number of error
write error message to the host system 1000. For example, the bits is larger than the maximum number of error correcting
host system 1000 may re-send the host write command and bits, in step S711 the memory management unit 614 copies
the write data corresponding to the host write command valid data stored in other physical pages of the physical block
according to the write error message. to another physical block (e.g. the physical block 122-(D+2))
Additionally, in a case where the error checking and cor- 55 and in step $713 the memory management unit 614 marks the
recting unit 620 determines the data read from the physical physical block (i.e. the physical block is written in step S703)
page P2 of the physical block 122-(D+1) has error bits, if the as the bad physical block. Thereafter, in the step S715 the
number of error bits is not larger than the maximum number memory management unit 204 sends a write error message to
of error correcting bits of the error checking and correcting the host system 1000, and the process shown in FIG. 7 is
unit 620 (i.e. the error checking and correcting unit 620 can 60 terminated.
correct the error bits), the memory management unit 614 If the number of error bits is not larger than the maximum
determines whether the number of error bits is larger than the number of error correcting bits, in step S717 the memory
error bit threshold value based on the result of the error management unit 614 determines whether the number of
checking and correcting process performed by the error error bits is larger than the error bit threshold value based on
checking and correcting unit 620. And, if the number of error 65 the result of the error checking and correcting process. If the

bits is larger than the error bit threshold value, the memory
management unit 204 moves valid data stored in all of the

number of error bits is larger than the error bit threshold value,
in step S719 the memory management unit 614 copies valid
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data stored in all the physical pages of the physical block to
another physical block (e.g. the physical block 122-(D+2)).
And, in the step S721 the memory management unit 614
marks the physical block (i.e. the physical block is written in
step S703) as the bad physical block, and the process shown
in FIG. 7 is terminated.

If the number of error bits is not larger than the error bit
threshold value, in step S723 the memory management unit
614 marks the physical block (i.e. the physical block is writ-
ten in step S703) as the unreliable physical block, and the
process shown in FIG. 7 is terminated.

As described above, the data writing method provided by
the present invention determines whether there is an error bit
in data written into a flash memory, thereby the correctness of
the data can effectively be ensured. Additionally, when data
has atleast one error bit, a physical block is marked according
to an error level, thereby preventing the usage of the physical
block which is unreliable and increasing the reliability of a
flash memory storage system. The previously described
exemplary embodiments of the present invention have the
advantages aforementioned, wherein the advantages afore-
mentioned not required in all versions of the invention.

Although the invention has been described with reference
to the above embodiments, it will be apparent to one of the
ordinary skill in the art that modifications to the described
embodiment may be made without departing from the spirit
of the invention. Accordingly, the scope of the invention will
be defined by the attached claims not by the above detailed
descriptions.

What is claimed is:

1. A data writing method for ensuring data writing cor-
rectly from a host system into a flash memory chip, wherein
the flash memory chip includes a plurality of physical blocks,
and each of the physical blocks has a plurality of physical
pages, the data writing method comprising:

grouping the physical blocks into at least a data area, a

spare area and a replacement area;

receiving a host write command and write data correspond-

ing to the host write command from the host system and
executing the host write command by the flash memory
controller;

giving a data program command to the flash memory chip

during the execution of the host write command to write
the write data into one of the physical blocks of the spare
area; and

giving a read command to the flash memory chip before

sending an acknowledgement message informing that
the host write command is completed to the host system
to determine whether at least a portion of data stored in
one of the physical pages in the one of the physical
blocks corresponding to the host write command has at
least one error bit,

wherein if the at least a portion of data stored in the one of

the physical pages in the one of the physical blocks has
the at least one error bit and the number of the at least one
error bit is not larger than the maximum number of error
correcting bits and is larger than an error bit threshold
value, moving data stored in the one of the physical
block to another physical block selected from the
replacement area, and marking the one of the physical
block as a bad physical block,

wherein if the at least a portion of data stored in the one of

the physical pages in the one of the physical blocks has
the at least one error bit and the number of the at least one
error bit is not larger than an error bit threshold value,
marking the one of the physical block as an unreliable
physical block,
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wherein the unreliable physical block is used for writing
data only when the physical blocks of the replacement
area are exhausted.

2. The data writing method according to claim 1, wherein
the flash memory controller has an error checking and cor-
recting unit,

wherein the step of giving the read command to the flash
memory chip before sending the acknowledgement
message informing that the host write command is com-
pleted to the host system to determine whether the at
least a portion of data stored in one of the physical pages
in the one of the physical blocks has the at least one error
bit comprises:

giving the read command to the flash memory chip to read
data from the one of the physical blocks; and

determining whether the at least a portion of data stored in
the one of the physical blocks has the at least one error
bit according to the read data through the error checking
and correcting unit.

3. The data writing method according to claim 1, wherein

the data writing method further comprises:

when the at least a portion of data stored in the one of the
physical pages in the one of the physical blocks has the
at least one error bit and the number of the at least one
error bit is larger than the maximum number of error
correcting bits, moving data stored in other physical
pages inthe one of the physical blocks having the at least
one error bit to another physical block selected from the
replacement area, and marking the one of the physical
blocks as a bad physical block.

4. The data writing method according to claim 1, further

comprising:

sending a write error message to the host system by the
flash memory controller when the at least a portion of
data in the one of the physical blocks has the at least one
error bit and is corresponding to the host write com-
mand.

5. The data writing method according to claim 1. further

comprising:

using an unreliable physical block table to record the unre-
liable physical block.

6. A flash memory controller for ensuring data writing
correctly from a host system into a flash memory chip,
wherein the flash memory chip includes a plurality of physi-
cal blocks, and each of the physical blocks has a plurality of
physical pages, the flash memory controller comprising:

a microprocessor unit;

a flash memory interface unit, coupled to the microproces-
sor unit, and configured to connect to the flash memory
chip;

a host interface unit, coupled to the microprocessor unit
and configured to receive a host write command and
write data corresponding to the host write command
from the host system; and

a physical memory management unit, coupled to the
microprocessor unit and configured to group the physi-
cal blocks into at least a data area, a spare area and a
replacement area,

wherein the physical memory management unit gives a
data program command to the flash memory chip during
execution of the host write command to write the write
data into one of the physical blocks of the spare area,

wherein the physical memory management unit gives a
read command to the flash memory chip before sending
an acknowledgement message informing that the host
write command is completed to the host system tfo deter-
mine whether at least a portion of data stored in one of
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the physical pages in the one of the physical blocks
corresponding to the host write command has at least
one error bit,

wherein if the at least a portion of data stored in the one of
the physical pages in the one of the physical blocks has
the at least one error bit and the number of the at least one
error bit is not larger than the maximum number of error
correcting bits and is larger than an error bit threshold
value, the physical memory management unit moves

5

18

wherein the flash memory controller gives a data program
command to the flash memory chip during execution of
the host write command to write the write data into one
of the physical blocks of the spare area,

wherein the flash memory controller gives a read command
fo the flash memory chip before sending an acknowl-
edgement message informing that the host write com-
mand is completed to the host system to determine
whether at least a portion of data stored in one of the

data §tored in the one of the physical blocks to another 10 physical pages in the one of the physical blocks corre-

physical block selected from the replacement area and di he 1 % q1 1

marks the one of the physical blocks as a bad physical sponding to the lost write command has at least one
error bit

block, p—. . )

wherein if the at least a portion of data stored in the one of wheren} if at least aportion of data stored in the one of the
the physical pages in the one of the physical blocks has 15 physical pages in the one of the physical blocks has the
theat least one error bit and the number of the at least one at least one error bit and the number of the at least one
error bitis not larger than an error bit threshold value, the error bit is not larger than the maximum number of error
physical memory management unit marks the one of the correcting bits and is larger than an error bit threshold
physical blocks as an unreliable physical block, value, the flash memory controller moves data stored in

wherein the physical memory management unit uses the 20 the one of the physical blocks to another physical block
unreliable physical block for writing data only when the selected from the replacement area and marks the one of
physical blocks of the replacement area are exhausted. the physical blocks as a bad physical block,

7. The flash memory controller according to claim 6, fur- wherein if the at least a portion of data stored in the one of

ther comprising an error checking and correcting unit, the physical pages in the one of the physical blocks has
wherein the physical memory management unit gives the 25 the at least one error bit and the number of the at least one
read command to the flash memory chip to read data error bit is not larger than an error bit threshold value, the
from the one of the physical blocks, and the error check- flash memory controller marks the one of the physical
ing and correcting unit determines whether the at least a blocks as an unreliable physical block,
portion of data stored in the one of the physical blocks wherein the flash memory controller uses the unreliable
has the at least one error bit according to the read data 30 physical block for writing diita oily When the physical
. - - {=
8 %}uli%g ﬂl]e execut]onoof 2}? ?OS[CY}V;éEel;?;n:;:;:E ! 6. and blocks of the replacement area are exhausted.
A 1€ [lash memory conitr er ac I E . o
. . . ] ory storage system according to claim
wherein when the at least a portion of data stored in the one 11 The_ flash. memoary storage:sy " g :
of the physical pages in the one of the physical blocks 10, wherein the flash memory controller has an error checking
has thei;tblreast ogcgcrror bitand the numb}Z:r}(’)f the at least 35 and‘;:orrgcti;}g lglitl’ fler of e
one error bit is larger than the maximum number of error whersrihe Haph memorsconligllelgives [he foac. edms
correcting bits, the physical memory management unit mand to the_ﬂash memory chip to read data t_"mm the one
moves data stored in the other physical pages in the one of tl}e Ph)’fﬂcal bloc.:ks, and the error checking amli cor-
of the physical blocks having the at least one error bit to recting unit -determmes whether th.e at least a portion of
another physical block among the physical blocks and 40 data stored in the one of the physical blocks has the at
marks the one of the physical block as a bad physical least one error bit according to the read data during the
block. execution of the host write command.

9. The flash memory controller according to claim 6, 12. The flash memory storage system according to claim

wherein when the at least a portion of data in the one of the 10, and

physical blocks has the at least one error bit and is corre- 45 wherein when the at least a portion of data stored in the one
sponding to the host write command, the physical memory of the physical pages in the one of the physical blocks
management unit sends a write error message to the host has the at least one error bit and the number of the at least
system. . . one error bit is larger than the maximum number of error
. 10. A flash CmOEy .SfOI’ age system for ensuring data writ- correcting bits, the flash memory controller moves data
ing correctly, comprising: ) ) 30 stored in other physical pages in the one of the physical

4 ﬂ‘r';;h 1n‘en10r3; Cht[p lhaw]ug d pll“ﬁhti o}fphysu:lal bll,OLkS 5 blocks having the at least one error bit to another physi-
\;hlyerif:lz;ll ;i;;so HiEpisied ioues e d PO cal block among the physical blocks and marks the one

5 g ; : § :

a connector, configured to connect to a host system and to lsog‘tlhe gh){sncal blOCkStab i I;hysmal bIdO.Ck' o clai
receive a host write command and write data corre- 55 - e Tlastl memory storage systeni accorcing 1o cam
sponding to the host write command from the host sys- 10, wherein when the at least a portion of data in the one of the

hysical blocks has the at least one error bit and is corre-
tem; and p . .

a flash memory controller, coupled to the flash memory sponding to the host write command, the flash memory con-
chip and the connector’ and configured to group the troller sends a write error message to the host system by the
physical blocks into at léast adata area, a spare area and 60 flash memory controller.

a replacement area,
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the physical pages in the one of the physical blocks
corresponding to the host write command has at least
one error bit,

wherein if the at least a portion of data stored in the one of
the physical pages in the one of the physical blocks has
the at least one error bit and the number of the at least one
error bit is not larger than the maximum number of error
correcting bits and is larger than an error bit threshold
value, the physical memory management unit moves

5

18

wherein the flash memory controller gives a data program
command to the flash memory chip during execution of
the host write command to write the write data into one
of the physical blocks of the spare area,

wherein the flash memory controller gives a read command
to the flash memory chip before sending an acknowl-
edgement message informing that the host write com-
mand is completed to the host system to determine
whether at least a portion of data stored in one of the

data stored in the one of the physical blocks to another 10 ; i :

. ) physical pages in the one of the physical blocks corre-
physical bleck sgleeted foom the replacement areaand sponding to the host write command has at least one
marks the one of the physical blocks as a bad physical eIrJror bitg
block >

wherein,if the at least a portion of data stored in the one of wherei1'1 if at least “ portion of data store?d in the one of the
the physical pages in the one of the physical blocks has 15 physical pages in the one of the physical blocks has the
the at least one error bit and the number of the at least one at least one error bit and the number of the at least one
error bitis not larger than an error bit threshold value, the error bit is not larger than the maximum number of error
physical memory management unit marks the one of the correcting bits and is larger than an error bit threshold
Physica] blocks as an unreliable physica] b]ock’ value, the flash memory controller moves data stored in
wherein the physical memory management unit uses the 20 the one of the physical blocks to another physical block
unreliable physical block for writing data only when the selected from the replacement area and marks the one of
physical blocks of the replacement area are exhausted. the physical blocks as a bad physical block,
7. The flash memory controller according to claim 6, fur- wherein if the at least a portion of data stored in the one of
ther comprising an error checking and correcting unit, the physical pages in the one of the physical blocks has
wherein the physical memory management unit gives the 25 the at least one error bit and the number of the at least one
read command to the flash memory chip to read data error bitis not larger than an error bit threshold value, the
from the one of the physical blocks, and the error check- flash memory controller marks the one of the physical
ing alnd correcting Lmlt.delerunncs whether tl.le atleasta blocks as an unreliable physical block,
portion th 1‘1?3 ifff;i}fgﬁ zrcfof;g ltllllg gﬁﬁ;ﬁ;ﬂéﬁf};ﬁ; ., Wherein the flash memory controller uses the unreliable
during the execution of the host write command. gilyslical fi)]}(;ck ﬁir gy when ey
8. The flash memory controller according to claim 6, and 1" ’1?10 sﬂo lt k3 acentlent A T—B exhzfus(tfd. IR
wherein when the at least a portion of data stored in the one e N R
of the physical pages in the one of the physical blocks 10, wherem. the ﬂa.sh memory controller has an error checking
has the at least one error bit and the number of the at least 35 and com?ctmg umit, }
one error bit is larger than the maximum number of error wherein the flash memory con’froller gives the read com-
correcting bits, the physical memory management unit mand to the flash memory chip to read data from the one
moves data stored in the other physical pages in the one of the physical blocks, and the error checking and cor-
of the physical blocks having the at least one error bit to recting unit determines whether the at least a portion of
another physical block among the physical blocks and 40 data stored in the one of the physical blocks has the at
marks the one of the physica] block as a bad physical least one error bit aCCOI’dil‘lg to the read data during the
block. execution of the host write command.
9. The flash memory controller according to claim 6, 12. The flash memory storage system according to claim
wherein when the at least a portion of data in the one of the 10, and
physical blocks has the at least one error bit and is corre- 45  wherein when the at least a portion of data stored in the one
sponding to the host write command, the physical memory of the physical pages in the one of the physical blocks
management unit sends a write error message to the host has the at least one error bit and the number of the at least
system. . . one error bitis larger than the maximum number of error
~ 10. A flash memory storage system for ensuring data writ- correcting bits, the flash memory controller moves data
mg %OHfCﬂy’ compﬁsmlg: , ot ket 2D stored in other physical pages in the one of the physical
a ‘i;; ;le]ielinezglcofl% hl:‘;llllfs?cg lulg allog(sohgslis;clirali?; (ft blocks having the at least one error bit to another physi-

; cal block among the physical blocks and marks the one

physical pages: of the physical blocks as a bad physical block
a connector, configured to connect to a host system and to e BsIcA. MOGKS AR 0an ) Y sied. D DG, .
receive & host wiite command. and write dsta comes: 55 13. The flash memory storage system according to claim

sponding to the host write command from the host sys-
tem; and

a flash memory controller, coupled to the flash memory
chip and the connector, and configured to group the
physical blocks into at least a data area, a spare area and
a replacement area,

60

10, wherein when the at least a portion of data in the one ofthe
physical blocks has the at least one error bit and is corre-
sponding to the host write command, the flash memory con-
troller sends a write error message to the host system by the
flash memory controller.
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