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(57) ABSTRACT 

A memory management method is provided according to an 
exemplary embodiment. The method includes: receiving a 
write command and determining whether a usage status of 
physical units associated to a storage area conforms to a first 
predetermined status; storing write data corresponding to the 
write command to at least one of physical units associated to 
a temporary area if the usage status of the physical units 
associated to the storage area conforms to the first prede­
termined status; associating the at least one physical unit 
storing the write data to the storage area; and allocating at 
least one logical unit to map the at least one physical unit 
associated to the storage area. 

12 Claims, 13 Drawing Sheets 
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1 

METHOD FOR MANAGING ASSOCIATION 
RELATIONSHIP OF PHYSICAL UNITS 

BETWEEN STORAGE AREA AND 
TEMPORARY AREA, MEMORY CONTROL 
CIRCUIT UNIT, AND MEMORY STORAGE 

APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the priority benefit of Taiwan 
application serial no. 104119110, filed on Jun. 12, 2015. The 
entirety of the above-mentioned patent application is hereby 
incorporated by reference herein and made a part of this 
specification. 

BACKGROUND 

Technology Field 

The disclosure relates to a memory management mecha­
nism, and more particularly, to a memory management 
method, a memory control circuit unit, and a memory 
storage apparatus. 

Description of Related Art 

Digital cameras, mobile phones, and MP3 players have 
seen rapid growth in recent years. Consequently, the con­
sumers' demand for storage media has increased tremen­
dously. Since a rewritable non-volatile memory has charac­
teristics such as data non-volatility, power-saving, small 
size, lack of mechanical structure, and fast reading speed, 
the rewritable non-volatile memory is most suitable for 
electronic products such as notebook computers. A solid 
state disc is a memory storage apparatus adopting flash 
memory as storage medium. Therefore, the flash memory 
industry has become a relatively important part in the 
electronic industry in recent years. 

In certain memory storage apparatuses, the rewritable 
non-volatile memory is divided into a temporary area and a 
storage area. The storage area is the final location of user 
data, and the temporary area is configured to temporarily 
store data to be stored in the storage area. In general, the size 
of the temporary area and the size of the storage area are 
previously configured and fixed; as the configured size of the 
temporary area is increased, the data access speed for the 
rewritable non-volatile memory may be greater, but the 
overall storage capacity thereof configured to store user data 
is relatively reduced; as the configured size of the temporary 
area is reduced, the storage capacity in the rewritable 
non-volatile memory configured to store user data is 
increased, but the data access speed thereof may be reduced. 

Therefore, how to improve data access speed of the 
memory module in the case of limited overall storage 
capacity of the rewritable non-volatile memory is one of the 
important objects of those skilled in the art. 

2 
ratus capable of improving data access speed of a rewritable 
non-volatile memory module in the case of limited overall 
storage capacity of the rewritable non-volatile memory 
module. 

An exemplary embodiment of the disclosure provides a 
memory management method configured for a rewritable 
non-volatile memory module, wherein the rewritable non­
volatile memory module includes a plurality of physical 
units, and the memory management method includes: 

10 receiving a write command and determining whether a usage 
status of a plurality of physical units associated to a storage 
area among the physical units conforms to a first predeter­
mined status; storing write data corresponding to the write 
command to at least one physical unit associated to a 

15 temporary area among the physical units if the usage status 
of the physical units associated to the storage area conforms 
to the first predetermined status; associating the at least one 
physical unit storing the write data to the storage area; and 
allocating at least one logical unit to map the at least one 

20 physical unit associated to the storage area. 
Another exemplary embodiment of the disclosure pro­

vides a memory control circuit unit configured to control the 
rewritable non-volatile memory module, wherein the rewrit­
able non-volatile memory module includes a plurality of 

25 physical units, and the memory control circuit unit includes 
a host interface, a memory interface, and a memory man­
agement circuit. The host interface is configured to be 
coupled to a host system. The memory interface is config­
ured to be coupled to the rewritable non-volatile memory 

30 module. The memory management circuit is coupled to the 
host interface and the memory interface, wherein the 
memory management circuit is configured to receive a write 
command and determine whether the usage status of a 
plurality of physical units associated to a storage area among 

35 the physical units conforms to a first predetermined status, 
wherein the memory management circuit is further config­
ured to send a write command sequence instructing to store 
write data corresponding to the write command to at least 
one physical unit associated to a temporary area among the 

40 physical units if the usage status of the physical units 
associated to the storage area conforms to the first prede­
termined status, wherein the memory management circuit is 
further configured to associate the at least one physical unit 
storing the write data to the storage area, wherein the 

45 memory management circuit is further configured to allocate 
at least one logical unit to map the at least one physical unit 
associated to the storage area. 

Another exemplary embodiment of the disclosure pro­
vides a memory storage apparatus including a connection 

50 interface unit, a rewritable non-volatile memory module, 
and a memory control circuit unit. The connection interface 
unit is configured to be coupled to a host system. The 
rewritable non-volatile memory module includes a plurality 
of physical units. The memory control circuit unit is coupled 

55 to the connection interface unit and the rewritable non-

Nothing herein should be construed as an admission of 
knowledge in the prior art of any portion of the disclosure. 
Furthermore, citation or identification of any document in 
this application is not an admission that such document is 60 

available as prior art to the disclosure, or that any reference 
forms a part of the common general knowledge in the art. 

volatile memory module, wherein the memory control cir­
cuit unit is configured to receive a write command and 
determine whether the usage status of a plurality of physical 
units associated to a storage area among the physical units 
conforms to a first predetermined status, wherein the 
memory control circuit unit is further configured to send a 
write command sequence instructing to store write data 
corresponding to the write command to at least one physical 
unit associated to a temporary area among the physical units SUMMARY 

The disclosure provides a memory management method, 
a memory control circuit unit, and a memory storage appa-

65 if the usage status of the physical units associated to the 
storage area conforms to the first predetermined status, 
wherein the memory control circuit unit is further configured 
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to associate the least one physical unit storing the write data 
to the storage area, wherein the memory control circuit unit 

4 
physical unit of the physical units associated to the storage 
area to be associated to a temporary area instead if the usage 
status of the physical units associated to the storage area 
conforms to the second predetermined status, wherein the 

is further configured to allocate at least one logical unit to 
map the at least one physical unit associated to the storage 
area. 

Another exemplary embodiment of the disclosure pro­
vides a memory management method configured for a 
rewritable non-volatile memory module, wherein the rewrit­
able non-volatile memory module includes a plurality of 
physical units, and the memory management method 
includes: allocating a plurality of logical units to map a 
plurality of physical units associated to a storage area among 

5 memory control circuit unit is further configured to remove 
a logical-to-physical mapping relationship corresponding to 
the at least one physical unit changed to be associated to the 
temporary area instead. 

the physical units; receiving an operation command and 
determining whether the usage status of the physical units 
associated to the storage area conforms to a second prede­
termined status; changing at least one physical unit of the 
physical units associated to the storage area to be associated 

Based on the above, in the disclosure, the respective 
10 capacities of the temporary area and the storage area in the 

rewritable non-volatile memory module can be dynamically 
changed, so as to improve the data access speed of the 
rewritable non-volatile memory module in the case of lim-

15 ited overall storage capacity of the rewritable non-volatile 
memory module. 

It may be understood, however, that this Summary may 
not contain all of the aspects and embodiments of the 
disclosure, is not meant to be limiting or restrictive in any 

to a temporary area instead if the usage status of the physical 
units associated to the storage area conforms to the second 
predetermined status; and removing a logical-to-physical 
mapping relationship corresponding to the at least one 
physical unit changed to be associated to the temporary area 
instead. 

20 manner, and that the disclosure as disclosed herein is and 
will be understood by those of ordinary skill in the art to 
encompass obvious improvements and modifications 
thereto. 

Another exemplary embodiment of the disclosure pro­
vides a memory control circuit unit configured to control a 25 

rewritable non-volatile memory module, wherein the rewrit­
able non-volatile memory module includes a plurality of 
physical units, and the memory control circuit unit includes 

BRIEF DESCRIPTION OF THE DRAWINGS 

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

FIG. lA is a host system and a memory storage apparatus 
illustrated according to an exemplary embodiment of the 
disclosure. 

FIG. lB is a schematic of a computer, an input/output 
apparatus, and a memory storage apparatus illustrated 
according to an exemplary embodiment of the disclosure. 

FIG. lC is a schematic of a host system and a memory 
storage apparatus illustrated according to an exemplary 
embodiment of the disclosure. 

FIG. 2 is a schematic block diagram illustrating the 
memory storage apparatus shown in FIG. lA. 

FIG. 3A and FIG. 3B are exemplary schematics of a 
memory cell storage architecture and a physical program­
ming unit illustrated according to an exemplary embodiment 
of the disclosure. 

a host interface, a memory interface, and a memory man­
agement circuit. The host interface is configured to be 30 

coupled to a host system. The memory interface is config­
ured to be coupled to the rewritable non-volatile memory 
module. The memory management circuit is coupled to the 
host interface and the memory interface, wherein the 
memory management circuit is configured to allocate a 35 

plurality of logical units to map a plurality of physical units 
associated to the storage area among the physical units, 
wherein the memory management circuit is further config­
ured to receive an operation command and determine 
whether the usage status of the physical units associated to 40 

the storage area conforms to a second predetermined status, 
wherein the memory management circuit is further config­
ured to change at least one physical unit of the physical units 
associated to the storage area to be associated to a temporary 
area instead if the usage status of the physical units associ- 45 

ated to the storage area conforms to the second predeter­
mined status, wherein memory management circuit is fur­
ther configured to remove a logical-to-physical mapping 
relationship corresponding to the at least one physical unit 
changed to be associated to the temporary area instead. 

Another exemplary embodiment of the disclosure pro­
vides a memory storage apparatus including a connection 
interface unit, a rewritable non-volatile memory module, 
and a memory control circuit unit. The connection interface 
unit is configured to be coupled to a host system. The 55 

rewritable non-volatile memory module includes a plurality 

FIG. 4 is a schematic block diagram of a memory control 
50 circuit unit illustrated according to an exemplary embodi­

ment of the disclosure. 

of physical units. The memory control circuit unit is coupled 

FIG. 5 is a schematic block diagram of a rewritable 
non-volatile memory module illustrated according to an 
exemplary embodiment of the disclosure. 

FIG. 6 and FIG. 7 are schematics of data storage illus­
trated according to an exemplary embodiment of the disclo-
sure. to the connection interface unit and the rewritable non­

volatile memory module, wherein the memory control cir­
cuit unit is configured to allocate a plurality of logical units 

FIG. SA and FIG. SB are schematics of the management 

60 of physical units illustrated according to an exemplary 
embodiment of the disclosure. to map a plurality of physical units associated to the storage 

area among the physical units, wherein the memory control 
circuit unit is further configured to receive an operation 
command and determine whether the usage status of the 
physical units associated to the storage area conforms to a 65 

second predetermined status, wherein the memory control 
circuit unit is further configured to change at least one 

FIG. 9A and FIG. 9B are schematics of the management 
of physical units illustrated according to another exemplary 
embodiment of the disclosure. 

FIG. 10 is a flow chart of a memory management method 
illustrated according to an exemplary embodiment of the 
disclosure. 
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FIG. 11 is a flow chart of a memory management method 
illustrated according to another exemplary embodiment of 
the disclosure. 

DESCRIPTION OF THE EMBODIMENTS 

Reference will now be made in detail to the present 
preferred embodiments of the disclosure, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the draw­
ings and the description to refer to the same or like parts. 

Embodiments of the disclosure 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 interchange­
ably herein. 

FIG. lA is a schematic of a host system and a memory 
storage apparatus illustrated according to an exemplary 
embodiment of the disclosure. FIG. 1B is a schematic of a 

6 
FIG. lC) used by the digital camera (video camera) 1310. 
The embedded storage apparatus 1320 includes an embed­
ded MMC ( eMMC). It may be mentioned that the eMMC is 
directly coupled to a substrate of the host system. 

FIG. 2 is a schematic block diagram illustrating the 
memory storage apparatus shown in FIG. lA. 

Referring to FIG. 2, the memory storage apparatus 100 
includes a connection interface unit 102, a memory control 
circuit unit 104, and a rewritable non-volatile memory 

10 module 106. 
In the present exemplary embodiment, the connection 

interface unit 102 is compatible with the serial advanced 
technology attachment (SATA) standard. However, it may 
be understood that, the disclosure is not limited thereto, and 

15 the connection interface unit 102 can also compatible with 
the parallel advanced technology attachment (PATA) stan­
dard, Institute of Electrical and Electronic Engineers (IEEE) 
1394 standard, peripheral component interconnect express 
(PCI express) interface standard, universal serial bus (USB) 

20 standard, ultra high speed-I (UHS-I) interface standard, ultra 
high speed-II (UHS-II) interface standard, secure digital 
(SD) interface standard, memory stick (MS) interface stan­
dard, multi media card (MMC) interface standard, compact 
flash (CF) interface standard, integrated device electronics 

25 (IDE) interface standard, or other suitable standards. In the 
present exemplary embodiment, the connection interface 
unit 102 can be packaged with the memory control circuit 
unit 104 in one chip or be disposed outside a chip containing 
the memory control circuit unit 104. 

computer, an input/output apparatus, and a memory storage 30 

apparatus illustrated according to an exemplary embodiment 
The memory control circuit unit 104 is configured to 

execute a plurality of logic gates or control commands 
implemented in a hardware form or in a firmware form. The 
memory control circuit unit 104 also performs data opera­
tions such as writing, reading, erasing, and merging in the 

of the disclosure. FIG. lC is a schematic of a host system 
and a memory storage apparatus illustrated according to an 
exemplary embodiment of the disclosure. 

Referring to FIG. lA, a host system 1000 generally 
includes a computer 1100 and an input/output (I/O) appa­
ratus 1106. The computer 1100 includes a microprocessor 
1102, a random access memory (RAM) 1104, a system bus 
1108, and a data transmission interface 1110. The I/O 
apparatus 1106 includes a mouse 1202, a keyboard 1204, a 
display 1206, and a printer 1208 as shown in FIG. 1B. It may 
be understood that the apparatus shown in FIG. 1B is not 
limited to the I/O apparatus 1106, and the I/O apparatus 1106 
can further include other apparatuses. 

35 rewritable non-volatile memory storage module 106 accord­
ing to the commands of the host system 1000. 

The rewritable non-volatile memory module 106 is 
coupled to the memory control circuit unit 104 and is 
configured to store data written by the host system 1000. The 

40 rewritable non-volatile memory module 106 has a plurality 
of physical erasing units. For instance, the physical erasing 
units can belong to the same memory die or different 
memory dies. Each of the physical erasing units has a 
plurality of physical programming units. For instance, in the 

45 present exemplary embodiment, each of the physical erasing 
units contains 258 physical programming units, and a plu­
rality of physical programming units belonging to the same 
physical erasing unit can be independently written and 
erased at the same time. However, it may be understood that, 

In an exemplary embodiment of the disclosure, the 
memory storage apparatus 100 is coupled to the other 
devices of the host system 1000 via the data transmission 
interface 1110. Via the operations of the microprocessor 
1102, the random access memory (RAM) 1104, and the 
input/output (I/O) apparatus 1106, data can be written in the 
memory storage apparatus 100 or read from the memory 
storage apparatus 100. For instance, the memory storage 
apparatus 100 can be a rewritable non-volatile memory 
storage apparatus such as a flash drive 1212, a memory card 
1214, or a solid state drive (SSD) 1216 as shown in FIG. 1B. 55 

50 the disclosure is not limited thereto. For instance, in another 
exemplary embodiment, each of the physical erasing units 
can also be formed by 64 physical prograniming units, 256 
physical prograniming units, or any other number of physi-
cal programming units. 

More specifically, the physical erasing unit is the smallest 
unit of erasing. That is, each of the physical erasing units 
contains the smallest number of memory cells erased 
together. The physical programming unit is the smallest unit 
of programming. That is, the physical prograniming unit is 

In general, the host system 1000 can be any system that 
can substantially store data with the memory storage appa­
ratus 100. Although the host system 1000 is described as a 
computer system in the present exemplary embodiment, in 
another exemplary embodiment of the disclosure, the host 
system 1000 can be a system such as a digital camera, a 
video camera, a communication apparatus, an audio player, 

60 the smallest unit of data writing. For instance, one physical 
programming unit can be one physical page or one physical 
sector. If the physical prograniming unit is a physical page, 
then each of the physical programming units generally 
includes a data bit area and a redundant bit area. The data bit 

or a video player. For instance, when the host system is a 
digital camera (video camera) 1310 in FIG. lC, the rewrit­
able non-volatile memory storage apparatus is an SD card 65 

1312, an MMC card 1314, a memory stick 1316, a CF card 
1318, or an embedded storage apparatus 1320 (as shown in 

area is configured to store user data, and the redundant bit 
area is configured to store system data (for instance, control 
information and error-correcting code). In the present exem-
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plary embodiment, the data bit area of each of the physical 
programming units contains 4 physical access addresses, 
and the size of one physical access address is 512 bytes (B). 
One physical access address can also be regarded as one 
physical sector. However, in other exemplary embodiments, 
the data bit area can also contain a greater or lesser number 
of physical access addresses, and the disclosure does not 
limit the size and the number of the physical access address. 

In the present exemplary embodiment, the rewritable 
non-volatile memory module 106 is a trinary level cell 
(TLC) NAND flash memory module (i.e., a flash memory 
module for which one memory cell can store three bit data). 
However, the disclosure is not limited thereto. In another 
exemplary embodiment, the rewritable non-volatile memory 
module 106 can also be a multi-level cell (MLC) NAND 
flash memory module (i.e., a flash memory module for 
which one memory cell can store two bit data), a single-level 
cell (SLC) NAND flash memory module (i.e., a flash 
memory module for which one memory cell can store one bit 
data), other flash memory modules, or other memory mod­
ules having the same characteristics. 

Each of the memory cells in the SLC NAND flash 
memory module can store one bit data (i.e., "1" or "0"). In 
the SLC NAND flash memory, a plurality of memory cells 
arranged on the same word line can correspond to one 
physical programming unit. 

Each of the memory cells in the MLC NAND flash 
memory module can store two bit data (i.e., "11", "10", "01" 
or "00"). The two bit data include one least significant bit 
(LSB) and one most significant bit (MSB). For instance, in 

8 
physical programming unit, and an upper physical program­
ming unit composed of a plurality of memory cells arranged 
on the same word line. For ease of explanation, each of the 
physical programming units in FIG. 3B is assigned one 

5 number. For instance, the number N is used to represent that 
one corresponding physical programming unit is the Nth 
physical programming unit in one particular physical erasing 
unit. In the present exemplary embodiment, N can be any 
one of Oto 257. In another exemplary embodiment, N can 

10 be a greater positive integer. In the present exemplary 
embodiment, the 0th physical programming unit belonging 
to the lower physical programming unit, the 1st physical 
programming unit belonging to the middle physical pro­
gramming unit, and the 2nd physical programming unit 

15 belonging to the upper physical programming unit are 
regarded as one physical programming unit set. Similarly, 
the 3rd, 4th, and 5th physical programming units are 
regarded as one physical programming unit set, and the other 
physical programming units are also divided into a plurality 

20 of physical programming unit sets in the same manner. 
However, in another exemplary embodiment, each of the 
physical programming units can also be independently man­
aged, and physical programming unit set may not to be 
configured. Alternatively, in another exemplary embodi-

25 ment, the grouping method of the physical programming 
unit sets can also be changed. For instance, in another 
exemplary embodiment of FIG. 3B, the 0th to 5th physical 
programming unit can also be grouped into the same physi­
cal programming unit set, and the disclosure is not limited 

30 thereto. Moreover, writing data to one particular physical 
programming unit is also referred to as programming the 
physical programming unit. In another exemplary embodi­
ment, one physical erasing unit can include more or less 

the two bit data, the first bit from the left is LSB, and the 
second bit from the left is MSB. In the MLC NAND flash 
memory, a plurality of memory cells arranged on the same 
word line can correspond to two physical programming 
units. For instance, a physical programming unit composed 35 

of the LSB of the memory cells can be referred to as a lower 
physical programming unit, and a physical programming 
unit composed of the MSB of the memory cells can be 
referred to as an upper physical programming unit. 

physical programming unit sets. 
FIG. 4 is a schematic block diagram of a memory control 

circuit unit illustrated according to an exemplary embodi­
ment of the disclosure. It may be understood that, the 
memory control circuit unit illustrated in FIG. 4 is merely an 
example, the disclosure is not limited thereto. 

Each of the memory cells in the TLC NAND flash 40 

memory module can store three bit data (i.e., "111", "110", 
"101", "100", "011", "010", "001", or "000"). 

Referring to FIG. 4, the memory control circuit unit 104 
includes a memory management circuit 302, a host interface 
304, and a memory interface 306. 

FIG. 3A and FIG. 3B are schematics of the memory cell 
storage architecture and the physical programming unit of a 
TLC NAND flash memory module illustrated according to 
an exemplary embodiment of the disclosure. 

Referring to FIG. 3A, in the case of a TLC NAND flash 
memory module, the storage status of each of the memory 
cells can be identified as "111", "110", "101", "100", "011", 
"010", "001", or "000". In each of the storage statuses, the 
first bit from the left is also referred to as LSB, the second 
bit from the left is also referred to as central significant bit 
(CSB), and the third bit from the left is also referred to as 
MSB. In the TLC NAND flash memory, a plurality of 
memory cells arranged on the same word line can corre­
spond to three physical programming units. For instance, a 
physical programming unit composed of the LSB of the 
memory cells is referred to as a lower physical programming 
unit, a physical programming unit composed of the CSB of 
the memory cells is referred to as a middle physical pro­
gramming unit, and a physical programming unit composed 
of the MSB of the memory cells is referred to as an upper 
physical programming unit. 

Referring to FIG. 3B, in the present exemplary embodi­
ment, one physical erasing unit includes 86 physical pro­
gramming unit sets. Each of the physical programming unit 
sets includes a lower physical programming unit, a middle 

The memory management circuit 302 is configured to 
control the overall operation of the memory control circuit 

45 unit 104. Specifically, the memory management circuit 302 
has a plurality of control commands. During the operation of 
the memory storage apparatus 100, the control commands 
are executed to perform data operations such as writing, 
reading, erasing, and merging. The following description of 

50 the memory management circuit 302 is the same as the 
description of the memory control circuit unit 104. 

In an exemplary embodiment of the disclosure, the con­
trol commands of the memory management circuit 302 are 
implemented in a firmware form. For instance, the memory 

55 management circuit 302 has a microprocessor unit (not 
shown) and a read-only memory (not shown), and the 
control commands are burned into the read-only memory. 
During the operation of the memory storage apparatus 100, 
the control commands are executed by the microprocessor 

60 unit to perform data operations such as writing, reading, 
erasing, and merging. 

In another exemplary embodiment of the disclosure, the 
control commands of the memory management circuit 302 
can also be stored in the form of program codes in a specific 

65 area (for instance, the system area in a memory module 
exclusively configured to store system data) of the rewrit­
able non-volatile memory module 106. Moreover, the 
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memory management circuit 302 has a microprocessor unit 
(not shown), a read-only memory (not shown), and a ran­
dom-access memory (not shown). In particular, the read­
only memory has an activation code, and when the memory 
control circuit unit 104 is enabled, the microprocessor unit 5 

first executes the activation code to load the control com­
mands stored in the rewritable non-volatile memory module 
106 into the random-access memory of the memory man­
agement circuit 302. Next, the control commands are 
executed by the microprocessor unit to perform data opera- 10 

tions such as writing, reading, erasing, and merging. 
Further, in another exemplary embodiment of the disclo­

sure, the control commands of the memory management 
circuit 302 can also be implemented in a hardware form. For 
instance, the memory management circuit 302 includes a 15 

microcontroller, a memory cell management circuit, a 
memory write circuit, a memory read circuit, a memory 
erase circuit, and a data processing circuit. The memory cell 
management circuit, the memory write circuit, the memory 
read circuit, the memory erase circuit, and the data process- 20 

ing circuit are coupled to the microcontroller. In particular, 
the memory cell management circuit is configured to man-
age the physical erasing units of the rewritable non-volatile 
memory module 106; the memory write circuit is configured 
to issue a write command to the rewritable non-volatile 25 

memory module 106 to write data into the rewritable non­
volatile memory module 106; the memory read circuit is 
configured to issue a read command to the rewritable 
non-volatile memory module 106 to read data from the 
rewritable non-volatile memory module 106; the memory 30 

erase circuit is configured to issue an erase command to the 
rewritable non-volatile memory module 106 to erase data 
from the rewritable non-volatile memory module 106; and 
the data processing circuit is configured to process data to be 
written in the rewritable non-volatile memory module 106 35 

and data read from the rewritable non-volatile memory 
module 106. 

The host interface 304 is coupled to the memory man­
agement circuit 302 and is configured to receive and identify 
commands and data sent by the host system 1000. In other 40 

words, the commands and the data sent by the host system 
1000 are transmitted to the memory management circuit 302 
via the host interface 304. In the present exemplary embodi­
ment, the host interface 304 is compatible with the SATA 
standard. However, it may be understood that the disclosure 45 

is not limited thereto, and the host interface 304 can also be 
compatible with the PATA standard, IEEE 1394 standard, 
PCI Express standard, USB standard, UHS-I standard, UHS-
II standard, SD standard, MS standard, MMC standard, CF 
standard, IDE standard, or other suitable data transmission 50 

standards. 

10 
which are not repeated herein. The command sequences are 
generated by, for instance, the memory management circuit 
302 and transmitted to the rewritable non-volatile memory 
module 106 via the memory interface 306. The command 
sequences can include one or a plurality of signals or data on 
a bus. The signals or data can include a command code or a 
program code. For instance, in a read command sequence, 
information such as read identification code or memory 
address is included. 

In an exemplary embodiment of the disclosure, the 
memory control circuit unit 104 further includes a buffer 
memory 308, a power management circuit 310, and an error 
checking and correcting circuit 312. 

The buffer memory 308 is coupled to the memory man­
agement circuit 302 and is configured to temporarily store 
data or commands from the host system 1000 or data from 
the rewritable non-volatile memory module 106. 

The power management circuit 310 is coupled to the 
memory management circuit 302 and is configured to con­
trol the power of the memory storage apparatus 100. 

The error checking and correcting circuit 312 is coupled 
to the memory management circuit 302 and is configured to 
execute an error checking and correcting procedure to 
ensure the correctness of data. Specifically, when the 
memory management circuit 302 receives a write command 
from the host system 1000, the error checking and correcting 
circuit 312 generates a corresponding error checking and 
correcting code (ECC) and/or an error detecting code (EDC) 
for the data corresponding to the write command, and the 
memory management circuit 302 writes the data correspond­
ing to the write command and the corresponding ECC and/or 
EDC in the rewritable non-volatile memory module 106. 
Next, when reading data from the rewritable non-volatile 
memory module 106, the memory management circuit 302 
reads the ECC and/or the EDC corresponding to the data at 
the same time, and the error checking and correcting circuit 
312 executes an error checking and correcting procedure on 
the read data based on the ECC and/or the EDC. 

FIG. 5 is a schematic block diagram of the management 
of a rewritable non-volatile memory module illustrated 
according to an exemplary embodiment of the disclosure. 
Terms such as "grouping" and "associating" recited in the 
following exemplary embodiments are logical concepts, the 
actual locations of the physical units of the rewritable 
non-volatile memory module 106 are not changed, and 
instead operation is logically performed on the physical 
units of the rewritable non-volatile memory module 106. In 
the following exemplary embodiments, one physical unit 
can refer to one physical address, one physical sector, one 
physical programming unit, or one physical erasing unit. 
The disclosure does not limit the size of one physical unit. 
In the following exemplary embodiments, grouping one 
particular physical unit to one particular area can also be 
referred to as associating the particular physical unit to the 

The memory interface 306 is coupled to the memory 
management circuit 302 and is configured to access the 
rewritable non-volatile memory module 106. In other words, 
data to be written in the rewritable non-volatile memory 
module 106 is converted to a format acceptable to the 
rewritable non-volatile memory module 106 via the memory 
interface 306. Specifically, if the memory management 
circuit 302 is to access the rewritable non-volatile memory 
module 106, the memory interface 306 sends a correspond­
ing command sequence. For instance, the command 
sequences can include a write command sequence instruct­
ing data writing, a read command sequence instructing data 
reading, an erase command sequence instructing data eras­
ing, and corresponding command sequences configured to 
instruct various memory operations (such as changing read 
voltage level or executing garbage collection procedure), 

55 particular area. Moreover, in the following exemplary 
embodiments, a physical unit associated to one particular 
area can be regarded as a physical unit belonging to the area; 
and storing, temporarily storing, copying, or moving one 
particular data to a physical unit belonging to one particular 

60 area can also be regarded as storing, temporarily storing, 
copying, or moving the data to the area. 

Referring to FIG. 5, in the present exemplary embodi­
ment, before a user begins using the memory storage appa­
ratus 100 (such as during the initialization procedure of the 

65 memory storage apparatus 100 or before the memory storage 
apparatus 100 leaves the factory), the memory management 
circuit 302 logically groups physical units 500(0) to 500(D) 
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of the rewritable non-volatile memory module 106 into a 
plurality of areas according to a predetermined rule, such as 
a temporary area 502, a storage area 504, and a system area 
506. For instance, physical units 500(0) to 500(A) and 
500(A+l) to 500(8) (also referred to as 500(0) to 500(8) in 5 

the following) are associated to the temporary area 502, 
physical units 500(8+1) to 500(C) are associated to the 
storage area 504, and physical units 500(C+l) to 500(D) are 
associated to the system area 506. 

The physical units belonging to the temporary area 502 10 

are configured to temporarily store data from the host system 
1000. The physical units belonging to the storage area 504 
are configured to store data from the host system 1000. Valid 
data and invalid data are stored in the storage area 504. For 
instance, when the host system 1000 is to delete valid data 15 

(such as user data in the storage area 504), the deleted data 
may still be stored in the storage area 504, but is marked as 
invalid data. A physical unit in which valid data is not stored 
are also referred to as spare physical unit. For instance, 
erased physical units become spare physical units. The 20 

physical units belonging to the system area 506 are config­
ured to record system data, wherein the system data 
includes, for instance, the manufacturer and the model 
relating to a memory chip, the number of physical erasing 
units of the memory chip, and the number of physical 25 

programming units of each of the physical erasing units. 
In general, if the host system 1000 is to store one 

particular data in the rewritable non-volatile memory mod-
ule 106, the data is first temporarily stored in the temporary 
area 502. Then, the data is moved from the temporary area 30 

502 to the storage area 504. In other words, under normal 

12 
For instance, during the initial period of the memory storage 
apparatus 100, the physical units 500(0) to 500(8) are first 
associated to the temporary area 502 to increase the capacity 
of the temporary area 502; if more user data is stored in the 
storage area 504, at least a portion of the physical units 
500(0) to 500(8) can be changed to be associated to the 
storage area 504 instead; moreover, if some user data in the 
rewritable non-volatile memory module 106 is deleted, at 
least a portion of the physical units 500(0) to 500(8) 
associated to the storage area 504 can also be associated to 
the temporary area 502 again. 

In the present exemplary embodiment, each of the physi­
cal units 500(0) to 500(8) is also referred to as one prede­
termined physical unit. In comparison to the available physi­
cal units configured to replace damaged physical units that 
can be associated to any area that the damaged physical units 
belong, the association relationship of each of the predeter­
mined physical units is limited to dynamically change 
between the temporary area 502 and the storage area 504. 
Moreover, the physical units 500(8+1) to S00(C) and 500 
(C+l) to 500(D) are not predetermined physical units. 

The memory management circuit 302 allocates logical 
units 510(0) to 510(E) to map physical units associated to 
the storage area 504. For instance, each of the physical units 
in the storage area 504 storing valid data is mapped by at 
least one logical unit; if one particular physical unit belong­
ing to the storage area 504 only stores invalid data or does 
not store any data, then the physical unit is not mapped by 
any logical unit. Each of the logical units 510(0) to 510(E) 
can be mapped to one or a plurality of physical units. In the 
present exemplary embodiment, each of the logical units 
510(0) to 510(E) includes 258 logical addresses. However, 
in another exemplary embodiment, each of the logical units 
510(0) to 510(E) can also contain more or less logical 
addresses. 

The memory management circuit 302 records the map­
ping relationship between the logical units and the physical 

use conditions, the final storage location of the data is the 
storage area 504, not the temporary area 502. Moreover, data 
temporarily stored in the temporary area 502 can also be 
configured as backup in the case in which data fails to be 35 

written in the storage area 504. For instance, after one 
particular data is temporarily stored in the temporary area 
502, the data may be continuously maintained in the tem­
porary area 502 until the data is successfully moved from the 
temporary area 502 to the storage area 504. 

If damage occurs to the physical units in the temporary 
area 502, the storage area 504, or the system area 506, 
available physical units in the rewritable non-volatile 
memory module 106 can also be configured to replace the 
damaged physical units. Available physical units configured 45 

to replace damaged physical units can belong to the tempo­
rary area 502, the storage area 504, or the system area 506. 

40 units (also referred to as logical-to-physical mapping rela­
tionship) to at least one logical-to-physical mapping table. 
When the host system 1100 is to read data from the memory 
storage apparatus 100 or write data to the memory storage 

For instance, when one particular physical unit belonging to 
the system area 506 is damaged and is replaced by one 
available physical unit belonging to the storage area 504, the 50 

physical unit originally belonging to the storage area 504 is 
associated to the system area 506. If none of the physical 
units in the physical units 500(8+ 1) to 500(C) and 500(C+ 1) 
to 500(D) is damaged, then the physical units 500(8+1) to 
500(C) are maintained to be associated to the storage area 55 

504, and the physical units 500(C+l) to 500(D) are main­
tained to be associated to the system area 506. If available 
physical units configured to replace damaged physical units 
are insufficient, then the memory management circuit 302 
may declare the entire memory storage apparatus 100 to be 60 

in a write protect status, and no additional data can be 
written. 

apparatus 100, the memory management circuit 302 can 
execute data access on the memory storage apparatus 100 
according to the logical-to-physical mapping table. 

In the present exemplary embodiment, the rewritable 
non-volatile memory module 106 is a TLC NAND flash 
memory module. However, in another exemplary embodi­
ment, the rewritable non-volatile memory module 106 can 
also be an MLC NAND flash memory module. 

In the present exemplary embodiment, the physical units 
500(0) to 500(8) are operated in a single-page mode, and the 
physical units 500(8+1) to 500(C) are operated in a multi­
page mode. 

In the single-page mode, each of the programmed 
memory cells can only store bit data (also referred to as first 
bit data in the following) of a first number. For instance, the 
first number is "1". For instance, only the lower physical 
programming units are configured to store the first bit data. 
In particular, although each of the memory cells in the SLC 
NAND flash memory module and each of the memory cells 
in the TLC or MLC NAND flash memory module storing 
data using the single-page mode is configured to store one 

It may be mentioned that, in the present exemplary 
embodiment, even if none of the physical units 500(0) to 
500(8) is damaged, the association relationship of each of 
the physical units 500(0) to 500(8) to the temporary area 
502 or the storage area 504 can still be dynamically changed. 

65 bit data, the programming voltage (also referred to as write 
voltage) configured to program the memory cells in the TLC 
or MLC NAND flash memory module using the single-page 
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mode may be different from the programming voltage 
configured to program the memory cells in the SLC NAND 
flash memory module. 

In the multi-page mode, each of the memory cells can 
store bit data of a second number ( also referred to as second 5 

bit data in the following). The second number is greater than 
the first number. For instance, the second number is "2" or 
"3". For instance, if the rewritable non-volatile memory 
module 106 is a TLC NAND flash memory module, the 
lower physical programming units, the middle physical 10 

programming units, and the upper physical programming 
units of a plurality of memory cells operated in the multi­
page mode can all be configured to store second bit data; and 
if the rewritable non-volatile memory module 106 is an 15 
MLC NAND flash memory module, the lower physical 
programming units and the upper physical programming 
units of a plurality of memory cells operated in the multi­
page mode can all be configured to store second bit data. 

In other words, although the rewritable non-volatile 20 

memory module 106 is a TLC or MLC NAND flash memory 
module, the "actually" available capacity of each of the 
physical units 500(B+l) to 500(C) is greater than the "actu­
ally" available capacity of each of the physical units 500(0) 
to 500(B) by a magnitude of 2 to 3, and each of the physical 25 

units 500(B+l) to 500(C) can be configured to store data 
temporarily stored in two to three physical units belonging 

14 
FIG. 6 and FIG. 7 are schematics of data storage illus­

trated according to an exemplary embodiment of the disclo­
sure. 

Referring to FIG. 6, if the memory management circuit 
302 receives a write command from the host system 1000 
instructing to store particular data to the logical unit 510(0), 
then the memory management circuit 302 first temporarily 
stores the data in at least one physical unit belonging to the 
temporary area 502. Taking temporarily storing data with 
data size equaling to a size of a logical unit as an example, 
the memory management circuit 302 can temporarily store 
the data in the three physical units 500(0), 500(1), and 
500(2) belonging to the temporary area 502. For instance, 
the first portion of the data is temporarily stored in the lower 
physical programming units of the physical unit 500(0) 
labeled 0, 3, 6, ... , 255 (shown in slash lines), the second 
portion of the data is temporarily stored in the lower physical 
programming units in the physical unit 500(1) labeled 0, 3, 
6, ... , 255 (shown in slash lines), and the third portion of 
the data is temporarily stored in the lower physical program­
ming units in the physical unit 500(1) labeled 0, 3, 6, ... , 
255 (shown in slash lines), as shown in FIG. 6. If the size of 
the data to be stored in greater, then more physical units in 
the temporary area 502 can be selected and configured to 
temporarily store the data. After the data is temporarily 
stored in the physical units 500(0), 500(1), and 500(2) 
belonging to the temporary area 502, the memory manage­
ment circuit 302 sends a response to the host system 1000. 
Based on the response, the host system 1000 can learn that 
the data transmission is complete. 

Referring to FIG. 7, the memory management circuit 302 
can move data from the temporary area 502 to the storage 
area 504 at any time or at a specific time point. For instance, 
in the present exemplary embodiment, the memory manage-

to the temporary area 502. For ease of explanation, the 
"actually" available capacity of one physical unit is collec­
tively referred to as the available capacity of the physical 30 

unit. Moreover, the data access speed and the reliability of 
one physical unit operated in the single-page mode are often 
respectively greater than the data access speed and the 
reliability belonging to one physical unit operated in the 
multi-page mode. 35 ment circuit 302 can select one spare physical unit 500(B+ 1) 

from the storage area 504 at any time and move data to be 
moved in the physical units 500(0), 500(1), and 500(2) to the 
physical unit 500(B+l), as shown in FIG. 7 (data is shown 

In the present exemplary embodiment, the total capacity 
(also referred to as total logical capacity in the following) of 
the logical units 510(0) to 510(E) is equal to a maximum 
capacity provided by the rewritable non-volatile memory 
module 106 to the host system 1000 for storing data (i.e., 40 

user data) by default. For instance, if the maximum capacity 

in slash lines). Alternatively, in another exemplary embodi­
ment, the operation of moving data from the temporary area 
502 to the storage area 504 can also be executed only when 
the memory storage apparatus 100 is in an idle status for a 
period of time (such as not receiving any instructions from 
the host system 1000 for 30 seconds) or the amount of data 

of data storage provided by the rewritable non-volatile 
memory module 106 to the host system 1000 by default is 
120 GB (gigabytes), then the total logical capacity acces­
sible to the host system 1000 is 120 GB. 45 of the data to be moved in the temporary area 502 exceeds 

a predetermined value. Moreover, the memory management 
circuit 302 establishes a mapping relationship between the 
logical unit 510(0) and the physical unit 500(B+l) in cor-

In the present exemplary embodiment, the maximum 
capacity of data storage provided by the rewritable non­
volatile memory module 106 to the host system 1000 by 
default is equal to the sum (also referred to as total available 
capacity in the following) of available capacity of the 50 

physical units 500(A+l) to 500(B) and 500(B+l) to 500(C). 
In other words, in the present exemplary embodiment, 
during the operation of the memory storage apparatus 100, 
if all of the logical units 510(0) to 510(E) store valid data, 
then the physical units 500(A+l) to 500(B) and 500(B+l) to 55 

500(C) are all associated to the storage area 504 to store 
corresponding valid data. However, in another exemplary 
embodiment, the maximum capacity of data storage pro­
vided by the rewritable non-volatile memory module 106 to 
the host system 1000 by default may be equal to the total 60 

physical capacity of the physical units 500(0) to 500(B) and 
500(B+l) to 500(C). In other words, in the present exem­
plary embodiment, during the operation of the memory 
storage apparatus 100, if all of the logical units 510(0) to 
510(E) store valid data, then the physical units 500(0) to 65 

500(B) and 500(B+l) to 500(C) are all associated to the 
storage area 504 to store corresponding valid data. 

respondence to moving and storing data in the physical unit 
500(B+l). 

Referring further to FIG. 5 to FIG. 7, each of the physical 
units 500(0), 500(1), and 500(2) can be one of the physical 
units 500(0) to 500(B) associated to the temporary area 502. 
In the case that the total available capacity of the physical 
units 500(0) to 500(A) is 2 G, the total available capacity of 
the physical units 500(A+l) to 500(B) is 1 G, and the total 
available capacity of the physical units 500(B+l) to 500(C) 
is 119 G, the initial total available capacity of the temporary 
area 502 is 3 GB and the initial total available capacity of the 
storage area 504 is 119 GB. During the operation of the 
memory storage apparatus 100, if all of the physical units 
500(A+l) to 500(B) are changed to be associated to the 
storage area 504 instead, then the total available capacity of 
the storage area 504 is changed to 120 GB (i.e., 119+1 =120), 
and the total available capacity of the temporary area 502 is 
changed to 2 GB. Moreover, at least one of the physical units 
500(0) to 500(A) can also further be associated to the storage 
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area 504. However, in other exemplary embodiments, the 
predetermined number/predetermined capacity of the indi­
vidual physical units of the temporary area 502, the storage 
area 504, and the system area 506 may also be different 
according to different memory specifications. 

FIG. SA and FIG. 8B are schematics of the management 
of physical units illustrated according to an exemplary 
embodiment of the disclosure. 

Referring to FIG. SA, according to a predetermined rule, 
physical units 800(0) to S00(F) are initially associated to a 
storage area 804 and physical units S00(F+l) to S00(G) and 
S00(G+l) to S00(H) (also referred to as physical units 
S00(F+l) to S00(H) in the following) are initially associated 
to a temporary area 802. In particular, the physical units 
S00(F + 1) to S00(H) are predetermined physical units and the 
physical units 800(0) to S00(F) are not predetermined physi­
cal units. Moreover, logical units 810(0) to 810(P) are 
allocated by the memory management circuit 302 so as to be 
mapped to physical units storing valid data in the storage 
area 804. 

The memory management circuit 302 receives a write 
command from the host system 1000. Based on the write 
command, the memory management circuit 302 determines 
whether the usage status of the physical units 800(0) to 
S00(F) conforms to a predetermined status (also referred to 
as first predetermined status in the following). For instance, 
the memory management circuit 302 can determine whether 

16 
After the write data is stored into the physical units S00(F + 1) 
to 800(F+3), the memory management circuit 302 changes 
the physical units S00(F+l) to 800(F+3) to be associated to 
the storage area 804 instead, as shown in FIG. 8B. More-

5 over, the memory management circuit 302 maps a logical 
unit 810(P+l) for storing the write data to the physical units 
S00(F+l) to 800(F+3). 

It may be mentioned that, after the physical units S00(F + 
1) to 800(F+3) are changed to be associated from the 

10 temporary area 802 to the storage area 804 instead, the total 
available capacity of the storage area 804 is correspondingly 
changed. For instance, the total available capacity of the 
storage area 804 is changed from a first capacity to a second 
capacity. In particular, the second capacity is greater than the 

15 first capacity. For instance, the first capacity is equal to the 
total logical capacity of the logical units 810(0) to 810(P), 
and the second capacity is equal to the total logical capacity 
of the logical units 810(0) to 810(P+l). Moreover, in another 
exemplary embodiment, as the amount of data of stored 

20 valid data is increased, the number of predetermined physi­
cal units changed to be associated to the storage area 804 
instead each time may also be increased. For instance, in 
another exemplary embodiment of FIG. SA, if one particular 
write data is stored in the physical units S00(F + 1) to 

25 800(F+6) currently associated to the temporary area 802 and 
the usage status of the physical units 800(0) to S00(F) 
conforms to the first predetermined status, then the physical 
units S00(F+l) to 800(F+6) are changed to be associated to the usage capacity of the physical units 800(0) to S00(F) 

conforms to a predetermined capacity (also referred to as 
first predetermined capacity in the following). The usage 30 

capacity of the physical units 800(0) to S00(F) refers to the 
total data size of valid data stored in the physical units 
800(0) to S00(F). For instance, the first predetermined 
capacity can be set to 80% to 100% or less of the total 
available capacity of the physical units 800(0) to S00(F). If 

the storage area 804 instead synchronously. 
In the present exemplary embodiment, the maximum 

capacity provided by the rewritable non-volatile memory 
module 106 to the host system 1000 by default is equivalent 
to the total logical capacity of the logical units 810(0) to 
810(Q). Therefore, even if the total available capacity of the 

35 physical units associated to the storage area 804 is changed 
from the first capacity to the second capacity, the total 
logical capacity of the logical units 810(0) to 810(Q) of the 
host system 1000 set corresponding to the rewritable non-

the usage capacity of the physical units 800(0) to S00(F) is 
equal to or greater than the first predetermined capacity, then 
the memory management circuit 302 can determine that the 
usage capacity of the physical units 800(0) to S00(F) con­
forms to the first predetermined capacity. On the contrary, if 40 

the usage capacity of the physical units 800(0) to S00(F) is 
less than the first predetermined capacity, then the memory 
management circuit 302 can determine that the usage capac-

volatile memory module 106 does not change. 
In another exemplary embodiment of FIG. SA, based on 

the received write command, if the memory management 
circuit 302 determines that the usage capacity of the physical 
units 800(0) to S00(F) does not conform to the first prede­
termined capacity, then the memory management circuit 302 ity of the physical units 800(0) to S00(F) does not conform 

to the first predetermined capacity. 
If the usage capacity of the physical units 800(0) to S00(F) 

conforms to the first predetermined capacity, then the 
memory management circuit 302 can determine the usage 
status of the physical units 800(0) to S00(F) conforms to the 
first predetermined status. 

45 can determine that the usage status of the physical units 
800(0) to S00(F) currently associated to the storage area 804 
does not conform to the first predetermined status. If the 
memory management circuit 302 determines that the usage 
status of the physical units 800(0) to S00(F) currently 

Using FIG. SA as an example, in the case that the physical 
units 800(0) to S00(F) are all configured to store valid data, 
the usage capacity of the physical units 800(0) to S00(F) 
reaches the first predetermined capacity (for instance, the 
amount of data of valid data stored in the physical units 
800(0) to S00(F) reaches 100% of the total available capac­

50 associated to the storage area 804 does not conform to the 
first predetermined status, then the memory management 
circuit 302 first temporarily stores the write data correspond­
ing to the write command in at least one of the physical units 
S00(F+l) to S00(H) associated to the temporary area 802 

55 and then moves the data from the temporary area 802 to the 
storage area 804 according to the data storage operations 
described in the exemplary embodiments of FIG. 6 and FIG. 
7. 

ity of the physical units 800(0) to S00(F)), and therefore the 
memory management circuit 302 instructs the rewritable 
non-volatile memory module 106 to store write data corre­
sponding to the write command to at least one of the 60 

physical units S00(F + 1) to S00(H) currently associated to 
the temporary area 802. In the present exemplary embodi­
ment, the write data is stored into physical units S00(F + 1) to 
800(F+3) for illustration. However, in another exemplary 
embodiment, any one of the physical units in the physical 65 

units S00(F+l) to S00(H) currently associated to the tem­
porary area 802 can be configured to store the write data. 

It may be mentioned that, when the amount of data of 
valid data stored in the storage area 804 is greater, more 
predetermined physical units initially associated to the tem­
porary area 802 may be changed to be associated to the 
storage area 804 instead. In an exemplary embodiment, if 
the total available capacity of the physical units associated 
to the storage area 804 is equal to the maximum capacity 
provided by the rewritable non-volatile memory module 106 
to the host system 1000 by default (i.e., the total logical 
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capacity of the logical units 810(0) to 810(Q)), then the 
memory management circuit 302 stops associating the other 
predetermined physical units currently belonging to the 
temporary area 802 to the storage area 804. 

In an exemplary embodiment, when certain conditions are 5 

met, the predetermined physical units associated to the 
storage area 804 can also be changed to be associated to the 
temporary area 802 instead. 

FIG. 9A and FIG. 9B are schematics of the management 
of physical units illustrated according to another exemplary 10 

embodiment of the disclosure. 
Referring to FIG. 9A, in the present exemplary embodi­

ment, the physical units 800(0) to S00(F + 1) are associated to 
the storage area 804, and the physical units 800(F+2) to 
S00(H) are associated to the temporary area 802. In particu- 15 

lar, the physical units S00(F + 1) to S00(H) are predetermined 
physical units and the physical units 800(0) to S00(F) are not 
predetermined physical units. Moreover, in comparison to 
the exemplary embodiments of FIG. SA and FIG. 8B, in the 
present exemplary embodiment, the data stored in the logi- 20 

cal units 810(0) to 810(P) are all instructed to be deleted by 
the host system 1000, and therefore only the mapping 
relationship between the logical unit 810(P+l) and the 
physical unit S00(F+l) remains. 

In the present exemplary embodiment, the memory man- 25 

agement circuit 302 receives an operation command from 
the host system 1000. For instance, the operation command 
instructs to delete data ( also referred to as first data in the 
following) stored in one particular logical unit. Based on the 
operation command, the memory management circuit 302 30 

determines whether the usage status of the physical units 
800(0) to S00(F+l) currently associated to the storage area 
804 conforms to another predetermined status (also referred 
to as second predetermined status in the following). For 
instance, the memory management circuit 302 can deter- 35 

mine whether the first data instructed to be deleted by the 
operation command is stored in one predetermined physical 
unit. In the present exemplary embodiment, if the first data 
is stored in the logical unit 810(P+l), then based on the 
mapping relationship between the logical unit 810(P+ 1) and 40 

the physical unit S00(F + 1 ), the memory management circuit 
302 determines the first data about to be deleted is stored in 
a predetermined physical unit (i.e., the physical unit S00(F+ 

18 
units currently associated to the storage area 804, then after 
the data is deleted, the three predetermined physical units 
currently associated to the storage area 804 can be changed 
to be associated to the temporary area 802 instead at the 
same time. Moreover, if the deleted first data is not stored in 
the particular predetermined physical unit, for instance, the 
first data is stored in one of the physical units 800(0) to 
S00(F), then the memory management circuit 302 deter­
mines the usage status of the physical units 800(0) to 
S00(F+l) currently associated to the storage area 804 does 
not conform to the second predetermined rule, and keeps the 
physical unit S00(F+l) associated to the storage area 804. 

In another exemplary embodiment, during the operation 
of determining whether the usage status of the physical units 
800(0) to S00(F+l) currently associated to the storage area 
804 conforms to the second predetermined status, the 
memory management circuit 302 further determines 
whether the usage capacity of the physical units 800(0) to 
S00(F) conforms to another predetermined capacity (also 
referred to as second predetermined capacity in the follow­
ing). The usage capacity of the physical units 800(0) to 
S00(F) refers to the total data size of valid data stored in the 
physical units 800(0) to S00(F). For instance, the memory 
management circuit 302 can determine whether the usage 
capacity of the physical units 800(0) to S00(F) is less than 
or equal to the second predetermined capacity. If the usage 
capacity of the physical units 800(0) to S00(F) is less than 
or equal to the second predetermined capacity and the first 
data about to be deleted is stored in a predetermined physical 
unit (such as the physical unit S00(F+l)), then the memory 
management circuit 302 can determine that the usage status 
of the physical units 800(0) to S00(F+l) currently associated 
to the storage area 804 conforms to the second predeter­
mined status. On the contrary, if the usage capacity of the 
physical units 800(0) to S00(F) is not less than the second 
predetermined capacity or the first data about to be deleted 
is not stored in the predetermined physical unit, then the 
memory management circuit 302 determines that the usage 
status of the physical units 800(0) to S00(F+l) currently 
associated to the storage area 804 does not conform to the 
second predetermined status. 

In the present exemplary embodiment, the second prede­
termined capacity can be 0. For instance, in the exemplary 
embodiments of FIG. 9A and FIG. 9B, valid data is not 1 )). If the first data about to be deleted is stored in the 

predetermined physical unit, then the memory management 
circuit 302 determines the usage status of the physical units 
800(0) to S00(F+l) currently associated to the storage area 
804 conforms to the second predetermined rule. 

As shown in FIG. 9B, if the memory management circuit 
302 determines the usage status of the physical units 800(0) 

45 stored in any one of the physical units 800(0) to S00(F), 
indicating that the storage area 804 still has a lot ofremain­
ing space for data storage. Therefore, after the valid data 
stored in the physical unit S00(F+l) is deleted, the physical 
unit S00(F + 1) can be changed to be associated to the 

50 temporary area 802 instead. Moreover, in another exemplary 
embodiment, the second predetermined capacity can also be 
one predetermined percentage (such as 1 % to 10% or 
greater) of the total available capacity of the physical units 

to S00(F + 1) currently associated to the storage area 804 
conforms to the second predetermined rule, then the 
memory management circuit 302 instructs the rewritable 
non-volatile memory module 106 to delete the first data 
from the physical unit S00(F+l) (or marked as invalid data) 55 

and change the physical unit S00(F + 1) to be associated to the 
temporary area 802 instead. Moreover, the memory man­
agement circuit 302 removes the logical-to-physical map­
ping relationship corresponding to the physical unit S00(F + 

800(0) to S00(F) associated to the storage area 804. 
It may be mentioned that, the mapping relationship and 

the association relationship shown in the exemplary embodi­
ments of FIG. SA to FIG. 9B are both only exemplary and 
are not intended to limit the disclosure. For instance, in 
another exemplary embodiment, as the total data size of 

1). For instance, the mapping relationship between the 
logical unit 810(P+l) and the physical unit S00(F+l) is 
removed. However, in other exemplary embodiments, if the 
amount of data of deleted data is greater, then more prede­
termined physical units can also be changed to be associated 
to the temporary area 802 from the storage area 804 instead. 
For instance, if one particular operation command instructs 
the deletion of data stored in three predetermined physical 

60 valid data stored in the rewritable non-volatile memory 
module 106 is changed, more or less logical units are 
allocated to be mapped to more or less physical units. 
Alternatively, in another exemplary embodiment, as the total 
data size of valid data to be stored or deleted is changed, the 

65 number of predetermined physical units for which the asso­
ciation relationship is changed each time may also be 
different. 
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FIG. 10 is a flow chart of a memory management method 
illustrated according to an exemplary embodiment of the 
disclosure. 

Referring to FIG. 10, in step Sl00l, a write command is 
received. In step Sl 003, whether the usage status of physical 5 

units associated to a storage area conforms to a first prede­
termined status is determined. For instance, whether the 
usage capacity of the physical units associated to the storage 
area conforms to a first predetermined capacity can be 
determined. If the usage status of the physical units associ- 10 

ated to the storage area does not conform to the first 
predetermined status, then in step S1005, write data corre­
sponding to the write command is stored in a temporary 
area, and then the data is moved from the temporary area to 15 
the storage area. If the usage status of the physical units 
associated to the storage area conforms to the first prede­
termined status, then in step S1007, the write data corre­
sponding to the write command is stored in at least one of 
a plurality of physical units associated to the temporary area, 20 

the physical units storing the write data are associated to the 
storage area, and logical units are allocated to be mapped to 
the physical units storing the write data. 

FIG. 11 is a flow chart of a memory management method 
illustrated according to another exemplary embodiment of 25 

the disclosure. 
Referring to FIG. 11, in step Sll0l, a plurality of logical 

units is allocated to map physical units associated to a 
storage area. In step S1103, an operation command is 
received. For instance, the operation command instructs the 30 

deletion of a first data. In step S1105, whether the usage 
status of the physical units associated to the storage area 
conforms to a second predetermined status is determined. 
For instance, whether the first data instructed to be deleted 

35 
is stored in one predetermined physical unit can be deter­
mined. If the usage status of the physical units associated to 
the storage area does not conform to the second predeter­
mined status, then in step S1107, the operation command is 
executed. For instance, the first data is instructed to be 40 

deleted. If the usage status of the physical units associated 
to the storage area conforms to the second predetermined 
status, then in step S1109, the operation command is 
executed and at least one of the physical units associated to 
the storage area is changed to be associated to the temporary 45 

area instead. In step Sllll, a logical-to-physical mapping 
relationship corresponding to the at least one physical unit 
changed to be associated to the storage area instead is 
removed. 

Based on the above, in the disclosure, the respective 50 

capacities of the temporary area and the storage area in the 
rewritable non-volatile memory module can be dynamically 
changed, so as to improve the data access speed of the 
rewritable non-volatile memory module in the case of lim­
ited overall storage capacity of the rewritable non-volatile 55 

memory module. 

20 
What is claimed is: 
1. A memory management method configured for a 

rewritable non-volatile memory module, wherein the rewrit­
able non-volatile memory module comprises a plurality of 
physical units, and the memory management method com­
prises: 

receiving a write command and determining whether a 
usage status of a plurality of first physical units asso­
ciated to a storage area among the plurality of physical 
units conforms to a first predetermined status; 

storing write data corresponding to the write command in 
at least one second physical unit currently associated to 
a temporary area among the plurality of physical units; 

associating the at least one second physical unit stored 
with the write data and currently associated to the 
temporary area to the storage area and allocating at 
least one logical unit to map the at least one second 
physical unit associated to the storage area to reduce a 
capacity of the temporary area in response to that the 
usage status of the first physical units associated to the 
storage area conforms to the first predetermined status; 
and 

moving the write data in the at least one second physical 
unit currently associated to the temporary area to a 
physical unit associated to the storage area without 
changing the capacity of the temporary area in response 
to that the usage status of the first physical units 
associated to the storage area does not conform to the 
first predetermined status, 

wherein one memory cell in the at least one second 
physical unit currently in the temporary area is config­
ured to store only at least one first bit when first data is 
currently stored in the at least one second physical unit 
currently associated to the temporary area and a total 
number of the at least one first bit is a first number, 

wherein one memory cell in the first physical units 
currently in the storage area is configured to store a 
plurality of second bits when second data is currently 
stored in the first physical units currently associated to 
the storage area and a total number of the second bits 
is a second number, 

wherein the first number is less than the second number. 
2. The memory management method of claim 1, wherein 

the step of determining whether the usage status of the first 
physical units associated to the storage area among the 
plurality of physical units conforms to the first predeter-
mined status comprises: 

determining whether a usage capacity of the first physical 
units associated to the storage area conforms to a first 
predetermined capacity, 

wherein the usage capacity of the first physical units 
associated to the storage area corresponds to a total data 
size of valid data stored in the first physical units 
associated to the storage area. 

3. The memory management method of claim 1, wherein 
a total available capacity of the first physical units associated 
to the storage area is less than a total logical capacity 
accessible to a host system. 

The previously described exemplary embodiments of the 
present disclosure have the advantages aforementioned, 
wherein the advantages aforementioned not required in all 
versions of the disclosure. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made to the structure of 

4. The memory management method of claim 3, wherein 
60 the total logical capacity remains unchanged if the total 

available capacity is changed from a first capacity to a 
second capacity. 

the present disclosure without departing from the scope or 
spirit of the disclosure. In view of the foregoing, it is 
intended that the present disclosure cover modifications and 
variations of this disclosure provided they fall within the 
scope of the following claims and their equivalents. 

5. A memory control circuit unit configured to control a 
rewritable non-volatile memory module, wherein the rewrit-

65 able non-volatile memory module comprises a plurality of 
physical units, and the memory control circuit unit com-
prises: 
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a host interface configured to be coupled to a host system; 
a memory interface configured to be coupled to the 

rewritable non-volatile memory module; and 
a memory management circuit coupled to the host inter­

face and the memory interface, 
wherein the memory management circuit is configured to 

receive a write command and determine whether a 
usage status of a plurality of first physical units asso­
ciated to a storage area among the plurality of physical 
units conforms to a first predetermined status, 10 

wherein the memory management circuit is further con­
figured to send a write command sequence, wherein the 
write command sequence is configured to instruct stor-
ing write data corresponding to the write command in 15 
at least one second physical unit currently associated to 
a temporary area among the plurality of physical units, 

wherein the memory management circuit is further con­
figured to associate the at least one second physical unit 
stored with the write data and currently associated to 20 

the temporary area to the storage area and allocate at 
least one logical unit to map the at least one second 
physical unit associated to the storage area to reduce a 
capacity of the temporary area in response to that the 
usage status of the first physical units associated to the 25 

storage area conforms to the first predetermined status, 
wherein the memory management circuit is further con­

figured to move the write data in the at least one second 
physical unit currently associated to the temporary area 
to a physical unit associated to the storage area without 30 

changing the capacity of the temporary area in response 
to that the usage status of the first physical units 
associated to the storage area does not conform to the 
first predetermined status, 

wherein one memory cell in the at least one second 35 

physical unit currently in the temporary area is config­
ured to store only at least one first bit when first data is 
currently stored in the at least one second physical unit 
currently associated to the temporary area and a total 
number of the at least one first bit is a first number, 40 

wherein one memory cell in the first physical units 
currently in the storage area is configured to store a 
plurality of second bits when second data is currently 
stored in the first physical units currently associated to 
the storage area and a total number of the second bits 45 

is a second number, 
wherein the first number is less than the second number. 

22 
9. A memory storage apparatus, comprising: 
a connection interface unit configured to be coupled to a 

host system; 
a rewritable non-volatile memory module comprising a 

plurality of physical units; and 
a memory control circuit unit coupled to the connection 

interface unit and the rewritable non-volatile memory 
module, 

wherein the memory control circuit unit is configured to 
receive a write command and determine whether a 
usage status of a plurality of first physical units asso­
ciated to a storage area among the plurality of physical 
units conforms to a first predetermined status, 

wherein the memory control circuit unit is further con­
figured to send a write command sequence, wherein the 
write command sequence is configured to instruct stor­
ing write data corresponding to the write command in 
at least one second physical unit currently associated to 
a temporary area among the plurality of physical units, 

wherein the memory control circuit unit is further con­
figured to associate the at least one second physical unit 
stored with the write data and currently associated to 
the temporary area to the storage area and allocate at 
least one logical unit to map the at least one second 
physical unit associated to the storage area to reduce a 
capacity of the temporary area in response to that the 
usage status of the first physical units associated to the 
storage area conforms to the first predetermined status, 

wherein the memory control circuit unit is further con­
figured to move the write data in the at least one second 
physical unit currently associated to the temporary area 
to a physical unit associated to the storage area without 
changing the capacity of the temporary area in response 
to that the usage status of the first physical units 
associated to the storage area does not conform to the 
first predetermined status, 

wherein one memory cell in the at least one second 
physical unit currently in the temporary area is config­
ured to store only at least one first bit when first data is 
currently stored in the at least one second physical unit 
currently associated to the temporary area and a total 
number of the at least one first bit is a first number, 

wherein one memory cell in the first physical units 
currently in the storage area is configured to store a 
plurality of second bits when second data is currently 
stored in the first physical units currently associated to 
the storage area and a total number of the second bits 
is a second number, 

6. The memory control circuit unit of claim 5, wherein the 
operation of determining whether the usage status of the first 
physical units associated to the storage area among the 50 

plurality of physical units conforms to the first predeter­
mined status by the memory management circuit comprises: 

wherein the first number is less than the second number. 
10. The memory storage apparatus of claim 9, wherein the 

operation of determining whether the usage status of the first 
physical units associated to the storage area conforms to the 

55 first predetermined status by the memory control circuit unit 

determining whether a usage capacity of the first physical 
units associated to the storage area conforms to a first 
predetermined capacity, 

wherein the usage capacity of the first physical units 
associated to the storage area corresponds to a total data 
size of valid data stored in the first physical units 
associated to the storage area. 

7. The memory control circuit unit of claim 5, wherein a 60 

total available capacity of the first physical units associated 
to the storage area is less than a total logical capacity 
accessible to the host system. 

8. The memory control circuit unit of claim 7, wherein the 
total logical capacity remains unchanged if the total avail- 65 

able capacity is changed from a first capacity to a second 
capacity. 

comprises: 
determining whether a usage capacity of the first physical 

units associated to the storage area conforms to a first 
predetermined capacity, 

wherein the usage capacity of the first physical units 
associated to the storage area corresponds to a total data 
size of valid data stored in the first physical units 
associated to the storage area. 

11. The memory storage apparatus of claim 9, wherein a 
total available capacity of the first physical units associated 
to the storage area is less than a total logical capacity 
accessible to the host system. 
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12. The memory storage apparatus of claim 11, wherein 
the total logical capacity remains unchanged if the total 
available capacity is changed from a first capacity to a 
second capacity. 

* * * * * 

24 

Vervain Ex. 2045 p. 27 of 27 
Vervain v. Phison 

IPR2025-00214




