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METHOD AND APPARATUS FOR REFRESHING FLASH MEMORY 

DEVICE 

TECHNICAL FIELD 

[0001] Embodiments of the present invention relate to the computer field, and in particular, to a 

method and an apparatus for refreshing a flash memory device. 5 

BACKGROUND 

[0002] By virtue of advantages such as desirable random access performance, a low density, 

and low power consumption, a solid state drive (Solid State Drive, SSD) based on a flash memory 

has gradually replaced a conventional magnetic disk, and becomes an important storage medium. In 

recent years, flash memory technologies develop rapidly, and a storage density has developed from 10 

a single-bit flash cell to a recent multiple-bit flash cell, for example, six bits, and a manufacturing 

technique develops from 65 nanometers to recent 10 nanometers. 

[0003] With these developments, a storage density of a flash memory increases rapidly. 

However, reliability of the flash memory is greatly reduced, and a retention time of the flash 

memory becomes increasingly short. The retention time is a length of time within which data 15 

written into the flash memory can be reliably read. In a flash memory device, data is represented by 

using a quantity of charges charged in a floating gate of a flash cell. However, as time elapses, a 

charge loss occurs. To ensure that the data in the flash cell can be reliably read, the data may be read 

before the charge loss of the data causes a data error, and the read data is then saved at a new 

location. This operation is referred to as refreshing. As a size decreases, a phenomenon of process 20 

variation (Process Variation, PV) among flash memory blocks becomes increasingly distinct. Flash 

memory blocks of a flash memory device have different levels of tolerance due to the process 

variation. This phenomenon is reflected by differences in many aspects such as a maximum quantity 

of program/erase cycles (P/E cycles) and a retention time. 

[0004] Refreshing is a most direct solution to a decrease in a retention time, but refreshing also 25 

causes a redundant operation, and this operation affects performance and a life of a flash memory. 

In the prior art, refreshing of a flash memory cannot be flexibly and effectively regulated, and a new 

technology is needed to resolve the problem. 
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SUMMARY 

[0005] In view of this, the present invention discloses a method and an apparatus for refreshing 

a flash memory device, so as to implement a flexible refresh operation on a flash memory device by 

using a granularity of per flash memory block in consideration of process variation among flash 

memory blocks. 5 

[0006] According to a first aspect, this application provides a method for refreshing a flash 

memory device, where the method includes: reading, by a storage controller, first data from a first 

flash memory block, and determining a bit error rate of the first data; when the bit error rate of the 

first data is greater than a preset threshold, determining, by the storage controller, a refresh cycle of 

the first flash memory block according to a quantity of erase cycles of the first flash memory block; 10 

and performing a refresh operation on the first flash memory block according to the determined 

refresh cycle. 

[0007] The storage controller determines whether to update a refresh cycle of a flash memory 

block by using a granularity of per flash memory block and according to an actual bit error rate of 

the data, thereby postponing update of the refresh cycle of the flash memory block to the greatest 15 

extent while correctness of the data is ensured, and reducing a speed of wear of the flash memory 

block because of refresh operations. 

[0008] With reference to the first aspect, in a first possible implementation of the first aspect, 

the reading, by a storage controller, first data from a first flash memory block, and determining a bit 

error rate of the first data specifically includes: reading, by the storage controller, the first data from 20 

the first flash memory block, and decoding the first data by using an error-correcting code, to obtain 

second data; and determining the bit error rate of the first data according to the first data and the 

second data. 

[0009] Specifically, because the second data is decoded trustworthy data, the storage controller 

determines the bit error rate of the first data by comparing different data bits of the first data and the 25 

second data. 

[0010] With reference to any one of the first aspect or the foregoing possible implementation of 

the first aspect, in a second possible implementation of the first aspect, the performing, by the 

storage controller, a refresh operation on the first flash memory block according to the determined 

refresh cycle includes: when a storage time of data on any valid page in the first flash memory 30 

block reaches the refresh cycle, performing, by the storage controller, the refresh operation on the 

first flash memory block. 

[0011] Specifically, the storage controller may record, after one refresh operation or one erase 

operation ends, a storage time of data on a valid page in the first flash memory block. If there is a 
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valid page on which a storage time of data reaches the refresh cycle, the storage controller performs 

a refresh operation on the first flash memory block, to ensure correctness of the data. 

[0012] Optionally, when a storage time of data on all valid pages in the first flash memory block 

is monitored, load on the storage controller is increased. The storage controller may also perform a 

refresh operation on the first flash memory block after a time since a last erase operation or a last 5 

refresh operation reaches the refresh cycle. 

[0013] With reference to any one of the first aspect or the foregoing possible implementations 

of the first aspect, in a third possible implementation of the first aspect, the performing, by the 

storage controller, a refresh operation on the first flash memory block includes: reading, by the 

storage controller, third data from the first flash memory block, and decoding the third data by using 10 

an error-correcting code, to obtain fourth data; and selecting, by the storage controller, a second 

flash memory block from a flash memory device, and writing the fourth data into the second flash 

memory block. 

[0014] The storage controller may use a flash memory block that has a longest refresh cycle 

among available flash memory blocks as the second flash memory block, thereby implementing 15 

wear leveling of the flash memory device, and prolonging a life of the flash memory device. 

[0015] With reference to any one of the first aspect or the foregoing possible implementations 

of the first aspect, in a fourth possible implementation of the first aspect, the performing, by the 

storage controller, a refresh operation on the first flash memory block includes: reading, by the 

storage controller, third data from the first flash memory block, and decoding the third data by using 20 

an error-correcting code, to obtain fourth data; and supplementing, by the storage controller, a 

charge to a floating gate of a flash cell of the first flash memory block according to the fourth data. 

[0016] The storage controller supplements, according to the fourth data obtained through 

decoding, a charge that leaks from the flash cell of the first flash memory block, so that data in the 

first flash memory block reaches a precise value again, and an erase operation caused on the first 25 

flash memory block by a refresh operation is avoided, and a life of the first flash memory block is 

prolonged. 

[0017] With reference to any one of the first aspect or the foregoing possible implementations 

of the first aspect, in a fifth possible implementation of the first aspect, the method further includes: 

receiving, by the storage controller, a write access request; and determining a third flash memory 30 

block according to a refresh cycle of a flash memory block, and writing to-be-written data of the 

write access request into the third flash memory block, where the third flash memory block is a 

flash memory block that has a longest refresh cycle among available flash memory blocks. 

[0018] A refresh cycle of a flash memory block represents a life of the flash memory block. 
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Therefore, after receiving the write access request, the storage controller preferentially saves the 

data in a flash memory block that has a long refresh cycle, thereby implementing wear leveling of 

the flash memory device, and prolonging the life of the flash memory device. 

[0019] With reference to any one of the first aspect or the foregoing possible implementations 

of the first aspect, in a sixth possible implementation of the first aspect, the method further includes: 5 

receiving, by the storage controller, a write access request; and determining a fourth flash memory 

block according to an expected storage time of to-be-written data of the write access request, and 

writing the to-be-written data into the fourth flash memory block, where there is a negative 

correlation between a refresh cycle of the fourth flash memory block and the expected storage time 

of the to-be-written data. 10 

[0020] In a specific implementation process, the storage controller may estimate an expected 

storage time of data. For example, the expected storage time of the data may be distinguished 

according to popularity of the data. An expected storage time of hot data is relatively short, and an 

expected storage time of cold data is relatively long. The hot data may be stored in a flash memory 

block that has a long refresh cycle, and the cold data may be stored in a flash memory block that has 15 

a short refresh cycle. Hot data has relatively high update frequency, and causes frequent erase 

operations on a flash memory block. Therefore, the hot data is stored in a flash memory block that 

has a long refresh cycle, thereby implementing wear leveling of the flash memory device. 

[0021] According to a second aspect, this application provides a readable medium, including an 

execution instruction, where when a processor of a storage controller executes the execution 20 

instruction, the storage controller performs the method in any one of the first aspect or the possible 

implementations of the first aspect. 

[0022] According to a third aspect, this application provides a storage controller, including a 

processor, a memory, and a bus, where the memory is configured to store an execution instruction, 

the processor and the memory are connected by using the bus, and when the storage controller runs, 25 

the processor executes the execution instruction stored in the memory, so that the storage controller 

performs the method in any one of the first aspect or the possible implementations of the first 

aspect. 

[0023] According to a fourth aspect, this application provides an apparatus for refreshing a flash 

memory device, where the apparatus includes: a reading unit, configured to: read first data from a 30 

first flash memory block, and determine a bit error rate of the first data; a determining unit, 

configured to: when the bit error rate is greater than a preset threshold, determine a refresh cycle of 

the first flash memory block according to a quantity of erase cycles of the first flash memory block; 

and a refresh unit, configured to perform a refresh operation on the first flash memory block 
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according to the refresh cycle. 

[0024] With reference to the fourth aspect, in a first possible implementation of the fourth 

aspect, the reading unit is specifically configured to: read the first data from the first flash memory 

block, and decode the first data by using an error-correcting code, to obtain second data; and 

determine the bit error rate of the first data according to the first data and the second data. 5 

[0025] With reference to any one of the fourth aspect or the foregoing possible implementation 

of the fourth aspect, in a second possible implementation of the fourth aspect, that the refresh unit is 

configured to perform a refresh operation on the first flash memory block according to the refresh 

cycle includes: the refresh unit is configured to: when a storage time of data on any valid page in 

the first flash memory block reaches the refresh cycle, perform the refresh operation on the first 10 

flash memory block. 

[0026] With reference to any one of the fourth aspect or the foregoing possible implementations 

of the fourth aspect, in a third possible implementation of the fourth aspect, the apparatus further 

includes a writing unit, where that the refresh unit is configured to perform a refresh operation on 

the first flash memory block includes: the refresh unit is configured to: control the reading unit to 15 

read third data from the first flash memory block, and control the reading unit to decode the third 

data by using an error-correcting code, to obtain fourth data; and the refresh unit is configured to: 

control the writing unit to select a second flash memory block from a flash memory device, and 

control the writing unit to write the fourth data into the second flash memory block. 

[0027] With reference to any one of the fourth aspect or the foregoing possible implementations 20 

of the fourth aspect, in a fourth possible implementation of the fourth aspect, the apparatus further 

includes a writing unit, where that the refresh unit is configured to perform a refresh operation on 

the first flash memory block includes: the refresh unit is configured to: control the reading unit to 

read third data from the first flash memory block, and control the reading unit to decode the third 

data by using an error-correcting code, to obtain fourth data; and the refresh unit is configured to 25 

control the writing unit to add a charge to a floating gate of a flash cell of the first flash memory 

block according to the fourth data. 

[0028] With reference to any one of the fourth aspect or the foregoing possible implementations 

of the fourth aspect, in a fifth possible implementation of the fourth aspect, the apparatus further 

includes a receiving unit and the writing unit, where the receiving unit is configured to receive a 30 

write access request; and the writing unit is configured to: determine a third flash memory block 

according to a refresh cycle of a flash memory block, and write to-be-written data of the write 

access request into the third flash memory block, where the third flash memory block is a flash 

memory block that has a longest refresh cycle among available flash memory blocks. 
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[0029] With reference to any one of the fourth aspect or the foregoing possible implementations 

of the fourth aspect, in a sixth possible implementation of the fourth aspect, the apparatus further 

includes a receiving unit and the writing unit, where the receiving unit is configured to receive a 

write access request; and the writing unit is configured to: determine a fourth flash memory block 

according to an expected storage time of to-be-written data of the write access request, and write the 5 

to-be-written data into the fourth flash memory block, where there is a negative correlation between 

a refresh cycle of the fourth flash memory block and the expected storage time of the to-be-written 

data. 

[0030] The fourth aspect is an apparatus implementation corresponding to the method in the 

first aspect. Therefore, the description in any one of the first aspect or the possible implementations 10 

of the first aspect is correspondingly applicable to any one of the fourth aspect or the possible 

implementations of the fourth aspect. Details are not described herein again. 

[0031] According to a fifth aspect, this application provides a flash memory device, where the 

flash memory device includes a flash memory array and the refresh apparatus according to any one 

of the fourth aspect or the possible implementations of the fourth aspect, where the flash memory 15 

array is configured to store data, and the refresh apparatus is configured to perform a refresh 

operation on a flash memory block in the flash array. 

[0032] According to the technical solutions disclosed in the present invention, in consideration 

of process variation among flash memory blocks of a flash memory device, an actual bit error rate 

of a flash memory block is monitored, thereby exploiting performance potential of the flash 20 

memory block to the greatest extent. Not only correctness of stored data is ensured, but also update 

of a refresh cycle is postponed to the greatest extent. A speed of wear of the flash memory block 

because of refresh operations is reduced, thereby improving overall performance of the flash 

memory device. 

BRIEF DESCRIPTION OF DRAWINGS 25 

[0033] To describe the technical solutions in the embodiments of the present invention more 

clearly, the following briefly describes the accompanying drawings required for describing the 

embodiments. Apparently, the accompanying drawings in the following description show merely 

some embodiments of the present invention, and persons of ordinary skill in the art may still derive 

other drawings from these accompanying drawings without creative efforts. 30 

[0034] FIG. 1 is a schematic diagram of a logical structure of a system for accessing a flash 

memory device according to an embodiment of the present invention; 

[0035] FIG. 2 is a schematic structural diagram of a flash cell of a flash memory according to an 
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embodiment of the present invention; 

[0036] FIG. 3 is a schematic diagram of a hardware structure of a storage controller according 

to an embodiment of the present invention; 

[0037] FIG. 4 is an example of a flowchart of a method for refreshing a flash memory device 

according to an embodiment of the present invention; 5 

[0038] FIG. 5 is an example of a flowchart of a method for refreshing a flash memory device 

according to an embodiment of the present invention; and 

[0039] FIG. 6 is a schematic diagram of a logical structure of an apparatus for refreshing a flash 

memory device according to an embodiment of the present invention. 

DESCRIPTION OF EMBODIMENTS 10 

[0040] The following describes the embodiments of the present invention with reference to the 

accompanying drawings. 

[0041] According to the embodiments of the present invention, if process variation among flash 

memory blocks is not considered, when a refresh operation is performed on a flash memory device, 

all flash memory blocks are refreshed at same frequency. However, process variation exists among 15 

different flash memory blocks. Some flash memory block has relatively high performance, charge 

leakage of a flash cell inside the flash memory block is indistinct, and a retention time of data is 

relatively long. Therefore, the flash memory block may be refreshed by using a relatively long 

refresh cycle. However, some flash memory block has relatively low performance, charge leakage 

of a flash cell inside the flash memory block is distinct, and a retention time of data is relatively 20 

short. Therefore, the flash memory block should be refreshed by using a relatively short refresh 

cycle. 

[0042] If process variation is not considered, and a refresh operation is performed on a flash 

memory device by using same frequency. On one hand, performance of a flash memory block that 

has relatively high performance is not fully exploited, and excessively frequent refresh operations 25 

may increase a speed of wear of the flash memory block. On the other hand, a data error may occur 

in a data block that has relatively low performance, because the data block that has relatively low 

performance needs lower refresh frequency. In consideration of process variation among different 

flash memory blocks, performance of a flash memory device can be further improved by 

performing a refresh operation on the flash memory device by using a granularity of per flash 30 

memory block and by using different frequency. 

[0043] FIG. 1 is a schematic diagram 100 of a logical structure of a system for accessing a flash 

memory device according to an embodiment of the present invention. As shown in FIG. 1, the 
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system 100 includes an operating system 102 and a flash memory device 108. 

[0044] The operating system 102 includes various software components and/or drivers that are 

used to control and manage routine system tasks (for example, memory management, storage 

device control, and power management) and facilitate communication among various software and 

hardware components. The operating system 102 may be Darwin, RTXC, LINUX, UNIX, OS X, 5 

MAC OS, or WINDOWS, or an embedded operating system such as Vxworks. This is not limited in 

this embodiment of the present invention. 

[0045] Specifically, the operating system 102 includes a file system 104 and a driver 106. The 

file system 104 is a method and a data structure that are used by the operating system 102 to specify 

files on the flash memory device 108, that is, a method for organizing files on the flash memory 10 

device 108. The file system 104 may be of any type such as FAT, NTFS, exFAT, RAW, Ext2, Ext3, 

Ext4, Btrfs, ZFS, HFS, HFS+, ReiserFS, JFS, VMFS, XFSUFS, or VXFS. 

[0046] An application program of a user runs in the operating system 102. The application 

program implements human-machine interaction in a form of accessing underlying hardware. The 

driver 106 is a bridge for interaction between the application program and the hardware. On one 15 

hand, the application program controls the hardware by sending a corresponding instruction to the 

driver 106. On the other hand, the driver 106 transfers, to the application program, read and write 

statuses of the hardware and data obtained from the hardware, thereby implementing interaction 

between the application program and the underlying hardware. 

[0047] The operating system 102 is connected to the flash memory device 108 by using an 20 

advanced technology attachment apparatus (Advanced Technology Attachment, ATA). 

[0048] The flash memory device 108 is a storage device based on a flash memory, for example, 

may be an SSD. The flash memory device 108 includes a cache 110, a storage controller 112, and a 

flash memory array 130. 

[0049] The storage controller 112 includes a host interface 114, a flash translation layer (Flash 25 

Translation Layer, FTL) 116, and a flash memory interface 128. 

[0050] The host interface 114 is configured to connect to a host, and control data transmission 

with the operating system 102. 

[0051] The flash memory interface 128 is configured to connect to the flash memory array 130, 

and control data transmission with the flash memory array 130. 30 

[0052] The flash translation layer 116 includes a refresh module 118, a wear leveling (Wear 

leveling, WL) module 120, an address translation module 122, an error checking and correction 

(Error Checking and Correction, ECC) module 124, and a garbage collection (Garbage Collection, 

GC) module 126. 
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[0053] The flash memory array 130 may be divided into multiple blocks, and each block may 

further be divided into multiple pages. Data may be directly written on a per-page basis. However, 

data needs to be erased on a per-block basis. New data cannot be written before existing data is 

erased. However, the operating system 102 generally reads and writes data according to a size of a 

sector of a hard disk drive (Hard Disk Drive, HDD). As a result, an SSD cannot be managed by 5 

using the file system 104 currently used by the operating system 102, and the file system 104 needs 

to be replaced with a more advanced and complex file system to resolve this problem. However, in 

this case, load on the operating system 102 is increased. To avoid increasing the load on the 

operating system 102, the flash memory device 108 uses software to virtualize an operation on the 

flash memory array 130 into an operation on an independent sector of a magnetic disk. This is a 10 

function of the flash translation layer 116. 

[0054] The flash translation layer 116 exists between the file system 104 and a physical medium 

(the flash memory array 130). The operating system 102 only needs to operate a logical block 

address (Logical Block Address, LBA) in an original way. The flash translation layer 116 is 

responsible for all work of translation from a logical address into a physical block address (Physical 15 

Block Address, PBA). 

[0055] The refresh module 118 is configured to perform a refresh operation on a flash memory 

block. Data is represented in a flash cell of a flash memory by using a quantity of charges charged 

in a floating gate. However, as time elapses, a charge loss occurs in the floating gate. As a result, the 

data stored in the flash cell is inaccurate. To enable the data to be accurately read subsequently, the 20 

refresh module 118 refreshes the flash memory block before the charge loss in the floating gate of 

the flash cell causes a data error. 

[0056] Specifically, in this embodiment of the present invention, a refresh operation of the 

refresh module 118 may be reading the data in the flash memory block and writing the data at a new 

location; or may be reading the data in the flash memory block and locally charging the flash cell of 25 

the flash memory block according to the read data, so that the quantity of charges in the floating 

gate of the flash cell reaches an accurate quantity of charges again. More specifically, after reading 

the data in the flash memory block, ECC checking may further be performed on the read data, and a 

result obtained after the ECC checking is written at a new location, or the flash cell is locally 

charged according to the result obtained after the ECC checking. 30 

[0057] A life of the flash memory array 130 is calculated according to a quantity of 

program/erase cycles, and the wear leveling module 120 is a mechanism ensuring that flash 

memory blocks in the flash memory array 130 are used in a balanced manner. Without this 

mechanism, the flash memory blocks in the flash memory array 130 cannot reach a lifecycle at the 
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same time. Data of a user in logical address space has different update speeds. Some data needs to 

be frequently updated, and some data does not need to be changed for a long time. Therefore, 

without the WL mechanism, a life of a flash memory block in which the frequently updated data is 

located ends first, and a flash memory block in which the relatively infrequently changed data is 

located has far less wear. To avoid this situation, the WL mechanism is needed to keep relatively 5 

equal wear degrees of flash memory blocks in the flash memory array 130. 

[0058] Specifically, the wear leveling module 120 works together with the address translation 

module 122. Each time an application program in the operating system 102 rewrites or updates a 

same logical address, the address translation module 122 dynamically maps the logical address to 

another different physical address, and saves the mapping relationship in a specific "address 10 

mapping table". An outdated physical address is marked as "invalid", and waits for a subsequent 

erase operation. The wear leveling module 120 controls program/erase frequency of each flash 

memory chip in this mapping process. In this way, all flash memory blocks can be controlled to be 

within a same wear range, and "age" at the same time. 

[0059] The error checking and correction module 124 is configured to detect and correct an 15 

error during data reading. When data is written, the error checking and correction module 124 

inside the storage controller 112 generates an ECC signature according to the data. The ECC 

signature is generally stored in a spare area (Spare Area, SA) in the back of a flash memory page. 

When the data is read from the flash memory page, the error checking and correction module 124 

reads the ECC signature, and determines, according to the read data and the ECC signature, whether 20 

an error occurs in the data. If it is detected that the read data includes an erroneous bit, the detected 

error needs to be corrected by using an ECC algorithm. The ECC algorithm may be BCH encoding, 

LDPC encoding, or the like. The LDPC encoding is used to describe solutions in this embodiment 

of the present invention. However, it should be understood that an encoding algorithm used for ECC 

is not limited in this embodiment of the present invention. 25 

[0060] The garbage collection module 126 is specifically configured to copy data on a "valid" 

page in a flash memory block to another flash memory block, and completely erase the data in the 

former flash memory block. Different from a conventional HDD, original data cannot be directly 

overwritten in the flash memory array 130. In the flash memory device 108, old data needs to be 

erased before new data can be written. For the flash memory array 130, garbage collection refers to 30 

a process in which existing data is moved to another flash memory location and some useless data is 

completely erased. Data may be directly written into the flash memory array 130 on a per-page 

basis, but data needs to be erased from the flash memory array 130 on a per-block basis. Therefore, 

to erase useless data, in the flash memory array 130, first, useful data included in a block needs to 
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be copied to a page in another block. In this way, useless data included in the original block can be 

erased on a per-block basis. The erase needs to be performed before new data can be written. 

[0061] The cache 110 is configured to store data such as an "address mapping table" that is 

about a mapping from a logical address to a physical address during start. The storage controller 

112 saves the "address mapping table" and the like in the flash memory array 130. After each restart, 5 

the storage controller 112 loads the data such as the "address mapping table" to the cache 110 from 

the flash memory array 130. According to an embodiment of the present invention, the storage 

controller 112 maintains a refresh cycle of a flash memory block in the flash memory array 130. 

Specifically, the storage controller may save the refresh cycle of the flash memory block by using a 

refresh cycle table. The refresh cycle table includes a correspondence between a physical address 10 

and the refresh cycle of the flash memory block. The storage controller may save the refresh cycle 

table in the flash memory array 130. After each start, the storage controller loads the refresh cycle 

table to the cache 110 from the flash memory array 130. 

[0062] The flash memory array 130 may use a single-level cell (Single-level cell, SLC) or a 

multi-level cell (Multi-level cell, MLC). Each SLC cell stores information of one bit, and each 15 

MLC cell may store data of more than one bit. This is not limited in this embodiment of the present 

invention. 

[0063] It should be understood that FIG. 1 is only for a purpose of introducing participants of 

the system 100 and relationships among the participants as an example. Therefore, the described 

system 100 is greatly simplified. The system 100 is only generally described in this embodiment of 20 

the present invention. In actual use, the system 100 may include more or fewer components. An 

implementation of the system 100 is not limited in any way in this embodiment of the present 

invention. 

[0064] FIG. 2 is a schematic structural diagram of a flash cell 200 according to an embodiment 

of the present invention. As shown in FIG. 2, data is stored in a flash cell of a flash memory in the 25 

form of a charge, and different data states are distinguished in the flash cell by using a charge 

quantity of electrons in a floating gate. A quantity of stored charges depends on a voltage applied to 

a control gate in FIG. 2. The control gate controls a quantity of charges charged in the floating gate 

of the flash cell. Data is represented by determining whether a voltage provided by the charges 

stored in the floating gate exceeds a specific threshold Vth. 30 

[0065] An SLC is used as an example. A write (programming) on the flash memory is applying 

a voltage to a control gate, so that the charges stored in the floating gate are sufficient, and the 

provided voltage exceeds a threshold Vth. This case is represented by "0". An erase operation on the 

flash memory is discharging the charges in the floating gate, so that the voltage provided by the 
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floating gate is less than the threshold Vth. This case is represented by "1". For a flash cell that has 

a charge in a floating gate, due to an induction effect of the floating gate, a positive space charge 

region is formed between a source and a drain. In this case, regardless of whether a bias voltage is 

applied to a control gate, a transistor that is used as the flash cell is in an on state. For a flash cell 

that does not have a charge in a floating gate, an appropriate bias voltage needs to be applied to a 5 

control gate to form a positive space charge region between a source and a drain and to form a 

conducting channel between the source and the drain. When a bias voltage is not applied to the 

control gate, a transistor is in an off state. 

[0066] If the source of the transistor is grounded and the drain of the transistor is connected to a 

bit line, without a bias voltage, data in the flash cell can be obtained by detecting a conduction 10 

status of the transistor. If a level on the bit line is low, it indicates that the transistor is in an on state, 

and read data is "0". If the level on the bit line is a high level, it indicates that the transistor is in an 

off state, and read data is "1". 

[0067] It should be understood that FIG. 2 is used as an example for describing the flash cell. In 

a specific implementation, a structure of the flash cell may have another implementation form. This 15 

is not limited in this embodiment of the present invention. 

[0068] FIG. 3 is a schematic diagram of a hardware structure of a storage controller 300 

according to an embodiment of the present invention. As shown in FIG. 3, the storage controller 

300 includes a processor 302, a memory 304, an input/output interface 306, a communications 

interface 308, and a bus 310. The processor 302, the memory 304, the input/output interface 306, 20 

and the communications interface 308 communicate with and connect to each other by using the 

bus 310. 

[0069] The processor 302 is a control center of the storage controller 300, and is configured to 

execute a related program to implement the technical solution provided in this embodiment of the 

present invention. The processor 302 may be a general-purpose central processing unit (Central 25 

Processing Unit, CPU), a microprocessor, an application-specific integrated circuit (Application 

Specific Integrated Circuit, ASIC), or one or more integrated circuits, so as to execute a related 

program to implement the technical solution provided in this embodiment of the present invention. 

[0070] Unless otherwise specified, in the present invention, a component configured to execute 

a specific function, for example, the processor 302 or the memory 304 may be implemented by 30 

configuring a universal component to perform the corresponding function, or may be implemented 

by using a dedicated component specially executing the specific function. This is not limited in this 

application. 

[0071] The memory 304 may be a read-only memory (Read Only Memory, ROM), a static 
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storage device, a dynamic storage device, or a random access memory (Random Access Memory, 

RAM). The memory 304 may store an operating system and another application program. When 

implementing the technical solution provided in this embodiment of the present invention by means 

of software or firmware, program code for implementing the technical solution provided in this 

embodiment of the present invention is stored in the memory 304 and is executed by the processor 5 

302. The memory 304 may be integrated with the processor 302 or integrated inside the processor 

302, or may be one or more storage units independent of the processor 302. 

[0072] The program code to be executed by the processor 302 may be stored in a flash memory 

or the memory 304 connected to the processor 302. Optionally, the memory 304 is a RAM, and the 

program code (for example, a communications module or a refresh module) stored inside the flash 10 

memory is copied to the memory 304 for execution by the processor 302. 

[0073] The memory 304 may further be configured to store an address mapping table or the like 

in this embodiment of the present invention. More specifically, when a system is started, the storage 

controller 300 loads an address mapping table or the like stored in the flash memory to the memory 

304 for use by the processor 302. 15 

[0074] As shown in FIG. 3, the memory 304 of the storage controller 300 includes a refresh 

module. The processor 302 executes program code of the refresh module, to implement a refresh 

operation on a flash memory device. 

[0075] Optionally, the memory 304 further includes one or more of the wear leveling module 

130, the address translation module 122, the error checking and correction module 124, or the 20 

garbage collection module 126 in the storage controller 112 in FIG. 1. 

[0076] The input/output interface 306 is configured to: receive data and information that are 

input, and output data such as an operation result. 

[0077] The communications interface 308 uses, for example, but without limitation to, a 

transceiver apparatus such as a transceiver, to implement communication between the storage 25 

controller 300 and another device or a communications network. 

[0078] The bus 310 may include a path for transferring information among the components (for 

example, the processor 302, the memory 304, the input/output interface 306, and the 

communications interface 308) of the storage controller 300. 

[0079] It should be noted that, although only the processor 302, the memory 304, the 30 

input/output interface 306, the communications interface 308, and the bus 310 are shown for the 

storage controller 300 shown in FIG. 3, in a specific implementation process, persons skilled in the 

art should understand that, the storage controller 300 further includes another device essential for 

normal operation. In addition, according to a specific requirement, persons skilled in the art should 
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understand that the storage controller 300 may further include a hardware device for implementing 

another additional function. In addition, persons skilled in the art should understand that, the storage 

controller 300 may also include only a device essential for implementing this embodiment of the 

present invention, rather than all the devices shown in FIG. 3. 

[0080] The hardware structure shown in FIG. 3 and the foregoing description are applicable to 5 

various apparatuses and systems for refreshing a flash memory device provided in the embodiments 

of the present invention, and are suitable for performing various methods for refreshing a flash 

memory device provided in the embodiments of the present invention. 

[0081] FIG. 4 shows a method 400 for refreshing a flash memory device according to an 

embodiment of the present invention, so as to implement a refresh operation on a flash memory 10 

device by using a granularity of per flash memory block. As shown in FIG. 4, the method 400 

includes the following steps. 

[0082] S402. A storage controller reads first data from a first flash memory block. 

[0083] The first data may be data on any valid page in the first flash memory block, or may be 

data on one or more valid pages in the first flash memory block, or may be data on all valid pages in 15 

the first flash memory block. This is not limited in this embodiment of the present invention. The 

valid page herein is a flash memory page on which valid data is stored. 

[0084] The method 400 may be triggered by any read operation that is performed by the storage 

controller on the first flash memory block. A form of the read operation is not limited in this 

embodiment of the present invention. For example, the method 400 may be triggered by a read 20 

operation of an operating system, or the method 400 may be triggered by a read operation that is 

performed when the storage controller performs garbage collection on the flash memory device, or 

the method 400 may be triggered by a read operation that is performed when the storage controller 

performs a refresh operation on the flash memory device. 

[0085] S404. The storage controller obtains a bit error rate of the first data. 25 

[0086] Specifically, after reading the first data from the first flash memory block, the storage 

controller decodes the read first data by using an ECC, to obtain second data, and determines the bit 

error rate of the first data according to the first data and the second data. 

[0087] For example, if a size of the first data is 100 bits, after decoding using an ECC succeeds, 

the first data and the second data are compared. If there are 10 different bits between the second 30 

data and the first data, because the second data is data obtained after decoding using an ECC 

succeeds, it indicates that 10 bits are erroneous in the first data. Therefore, the bit error rate of the 

first data is 10%. 

[0088] ECC may be LDPC, BCH, or the like. A specific type of ECC is not limited in this 
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embodiment of the present invention. 

[0089] S406. The storage controller determines whether the bit error rate of the first data is 

greater than a preset threshold h; if the bit error rate is greater than the threshold h, the storage 

controller performs step S410; if the bit error rate is not greater than the threshold h, the storage 

controller performs step S408. 5 

[0090] Specifically, the preset threshold h is a threshold that is set in advance for a bit error rate 

of a flash memory block. If a bit error rate of data is greater than the threshold h, it indicates that a 

risk that data in the flash memory block is erroneous is relatively high, and a refresh cycle should be 

adjusted to control the bit error rate of the flash memory block to be not greater than the threshold 

h. 10 

[0091] S408. The storage controller performs a refresh operation on the first flash memory 

block according to a refresh cycle T. 

[0092] Because the bit error rate of the first data is not greater than the threshold h, it indicates 

that a current refresh cycle of the first flash memory block is still usable, a risk that the data is 

erroneous is still within a controllable range, and it can be ensured that the data can be successfully 15 

decoded using ECC during a read operation. Before a bit error rate of data stored in the first flash 

memory block reaches the threshold h, the refresh cycle does not need to be updated, thereby 

exploiting performance potential of the first flash memory block, reducing frequency of refresh 

operations on the first flash memory block, reducing a speed of wear of the first flash memory 

block because of refresh operations, and prolonging a life of the first flash memory block. 20 

[0093] The storage controller may perform a refresh operation on the first flash memory block 

when a storage time of data on any valid page in the first flash memory block reaches the refresh 

cycle T. Specifically, the storage controller may record, after one refresh operation or one erase 

operation ends, a storage time of data on a valid page in the first flash memory block. If there is a 

valid page on which a storage time of data reaches the refresh cycle T, the storage controller 25 

performs a refresh operation on the first flash memory block, to ensure correctness of the data. 

[0094] When a storage time of data on all valid pages in the first flash memory block is 

monitored, load on the storage controller is increased. In another implementation, the storage 

controller may perform a refresh operation on the first flash memory block after a time since a last 

erase operation or a last refresh operation reaches the refresh cycle T. 30 

[0095] In this embodiment of the present invention, the refresh operation may be: reading, by 

the storage controller, third data from the first flash memory block, decoding the third data by using 

an error-correcting code, to obtain fourth data, selecting a second flash memory block from the 

flash memory device, and writing the fourth data into the second flash memory block. The third 
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data may be all valid data in the first flash memory block, or may be valid data of which a storage 

time reaches the refresh cycle T and that is in the first flash memory block, that is, valid data that 

actually needs a refresh operation. 

[0096] The storage controller may select a flash memory block that has a longest refresh cycle 

among available flash memory blocks as the second flash memory block, thereby implementing 5 

wear leveling of the flash memory device, and prolonging a life of the flash memory device. The 

storage controller may also use another manner to select the second flash memory block. A manner 

in which the storage controller selects the second flash memory block is not limited in this 

embodiment of the present invention. 

[0097] The refresh operation may also be: reading, by the storage controller, third data from the 10 

first flash memory block, decoding the third data using an error-correcting code, to obtain fourth 

data, and supplementing a charge to a floating gate of a flash cell of the first flash memory block 

according to the fourth data. That is, the storage controller supplements, according to the fourth data 

obtained after decoding using an ECC, a charge that leaks from the flash cell inside the first flash 

memory block, so that a quantity of charges in the floating gate of the flash cell reaches an accurate 15 

quantity of charges again. 

[0098] S410. The storage controller updates the refresh cycle T of the first flash memory block 

according to a quantity of erase cycles. 

[0099] The storage controller maintains refresh cycles of flash memory blocks of the flash 

memory device. Specifically, the storage controller may organize the refresh cycles of the flash 20 

memory blocks into a refresh cycle table. The refresh cycle table stores correspondences between 

physical addresses and the refresh cycles of the flash memory blocks. The storage controller may 

save the refresh cycle table in the flash memory device, and when the system runs, load the refresh 

cycle table stored in the flash memory device to a cache of the storage controller. When the bit error 

rate of the first flash memory block is greater than the preset threshold h, the storage controller may 25 

find the refresh cycle of the first flash memory block by searching the refresh cycle table according 

to a physical address of the first flash memory block, and update the refresh cycle T of the first flash 

memory block. It should be understood that the refresh cycle table is merely an example for 

description. A manner in which the storage controller maintains the refresh cycle of the first flash 

memory block is not limited in this embodiment of the present invention. 30 

[0100] Because the bit error rate of the first data is already greater than the preset threshold h, it 

indicates that correctness of the data in the first flash memory block can no longer be ensured by 

using the refresh cycle of the first flash memory block, and refresh frequency of the first flash 

memory block needs to be increased. Therefore, the storage controller determines the refresh cycle 
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T of the first flash memory block again according to the quantity of erase cycles of the first flash 

memory block, that is, updates the refresh cycle T of the first flash memory block according to the 

quantity of erase cycles of the first flash memory block. 

[0101] A factor affecting a retention time of a flash memory block is mainly a quantity of erase 

cycles of the flash memory block. As the quantity of erase cycles increases, the retention time of the 5 

flash memory block gradually decreases. The retention time of the flash memory block determines a 

refresh cycle of the flash memory block. When the retention time of the flash memory block is 

shorter, to ensure correctness of data, the refresh cycle is shorter. When the retention time is longer, 

the refresh cycle may be longer. 

[0102] There is a general correspondence between a refresh cycle and a quantity of erase cycles 10 

of the flash memory device. As shown in formula (1), when the quantity of erase cycles is larger, 

the refresh cycle is shorter. There is a negative correlation between the refresh cycle and the 

quantity of erase cycles. 

N
CM

RBERth
T 

 *10* 13

                        (Formula 1) 

[0103] M and N are constants, RBERth is a maximum bit error rate supported by ECC, and C is 15 

a quantity of erase cycles of a flash memory block. It should be understood that formula (1) is 

merely an example for describing the correspondence. Specific correspondences between a refresh 

cycle and a quantity of erase cycles may be different according to different manufacture processes 

of the flash memory device. 

[0104] The correspondence may be obtained through testing and according to statistics. A 20 

refresh cycle may be obtained according to the correspondence and a quantity of erase cycles. To 

ensure the correctness of the data stored in the flash memory block and avoid frequent update of the 

refresh cycle, the refresh cycle obtained according to the correspondence is a conservative value. 

That is, the refresh cycle obtained according to the correspondence is shorter than a refresh cycle 

actually supported by the flash memory block. Therefore, the refresh cycle determined according to 25 

the correspondence may be used by the flash memory block for a period of time, until a bit error 

rate of the flash memory block is greater than the preset threshold h. At this time, a refresh cycle 

needs to be determined again according to a quantity of erase cycles and the correspondence. The 

refresh cycle actually supported by the flash memory block is a maximum refresh cycle that ensures 

that the bit error rate of the flash memory block is not greater than the threshold h. 30 

[0105] Because process variation exists among flash memory blocks of the flash memory 

device, there is a difference between a general value obtained according to the correspondence and 

a refresh cycle actually supported by a flash memory block. Some flash memory block has 
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relatively high performance, charge leakage of a flash cell inside the flash memory block is 

indistinct, and a retention time of data is relatively long. After a refresh cycle is updated, it is 

possible that after a large quantity of erase operations, a refresh cycle actually supported by the 

flash memory block is still longer than a refresh cycle obtained according to the correspondence, 

and the refresh cycle obtained according to the correspondence is used for a relatively long time. To 5 

reduce frequency of refresh operations, the refresh cycle may be updated less frequently. However, 

some flash memory block has relatively low performance, charge leakage of a flash cell inside the 

flash memory block is distinct, and a retention time of data is relatively short. After a refresh cycle 

is updated, it is possible that after a small quantity of erase operations, a refresh cycle actually 

supported by the flash memory block quickly becomes less than the general value obtained 10 

according to the correspondence, and the refresh cycle obtained according to the correspondence is 

used for a relatively short time. To ensure correctness of the data, the refresh cycle needs to be 

frequently updated. 

[0106] In this embodiment of the present invention, in consideration of process variation among 

different flash memory blocks, when correctness of data stored in a flash memory block is ensured, 15 

performance potential of the flash memory block is exploited by using a granularity of per flash 

memory block, according to a correspondence between a refresh cycle and a quantity of erase 

cycles, and with reference to an actual bit error rate of the data stored in the flash memory block. 

[0107] On one hand, by means of the technical solution disclosed in this embodiment of the 

present invention, update of a refresh cycle of a flash memory block that has relatively high 20 

performance is postponed, thereby reducing a speed of wear of the flash memory block that has 

relatively high performance because of refresh operations. On the other hand, by means of the 

technical solution disclosed in this embodiment of the present invention, update of a refresh cycle 

of a flash memory block that has relatively low performance is performed more often, thereby 

ensuring correctness of data stored in the flash memory block. According to the technical solution 25 

disclosed in this embodiment of the present invention, not only correctness of data stored in a flash 

memory device is ensured, but also performance potential of the flash memory device is exploited. 

A speed of wear of the flash memory device because of refresh operations is reduced, thereby 

improving overall performance of the flash memory device. 

[0108] S412. The storage controller performs a refresh operation on the first flash memory 30 

block according to the updated refresh cycle T. 

[0109] For a specific description, refer to step S408, and details are not described herein again. 

[0110] Optionally, the method 400 further includes: receiving, by the storage controller, a write 

access request; and determining a third flash memory block according to a refresh cycle of a flash 
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memory block, where the third flash memory block is a flash memory block that has a longest 

refresh cycle among available flash memory blocks, and writing, by the storage controller, 

to-be-written data of the write access request into the third flash memory block. A flash memory 

block cannot be overwritten, and an erase operation needs to be performed before a write operation 

can be performed. The currently available flash memory block is a flash memory block on which a 5 

write operation can be performed after an erase operation. 

[0111] One write access request may be sent to the storage controller by using multiple 

instructions. For example, during one write access request, the operating system may first send a 

virtual address at which a write operation is to be performed to the storage controller. The storage 

controller determines, according to a currently available flash memory block, a physical address at 10 

which a write operation is to be performed, and establishes a mapping relationship between the 

virtual address at which a write is to be performed and the physical address at which a write is to be 

performed. The operating system then sends to-be-written data to the storage controller, and the 

storage controller writes the to-be-written data into a storage area indicated by the determined 

physical address. The operating system may also send the to-be-written data and the virtual address 15 

at which a write is to be performed to the storage controller by using one instruction. It should be 

understood that a specific implementation form of the write access request is not limited in this 

embodiment of the present invention. 

[0112] A refresh cycle is essentially determined by a retention time of a flash memory block. 

Therefore, the determining, by the storage controller, a third flash memory block according to a 20 

refresh cycle of a flash memory block may be specifically: determining, by the storage controller, 

the third flash memory block according to a retention time of the flash memory block. 

[0113] A refresh cycle (or a retention time) of a flash memory block represents a life of the 

flash memory block. Therefore, after receiving the write access request, the storage controller 

preferentially saves the data in a flash memory block that has a long refresh cycle (or retention 25 

time), thereby implementing wear leveling of the flash memory device, and prolonging a life of the 

flash memory device. 

[0114] Optionally, the method 400 further includes: receiving, by the storage controller, a write 

access request; and determining a fourth flash memory block according to an expected storage time 

of to-be-written data of the write access request, where there is a negative correlation between a 30 

refresh cycle of the fourth flash memory block and the expected storage time of the to-be-written 

data; and writing, by the storage controller, the to-be-written data into the fourth flash memory 

block. The expected storage time is a time for which the to-be-written data is to be stored in the 

flash memory device. 
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[0115] In a specific implementation process, the storage controller may estimate an expected 

storage time of data. For example, the expected storage time of the data may be distinguished 

according to popularity of the data. An expected storage time of hot data is relatively short, and an 

expected storage time of cold data is relatively long. The hot data may be stored in a flash memory 

block that has a long refresh cycle, and the cold data may be stored in a flash memory block that has 5 

a short refresh cycle. 

[0116] A flash memory cannot be overwritten, and an erase operation needs to be performed 

before a write operation can be performed. Therefore, update of data causes an erase operation, and 

consequently causes wear of a flash memory block. Hot data has relatively high update frequency, 

and causes frequent erase operations on a flash memory block. Therefore, the hot data is stored in a 10 

flash memory block that has a long refresh cycle, thereby implementing wear leveling of the flash 

memory device. According to the technical solution disclosed in this embodiment of the present 

invention, in consideration of process variation among flash memory blocks of a flash memory 

device, an actual bit error rate of a flash memory block is monitored, thereby exploiting 

performance potential of the flash memory block to the greatest extent. Not only correctness of 15 

stored data is ensured, but also update of a refresh cycle is postponed to the greatest extent. A speed 

of wear of the flash memory block because of refresh operations is reduced, thereby improving 

overall performance of the flash memory device. 

[0117] FIG. 5 shows a method 500 for refreshing a flash memory device according to an 

embodiment of the present invention, so as to implement a refresh operation on a flash memory 20 

device by using a granularity of per flash memory block. As shown in FIG. 5, the method 500 

includes the following steps. 

[0118] S502. A storage controller determines whether a storage time of data in a first flash 

memory block is longer than a refresh cycle T; if the storage time of the data is longer than the 

refresh cycle T, the storage controller performs step S504. 25 

[0119] The storage controller may perform step S504 when a storage time of data on any valid 

page in the first flash memory block reaches the refresh cycle T. Specifically, the storage controller 

may record, after one refresh operation or one erase operation ends, a storage time of data on a valid 

page in the first flash memory block. If there is a valid page on which a storage time of data reaches 

the refresh cycle T, the storage controller performs step S504. 30 

[0120] When a storage time of data on all valid pages in the first flash memory block is 

monitored, load on the storage controller may be increased. In another implementation, the storage 

controller may perform step S504 after a time since a last erase operation or a last refresh operation 

reaches the refresh cycle T. 
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[0121] S504. The storage controller reads the data from the first flash memory block, writes a 

result obtained after decoding into a second flash memory block, and obtains a bit error rate of the 

data. 

[0122] Specifically, the storage controller reads third data from the first flash memory block, 

decodes the third data by using an error-correcting code, to obtain fourth data, selects the second 5 

flash memory block from the flash memory device, writes the fourth data into the second flash 

memory block, and determines a bit error rate of the third data according to the third data and the 

fourth data. The third data may be all valid data in the first flash memory block. 

[0123] In another implementation, step S504 may be: reading, by the storage controller, third 

data from the first flash memory block, decoding the third data by using an error-correcting code, to 10 

obtain fourth data, and supplementing a charge to a floating gate of a flash cell of the first flash 

memory block according to the fourth data. That is, the storage controller supplements, according to 

the fourth data obtained after decoding using an ECC, a charge that leaks from the flash cell inside 

the first flash memory block, so that a quantity of charges in the floating gate of the flash cell 

reaches an accurate quantity of charges again. A bit error rate of the third data is then determined 15 

according to the third data and the fourth data. 

[0124] S506. The storage controller determines whether the bit error rate of the data is greater 

than a preset threshold h; if the bit error rate of the data is greater than the preset threshold h, the 

storage controller performs step S508; if the bit error rate of the data is not greater than the preset 

threshold h, the storage controller keeps the refresh cycle T of the first flash memory block 20 

unchanged. 

[0125] For a specific description, refer to step S406, and details are not described herein again. 

[0126] S508. The storage controller determines and updates the refresh cycle T of the first flash 

memory block according to a quantity of erase cycles of the first flash memory block. 

[0127] For a specific description, refer to step S410, and details are not described herein again. 25 

[0128] It should be understood that the embodiment in FIG. 5 is a specific implementation of 

the embodiment shown in FIG. 4, the feature description in the embodiment in FIG. 4 is applicable 

to the embodiment in FIG. 5, and details are not described herein again. 

[0129] According to the technical solution disclosed in this embodiment of the present 

invention, by using a granularity of per flash memory block, each time when a refresh operation is 30 

performed, whether a bit error rate of data is greater than a preset threshold h is determined. If the 

bit error rate is greater than the preset threshold h, it indicates that correctness of data stored in a 

flash memory block can no longer be ensured by using a refresh cycle of the flash memory block, 

and a refresh cycle is determined again according to a quantity of erase cycles. If the bit error rate of 
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the data is not greater than the preset threshold h, it indicates that correctness of data stored in a 

flash memory block can still be ensured by using a current refresh cycle, and the current refresh 

cycle may still be kept unchanged. In this way, maximum performance potential of the flash 

memory block is exploited, frequency of refresh operations on the flash memory block is reduced to 

the greatest extent, and a speed of wear of the flash memory block because of refresh operations is 5 

reduced. 

[0130] FIG. 6 is a schematic diagram of a logical structure of an apparatus 600 for refreshing a 

flash memory device according to an embodiment of the present invention. As shown in FIG. 6, the 

apparatus 600 includes a reading unit 602, a determining unit 604, and a refresh unit 606. 

[0131] The reading unit 602 is configured to: read first data from a first flash memory block, 10 

and determine a bit error rate of the first data. 

[0132] In a specific implementation process, the reading unit 602 may be implemented by using 

the processor 302 and the memory 304 shown in FIG. 3. More specifically, the processor 302 may 

execute the refresh module in the memory 304, to read the first data from the first flash memory 

block and determine the bit error rate of the first data. 15 

[0133] The reading unit 602 is specifically configured to: read the first data from the first flash 

memory block, and decode the first data by using an error-correcting code, to obtain second data; 

and determine the bit error rate of the first data according to the first data and the second data. 

[0134] The determining unit 604 is configured to: when the bit error rate is greater than a preset 

threshold, determine a refresh cycle of the first flash memory block according to a quantity of erase 20 

cycles of the first flash memory block. 

[0135] In a specific implementation process, the determining unit 604 may be implemented by 

using the processor 302 and the memory 304 shown in FIG. 3. More specifically, the processor 302 

may execute the refresh module in the memory 304, to determine the refresh cycle of the first flash 

memory block according to the quantity of erase cycles of the first flash memory block. There is a 25 

negative correlation between the refresh cycle of the first flash memory block and the quantity of 

erase cycles of the first flash memory block. 

[0136] The refresh unit 606 is configured to perform a refresh operation on the first flash 

memory block according to the refresh cycle. 

[0137] In a specific implementation process, the refresh unit 606 may be implemented by using 30 

the processor 302 and the memory 304 shown in FIG. 3. More specifically, the processor 302 may 

execute the refresh module in the memory 304, to perform the refresh operation on the first flash 

memory block according to the refresh cycle. 

[0138] Optionally, that the refresh unit 606 is configured to perform a refresh operation on the 
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first flash memory block according to the refresh cycle includes: the refresh unit 606 is configured 

to: when a storage time of data on any valid page in the first flash memory block reaches the refresh 

cycle, perform the refresh operation on the first flash memory block. 

[0139] The apparatus 600 further includes a writing unit 608. 

[0140] In a specific implementation process, the writing unit 608 may be implemented by using 5 

the processor 302 and the memory 304 shown in FIG. 3. More specifically, the processor 302 may 

execute the refresh module in the memory 304, to perform a write operation on a flash memory 

block of the flash memory device. 

[0141] Optionally, that the refresh unit 606 is configured to perform a refresh operation on the 

first flash memory block includes: the refresh unit 606 is configured to: control the reading unit 602 10 

to read third data from the first flash memory block, and control the reading unit 602 to decode the 

third data by using an error-correcting code, to obtain fourth data; and the refresh unit 606 is 

configured to: control the writing unit 608 to select a second flash memory block from the flash 

memory device, and control the writing unit 608 to write the fourth data into the second flash 

memory block. 15 

[0142] Optionally, that the refresh unit 606 is configured to perform a refresh operation on the 

first flash memory block includes: the refresh unit 606 is configured to: control the reading unit 602 

to read third data from the first flash memory block, and control the reading unit 602 to decode the 

third data by using an error-correcting code, to obtain fourth data; and the refresh unit 606 is 

configured to control the writing unit 608 to add a charge to a floating gate of a flash cell of the first 20 

flash memory block according to the fourth data. 

[0143] The apparatus 600 further includes a receiving unit 610. The receiving unit 610 is 

configured to receive a write access request. 

[0144] In a specific implementation process, the receiving unit 610 may be implemented by 

using the processor 302, the memory 304, and the communications interface 308 shown in FIG. 3. 25 

More specifically, the processor 302 may execute a communications module in the memory 304, so 

as to receive an access request from an operating system by using the communications interface 

308. 

[0145] Optionally, the writing unit 608 is further configured to: determine a third flash memory 

block according to a refresh cycle of a flash memory block, and write to-be-written data of the write 30 

access request into the third flash memory block, where the third flash memory block is a flash 

memory block that has a longest refresh cycle among available flash memory blocks. 

[0146] Optionally, the writing unit 608 is further configured to: determine a fourth flash 

memory block according to an expected storage time of to-be-written data of the write access 
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request, and write the to-be-written data into the fourth flash memory block, where there is a 

negative correlation between a refresh cycle of the fourth flash memory block and the expected 

storage time of the to-be-written data. 

[0147] It should be understood that, for ease of description, the functions of the reading unit 602, 

the determining unit 604, the refresh unit 606, and the writing unit 608 in this embodiment of the 5 

present invention may be integrated in the refresh module shown in FIG. 3. The processor 302 

executes different parts of the refresh module to implement different functions. However, in a 

specific implementation, the refresh module may be subdivided according to functions. This is not 

limited in this embodiment of the present invention. 

[0148] This embodiment of the present invention is an apparatus embodiment of the storage 10 

controller. The feature descriptions in the embodiments in FIG. 4 and FIG. 5 are applicable to this 

embodiment of the present invention. Details are not described herein again. 

[0149] In the several embodiments provided in this application, it should be understood that the 

disclosed system, device, and method may be implemented in other manners. For example, the 

described apparatus embodiment is merely an example. For example, the module division is merely 15 

logical function division and may be other division in actual implementation. For example, a 

plurality of modules or components may be combined or integrated into another system, or some 

features may be ignored or not performed. In addition, the displayed or discussed mutual couplings 

or direct couplings or communication connections may be implemented through some interfaces. 

The indirect couplings or communication connections between the apparatuses or modules may be 20 

implemented in electronic, mechanical, or other forms. 

[0150] The modules described as separate parts may or may not be physically separate, and 

parts displayed as modules may or may not be physical modules, may be located in one position, or 

may be distributed on a plurality of network modules. Some or all the modules may be selected 

according to actual needs to achieve the objectives of the solutions of the embodiments. 25 

[0151] In addition, functional modules in the embodiments of the present invention may be 

integrated into one processing module, or each of the modules may exist alone physically, or two or 

more modules are integrated into one module. The integrated module may be implemented in a 

form of hardware, or may be implemented in a form of hardware in addition to a software 

functional module. 30 

[0152] When the foregoing integrated module is implemented in a form of a software functional 

module, the integrated unit may be stored in a computer-readable storage medium. The software 

functional module is stored in a storage medium and includes several instructions for instructing a 

computer device (which may be a personal computer, a server, or a network device) to perform 
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some of the steps of the methods described in the embodiments of the present invention. The 

foregoing storage medium includes: any medium that can store program code, such as a removable 

hard disk, a read-only memory, a random access memory, a magnetic disk, or an optical disc. 

[0153] Finally, it should be noted that the foregoing embodiments are merely intended for 

describing the technical solutions of the present invention, but not for limiting the present invention. 5 

Although the present invention is described in detail with reference to the foregoing embodiments, 

persons of ordinary skill in the art should understand that they may still make modifications to the 

technical solutions described in the foregoing embodiments or make equivalent replacements to 

some technical features thereof, without departing from the scope of the technical solutions of the 

embodiments of the present invention. 10 
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CLAIMS: 

 

1. A method of refreshing a flash memory device having memory blocks 

including a first memory block and a second memory block, the method comprising: 

 recording a first number of erase operations performed on the first memory 

block, and a second number of erase operations performed on the second memory block; 

 detecting a first bit error rate of the first memory block, and a second bit error 

rate of the second memory block; 

 setting a first refresh cycle for the first memory block based on the first number 

of erase operations and the first bit error rate; 

setting a second refresh cycle for the second memory block based on the second 

number of erase operations and the second bit error rate, the second refresh cycle being 

different from the first refresh cycle; 

   determining that a storage time length of data stored in a page of the first 

memory block has reached the first refresh cycle; 

 refreshing the first memory block according to the first refresh cycle; and 

 refreshing the second memory block according to the second refresh cycle. 

 

2．The method according to claim 1, further comprising: 

determining that the first bit error rate is greater than a preset threshold prior to 

setting the first refresh cycle for the first memory block. 

 

3. The method according to claim 1, wherein the step of refreshing the first 

memory block comprises: 

reading first data stored in the first block; 

decoding the first data by using an error-correcting code to obtain second data; 

selecting a third flash memory block of the flash memory device; and  

writing the second data into the third memory block. 
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4.  The method according to claim 1, wherein the step of refreshing the first 

memory block comprises: 

reading first data stored in the first block; 

decoding the first data by using an error-correcting code to obtain second data; and 

supplementing a charge to a floating gate of a flash cell of the first flash memory 

block according to the second data. 

 

5.  The method according to claim 1, further comprising: 

receiving a write access request containing to-be-written data; 

selecting a third flash memory block in the flash memory device according to a to-

be-stored time of the to-be-written data and refresh cycles of available memory blocks 

in the flash memory device; and 

writing the to-be-written data into the third memory block. 

 

6.  The method according to claim 1, further comprising: 

receiving a write access request containing to-be-written data; 

identifying a third flash memory block in the flash memory device, wherein the 

third flash memory block has a longest refresh cycle among available flash memory 

blocks in the flash memory device; and 

writing the to-be-written data into the third memory lock. 

 

7.  A flash memory controller of a flash memory device having memory blocks 

including a first memory block and a second memory block, comprising: 

a memory configured to store instructions; and 

a processor coupled to the memory and configured to execute the instructions to: 

 record a first number of erase operations performed on the first memory block, 

and a second number of erase operations performed on the second memory block; 

 detect a first bit error rate of the first memory block, and a second bit error rate 

of the second memory block; 

 set a first refresh cycle for the first memory block based on the first number of 
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erase operations and the first bit error rate; 

set a second refresh cycle for the second memory block based on the second 

number of erase operations and the second bit error rate, the second refresh cycle being 

different from the first refresh cycle; 

   determine that a storage time length of data stored on a page of the first 

memory block has reached the first refresh cycle; 

 refresh the first memory block according to the first refresh cycle; and 

 refresh the second memory block according to the second refresh cycle. 

 

8． The flash memory controller according to claim 7, wherein the processor is 

configured to determine that the first bit error rate is greater than a preset threshold prior 

to setting the first refresh cycle. 

 

9. The flash memory controller according to claim 7, wherein the processor is 

configured to refresh the first memory block by: 

reading first data stored in the first memory block; 

decoding the first data by using an error-correcting code to obtain second data; 

selecting a third memory block in the flash memory device; and  

writing the second data into the third memory block. 

 

10. The flash memory controller according to claim 7 , wherein the processor is 

configured to refresh the first memory block by: 

reading first data stored in the first memory block; 

decoding the first data by using an error-correcting code to obtain second data; and 

supplementing a charge to a floating gate of a flash cell of the first flash memory 

block according to the second data. 

 

11. The flash memory controller according to claim 7, wherein the processor is 

further configured to: 

receive a write access request containing to-be-written data; 



29 
 

select a third memory block in the flash memory device according to a to-be-stored 

time of the to-be-written data and refresh cycles of available blocks in the flash memory 

device; and 

write the to-be-written data into the third memory block. 

 

12.  The flash memory controller according to claim 7, wherein the processor is 

further configured to: 

receive a write access request containing to-be-written data; 

select a third memory block in the flash memory device, wherein the third flash 

memory block has a longest refresh cycle among available flash memory blocks in the 

flash memory device; and 

write the to-be-written data into the third memory block. 

 

13.  A flash memory device, comprising: 

a flash memory array having memory blocks including a first memory block and 

a second memory block; and 

a flash memory controller coupled to the flash memory array and configured to: 

 record a first number of erase operations performed on the first memory block, 

and a second number of erase operations performed on the second memory block; 

 detect a first bit error rate of the first memory block, and a second bit error rate 

of the second memory block; 

 set a first refresh cycle for the first memory block based on the first number of 

erase operations and the first bit error rate; 

set a second refresh cycle for the second memory block based on the second 

number of erase operations and the second bit error rate, the second refresh cycle being 

different from the first refresh cycle; 

  determine that a storage time length of data stored in a page of the first memory 

block has reached the first refresh cycle as a condition for refreshing the first memory 

block; 

 refresh the first memory block according to the first refresh cycle; and 
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 refresh the second memory block according to the second refresh cycle. 

 

14． The flash memory device according to claim 13, wherein the flash memory 

controller is configured to determine that the first bit error rate is greater than a preset 

threshold prior to setting the first refresh cycle for the first memory block. 

 

15.  The flash memory device according to claim 13, wherein the flash memory 

controller is configured to refresh the first memory block by: 

reading first data stored in the first memory block; 

decoding the first data by using an error-correcting code to obtain second data; 

selecting a third flash memory block in the flash memory device; and  

writing the second data into the third memory block. 

 

16. The flash memory device according to claim 13, wherein the flash memory 

controller is configured to refresh the first memory block by: 

reading first data stored in the first memory block; 

decoding the first data by using an error-correcting code to obtain second data; and 

supplementing a charge to a floating gate of a flash cell of the first flash memory 

block according to the second data. 

 

17.  The flash memory device according to claim 13, wherein the flash memory 

controller is further configured to: 

receive a write access request containing to-be-written data; 

determine a third memory block in the flash memory device according to a to-be-

stored time of the to-be-written data and refresh cycles of available blocks in the flash 

memory device; and 

write the to-be-written data into the third memory block.  

 

 


