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(54) METHOD AND APPARATUS FOR USING SOLID STATE DISK

(57) A solid state disk using method and apparatus
are provided. The method includes: when an operation
needs to be performed on a data block in a solid state
disk, determining a latency of the data block to-be-oper-
ated according to a load balancing table of the solid state
disk; determining whether the latency of the data block
is greater than a warning value, where the warning value
is less than a typical latency, and the typical latency is a
preset latency when an operation on a data block in the
solid state disk fails; and if the latency of the data block

is greater than the warning value, prohibiting performing
the operation on the data block. In this method, a current
latency of each Block is compared with a warning value,
a latency of an actually operated Block is dynamically
monitored, and when a current latency is less than or
equal to the warning value, an operation is performed on
the Block, thereby achieving real load balancing from the
perspective of physical property, reducing production of
bad blocks, using reserved blocks as much as possible,
and prolonging the service life of the SSD.



EP 3 079 067 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to
the field of storage technologies, and in particular, to a
solid state disk using method and apparatus.

BACKGROUND

[0002] Most solid state disks (Solid State Disk, SSD)
are implemented by means of a non-volatile random ac-
cess storage medium, namely, a NAND flash (NAND
Flash), where NAND Flashes may be classified into a
single level cell (Single Level Cell, SLC) and a multi-level
cell (Multi Level Cell, MLC). The NAND Flash is usually
formed by an internal memory and a storage matrix. The
storage matrix includes a plurality of blocks (Block), each
Block includes a plurality of pages (Page), and each Page
further includes a plurality of bytes (Byte). Currently,
NAND Flashes on the market mostly use MLC chips, and
operations on a NAND Flash mainly are read, write, and
erase. Read and write is performed on the NAND Flash
in a unit of page (Page), and erase is performed in a unit
of block (Block). Before a write operation is performed,
an erase operation must be performed on a page, and
in an erase and write process, an insulation layer of a
floating-gate transistor inside the NAND Flash may be
damaged. When the erase operation fails, the NAND
Flash may actively send a report to the SSD, so that the
SSD sets a Block, an operation on which fails, to a bad
block (Bad Block). As a quantity of times of erase and
write (which is also referred to as a PE Cycle) on the
NAND Flash increases, when a quantity of bad blocks
reaches some degree, for example, 3%, it is considered
that a service life of the NAND Flash ends.
[0003] In order to avoid that the service life of the SSD
is shortened because bad blocks occur when frequent
erase and write operations are performed on some
hotspot Blocks, a load balancing technology is introduced
in the prior art, and a balancing table is used to record a
quantity of times of erase and write on each Block. Each
time data is written, an operation is performed preferen-
tially on a Block having a smaller quantity of times of
erase and write, thereby ensuring that quantities of times
of erase and write of Blocks in the entire SSD are on a
same level, that is, the quantities of times of erase and
write of Blocks are balanced as much as possible. In
addition, some redundant Blocks in the SSD are used as
reserved blocks, and when a bad block occurs, a re-
served block is used to replace the failed Block, thereby
avoiding that the entire SSD expires too early, and ex-
tending the service life of the SSD.
[0004] Assuming that the SSD has 32000 Blocks,
when data is written, the 32000 Blocks are selected even-
ly, thereby ensuring that quantities of times of erase and
write of the blocks are approximate, for example, data
write is completed by means of 32000 x 3K times of op-

erations. However, different Blocks have different service
lives. In a data write process, if some Blocks become bad
blocks before 3K times of write are performed, the re-
dundant Blocks are used to replace the bad blocks. When
the redundant Blocks are used up, the service life of the
SSD ends.

SUMMARY

[0005] Embodiments of the present invention provide
a solid state disk using method and apparatus, so as to
reduce production of bad blocks by means of load bal-
ancing, thereby reducing use of reserved blocks, and fi-
nally achieving an objective of extending a service life of
a solid state disk.
[0006] According to a first aspect, an embodiment of
the present invention provides a solid state disk using
method, including:

when an operation needs to be performed on a data
block in a solid state disk, determining a latency of
the data block to-be-operated according to a load
balancing table of the solid state disk, where the la-
tency is a time duration for performing the operation,
and the operation includes an erase operation or a
write operation;
determining whether the latency of the data block is
greater than a warning value, where the warning val-
ue is less than a typical latency, and the typical la-
tency is a preset latency when an operation on a
data block in the solid state disk fails; and
if the latency of the data block is greater than the
warning value, prohibiting performing the operation
on the data block.

[0007] In a first possible implementation manner of the
first aspect, the method further includes:

if the latency of the data block is not greater than the
warning value, performing the operation on the data
block.

[0008] With reference to the first possible implemen-
tation manner of the first aspect, in a second possible
implementation manner of the first aspect, after the per-
forming the operation on the data block, the method fur-
ther includes:

obtaining a latency of the data block in a process of
the operation; and
updating the latency of the data block in the load
balancing table according to the obtained latency.

[0009] With reference to first aspect, the first possible
implementation manner, or the second possible imple-
mentation manner of the first aspect, in a third possible
implementation manner of the first aspect, after the pro-
hibiting performing the operation on the data block, the
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method further includes:

recording the data block in a preset potential bad
block table, where the potential bad block table is
used to indicate a data block on which operations
need to be reduced.

[0010] According to a second aspect, an embodiment
of the present invention provides a solid state disk using
method, including:

determining a data block to-be-operated according
to a load balancing table of a solid state disk;
performing an operation on the data block, where
the operation includes an erase operation or a write
operation;
recording, in the load balancing table, a latency of
the data block in a process of the operation, where
the latency is a time duration for performing the op-
eration on the data block;
determining whether the latency of the data block is
greater than a warning value, where the warning val-
ue is less than a typical latency, and the typical la-
tency is a preset latency when an operation on a
data block in the solid state disk fails; and
if the latency of the data block is greater than the
warning value, recording the data block in a preset
potential bad block table.

[0011] According to a third aspect, an embodiment of
the present invention provides a solid state disk using
apparatus, including:

a determining module, configured to: when an oper-
ation needs to be performed on a data block in a
solid state disk, determine a latency of the data block
according to a load balancing table of the solid state
disk, where the latency is a time duration for per-
forming the operation on the data block, and the op-
eration includes an erase operation or a write oper-
ation;
a judging module, configured to determine whether
the latency, determined by the determining module,
of the data block is greater than a warning value,
where the warning value is less than a typical latency,
and the typical latency is a preset latency when an
operation on a data block in the solid state disk fails;
and
a processing module, configured to: if the judging
module determines that the latency of the data block
is greater than the warning value, prohibit performing
the operation on the data block.

[0012] In a first possible implementation manner of the
third aspect, the processing module is further configured
to: if the judging module determines that the latency of
the data block is greater than the warning value, perform
the operation on the data block.

[0013] With reference to the first possible implemen-
tation manner of the third aspect, in a second possible
implementation manner of the third aspect, the apparatus
further includes:

an acquisition module, configured to obtain a latency
of the data block in a process of the operation; and
an updating module, configured to update the laten-
cy of the data block in the load balancing table ac-
cording to the latency obtained by the acquisition
module.

[0014] With reference to third aspect, the first possible
implementation manner, or the second possible imple-
mentation manner of the third aspect, in a third possible
implementation manner of the third aspect, the apparatus
further includes:

a recording module, configured to: after the opera-
tion prohibiting module prohibits performing the op-
eration on the data block, record the data block in a
preset potential bad block table, where the potential
bad block table is used to indicate a data block on
which operations need to be reduced.

[0015] According to a fourth aspect, an embodiment
of the present invention provides a solid state disk using
apparatus, including:

a selecting module, configured to determine a data
block according to a load balancing table of a solid
state disk;
an operating module, configured to perform an op-
eration on the data block determined by the deter-
mining module, where the operation includes an
erase operation or a write operation;
a recording module, configured to record, in the load
balancing table, a latency of the data block in a proc-
ess of the operation, where the latency is a time du-
ration for performing the operation on the data block;
and
a judging module, configured to determine whether
the latency of the data block is greater than a warning
value, where the warning value is less than a typical
latency, and the typical latency is a preset latency
when an operation on a data block in the solid state
disk fails, where

the recording module is further configured to: if the judg-
ing module determines that the latency of the data block
is greater than the warning value, record the data block
in a preset potential bad block table.
[0016] In the solid state disk using method and appa-
ratus provided in the embodiments of the present inven-
tion, a current latency of each Block is compared with a
warning value, a latency of an actually operated Block is
dynamically monitored, and when the current latency is
less than or equal to the warning value, an operation is
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performed on the Block. By means of the method in the
embodiments of the present invention, load balancing is
achieved from the perspective of the physical property
of the Block in the SSD, thereby reducing a quantity of
bad blocks to some extent, and further prolonging the
service life of the SSD.

BRIEF DESCRIPTION OF DRAWINGS

[0017] To describe the technical solutions in the em-
bodiments of the present invention or in the prior art more
clearly, the following briefly introduces the accompanying
drawings required for describing the embodiments or the
prior art. Apparently, the accompanying drawings in the
following description show 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.

FIG. 1 is a flowchart of Embodiment 1 of a solid state
disk using method according to the present inven-
tion;
FIG. 2A is a schematic diagram of a programming
operation on a solid state disk according to the
present invention;
FIG. 2B is a schematic diagram of an erase operation
of a solid state disk according to the present inven-
tion;
FIG. 3 is a schematic diagram of the erase and write
property of a solid state disk according to the present
invention;
FIG. 4A is a schematic curve graph of a relationship
between an erase latency tBERS and a quantity of
times of erase and write of an MLC-based solid state
disk;
FIG. 4B is a schematic curve graph of a relationship
between an erase latency tBERS and a quantity of
times of erase and write of an SLC-based solid state
disk;
FIG. 5 is a flowchart of determining a warning value
in a solid state disk using method according to the
present invention;
FIG. 6 is a schematic diagram of a change relation-
ship between a quantity of times of erase and write
and an erase latency according to an embodiment
of the present invention;
FIG. 7 is a flowchart of performing load balancing
according to a warning value in the solid state disk
using method according to the present invention;
FIG. 8 is a diagram of a use status of a solid state
disk according to an embodiment of the present in-
vention;
FIG. 9 is a flowchart of Embodiment 2 of a solid state
disk using method according to the present inven-
tion;
FIG. 10 is a schematic structural diagram of Embod-
iment 1 of a solid state disk using apparatus accord-
ing to the present invention;

FIG. 11 is a schematic structural diagram of Embod-
iment 2 of a solid state disk using apparatus accord-
ing to the present invention; and
FIG. 12 is a schematic structural diagram of Embod-
iment 3 of a solid state disk using apparatus accord-
ing to the present invention.

DESCRIPTION OF EMBODIMENTS

[0018] To make the objectives, technical solutions, and
advantages of the embodiments of the present invention
clearer, the following clearly and completely describes
the technical solutions in the embodiments of the present
invention with reference to the accompanying drawings
in the embodiments of the present invention. Apparently,
the described embodiments are a part rather than all of
the embodiments of the present invention. All other em-
bodiments obtained by persons of ordinary skill in the art
based on the embodiments of the present invention with-
out creative efforts shall fall within the protection scope
of the present invention.
[0019] FIG. 1 is a flowchart of Embodiment 1 of a solid
state disk using method according to the present inven-
tion. This embodiment is executed by a solid state disk
using apparatus, which may be disposed on an SSD, or
may be an SSD itself, and is applicable to a scenario in
which load of Blocks in the SSD needs to be balanced.
Specifically, this embodiment includes the following
steps:

101: When an operation needs to be performed on
a data block in a solid state disk, determine a latency
of the data block to-be-operated according to a load
balancing table of the solid state disk, where the la-
tency is a time duration for performing the operation
on the data block, and the operation includes an
erase operation or a write operation.

[0020] An address, a command, and a data input/out-
put (Input/Output, I/O) port of a NAND Flash are multi-
plexed, and a data read and write process is relatively
complex. Generally, each time after an operation com-
mand is sent to a data block to-be-operated (Block) in
the SSD, such as an erase operation command, or a
write operation command, the solid state disk using ap-
paratus needs to wait for a time period for performing the
operation. For example, for an erase operation, the solid
state disk using apparatus needs to wait for a time period
for performing the erase operation on the data block; for
a write operation, the solid state disk using apparatus
needs to wait for a time period for writing data into the
data block. Then, a query command can be sent, so as
to determine whether the erase operation or the write
operation is performed successfully, to finally complete
the operation on the data block. The time needing to be
waited for is referred to as a latency. The erase operation
and the write operation are briefly referred to as an erase
and write operation. It is found by means of verification
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that a latency of each block changes regularly with chang-
es of a quantity of times of erase and write, where the
latency is a parameter that truly reflects a health status
of a Block physically.
[0021] In this embodiment of the present invention, the
load balancing table records a latency of each Block, and
for a specific data block, the solid state disk using appa-
ratus searches the load balancing table to acquire a la-
tency of the data block.
[0022] 102: Determine whether the latency of the data
block is greater than a warning value, where the warning
value is less than a typical latency, and the typical latency
is a preset latency when an operation on a data block in
the solid state disk fails.
[0023] For each data block (Block), when a latency
reaches some degree, if erase and write are further per-
formed on the Block, the erase and write may fail. In this
embodiment, statistics may be collected in advance on
a latency of each failed erase and write Block in a sam-
pling solid state disk, to obtain a typical latency. For ex-
ample, a smallest latency in the latencies of all the failed
erase and write Blocks is used as the typical latency, and
the warning value is less than the typical latency; or, an
average value of latencies of all or some failed erase and
write Blocks is used as the typical latency, and the warn-
ing value is less than the typical latency; or, the typical
latency is obtained by means of statistics collection ac-
cording to another rule, and the warning value is set.
[0024] 103: If the latency of the data block is greater
than the warning value, prohibit performing the operation
on the data block.
[0025] The solid state disk using apparatus deter-
mines, according to a relationship between the latency
and the warning value determined in step 102, whether
to continue to perform the operation on the data block.
[0026] Specifically, if the current latency of the Block
is greater than the warning value, it indicates that the
service life of the data block is relatively short, that is, a
quantity of times of erase and write that can be borne by
the data block is relatively small, and erase and write
may fail if the operation is further performed on the data
block. In this case, even if the quantity of times of erase
and write of the data block is far less than a quantity of
times of erase and write of another Block, the erase op-
eration and the write operation on the data block are pro-
hibited.
[0027] Optionally, if the latency of the data block to-be-
operated is not greater than the warning value, it indicates
that the service life of the data block to-be-operated is
relatively long, that is, a quantity of times of erase and
write that can be borne by the data block to-be-operated
is relatively large, and the erase and write operation can
be performed on the data block, that is, the erase oper-
ation and the write operation can be performed.
[0028] Optionally, in this embodiment, for a data block
to-be-operated whose latency is greater than the warning
value, after prohibiting performing an operation on the
data block, the solid state disk using apparatus may also

record the data block to-be-operated in a preset potential
bad block table, where the potential bad block table is
used to indicate a data block on which erase and write
operations need to be reduced. For example, in this em-
bodiment of the present invention, a potential bad block
table may be set, where a format of the potential bad
block table is the same as a format of a bad block table
used to record a bad block, that is, 1 to 2 bits of each
block indicate whether the block can be used normally
or can be used preferentially, for example, 00 indicates
a good block, 01 indicates a bad block, and 10 indicates
a type of a potential bad block. In addition, a current erase
latency is recorded according to the set warning value in
a process of performing erase and write on the block;
and when the current erase latency reaches the warning
value, the block is not used temporarily, and the block is
added to the potential bad block table. For a Block added
to the potential bad block table, an erase and write op-
eration is not performed on the block temporarily or a
quantity of times of erase and write operations on the
block is reduced, so as to avoid that the block becomes
a bad block in a short time; however, this does not affect
a read operation on the block.
[0029] It should be noted that, the Block recorded in
the potential bad block table is not a truly bad data block,
but is a data block that may become a bad data block
easily if operations are further performed on the data
block. A Block whose latency is greater than the warning
value is recorded in the potential bad block table, which
reduces or pauses erase operations or write operations
on the Block, thereby reducing a probability of occurrence
of bad blocks to some extent.
[0030] Optionally, in Embodiment 1, after performing
an operation on the data block, the solid state disk using
apparatus obtains a latency of the data block in a process
of the operation, and updates the latency of the data block
in the load balancing table according to the obtained la-
tency.
[0031] Specifically, to record a current latency of each
Block in the load balancing table, for each specific data
block, each time after an operation is completed, a laten-
cy of the data block in a process of the operation is ac-
quired, and the acquired latency is used to update the
load balancing table. For example, the latency of the data
block before the operation is performed is 2 ms, and the
latency of the data block in a process of the operation is
3 ms; then, the latency of the data block in the load bal-
ancing table may be updated to 3 ms. In other words,
after the current operation is performed on the data block,
the latency of the data block in the load balancing table
may be updated according to the latency of the data block
in a process of the current operation.
[0032] Optionally, in Embodiment 1, before it is deter-
mined whether the latency of the data block to-be-oper-
ated is greater than the warning value, changing features
of a quantity of erase and write times of the solid state
disk and the latency may be obtained by means of sta-
tistics collection, so as to determine the warning value.
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Generally, the latency includes an erase latency tBERS
and a write latency tPROG. For specific details, refer to
FIG. 2A and FIG. 2B.
[0033] FIG. 2A is a schematic diagram of a program-
ming operation on a solid state disk according to the
present invention. An address, a command, and a data
I/O path of a solid state disk based on a NAND flash are
multiplexed. A process of programming a page, that is,
a process of a write operation is as follows: first send a
write operation command (for example "0*80") of one
clock period, then send a write address of five clock pe-
riods, and then, send data. After the data is sent, a write
operation command (for example "0*10") of one clock
period is sent to indicate that the data has been sent, and
after a time period, a query state is entered to determine
whether the data is written successfully. If the data is not
written successfully, data needs to be written again. In
this process, the time period that is waited for is referred
to as a write latency (tPROG).
[0034] FIG. 2B is a schematic diagram of an erase op-
eration of a solid state disk according to the present in-
vention. Similarly, an address, a command, and a data
I/O path of a solid state disk based on a NAND flash are
multiplexed. A process of programming a page, that is,
a process of an erase operation is as follows: first send
an erase operation command (for example "0*60") of one
clock period; send an erase address of three clock peri-
ods; send an erase operation command (for example
"0*D0") of one clock period; after a time period, enter a
query state to determine whether data is erased success-
fully, where if the data is not erased successfully, it indi-
cates that the erase operation fails, and the operating
Block needs to be set to a bad block. In this process, the
time period that is waited for is an erase latency (tBERS).
[0035] Generally, the erase latency tBERS and the
write latency tPROG may change with an increase of a
quantity of times of erase and write. For specific details,
refer to FIG. 3.
[0036] FIG. 3 is a schematic diagram of the erase and
write property of a solid state disk according to the
present invention. Referring to FIG. 3, the horizontal co-
ordinates show a quantity of times of erase and write,
the vertical coordinates in the left show a change value
of an erase latency, and a unit is us (microsecond), the
vertical coordinates in the right show a change value of
a write latency, and a unit is us; the dashed line is a
change curve of the erase latency changing with the
quantity of times of erase and write, and the solid line is
a change curve of the write latency changing with the
quantity of times of erase and write. As the quantity of
times of erase and write increases, a threshold voltage
of the solid state disk may change. As can be known from
FIG. 3, when the threshold voltage reaches some degree,
an erase failure or a write failure may occur, which cor-
responds to data that can be directly measured, that is,
the erase latency tBERS and the write latency tPROG
may change as the quantity of times of erase and write
increases.

[0037] It is found by means of verification that, a
change relationship between the quantity of times of
erase and write of the solid state disk and the erase la-
tency presents a regularity. The following describes the
present invention in details by using a relationship be-
tween an erase latency and a quantity of times of erase
and write as an example. For specific details, refer to
FIG. 4A and FIG. 4B.
[0038] FIG. 4A is a schematic curve graph of a rela-
tionship between an erase latency tBERS of an MLC-
based solid state disk and a quantity of times of erase
and write according to the present invention; FIG. 4B is
a schematic curve graph of a relationship between an
erase latency tBERS of an SLC-based solid state disk
and a quantity of times of erase and write according to
the present invention.
[0039] Referring to FIG. 4A and FIG. 4B, the horizontal
coordinates show a quantity of times of erase and write,
the vertical coordinates in the left show a change value
of an erase latency, and a unit is ms (millisecond). The
erase latency tBERS may change as the quantity of times
of erase and write increases, and present a regularity;
the regularity of the erase latency tBERS may increase
as the quantity of times of erase and write increases; and
when an erase latency tBERS of a block is large to some
extent, erase on the block may fail.
[0040] Similarly, using a write latency as an example:
the regularity of the write latency tPROG may decrease
as the quantity of times of erase and write increases, and
when an erase latency tPROG of a block decreases to
some extent, write on the block may fail.
[0041] To sum up, in a process of determining a warn-
ing value, a feature how a quantity of times of erase and
write of a solid state disk changes with a latency is ob-
tained by means of statistics collection, an erase latency
tBERS of an actually operated block or a write latency
tPROG of a page is dynamically monitored, a warning
value is set, and multiple thresholds less than the warning
value are set according to the warning value. When an
erase latency tBERS or a write latency tPROG reaches
a corresponding set threshold, different processings are
performed (for example, decreasing use frequency or the
block is not used temporarily), and the block is shielded
temporarily before it expires, thereby reducing consump-
tion of reserved blocks. That is, blocks having different
quality are identified in a dynamic predetermining man-
ner, so as to reduce use of blocks having poor quality,
thereby prolonging the service life of the solid state disk
on the whole. The following describes the present inven-
tion in detail by using an example in which a warning
value is determined according to a changing relationship
between a quantity of times of erase and write and an
erase latency.
[0042] FIG. 5 is a flowchart of determining a warning
value in a solid state disk using method according to the
present invention. As shown in FIG. 5, this embodiment
includes the following steps:
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201: Select a sample, and prepare an erase and write
test.

[0043] A certain quantity of NAND Flashes of some
model and of a new batch are selected as samples, and
erase and write tests are prepared, to test a latency ob-
tained when erase and write on each Block fail.
[0044] 202: Perform erase and write on a Block, and
record an erase latency.
[0045] Each time the erase and write are performed,
an erase latency of the Block is recorded.
[0046] 203: Determine whether an erase failure oc-
curs.
[0047] 204: Determine that testing on all samples is
completed.
[0048] 205: Determine whether a quantity of tested
NAND Flashes reaches a preset test quantity.
[0049] 206: Determine a changing relationship that the
erase latency changes as a quantity of times of erase
and read increases.
[0050] Specifically, referring to FIG. 6, FIG. 6 is a sche-
matic diagram of a changing relationship between a
quantity of times of erase and write and an erase latency
in this embodiment of the present invention, where the
horizontal coordinates show a quantity of times of erase
and write, and the vertical coordinates show the erase
latency (tBERS). As shown in FIG. 6, when the quantity
of times of erase and write is 1 to 200, the erase latency
is about 3 ms; when the quantity of times of erase and
write is 200 to 400, the erase latency is about 4 ms; when
the quantity of times of erase and write is 400 to 600, the
erase latency is about 5 ms; ...; and when the quantity
of times of erase and write is greater than 3400, the erase
latency is about 10 ms.
[0051] 207: Determine a typical latency.
[0052] If a change of the latency with the quantity of
times of erase and write is less than a preset value, it is
determined that the erase latency is the typical latency.
For example, referring to FIG. 6, when the quantity of
times of erase and write is greater than 3400, the latency
basically remains 10 ms and no longer changes, and
then 10 ms may be selected as the typical latency, and
9 ms is set as the warning value. Reaching the warning
value means that the Block will become a bad block soon
if the Block is still used.
[0053] Further, in Embodiment 1, multiple levels of
thresholds may be set according to the warning value,
to grade Blocks based on reliability, where each thresh-
old is less than the warning value. In this case, for each
threshold, an operation is performed, according to the
threshold, on a Block whose current latency is less than
or equal to the threshold in a load balancing table, so that
the Blocks reach the threshold at the same time.
[0054] Specifically, referring to FIG. 3, according to re-
quirements, a first level of threshold may be set to 6 ms,
a second level of threshold may be set to 7 ms, a third
level of threshold may be set to 8 ms, and a fourth level
of threshold may be set to 9 ms. When an erase and write

operation is performed initially, an operation may be per-
formed on any Block randomly; when a latency of a data
block is about to reach the first threshold, it is avoided
that an operation is performed on the data block, and an
operation is performed on another Block, so that the
Blocks all reach the first level of threshold. After the
Blocks all reach the first level of threshold, on the premise
that it is ensured that the latencies are less than the sec-
ond level of threshold, an operation may be performed
on the Blocks randomly, and so on, to ensure that load
balancing is performed on the Blocks according to the
threshold, so as to increase the service life of an SSD.
In this process, if a bad block occurs, no operation is
performed on the Block, for example, when the Blocks
all reach the third level of threshold, if a random operation
causes a Block to be a bad block, in this case, on the
premise that it is ensured that the latencies are less than
the fourth level of threshold, an operation may be per-
formed on the other Blocks randomly. In addition, for all
levels of thresholds, different operation manners may be
set, for example, when a latency of a data block is less
than the first threshold, an erase and write operation may
be performed on the data block randomly; when the la-
tency of the data block is between the first level of thresh-
old and the second level of threshold, erase and write
operations on the data block may be reduced; when the
latency of the data block is greater than the second level
of threshold, an operation on the data block may be
paused.
[0055] It should be noted that, the process is: setting
multiple levels of thresholds, to grade the blocks based
on reliability, so that different processings are performed
when Blocks of different quality reach different thresh-
olds. In an actual implementation manner, multiple levels
of thresholds may be set so that different processings
are performed when Pages of different quality reach dif-
ferent thresholds, thereby implementing fine manage-
ment on Blocks.
[0056] FIG. 7 is a flowchart of performing load balanc-
ing according to a warning value in the solid state disk
using method according to the present invention. As
shown in FIG. 7, this embodiment includes the following
steps:

301: Generate a load balancing table.

[0057] In this step, an initial latency of each Block is
recorded.
[0058] 302: During operation, monitor and update a
load balancing table of each Block.
[0059] In a process of performing erase and write on
a Block, a current latency of each Block is monitored,
and the current latency is updated to the load balancing
table. For example, if an initial latency of a Block before
an erase operation is 3 ms, if an erase operation is per-
formed on Block1, and the latency of the Block after the
one hundredth time of erase operation is changed to 4
ms, the latency in the load balancing table is updated to
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4 ms after the one hundredth time of erase operation.
[0060] 303: Determine whether the current latency is
less than or equal to a warning value.
[0061] For a specific data block, each time after an
erase and write operation is performed, a latency of the
data block is compared with the warning value, so that
load balancing between Blocks is implemented with ref-
erence to the load balancing table, that is, if the current
latency is less than or equal to the warning value, step
302 is performed; otherwise, step 304 is performed.
[0062] 304: Add a data block to-be-operated to a po-
tential bad block table, perform no erase and write oper-
ation on the data block to-be-operated temporarily, and
when latencies of all Blocks or most Blocks are greater
than the warning value, replace the Blocks in the potential
bad block table with reserved blocks.
[0063] It should be noted that, for a Block added to the
potential bad block table, an erase and write operation
is not performed on the block temporarily or a quantity
of times of erase and write operations on the block is
reduced, so as to avoid that the block becomes a bad
block in a short time; however, this does not affect a read
operation on the block.
[0064] 305: Determine whether the reserved blocks
are used up.
[0065] During design of the SSD, some redundant
Blocks may be reserved as reserved blocks, for example,
a raw capacity of a 100 G SSG may be 128G, where the
28 G may be used for the reserved blocks. The SSD
determines whether the reserved blocks are used up,
and if the reserved blocks are not used up, step 304 is
performed; otherwise, if the reserved blocks are used up,
step 306 is performed.
[0066] 306: Continue to perform an operation on the
Block.
[0067] If the reserved blocks are used up, an operation
is further performed on a Block in the potential bad block
table.
[0068] 307: Determine whether erase and write fail-
ures occur on the Block.
[0069] In a process of continuing the operation, it is
determined whether erase and write failures occur on a
currently operated Block in the potential bad block table;
if the failures do not occur, step 306 is performed; other-
wise, if the failures occur, step 308 is performed.
[0070] 308: Add the Block to a bad block table, and
use it as a truly bad Block.
[0071] In the solid state disk using method provided in
this embodiment of the present invention, a latency of a
data block to-be-operated is compared with a warning
value, the latency of the data block to-be-operated is dy-
namically monitored, and an operation on a Block whose
latency is greater than the warning value is prohibited,
thereby achieving real load balancing from the perspec-
tive of physical property, reducing production of bad
blocks to some extent, using reserved blocks as much
as possible, and prolonging the service life of the SSD.
For example, as shown in FIG. 8, FIG. 8 is a diagram of

a use status of a solid state disk according to this em-
bodiment of the present invention. The horizontal coor-
dinates are used to indicate a quantity of times of erase
and write that can be actually borne by each Block, and
the vertical coordinates are used to indicate a Block in
the SSD. A maximum quantity of times of erase and write
that can be actually borne by block1 is about 3.2K, a
maximum quantity of times of erase and write that can
be actually borne by Block2 is about 4.8K, and a maxi-
mum quantity of times of erase and write that can be
actually borne by Block3 is 1.5K, and so on. In the prior
art, to ensure load balancing between Blocks, a same
quantity of times of erase and write may be performed
on Blocks evenly. According to this manner, if a quantity
of times of erase and write on each Block reaches 3K,
block3, block15, and block26 may become bad blocks.
However, in the method provided in this embodiment,
load balancing between Blocks is not implemented ac-
cording to a quantity of times of erase and write of each
Block, but load balancing is implemented according to a
relationship between a current latency of each Block and
a warning value, thereby increasing the service life of the
SSD. For example, if the warning value is 9 ms, after
1.2K times of erase and write are performed on Block3,
if erase and write are further performed on Block3, the
latency may be greater than 9 ms; in this case, erase and
write on block3 are paused; after 1.2K times of erase and
write are performed on Block4, if erase and write are
further performed on block4, it may not be caused that
the latency is greater than 9 ms, and therefore, erase
and write can still be performed on block4. As can be
known from the foregoing descriptions, by using the
method provided in this embodiment of the present in-
vention, real load balancing can be achieved from the
perspective of physical property of Blocks, thereby de-
creasing a quantity of bad blocks to some extent, and
further prolonging the service life of the SSD.
[0072] FIG. 9 is a flowchart of Embodiment 2 of a solid
state disk using method according to the present inven-
tion. Compared with the embodiment shown in FIG. 1, in
this embodiment, before performing an operation on
each Block, a solid state disk using apparatus first deter-
mines a data block to-be-operated according to a load
balancing table. Specifically, this embodiment includes
the following steps:

401: Determine a data block to-be-operated accord-
ing to a load balancing table of a solid state disk.

[0073] In this embodiment, the load balancing table
stores a Block whose latency is not greater than a warn-
ing value. Each time before an erase operation or a write
operation needs to be performed, the data block to-be-
operated is first determined from the load balancing table.
Preferably, a Block whose latency is small in the load
balancing table may be selected as the data block to-be-
operated.
[0074] 402: Perform an operation on the data block,
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where the operation includes an erase operation or a
write operation.
[0075] After the data block is determined, the erase
operation or the write operation is performed on the data
block.
[0076] 403: Record, in the load balancing table, a la-
tency of the data block in a process of the operation,
where the latency is a time duration for performing the
operation on the data block.
[0077] To store a current latency of each Block in the
load balancing table, for each specific database, each
time after an operation is completed, a latency of the data
block in a process of the operation is acquired, and the
acquired latency is used to update the load balancing
table.
[0078] 404: Determine whether the latency of the data
block is greater than a warning value, where the warning
value is less than a typical latency, and the typical latency
is a preset latency when an operation on a data block in
the solid state disk fails.
[0079] 405: If the latency of the data block to-be-oper-
ated is greater than the warning value, record the data
block to-be-operated in a preset potential bad block table.
[0080] To ensure that all Blocks in the load balancing
table are operable Blocks, that is, ensure that latencies
of all Blocks in the load balancing table are not greater
than the warning value, in this step, for a specific data
block, after an operation is completed, the solid state disk
using apparatus determines whether a latency of the data
block is greater than the warning value; if the latency is
greater than the warning value, records the data block in
the potential bad block table, and removes it from the
load balancing table; otherwise, if the latency of the data
block is not greater than the warning value, records, in
the load balancing table, a latency of the data block after
the operation. For example, in this embodiment of the
present invention, a potential bad block table may be set,
where a format of the potential bad block table is the
same as a format of a bad block table used to record a
bad block, that is, 1 to 2 bits of each block indicate wheth-
er the block can be used normally or can be used pref-
erentially, for example, 00 indicates a good block, 01 in-
dicates a bad block, and 10 indicates a type of a potential
bad block. In addition, a current erase latency is recorded
according to the set warning value in a process of per-
forming erase and write on the block; and when the cur-
rent erase latency reaches the warning value, the block
is not used temporarily, and the block is added to the
potential bad block table. For a Block added to the po-
tential bad block table, an erase and write operation is
not performed on the block temporarily or a quantity of
times of erase and write operations on the block is re-
duced, so as to avoid that the block becomes a bad block
in a short time; however, this does not affect a read op-
eration on the block.
[0081] It should be noted that, in this embodiment, mul-
tiple levels of thresholds may also be set according to
the warning value, so as to grade Blocks based on reli-

ability. Specifically, a feature how a quantity of times of
erase and write of a solid state disk changes with a la-
tency is obtained by means of statistics collection, an
erase latency tBERS of an actually operated block or a
write latency tPROG of a page is dynamically monitored,
a warning value is set, and multiple thresholds less than
the warning value are set according to the warning value.
When an erase latency tBERS or a write latency tPROG
reaches a corresponding set threshold, different
processings are performed (for example, decreasing use
frequency or the block is not used temporarily), and the
block is shielded temporarily before it expires, thereby
reducing consumption of reserved blocks. That is, blocks
having different quality are identified in a dynamic pre-
determining manner, so as to reduce use of blocks having
poor quality, thereby prolonging the service life of the
solid state disk on the whole.
[0082] In the solid state disk using method provided in
this embodiment of the present invention, before an op-
eration is performed, a data block whose latency is less
than a warning value is determined and used as a data
block to-be-operated, and the operation is performed on
the data block, a latency of the data block to-be-operated
is dynamically monitored, and an operation on a Block
whose latency is greater than the warning value is pro-
hibited, thereby achieving real load balancing from the
perspective of physical property, reducing production of
bad blocks to some extent, using reserved blocks as
much as possible, and prolonging the service life of the
SSD.
[0083] FIG. 10 is a schematic structural diagram of Em-
bodiment 1 of a solid state disk using apparatus accord-
ing to the present invention. The solid state disk using
apparatus provided in this embodiment is an apparatus
embodiment corresponding to the embodiment of FIG.
1, and a specific implementation process is not described
herein again. Specifically, the solid state disk using ap-
paratus 100 provided in this embodiment specifically in-
cludes:

a determining module 11, configured to: when an
operation needs to be performed on a data block in
a solid state disk, determine a latency of the data
block according to a load balancing table of the solid
state disk, where the latency is a time duration for
performing the operation on the data block, and the
operation includes an erase operation or a write op-
eration;
a judging module 12, configured to determine wheth-
er the latency, determined by the determining mod-
ule 11, of the data block is greater than a warning
value, where the warning value is less than a typical
latency, and the typical latency is a preset latency
when an operation on a data block in the solid state
disk fails; and
a processing module 13, configured to: if the judging
module 12 determines that the latency of the data
block is greater than the warning value, prohibit per-
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forming an operation on the data block.

[0084] In the solid state disk using apparatus provided
in this embodiment of the present invention, a latency of
a data block to-be-operated is compared with a warning
value, the latency of the data block to-be-operated is dy-
namically monitored, and an operation on a Block whose
latency is greater than the warning value is prohibited,
thereby achieving real load balancing from the perspec-
tive of physical property, reducing production of bad
blocks to some extent, using reserved blocks as much
as possible, and prolonging the service life of the SSD.
[0085] Optionally, the processing module 13 is further
configured to: if the judging module 12 determines that
the latency of the data block is not greater than the warn-
ing value, perform an operation on the data block.
[0086] FIG. 11 is a schematic structural diagram of Em-
bodiment 2 of a solid state disk using apparatus accord-
ing to the present invention. As shown in FIG. 11, based
on the apparatus shown in FIG. 10, the solid state disk
using apparatus provided in this embodiment further in-
cludes:

an acquisition module 14, configured to obtain a la-
tency of the data block in a process of the operation;
and
an updating module 15, configured to update the la-
tency of the data block in the load balancing table
according to the latency obtained by the acquisition
module 14.

[0087] Referring to FIG. 8, the solid state disk using
apparatus further includes:

a recording module 16, configured to: after the op-
eration prohibiting module prohibits performing the
operation on the data block, record the data block in
a preset potential bad block table, where the poten-
tial bad block table is used to indicate a data block
on which operations need to be reduced.

[0088] FIG. 12 is a schematic structural diagram of Em-
bodiment 3 of a solid state disk using apparatus accord-
ing to the present invention. The solid state disk using
apparatus provided in this embodiment is an apparatus
embodiment corresponding to the embodiment of FIG.
9, and a specific implementation process is not described
herein again. Specifically, the solid state disk using ap-
paratus 200 provided in this embodiment specifically in-
cludes:

a selecting module 21, configured to determine a
data block according to a load balancing table of a
solid state disk;
an operating module 22, configured to perform an
operation on the data block determined by the de-
termining module, where the operation includes an
erase operation or a write operation;

a recording module 23, configured to record, in the
load balancing table, a latency of the data block in a
process of the operation, where the latency is a time
duration for performing the operation on the data
block; and
a judging module 24, configured to determine wheth-
er the latency of the data block is greater than a warn-
ing value, where the warning value is less than a
typical latency, and the typical latency is a preset
latency when an operation on a data block in the
solid state disk fails; where

the recording module 23 is further configured to: if the
judging module 24 determines that the latency of the data
block is greater than the warning value, record the data
block in a preset potential bad block table.
[0089] Persons of ordinary skill in the art may under-
stand that all or a part of the steps of the method embod-
iments may be implemented by a program instructing
relevant hardware. The program may be stored in a com-
puter-readable storage medium. When the program
runs, the steps of the method embodiments are per-
formed. The foregoing storage medium includes: any me-
dium that can store program code, such as a ROM, a
RAM, a magnetic disc, or an optical disc.
[0090] Finally, it should be noted that the foregoing em-
bodiments are merely intended for describing the tech-
nical solutions of the present invention, but not for limiting
the present invention. Although the present invention is
described in detail with reference to the foregoing em-
bodiments, persons of ordinary skill in the art should un-
derstand that they may still make modifications to the
technical solutions described in the foregoing embodi-
ments or make equivalent replacements to some or all
technical features thereof, without departing from the
scope of the technical solutions of the embodiments of
the present invention.

Claims

1. A solid state disk using method, comprising:

when an operation needs to be performed on a
data block in a solid state disk, determining ala-
tency of the data block to-be-operated according
to a load balancing table of the solid state disk,
wherein the latency is a time duration for per-
forming the operation, and the operation com-
prises an erase operation or a write operation;
determining whether the latency of the data
block is greater than a warning value, wherein
the warning value is less than a typical latency,
and the typical latency is a preset latency when
an operation on a data block in the solid state
disk fails; and
prohibiting performing the operation on the data
block if the latency of the data block is greater
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than the warning value.

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

performing the operation on the data block if the
latency of the data block is not greater than the
warning value.

3. The method according to claim 2, wherein after the
performing the operation on the data block, the meth-
od further comprises:

obtaining a latency of the data block in a process
of the operation; and
updating the latency of the data block in the load
balancing table according to the obtained laten-
cy.

4. The method according to any one of claims 1 to 3,
wherein after the prohibiting performing the opera-
tion on the data block, the method further comprises:

recording the data block in a preset potential bad
block table, wherein the potential bad block table
is used to indicate a data block on which oper-
ations need to be reduced.

5. A solid state disk using method, comprising:

determining a data block to-be-operated accord-
ing to a load balancing table of a solid state disk;
performing an operation on the data block,
wherein the operation comprises an erase op-
eration or a write operation;
recording, in the load balancing table, a latency
of the data block in a process of the operation,
wherein the latency is a time duration for per-
forming the operation on the data block;
determining whether the latency of the data
block is greater than a warning value, wherein
the warning value is less than a typical latency,
and the typical latency is a preset latency when
an operation on a data block in the solid state
disk fails; and
recording the data block in a preset potential bad
block table if the latency of the data block is
greater than the warning value.

6. A solid state disk using apparatus, comprising:

a determining module, configured to: when an
operation needs to be performed on a data block
in a solid state disk, determine a latency of the
data block according to a load balancing table
of the solid state disk, wherein the latency is a
time duration for performing the operation on the
data block, and the operation comprises an
erase operation or a write operation;

a judging module, configured to determine
whether the latency, determined by the deter-
mining module, of the data block is greater than
a warning value, wherein the warning value is
less than a typical latency, and the typical laten-
cy is a preset latency when an operation on a
data block in the solid state disk fails; and
a processing module, configured to: prohibit per-
forming the operation on the data block if the
judging module determines that the latency of
the data block is greater than the warning value.

7. The apparatus according to claim 6, wherein
the processing module is further configured to: per-
form the operation on the data block if the judging
module determines that the latency of the data block
is not greater than the warning value.

8. The apparatus according to claim 7, further compris-
ing:

an acquisition module, configured to obtain a
latency of the data block in a process of the op-
eration; and
an updating module, configured to update the
latency of the data block in the load balancing
table according to the latency obtained by the
acquisition module.

9. The apparatus according to any one of claims 6 to
8, further comprising:

a recording module, configured to: after the op-
eration prohibiting module prohibits performing
the operation on the data block, record the data
block in a preset potential bad block table,
wherein the potential bad block table is used to
indicate a data block on which operations need
to be reduced.

10. A solid state disk using apparatus, comprising:

a selecting module, configured to determine a
data block according to a load balancing table
of a solid state disk;
an operating module, configured to perform an
operation on the data block determined by the
determining module, wherein the operation
comprises an erase operation or a write opera-
tion;
a recording module, configured to record, in the
load balancing table, a latency of the data block
in a process of the operation, wherein the laten-
cy is a time duration for performing the operation
on the data block; and
a judging module, configured to determine
whether the latency of the data block is greater
than a warning value, wherein the warning value
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is less than a typical latency, and the typical la-
tency is a preset latency when an operation on
a data block in the solid state disk fails, wherein
the recording module is further configured to:
record the data block in a preset potential bad
block table if the judging module determines that
the latency of the data block is greater than the
warning value.
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