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WRITE LEVELING CIRCUIT APPLIED TO MEMORY, AND METHOD 

AND APPARATUS FOR CONTROLLING THE SAME 

 

[0001] The present application claims the priority of Chinese Patent Application No. 

202210982417.7, filed to the Chinese Patent Office on August 16, 2022 and entitled “Write 

Leveling Circuit Applied to Memory, and Method and Apparatus for Controlling the Same”, 

which is incorporated herein by reference in its entirety. 

 

TECHNICAL FIELD 

[0002] The present disclosure relates to the technical field of memories, and particularly 

relates to a write leveling circuit applied to a memory, and a method and an apparatus for 

controlling the same. 

 

BACKGROUND 

[0003] Currently, memories play a very important role in various electronic devices. 

When data is written into a memory, a data strobe signal (DQS) is usually used to determine 

which cycle of a clock signal to write the data in. When routings between dynamic random 

memories (DRAM) in an electronic device and a controller for a memory use a fly-by 

topology, there will be a deviation between a clock signal and a data strobe signal received 

by each DRAM in the electronic device, and therefore, the received data strobe signals of 

the memories need to be adjusted so that data can be written into the memories correctly. 

[0004] How to design a write leveling circuit to facilitate an adjustment of data strobe 

signals received by memories by controlling the write leveling circuit is a problem that 

urgently needs to be solved. 

 

SUMMARY 

[0005] The present disclosure provides a write leveling circuit applied to a memory, and 

a method and an apparatus for controlling the same, which can solve the problem of how to 

perform a write leveling adjustment on a memory. 

[0006] In a first aspect, the present disclosure provides a write leveling circuit applied to 

a memory. The write leveling circuit includes a write signal generation unit, a delay unit 
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and a sampling unit: 

[0007] The write signal generation unit is configured to perform delay processing on a 

first write signal according to a received first clock signal, and output a second write signal. 

[0008] The delay unit is configured to perform delay processing on a received first data 

strobe signal, and output a second data strobe signal. 

[0009] The sampling unit is connected to both the delay unit and the write signal 

generation unit, and configured to receive the second data strobe signal output by the delay 

unit and the second write signal output by the write signal generation unit, and output a first 

sampling signal according to the second data strobe signal and the second write signal. The 

sampling unit is further configured to receive the first data strobe signal and the second 

write signal output by the write signal generation unit, and output a second sampling signal 

according to the first data strobe signal and the second write signal. 

[0010] In a second aspect, the present disclosure provides a method for controlling a 

write leveling circuit applied to a memory, the method is applied to the circuit of claim 1, 

and includes the following operations: 

[0011] repeating the following operations until it is determined, based on a first sampling 

signal output by a sampling unit, that an active edge of a first data strobe signal is aligned 

with that of a first clock signal: if it is determined that the first sampling signal indicates 

that the active edge of the first clock signal is misaligned with that of the first data strobe 

signal, adjusting a delay of the first data strobe signal; 

[0012] if it is determined that the first sampling signal indicates that the active edge of 

the first clock signal is aligned with that of the first data strobe signal, controlling a delay of 

the first data strobe signal to be reduced by a first preset period, and using a signal with the 

reduced delay as a first data strobe signal currently received by the sampling unit; and 

[0013] repeating the following operations until it is determined, based on a second 

sampling signal output by the sampling unit, that the active edge of the first data strobe 

signal is aligned with that of a second write signal: if it is determined that the second 

sampling signal indicates that the active edge of the first data strobe signal is misaligned 

with that of the second write signal, adjusting the delay of the first data strobe signal or a 

delay of the first write signal. 

[0014] In a third aspect, the present disclosure provides an apparatus for controlling a 
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write leveling circuit applied to a memory, the apparatus is applied to the circuit as 

described in the first aspect, and includes a first adjustment unit, a first control unit, and a 

second adjustment unit. 

[0015] The first adjustment unit is configured to, when it is determined that a first 

sampling signal indicates that an active edge of a first clock signal is misaligned with that 

of the first data strobe signal, adjust a delay of the first data strobe signal, and repeatedly 

run the first adjustment unit until the first adjustment unit determines, based on a first 

sampling signal output by a sampling unit, that the active edge of the first data strobe signal 

is aligned with that of the first clock signal. 

[0016] The first control unit is configured to, when it is determined that the first sampling 

signal indicates that the first clock signal is aligned with the first data strobe signal, control 

the delay of the first data strobe signal to be reduced by a first preset period, and use the 

signal with the reduced delay as a first data strobe signal currently received by the sampling 

unit. 

[0017] The second adjustment unit configured to, when it is determined that a second 

sampling signal indicates that the active edge of the first data strobe signal is misaligned 

with that of a second write signal, adjust the delay of the first data strobe signal or a delay 

of a first write signal, and repeatedly run the second adjustment unit until the second 

adjustment unit determines, based on the second sampling signal output by the sampling 

unit, that the active edge of the first data strobe signal is aligned with that of the second 

write signal. 

[0018] In a fourth aspect, the present disclosure provides a memory, which includes the 

write leveling circuit according to any one of the items in the first aspect. 

[0019] In a fifth aspect, the present disclosure provides an electronic device, which 

includes a processor and a memory in communication connection with the processor. 

[0020] The memory is configured to store computer-executable instructions. 

[0021] The processor is configured to execute the computer-executable instructions 

stored in the memory to implement the method according to any one of the items in the 

second aspect. 

[0022] In a sixth aspect, the present disclosure provides a computer-readable storage 

medium having computer-executable instructions stored therein, the computer-executable 
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instructions, when executed by a processor, is configured to implement the method 

according to any one of the items in the second aspect. 

[0023] In a seventh aspect, the present disclosure provides a computer program product 

including a computer program, the computer program, when executed by a processor, is 

configured to implement the method according to any one of the items in the second aspect. 

[0024] The present disclosure provides a write leveling circuit applied to a memory, and 

a method and an apparatus for controlling the same. The write leveling circuit includes: a 

write signal generation unit configured to perform delay processing on a first write signal 

according to a received first clock signal, and output a second write signal; a delay unit 

configured to perform delay processing on a received first data strobe signal, and output a 

second data strobe signal; and a sampling unit connected to both the delay unit and the 

write signal generation unit and configured to receive the second data strobe signal output 

by the delay unit and the second write signal output by the write signal generation unit, and 

output a first sampling signal according to the second data strobe signal and the second 

write signal; the sampling unit is further configured to receive the first data strobe signal 

and the second write signal output by the write signal generation unit, and output a second 

sampling signal according to the first data strobe signal and the second write signal. In this 

way, a corresponding controller outside a memory can adjust, by means of the first 

sampling signal and the second sampling signal output by the sampling unit in the write 

leveling circuit, signals sent to the memory by the controller, such that the time difference 

between an active edge of a data strobe signal received by the memory and an active edge 

of a clock signal satisfies specification requirements of the memory, thereby enabling data 

to be written into the memory correctly. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a schematic diagram of a routing layout of a memory according to the 

present disclosure; 

[0026] FIG. 2 is a structural schematic diagram of a write leveling circuit applied to a 

memory according to an embodiment of the present disclosure; 

[0027] FIG. 3 is a structural schematic diagram of another write leveling circuit applied 

to a memory according to an embodiment of the present disclosure; 
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[0028] FIG. 4 is a structural schematic diagram of still another write leveling circuit 

applied to a memory according to an embodiment of the present disclosure; 

[0029] FIG. 5 is a structural schematic diagram of yet another write leveling circuit 

applied to a memory according to an embodiment of the present disclosure; 

[0030] FIG. 6 is a structural schematic diagram of still yet another write leveling circuit 

applied to a memory according to an embodiment of the present disclosure; 

[0031] FIG. 7 is a schematic flowchart of a method for controlling a write leveling circuit 

applied to a memory according to an embodiment of the present disclosure; 

[0032] FIG. 8 is a schematic flowchart of another method for controlling a write leveling 

circuit applied to a memory according to an embodiment of the present disclosure; 

[0033] FIG. 9 is a schematic diagram showing changes in signals according to an 

embodiment of the present disclosure; 

[0034] FIG. 10 is another schematic diagram showing changes in signals according to an 

embodiment of the present disclosure; 

[0035] FIG. 11 is a structural schematic diagram of an apparatus for controlling a write 

leveling circuit applied to a memory according to the present disclosure; 

[0036] FIG. 12 is a structural schematic diagram of another apparatus for controlling a 

write leveling circuit applied to a memory according to the present disclosure; and 

[0037] FIG. 13 is a structural schematic diagram of an electronic device according to an 

embodiment of the present disclosure. 

[0038] Description of reference numerals: 

21: write signal generation unit; 211: decoder; 212: first delay module; 213: signal conversion 

module; 214: second delay module; 22: delay unit; 23: sampling unit; 231: first flip-flop; 232: 

second flip-flop; 233: multiplexer; 24: first converter; 25: second converter; 26: third converter; 

27: high-level delay unit; 28: high-level sampling unit; 281: third flip-flop; 282: fourth flip-flop; 

283: high-level multiplexer. 

 

DETAILED DESCRIPTION 

[0039] Exemplary embodiments will be described in detail herein, and examples thereof 

are shown in the drawings. When the following description refers to the drawings, the same 

numerals in different drawings refer to the same or similar elements unless otherwise 
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indicated. The implementations described in the following exemplary embodiments are not 

representative of all implementations consistent with the present disclosure. Instead, they 

are merely examples of apparatuses and methods consistent with some aspects of the 

present disclosure. 

[0040] Currently, for an electronic device, in order to reduce a routing between a 

dynamic random access memory (DRAM) in the electronic device and a controller for a 

memory, when a plurality of DRAMs are included in the electronic device, a fly-by routing 

topology is typically used. As shown in FIG. 1, which is a schematic diagram of a routing 

layout of a memory according to the present disclosure, a clock signal output port of a 

controller corresponding to respective DRAMs is connected to the first DRAM in a 

plurality of DRAMs connected in series to transmit a clock signal to the first DRAM. The 

clock signal received by each of the remaining DRAMs in the plurality of DRAMs 

connected in series is output by the previous DRAM connected in series therewith. Further, 

a data terminal of each of the plurality of DRAMs is respectively connected to the 

controller directly and configured to receive a data strobe signal sent by the controller, and 

respective routings between the DRAMs and the controller to transmit data strobe signals 

have the same length. 

[0041] When the routing topology above is used to connect a controller and a plurality of 

DRAMs, the time for a data strobe signal to reach each of the DRAMs is the same, but the 

time for the DRAMs to receive a clock signal will vary, and the deviation between the time 

to receive the clock signal and the time to receive the data strobe signal is different for each 

DRAM. Therefore, the delay of a received DQS signal needs to be adjusted continually for 

each DRAM, such that the time difference between an active edge of the received DQS 

signal on each DRAM and an active edge of the clock signal satisfies specification 

requirements of the memory. For example, when the time difference is in [-0.5 tck, 0.5 tck], 

it may be considered that a DQS signal sent by the controller at this time satisfies 

specification requirements of the DRAM to ensure that data can be written into the DRAM 

correctly, where tck is used to indicate a clock cycle of a clock signal. 

[0042] In one example, to ensure that an active edge of a data strobe signal received by a 

memory is aligned with that of a clock signal, a write leveling circuit may be disposed in 

the memory. A first receiver and a second receiver are provided in the write leveling circuit, 
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and are configured to receive a clock signal and a data strobe signal input into pins of the 

memory, respectively. In addition, a delay module is further provided behind the first 

receiver, and configured to perform delay processing on the data strobe signal output by the 

first receiver and then to output the signal that has undergone the delay processing to one 

end of a flip-flop. The write leveling circuit further includes a write signal generation unit. 

The write signal generation unit is configured to generate a write signal based on the clock 

signal output by the second receiver and output the generated write signal to the other end 

of the flip-flop, so that the flip-flop can compare whether an active edge of the write signal 

received by the flip-flop and output by the write signal generation unit is aligned with that 

of the delayed signal output by the delay module, thereby determining whether the active 

edge of the clock signal received by the memory is aligned with that of the data strobe 

signal. 

[0043] When a signal (e.g., a data strobe signal, a write signal) has a large delay during 

transmission in the memory, power consumption and signal jitters caused by signal 

transmission in the memory will increase as the read-and-write rate of the memory 

continuously increases. 

[0044] Therefore, how to design a novel write leveling circuit to facilitate an adjustment 

of data strobe signals received by a memory by controlling the write leveling circuit is a 

problem that urgently needs to be solved. 

[0045] A write leveling circuit applied to a memory, and a method and an apparatus for 

controlling the same provided by the present disclosure are intended to solve the above 

technical problems in the prior art. 

[0046] The following are specific embodiments to explain in detail the technical 

solutions of the present disclosure and how to solve the above technical problems by using 

the technical solutions of the present disclosure. The several specific embodiments below 

may be combined with each other, and the same or similar concepts or processes may not 

be repeated in some embodiments. The embodiments of the present disclosure will be 

described below with reference to the drawings. 

[0047] FIG. 2 is a structural schematic diagram of a write leveling circuit applied to a 

memory according to an embodiment of the present disclosure. As shown in FIG. 2, the 

write leveling circuit includes: a write signal generation unit 21 configured to perform delay 
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processing on a first write signal according to a received first clock signal, and output a 

second write signal; a delay unit 22 configured to perform delay processing on a received 

first data strobe signal, and output a second data strobe signal; and a sampling unit 23 

connected to the delay unit 22 and the write signal generation unit 21 respectively, and 

configured to receive the second data strobe signal output by the delay unit 22 and the 

second write signal output by the write signal generation unit 21, and output a first 

sampling signal according to the second data strobe signal and the second write signal. The 

sampling unit 23 is further configured to receive the first data strobe signal and the second 

write signal output by the write signal generation unit 21, and output a second sampling 

signal according to the first data strobe signal and the second write signal. 

[0048] As an example, in this embodiment, the write leveling circuit includes the write 

signal generation unit 21, the delay unit 22 and the sampling unit 23. The write signal 

generation unit 21 is configured to perform delay processing on a first write signal 

generated by the write signal generation unit 21 based on a received first clock signal to 

obtain a second write signal, and output the obtained second write signal to the sampling 

unit 23 connected to the write signal generation unit 21. 

[0049] In addition, the delay unit 22 is further provided in the write leveling circuit, and 

the delay unit 22 may be used to perform delay processing on a received first data strobe 

signal to obtain a second data strobe signal, and to send the second data strobe signal to the 

sampling unit 23 connected to the delay unit 22. When the write leveling circuit is disposed 

inside the memory, the first data strobe signal received by the delay unit 22 may be 

considered to be a data strobe signal transmitted in the memory, which may be obtained by 

converting a data strobe signal received at a pin of the memory. The first clock signal 

received by the write signal generation unit 21 may be considered to be a clock signal 

transmitted in the memory, which may be obtained by converting a clock signal received at 

a pin of the memory. It should be noted that the memory specifications of the memory are 

not particularly limited in the present disclosure, and the memory may be a memory having 

DDR5 memory specifications, or a memory having other memory specifications. 

[0050] Moreover, the sampling unit 23 in this embodiment is configured to generate a 

first sampling signal based on the second write signal output by the write signal generation 

unit 21 connected thereto and the second data strobe signal output by the delay unit 22 
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connected thereto. Further, the sampling unit 23 is further configured to receive the first 

data strobe signal, and to generate a second sampling signal based on the received first data 

strobe signal and the second write signal output by the write signal generation unit 21 

connected thereto. 

[0051] After the sampling unit 23 in the write leveling circuit generates the first sampling 

signal and the second sampling signal, in some embodiments, the write leveling circuit in 

the memory outputs both the first sampling signal and the second sampling signal to a 

controller corresponding to the memory, such that the controller can adjust a signal sent to 

the memory by the controller based on the received first sampling signal and the received 

second sampling signal, thereby ensuring that the time difference between an active edge of 

a data strobe signal received by the memory and an active edge of a clock signal satisfies a 

time difference range specified by the memory. The controller, when adjusting a signal sent 

to the memory, may adjust the delay of a data strobe signal sent to the memory, which is not 

specifically limited here. Further, an active edge of a signal mentioned in the present 

disclosure may be a rising edge of the signal, or may be a falling edge of the signal. 

[0052] In this embodiment, provided is a write leveling circuit applicable to a memory. A 

sampling unit 23, a delay unit 22 and a write signal generation unit 21 are provided in the 

write leveling circuit, so that the sampling unit 23 can output a first sampling signal based 

on a second data strobe signal output by the delay unit 22 and a second write signal output 

by the write signal generation unit 21; and the sampling unit 23 can further output a second 

sampling signal based on a first data strobe signal received and the second write signal 

output by the write signal generation unit 21. In this way, a corresponding controller outside 

the memory can adjust signals sent by the controller to the memory based on the first 

sampling signal and the second sampling signal output by the sampling unit 23 in the write 

leveling circuit, such that the time difference between an active edge of a data strobe signal 

received by the memory and an active edge of a clock signal satisfies specification 

requirements of the memory, thereby ensuring that data can be written into the memory 

correctly. 

[0053] In some embodiments, FIG. 3 is a structural schematic diagram of another write 

leveling circuit applied to a memory according to an embodiment of the present disclosure. 

On the basis of the structure of the apparatus shown in FIG. 2, a write signal generation unit 
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in this embodiment includes: a decoder 211 configured to decode a received write 

instruction, and output a first write signal; and a first delay module 212 connected to the 

decoder 211 and configured to perform delay processing on the first write signal based on a 

received first clock signal, and output a second write signal. 

[0054] As an example, as shown in FIG. 3, the write signal generation unit in this 

embodiment includes the decoder 211 and the first delay module 212. The write instruction 

received by the decoder 211 may be considered as a write instruction sent by a 

corresponding controller outside a memory that contains the write signal generation unit 

internally, namely, a write instruction sent by the controller to a pin of the memory, and 

used to indicate that a write operation needs to be performed on the memory currently. 

[0055] The decoder 211 in the write signal generation unit, upon receiving the write 

instruction, may decode the write instruction to obtain a first write signal that can be 

identified by components in the memory and is used to indicate that a write operation needs 

to be performed currently. Then, the decoder 211 sends the obtained first write signal to the 

first delay module 212 connected to the decoder 211, and the first delay module 212 

performs delay processing on the received first write signal based on the first clock signal 

to obtain a second write signal, and outputs the second write signal to the sampling unit 23 

connected to the first delay module 212. 

[0056] It will be appreciated that in this embodiment, the decoder 211 is provided in the 

write signal generation unit 21 to decode the write instruction received by the decoder 211, 

so that components in the memory can accurately determine that a write operation needs to 

be performed on the memory currently. Further, during subsequent signal adjustment based 

on the write leveling circuit, the controller can determine a data strobe signal required by 

the memory more accurately, thereby improving the data writing accuracy of the memory. 

[0057] In some embodiments, on the basis of the structure shown in FIG. 3, the first 

delay module 212 in the write signal generation unit 21 in this embodiment is specifically 

configured to: perform delay processing on the first write signal based on the received first 

clock signal, a column address strobe write latency of the memory and a first indication 

signal, and output a second write signal, where the first indication signal is used to indicate 

a reduced time of the column address strobe write latency of the memory. 

[0058] As an example, in this embodiment, during the process in which the first delay 
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module 212 performs delay processing on the first write signal output by the decoder 211 to 

obtain a second write signal, particularly, the first delay module 212 may perform delay 

processing on the first write signal based on the reduced time of the column address strobe 

write latency (CWL) of the memory indicated by the received first indication signal, the 

first clock signal, and the CWL of the memory. 

[0059] For example, in one possible implementation, the first delay module 212 may 

perform differencing on the CWL of the memory and the reduced time indicated by the first 

indication signal, and use a delay time indicated by the differencing result as the time 

difference between the first write signal and the second write signal when the first delay 

unit 22 performs delay processing on the first write signal. The clock cycle of the first clock 

signal may serve as a time reference for a delay time indicated by the differencing result. 

For example, when the differencing result is 0.5 tck, the obtained delay time between the 

first write signal and the second write signal is the result of 0.5 multiplied by the clock 

cycle of the first clock signal. 

[0060] It should be noted that the CWL of the memory acquired by the first delay module 

212 may be pre-stored in the first delay module 212, or may be determined by the first 

delay module 212 from a received third indication signal, where the third indication signal 

may be used to indicate the currently required CWL of the memory. Further, the CWL of 

the memory may also be adjusted continually based on a read/write speed of the memory 

desired by a user. For example, the controller may, based on the required read/write speed 

of the memory, find an indication signal for a CWL corresponding to the read/write speed, 

and send the indication signal to the first delay module 212 in the memory, so that the first 

delay module 212 may perform delay processing on the received first write signal. 

[0061] Further, in one possible implementation, the delay between the first write signal in 

the write signal generation unit 21 and the second write signal output by the write signal 

generation unit 21 not only includes the difference between the CWL of the memory and 

the reduced time indicated by the first indication signal, but also includes a signal delay 

caused by electronic components such as an inverter disposed to improve signal 

transmission quality when the first write signal that has undergone the delay processing is 

being transmitted to the sampling unit 23. 

[0062] It will be appreciated that in this embodiment, when the first delay module 212 
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performs delay processing on the first write signal output by the decoder 211, the CWL of 

the memory and the reduced time of the CWL indicated by the first indication signal are 

taken into account to perform delay processing on the first write signal. Furthermore, when 

the controller outside the memory that contains the write leveling circuit determines, by 

means of the write leveling circuit, the data strobe signal to be received by the memory, the 

active edge of the received first data strobe signal in the memory may be aligned with that 

of the second write signal by adjusting the reduced time indicated by the first indication 

signal. 

[0063] In some embodiments, FIG. 4 is a structural schematic diagram of still another 

write leveling circuit applied to a memory according to an embodiment of the present 

disclosure. On the basis of the structure of the apparatus shown in FIG. 3, in this 

embodiment, the write signal generation unit 21 further includes a signal conversion 

module 213. The decoder 211 is connected to the first delay module 212 via the signal 

conversion module 213. The signal conversion module 213 is configured to perform pulse 

broadening on the first write signal output by the decoder 211, and output a broadened write 

signal to the first delay module 212. 

[0064] As an example, as shown in FIG. 4, in this embodiment, the write signal 

generation unit 21 in the write leveling circuit includes a decoder 211, a signal conversion 

module 213 and a first delay module 212. The decoder 211 is configured to receive a write 

instruction and decode the write instruction, and send a decoded signal to the signal 

conversion module 213 connected to the decoder 211. Then, the signal conversion module 

213 performs pulse broadening on the decoded signal output by the decoder 211, and 

outputs the signal that has undergone the pulse broadening as a first write signal to the first 

delay module 212 connected to the signal conversion module, so that the first delay module 

212 may perform delay processing on the received first write signal to obtain a second write 

signal. 

[0065] It will be appreciated that the signal conversion module 213 in the write signal 

generation unit 21 in this embodiment performs pulse broadening on the signal output to 

the signal conversion module 213 by the decoder 211, so as to meet corresponding 

specification requirements (e.g., SPEC requirements) of the memory. 

[0066] On the basis of any one of the above embodiments, the sampling unit 23 in the 
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write leveling circuit provided in this embodiment includes: a first flip-flop 231, a second 

flip-flop 232, and a multiplexer 233. A data terminal of the first flip-flop 231 is connected 

to the write signal generation unit 21 and configured to receive the second write signal 

output by the write signal generation unit 21. A clock terminal of the first flip-flop 231 is 

connected to an output terminal of the delay unit 22 and configured to receive the second 

data strobe signal output by the delay unit 22. The first flip-flop 231 is configured to output 

a first sampling signal based on the second write signal and the second data strobe signal. A 

data terminal of the second flip-flop 232 is connected to the write signal generation unit 21 

and configured to receive the second write signal output by the write signal generation unit 

21. A clock terminal of the second flip-flop 232 is configured to receive the first data strobe 

signal. The second flip-flop 232 is configured to output a second sampling signal based on 

the second write signal and the first data strobe signal. An output terminal of the first 

flip-flop 231 is connected to a first terminal of the multiplexer 233, and an output terminal 

of the second flip-flop 232 is connected to a second terminal of the multiplexer 233. 

[0067] As an example, as shown in FIG. 5, which is a structural schematic diagram of yet 

another write leveling circuit applied to a memory according to an embodiment of the 

present disclosure, and on the basis of the structure shown in FIG. 2, the write leveling 

circuit in this embodiment includes a first flip-flop 231, a second flip-flop 232 and a 

multiplexer 233. A clock terminal and a data terminal of the first flip-flop 231 are 

respectively connected to the delay unit 22 and the write signal generation unit 21, so that 

the first flip-flop 231 samples, based on the active edge of the second data strobe signal 

received by the clock terminal of the first flip-flop and sent by the delay unit 22 connected 

to the first flip-flop, a second write signal received by the data terminal of the first flip-flop 

231 and output by the write signal generation unit 21 connected to the first flip-flop, uses 

the sampling result as a first sampling signal and outputs the same to the multiplexer 233 

connected to the first flip-flop 231. 

[0068] Further, the clock terminal of the second flip-flop 232 is configured to receive the 

first data strobe signal, the data terminal of the second flip-flop 232 is connected to the 

write signal generation unit 21 and configured to receive the second write signal output by 

the write signal generation unit 21, and then, the second flip-flop 232 samples the second 

write signal received by the second flip-flop 232 based on the active edge of the received 
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first data strobe signal, uses the sampling result as a second sampling signal and outputs the 

same to the multiplexer 233 connected to the second flip-flop 232. 

[0069] The multiplexer 233, after receiving the first sampling signal sent by the first 

flip-flop 231 connected thereto and the second sampling signal sent by the second flip-flop 

232 connected thereto, may select and output one of the sampling signals therefrom, so that 

the controller outside the memory can adjust the signal sent by the controller to the memory 

based on the received first sampling signal or the received second sampling signal. 

[0070] It will be appreciated that in this embodiment, by providing the first flip-flop 231, 

the second flip-flop 232, and the multiplexer 233 in the sampling unit 23, compared with 

sending both the first and second sampling signals to the controller, the sampling unit 23 

provided in this embodiment can reduce the occupancy of a data-receiving port on the 

controller, and can also reduce the occupancy of a pin on the memory when the write 

leveling circuit is packaged in the memory. 

[0071] On the basis of the structure of any one of the write leveling circuits applied to a 

memory provided above, in this embodiment, the write leveling circuit further includes a 

first converter 24, connected to both the delay unit 22 and the sampling unit 23, and 

configured to perform logic level conversion on a received third data strobe signal to obtain 

the first data strobe signal, where the level of the third data strobe signal is a current model 

logic (CML) level; and the level of the first data strobe signal is a complementary metal 

oxide semiconductor (CMOS) level. 

[0072] As an example, the write leveling circuit provided in this embodiment further 

includes the first converter 24. The third data strobe signal received by the first converter 24 

may be considered to be a data strobe signal sent by a controller outside the memory to a 

pin of the memory in an actual application. When the controller sends the third data strobe 

signal to the memory, a CML level transmission form is typically used in order to increase 

the transmission efficiency of the signal. And in the memory, signal transmission is 

typically performed using a CMOS level transmission form. Thus, the first converter 24 in 

the write leveling circuit, after acquiring the third data strobe signal at the pin, may convert 

the third data strobe signal transmitted in the CML level transmission form into the first 

data strobe signal transmitted in the CMOS level transmission form, so that various 

components in the write leveling circuit in the memory can accurately identify the first data 
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strobe signal. 

[0073] On the basis of the structure of any one of the write leveling circuits applied to a 

memory provided above, in this embodiment, the write leveling circuit further includes a 

second converter 25, connected to the write signal generation unit 21 and configured to 

perform logic level conversion on a received second clock signal to obtain the first clock 

signal, where the level of the second clock signal is a CML level, and the level of the first 

clock signal is a CMOS level. 

[0074] As an example, in this embodiment, the write leveling circuit provided in this 

embodiment further includes a second converter 25. The second clock signal received by 

the second converter 25, in an actual application, may be considered to be a clock signal 

sent to a pin of the memory by a controller outside the memory or by a previous memory 

connected in series with the memory. When a clock signal is sent by the controller to the 

memory or is sent between memories, in order to increase the transmission efficiency of the 

signal, a CML level transmission form is typically used. And in the memory, signal 

transmission is typically performed using a CMOS level transmission form. Thus, the 

second converter 25 in the write leveling circuit, after acquiring the second clock signal at 

the pin, may convert the second clock signal transmitted in the CML level transmission 

form into the first clock signal transmitted in the CMOS level transmission form, so that 

various components in the write leveling circuit in the memory can accurately identify the 

first clock signal. 

[0075] FIG. 6 is a structural schematic diagram of still yet another write leveling circuit 

applied to a memory according to an embodiment of the present disclosure. As shown in the 

figure, in this embodiment, when the write leveling circuit is disposed within the memory, 

and a high-level data strobe signal receiving pin and a low-level data strobe signal receiving 

pin are respectively provided in the memory, the first converter 24 in the write leveling 

circuit may be configured to receive a third data strobe signal input from the low-level data 

strobe signal receiving pin of the memory, and to perform logic level conversion on the 

third data strobe signal to obtain a first data strobe signal to be respectively transmitted to 

the delay unit 22 connected to the first converter 24 and the second flip-flop 232 in the 

sampling unit 23. 

[0076] The delay unit 22, after receiving the first data strobe signal, may perform delay 
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processing on the first data strobe signal, and then transmit the second data strobe signal 

obtained by this delay processing to the first flip-flop 231 in the sampling unit 23 connected 

to the delay unit 22. 

[0077] Further, the write leveling circuit further includes a second converter 25. The 

second converter 25 is configured to receive a second clock signal input from a pin of the 

memory, perform logic level conversion on the second clock signal, and transmit the first 

clock signal obtained by the logic level conversion to the signal conversion module 213 in 

the write signal generation unit 21 connected to the second converter 25. 

[0078] The decoder 211 in the write signal generation unit 21 is configured to generate a 

first write signal based on a received write instruction, and then to transmit the generated 

first write signal to the signal conversion module 213 connected to the decoder 211. The 

signal conversion module 213, after receiving the first write signal, may perform pulse 

broadening on the first write signal, and sends a broadened signal to the first delay module 

212 connected to the signal conversion module 213, and the first delay module 212 

performs delay processing on the broadened signal to obtain a second write signal. Then, 

the first delay module 212 will transmit the obtained second write signal to both the first 

flip-flop 231 and the second flip-flop 232 connected to the first delay module 212. 

[0079] In the sampling unit 23, the first flip-flop 231 performs sampling based on the 

second write signal output by the first delay module 212 and received by the data terminal 

of the first flip-flop, and the second data strobe signal output by the delay unit 22 and 

received by the clock terminal of the first flip-flop, to generate a first sampling signal, and 

outputs the first sampling signal to the multiplexer 233 connected to the first flip-flop 231. 

Similarly, the second flip-flop 232 performs sampling based on the second write signal 

output by the first delay module 212 and received by the data terminal of the second 

flip-flop, and the first data strobe signal output by the first receiver 24 and received by the 

clock terminal of the second flip-flop, to generate a second sampling signal, and outputs the 

second sampling signal to the multiplexer 233 connected to the second flip-flop 232. 

[0080] It will be appreciated that when the third data strobe signal received by the first 

converter 24 is a low-level data strobe signal and the pins of the memory further include a 

high-level data strobe signal receiving pin, a third converter 26 may further be provided in 

the write leveling circuit. The third converter 26 is configured to perform logic level 



 

17 
 

conversion on the received high-level data strobe signal, and to send the signal that has 

undergone the logic level conversion to both a high-level delay unit 27 connected to the 

third converter 26 and a fourth flip-flop 282 connected to the third converter 26. In this 

embodiment, the high-level delay unit 27 has a function consistent with that of the delay 

unit 22, and is configured to perform delay processing on a received data strobe signal and 

to send the signal that has undergone the delay processing to a third flip-flop 281 connected 

to the high-level delay unit 27. 

[0081] In addition, a second delay module 214 is further provided in the write leveling 

circuit. The second delay module 214 is configured to perform delay processing on the 

signal that has undergone the pulse broadening and is output by the signal conversion 

module 213 connected to the second delay module 214, and to send the signal that has 

undergone the delay processing to both the third flip-flop 281 and the fourth flip-flop 282 

connected to the second delay module 214. 

[0082] In a high-level sampling unit 28, the third flip-flop 281 performs sampling based 

on the signal output by the second delay module 214 and received by the data terminal of 

the third flip-flop, and the signal output by the high-level delay unit 27 and received by the 

clock terminal of the third flip-flop, to generate a third sampling signal, and outputs the 

third sampling signal to a high-level multiplexer 283 connected to the third flip-flop 28. 

Similarly, the fourth flip-flop 282 performs sampling based on the signal output by the 

second delay module 214 and received by the data terminal of the fourth flip-flop, and the 

signal output by the third receiver 26 and received by the clock terminal of the fourth 

flip-flop, to generate a fourth sampling signal, and outputs the fourth sampling signal to the 

high-level multiplexer 283 connected to the fourth flip-flop 282. 

[0083] It will be appreciated that when the memory includes a low-level data strobe 

signal receiving pin and a high-level data strobe signal receiving pin, it is necessary to 

ensure that the time difference between an active edge of a low-level data strobe signal 

received by the memory and an active edge of the clock signal satisfies the specification 

setting of the memory, and it is also necessary to ensure that the time difference between an 

active edge of a high-level data strobe signal received by the memory and the active edge of 

the clock signal satisfies the specification setting of the memory. Thus, two converters (i.e., 

the first converter 24 and the third converter 26 in the figure) configured to perform logic 
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level conversion on received data strobe signals, two delay units (i.e., the delay unit 22 and 

the delay unit 27 in the figure) and two sampling units (i.e., the sampling unit 23 and the 

high-level sampling unit 28 in the figure) may be provided in the write leveling circuit in 

the memory. With the design of the write leveling circuit described above, it can ensure that 

after the controller outside the memory has adjusted the signal sent to the memory, the time 

difference between the active edge of the low-level data strobe signal received by the 

memory and the active edge of the clock signal satisfies the specification setting of the 

memory, and the time difference between the active edge of the high-level data strobe 

signal received by the memory and the active edge of the clock signal satisfies the 

specification setting of the memory, thereby improving the data writing accuracy of the 

memory. For example, the controller may adjust the data strobe signal received by the first 

converter 24 or adjust the delay when the first delay module performs delay processing, so 

as to ensure that the time difference between the active edge of the low-level data strobe 

signal received by the memory and the active edge of the clock signal satisfies the 

specification setting of the memory. And, the controller may also adjust the data strobe 

signal received by the third converter 26 or adjust the delay when the second delay module 

performs delay processing, so as to ensure that the time difference between the active edge 

of the high-level data strobe signal received by the memory and the active edge of the clock 

signal satisfies the specification setting of the memory. 

[0084] On the basis of any one of the above embodiments, the first sampling signal in 

this embodiment is used to indicate whether the active edge of the first clock signal is 

aligned with that of the first data strobe signal. 

[0085] As an example, in the process of performing write leveling on the memory, the 

write leveling is typically includes external write leveling and internal write leveling, where 

external write leveling is used to align data strobe signals received at the pins of the 

memory with clock signals. In this embodiment, in order to enable the first sampling signal 

output by the sampling unit 23 to indicate whether the active edge of the first data strobe 

signal is aligned with that of the first clock signal, the delay when the delay unit 22 

performs delay processing on the first data strobe signal is made equivalent to the delay 

when the write signal generation unit 21, upon receiving the first clock signal, performs 

delay processing on the first write signal to obtain the second write signal, so that the result 
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of whether the active edge of the received second data strobe signal is aligned with that of 

the second write signal, as indicated by the first sampling signal output by the sampling unit 

23, is always consistent with the result of whether the active edge of the first data strobe 

signal is aligned with that of the first clock signal. By configuring the delay of the delay 

unit 22 as described above, it is possible to determine, based on the first sampling signal 

output by the sampling unit 23, whether external write leveling of the memory is achieved. 

[0086] In some embodiments, on the basis of any one of the above embodiments, the first 

sampling signal is specifically used to instruct an adjustment of the delay of the first data 

strobe signal when the first sampling signal indicates that the active edge of the first clock 

signal is misaligned with that of the first data strobe signal. 

[0087] As an example, in this embodiment, to achieve training on external write leveling 

of the memory, when the controller outside the memory has determined that the first 

sampling signal indicates that the active edge of the first clock signal is misaligned with 

that of the first data strobe signal, the controller may continually adjust the delay of a data 

strobe signal sent to the memory, i.e., continually adjust the delay of the first data strobe 

signal, so that the active edge of the first clock signal is aligned with that of the first data 

strobe signal. 

[0088] It should be noted that in the present disclosure, whether active edges of two 

signals are aligned or not may be determined by determining whether the time difference 

between the times corresponding to the active edges of the two signals is within a preset 

difference range, and when the time difference is within the preset difference range, it is 

indicated that the active edges of the two signals are aligned. 

[0089] In some embodiments, the second sampling signal indicates whether the active 

edge of the first data strobe signal is aligned with that of the second write signal. 

[0090] As an example, the process of performing write leveling on the memory further 

includes internal write leveling, which is mainly configured to ensure whether the active 

edge of the first data strobe signal received in the memory is aligned with that of the second 

write signal on the basis of reducing a transmission path of the data strobe signal 

transmitted in the memory. 

[0091] In an external leveling process, a delay unit 22 is disposed in the memory to 

perform delay processing on the received first data strobe signal. However, when the delay 
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corresponding to delay processing by the delay unit 22 is longer, there are more power 

consumption and jitters in the write leveling circuit. Therefore, in order to reduce the 

transmission path of the data strobe signal in the memory, in an internal write leveling 

process, the sampling unit 23 outputs a second sampling signal directly based on the first 

data strobe signal and a second write signal generated by the write signal generation unit 

connected to the sampling unit, so that whether the active edge of the first data strobe signal 

is aligned with that of the second write signal is determined by means of the second 

sampling signal. For example, the sampling unit 23 may perform differencing on the time 

corresponding to each active edge of the first data strobe signal and the time corresponding 

to each active edge of the second write signal, so as to determine whether the active edge of 

the first data strobe signal is aligned with that of the second write signal. 

[0092] In some embodiments, the second sampling signal is specifically used to instruct 

an adjustment of the delay of the first write signal or the delay of the first data strobe signal 

when the first sampling signal indicates that the active edge of the first clock signal is 

aligned with that of the first data strobe signal and when the active edge of the first data 

strobe signal is misaligned with that of the second write signal. 

[0093] As an example, in the internal write leveling process, in order to avoid the 

problem of large power consumption during signal transmission in the memory, adjustment 

can be made in the following manner. In this embodiment, after the external write leveling 

process ends, that is, when the first sampling signal indicates that the active edge of the first 

clock signal is aligned with that of the first data strobe signal and when the second 

sampling signal indicates that the active edge of the first data strobe signal is misaligned 

with that of the second write signal, the delay of the first write signal or the delay of the 

first data strobe signal may be adjusted to enable the active edge of the first data strobe 

signal to be aligned with that of the second write signal. 

[0094] It will be appreciated that compared with the manner in which the first data strobe 

signal needs to be output after delay processing by the delay unit in the external write 

leveling process, in the internal write leveling process, it is not necessary to perform delay 

processing on the first data strobe signal, which is equivalent to reducing the delay when 

the first data strobe signal is transmitted in the memory. In addition, power consumption 

caused by the first write signal during transmission may then be reduced by adjusting the 
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delay of the first write signal, and then, the delay of the first write signal or the delay of the 

first data strobe signal is continually adjusted to ensure that internal write leveling is 

achieved. 

[0095] FIG. 7 is a schematic flowchart of a method for controlling a write leveling circuit 

applied to a memory according to an embodiment of the present disclosure, and the method 

provided in this embodiment is applied to the write leveling circuit shown in FIG. 2, and 

includes the following operations: 

[0096] S701: if it is determined that a first sampling signal indicates that an active edge 

of a first clock signal is misaligned with that of a first data strobe signal, the delay of the 

first data strobe signal is adjusted. 

[0097] Operation S701 is repeated until it is determined, based on a first sampling signal 

output by a sampling unit, that the active edge of the first data strobe signal is aligned with 

that of the first clock signal. 

[0098] As an example, an execution entity of the present embodiment may be a controller 

outside the memory or other electronic devices, which is not particularly limited in the 

present disclosure. The following description is made by using the controller as the 

execution entity of the present disclosure. 

[0099] In the process of performing write leveling on the memory, first, the controller 

receives a first sampling signal output by the write leveling circuit, and when the controller 

determines, based on the first sampling signal, that the active edge of the first clock signal 

is misaligned with that of the first data strobe signal, the controller continually adjusts the 

delay of a data strobe signal sent to the memory, i.e., continually changes the delay of the 

first data strobe signal, so that the first data strobe signal is aligned with the first clock 

signal. It should be noted that in this embodiment, the size of the delay of the data strobe 

signal in each adjustment by the controller may be the same value, or a different value, 

which is not particularly limited in this embodiment. 

[00100] Further, it should be noted that in this embodiment, the first sampling signal is 

generated by the sampling unit of the write leveling unit comparing whether an active edge 

of a second data strobe signal output by the delay unit is aligned with that of a second write 

signal, and since the delay when the delay unit performs delay processing on the first data 

strobe signal is equivalent to the delay when the write signal generation unit, upon 
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receiving the first clock signal, performs delay processing on the first write signal to obtain 

the second write signal, a first sampling signal generated by comparing whether the active 

edge of the second data strobe signal is aligned with that of the second write signal may 

indicate whether the active edge of the first data strobe signal is aligned with that of the first 

clock signal. 

[00101] In one example, the first sampling signal may be the time difference between the 

active edge of the second data strobe signal received by the sampling unit and the active 

edge of the second write signal received by the sampling unit, and the controller determines 

whether the active edges of the two signals are aligned by comparing the time difference 

with a preset time difference range. 

[00102] S702: if it is determined that the first sampling signal indicates that the first clock 

signal is aligned with the first data strobe signal, the delay of the first data strobe signal is 

controlled to be reduced by a first preset period, and the signal with the reduced delay is 

used as a first data strobe signal currently received by the sampling unit. 

[00103] As an example, when the controller determines, based on the first sampling signal, 

that the first clock signal is aligned with the first data strobe signal, it is indicated that the 

external write leveling process in the write leveling process of the memory is completed. 

Then, the controller reduces, by the first preset period, the delay of the first data strobe 

signal when in alignment, and uses the first data strobe signal with the delay reduced by the 

first preset period as a first data strobe signal initially input into the sampling unit of the 

write leveling circuit during the internal write leveling process in the memory. 

[00104] It should be noted that the first preset period in this embodiment may be 

determined based on a write preamble signal and a correspondence relationship between the 

write preamble signal and the first preset period. 

[00105] S703: if it is determined that the second sampling signal indicates that the active 

edge of the first data strobe signal is misaligned with that of the second write signal, the 

delay of the first data strobe signal or the delay of the first write signal is adjusted. 

[00106] Operation S703 is repeated until it is determined, based on the second sampling 

signal output by the sampling unit, that the active edge of the first data strobe signal is 

aligned with that of the second write signal. 

[00107] As an example, when internal write leveling is performed on the memory, first, 
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when the controller determines, based on the second sampling signal, that the active edge of 

the first data strobe signal is misaligned with that of the second write signal, the controller 

may adjust the delay of the first data strobe signal and the delay of the first write signal to 

ensure that the active edge of the first data strobe signal is aligned with that of the second 

write signal, i.e., to ensure that a data strobe signal received by a storage unit portion in the 

memory is aligned with a write signal. 

[00108] It will be appreciated that there is provided a method for controlling a write 

leveling circuit applied to a memory in this embodiment, and the controller may control the 

write leveling circuit based on a first sampling signal and a second sampling signal output 

by the write leveling circuit so as to complete write leveling of the memory. Further, in the 

control process, the controller may first determine whether to adjust the delay of the first 

data strobe signal based on whether the active edges of the signals are aligned as indicated 

by the first sampling signal, so as to complete the external write leveling process of the 

memory. Moreover, in order to reduce the power consumption and the delay caused by 

transmission of the data strobe signal as well as the write signal in the memory, in the 

internal write leveling process, the controller may further continually adjust the delay of the 

first data strobe signal or the delay of the first write signal based on the received second 

sampling signal, so as to finally complete the write leveling process of the memory, and 

enable data to be accurately written into the memory. 

[00109] In some embodiments, on the basis of the method shown in FIG. 7, if it is 

determined that the active edge of the first data strobe signal is aligned with that of the 

second write signal, the delay of the first data strobe signal is extended by a second preset 

period and the signal with the extended delay is determined to be a data strobe signal 

received when a write operation is performed on the memory. 

[00110] As an example, in this embodiment, on the basis of the method for controlling the 

write leveling circuit shown in FIG. 7 above, to further ensure that the time difference 

between an active edge of a data strobe signal received at a pin of the memory and an active 

edge of a clock signal received at a pin satisfies specification requirements of the memory, 

the controller may, upon determining that the second sampling signal indicates that the 

active edge of the first data strobe signal is aligned with that of the second write signal, 

extend, by the second preset period, the delay of the first data strobe signal when in 
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alignment, and use the data strobe signal with the extended delay as a first data strobe 

signal received by the memory during a write operation. Moreover, at this time, when the 

active edge of the first data strobe signal with the delay extended by the second preset 

period is compared with the active edge of the first clock signal received at the pin of the 

memory when in alignment, the time difference between the two active edges is compliant 

with a time difference required by the specifications of the memory (e.g., tDQSoffset of the 

memory). 

[00111] It should be noted that the second preset period in the present disclosure may be 

determined based on a write preamble signal and a correspondence relationship between the 

write preamble signal and the second preset period. 

[00112] It will be appreciated that in this embodiment, the delay of the first data strobe 

signal when the active edge of the first data strobe signal is aligned with that of the second 

write signal is extended by the second preset period, so as to determine a data strobe signal 

that needs to be received finally at a pin terminal of the memory, such that data can be 

accurately written into the memory. 

[00113] In some embodiments, the operation of determining, based on a first sampling 

signal output by the sampling unit, that an active edge of a first data strobe signal is aligned 

with that of a first clock signal includes: when the level value of the first sampling signal 

output by the sampling unit changes from a first level value to a second level value, it is 

determined that the active edge of the first data strobe signal is aligned with that of the first 

clock signal. 

[00114] As an example, in this embodiment, it is possible to determine, based on the first 

sampling signal generated by the sampling unit in the write leveling circuit, whether the 

active edge of the first data strobe signal is aligned with that of the first clock signal by 

means of detecting the level value of the first sampling signal. Particularly, in this 

embodiment, when the delay when the delay unit performs delay processing on the first 

data strobe signal is equivalent to the delay when the write signal generation unit, upon 

receiving the first clock signal, performs delay processing on the first write signal to obtain 

the second write signal, the result of whether the active edge of the second data strobe 

signal is aligned with that of the second write signal is always consistent with the result of 

whether the active edge of the first data strobe signal is aligned with that of the first clock 
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signal. At this point, the sampling unit may sample the level value of the second write 

signal at the active edge of the second data strobe signal and then output the sampling result 

as a first sampling signal, and when the controller determines that the level value of the 

output first sampling signal is switched from a first level value to a second level value, it is 

indicated that the active edge of the second data strobe signal is aligned with that of the 

second write signal, and likewise, the active edge of the first data strobe signal is aligned 

with the active edge of the first clock signal. 

[00115] It will be appreciated that in this embodiment, when the first sampling signal 

output by the sampling unit can indicate whether the active edge of the second data strobe 

signal is aligned with that of the second write signal, and when said alignment result is the 

same as the alignment result of whether the active edge of the first data strobe signal is 

aligned with that of the first clock signal, whether the active edge of the first data strobe 

signal is aligned with that of the first clock signal can be determined by detecting whether 

the signal level value output by the first sampling signal is switched from the first level 

value to the second level value. The method provided in this embodiment is simple and 

easy to implement, and has no need of repeatedly calculating the time difference between 

active edges of signals. 

[00116] In some embodiments, on the basis of the above embodiments, the operation of 

determining, based on a second sampling signal output by the sampling unit, that the active 

edge of the first data strobe signal is aligned with that of a second write signal includes: 

when the level value of the second sampling signal output by the sampling unit changes 

from the second level value to the first level value, it is determined that the active edge of 

the first data strobe signal is aligned with that of the second write signal. 

[00117] As an example, in this embodiment, based on the received first data strobe signal 

and the received second write signal output by the write signal generation unit, in order to 

determine whether the active edge of the first data strobe signal is aligned with that of the 

second write signal, the sampling unit may sample the level value of the second write signal 

at the active edge of the first data strobe signal and uses a sampling result as a second 

sampling signal output by the sampling unit, and then changes in the level value of the 

second sampling signal may be continually monitored, and when the level value of the 

second sampling signal is switched from the second level value to the first level value, it is 
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indicated that the active edge of the second write signal is aligned with that of the first data 

strobe signal. 

[00118] It will be appreciated that in this embodiment, whether the active edge of the first 

data strobe signal is aligned with that of the second write signal may be determined by 

detecting whether the level value of the second sampling signal is switched from the second 

level value to the first level value. The method provided in this embodiment is simple and 

easy to implement, and has no need of repeatedly calculating the time difference between 

active edges of signals. 

[00119] FIG. 8 is a schematic flowchart of another method for controlling a write leveling 

circuit applied to a memory according to an embodiment of the present disclosure. The 

method provided in this embodiment is applied to the write leveling circuit shown in FIG. 3. 

The write signal generation unit in the write leveling circuit includes: a decoder configured 

to decode a received write instruction to output a first write signal; and a first delay module 

connected to the decoder, and configured to perform delay processing on the first write 

signal based on the received first clock signal to output the second write signal. The first 

delay module is specifically configured to perform delay processing on the first write signal 

based on the received first clock signal, a CWL of the memory and a first indication signal 

to output the second write signal. The first indication signal is used to indicate a reduced 

time of the CWL of the memory. Based on the above embodiments, the method includes the 

following operations: 

[00120] S801: if it is determined that the level value of a first sampling signal output by a 

sampling unit has not changed from a first level value to a second level value, it is 

determined that an active edge of a first clock signal is misaligned with that of a first data 

strobe signal, and the delay of the first data strobe signal is adjusted. 

[00121] Operation S801 is repeated until the level value of the first sampling signal output 

by the sampling unit changes from the first level value to the second level value, and it is 

determined, based on this, that the active edge of the first clock signal is aligned with that 

of the first data strobe signal. 

[00122] As an example, for the specific principle of operation S801, reference may be 

made to the specific principle in operation S701 and the above embodiments, and the 

principle will not be described herein again. 
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[00123] S802: if it is determined that the level value of the first sampling signal output by 

the sampling unit has changed from the first level value to the second level value, it is 

determined that the active edge of the first clock signal is aligned with that of the first data 

strobe signal, and the delay of the first data strobe signal is controlled to be reduced by a 

first preset period, and the signal with the reduced delay is used as a first data strobe signal 

currently received by the sampling unit. 

[00124] As an example, for the specific principle of operation S802, reference may be 

made to the specific principle in operation S702 and the above embodiments, and the 

principle will not be described herein again. 

[00125] S803: if it is determined that the level value of the second sampling signal output 

by the sampling unit is the first level value, a first indication signal received by the first 

delay module is adjusted to increase a reduced time of the CWL of the memory indicated 

by the first indication signal; and a write instruction is issued to the decoder, and the 

adjusted first indication signal is issued to the first delay module. 

[00126] Operation S803 is repeated until the level value of the second sampling signal 

output by the sampling unit is switched from the first level value to the second level value. 

[00127] As an example, in this embodiment, after external write leveling of the memory is 

completed via operation S801, in order to reduce the power consumption caused by the 

transmission of the data strobe signal and the write signal in the memory, an adjustment 

process for internal write leveling of the memory may be further performed after the 

external write leveling ends. First, during internal write leveling, the delay of the first data 

strobe signal when the active edge of the first clock signal is aligned with that of the first 

data strobe signal may be reduced by a first preset period. After the first data strobe signal 

has changed, the delay of the first write signal output by the decoder needs to be continually 

adjusted by the first delay module in the write signal generation unit, so that the active edge 

of the first data strobe signal may be aligned with that of the second write signal output by 

the write signal generation unit in the memory. 

[00128] When the delay of the first write signal is controlled to be reduced, in this 

embodiment, the reduced time of the CWL indicated by the first indication signal sent to 

the first delay module may be increased, and with the continuous increase of the reduced 

time, a difference between the CWL and the reduced time (i.e., the delay when the first 
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delay module performs delay processing on the first write signal) may decrease continually. 

[00129] That is, in the internal write leveling process, first, at every adjustment, a write 

instruction is issued to the decoder in the write leveling circuit, and the adjusted first 

indication signal is sent to the first delay module, and at the same time, it is ensured that the 

first data strobe signal is unchanged (the first data strobe signal at this point is a 

corresponding data strobe signal in a case that the delay of the first data strobe signal is 

reduced by the first preset period when the active edge of the first clock signal is aligned 

with that of the first data strobe signal), a second sampling signal output by the sampling 

unit is acquired, and when the level value indicated by the second sampling signal is the 

first level value, it indicates that the delay of the first write signal still needs to be reduced. 

[00130] It should be noted that due to the limitation of a register in the memory, when the 

reduced time of the CWL indicated by the first indication signal is adjusted, the shortened 

time of the CWL can only be an integer multiple of the time cycle of the first clock signal. 

As a result, a change value for each delay can only be an integer multiple of the time cycle 

when the delay of the first write signal is adjusted. When an output sampling value of the 

second sampling signal is switched from the first level value to the second level value, the 

active edge of the first data strobe signal may be misaligned with that of the second write 

signal, and the time corresponding to the active edge of the first data strobe signal may be 

later than the time corresponding to the active edge of the second write signal. Therefore, 

the delay of the first data strobe signal also needs to be adjusted. 

[00131] S804: the delay of the first data strobe signal received by the sampling unit is 

reduced, and a write instruction is issued to the decoder, and a delay signal is issued to the 

first delay module, where the delay signal is a first indication signal received by the first 

delay module when the second sampling signal output by the sampling unit is switched 

from the first level value to the second level value. 

[00132] Operation S804 is repeated until the level value of the second sampling signal 

output by the sampling unit is switched from the second level value to the first level value. 

[00133] As an example, after adjustment in operation S803 is completed, in order to 

ensure that the active edge of the first data strobe signal is aligned with that of the second 

write signal, in this operation, the delay of the first data strobe signal may also be adjusted. 

Since the delay of the first data strobe signal is not limited by the specification of the 
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memory, a variation of each adjustment of the delay needs not be an integer multiple of the 

clock cycle of the first clock signal. Therefore, in this operation, the active edge of the first 

data strobe signal can be aligned with that of the second data strobe signal by continually 

adjusting the delay of the first data strobe signal to constantly reduce the delay of the first 

data strobe signal. Moreover, in each adjustment process, it is also necessary to send a write 

instruction to the decoder and issue a delay signal to the first delay module, so that the 

decoder may output a first write signal, and the first delay module may perform delay 

processing on the first write signal output by the decoder connected to the first delay 

module. The duration of delay processing is determined by the delay signal received by the 

first delay module, and the delay signal at this point is a first indication signal received by 

the first delay module when the level value of the second sampling signal is switched from 

the first level value to the second level value, i.e., the first indication signal received by the 

first delay module when the repeated execution of operation S803 is completed. 

[00134] It will be appreciated that in this embodiment, in the process of performing an 

adjustment inside the memory, firstly, the power consumption and delay of the first write 

signal during transmission are reduced by reducing the delay of the first write signal in 

delay processing. Then, by adjusting the delay of the first data strobe signal, the active 

edges of the first data strobe signal and the second write signal may be aligned, so that data 

may be accurately written when a write operation is performed on the memory, and the 

power consumption of signal transmission in the memory is also reduced in the write 

operation process. 

[00135] In some embodiments, the sampling unit in the write leveling circuit includes a 

first flip-flop, a second flip-flop and a multiplexer. A data terminal of the first flip-flop is 

connected to the write signal generation unit and configured to receive the second write 

signal output by the write signal generation unit. A clock terminal of the first flip-flop is 

connected to an output terminal of the delay unit and configured to receive the second data 

strobe signal output by the delay unit. The first flip-flop is configured to output the first 

sampling signal based on the second write signal and the second data strobe signal. The 

data terminal of the second flip-flop is connected to the write signal generation unit and 

configured to receive the second write signal output by the write signal generation unit. A 

clock terminal of the second flip-flop is configured to receive the first data strobe signal, 
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and the second flip-flop is configured to output the second sampling signal based on the 

second write signal and the first data strobe signal. An output terminal of the first flip-flop 

is connected to a first terminal of the multiplexer, and an output terminal of the second 

flip-flop is connected to a second terminal of the multiplexer. 

[00136] At this point, during control of the write leveling circuit, if it is determined that 

the first sampling signal indicates that the active edge of the first clock signal is misaligned 

with that of the first data strobe signal, before adjusting the delay of the first data strobe 

signal, the method for controlling the write leveling circuit further includes: sending a first 

control signal to the multiplexer. the first control signal is used to instruct the multiplexer to 

output the first sampling signal; and receiving the first sampling signal output by the 

multiplexer. 

[00137] After determining, based on the first sampling signal output by the sampling unit, 

that the active edge of the first data strobe signal is aligned with that of the first clock signal, 

the method further includes: sending a second control signal to the multiplexer, the second 

control signal is used to instruct the multiplexer to output the second sampling signal. 

[00138] As an example, an execution entity of the present embodiment may be a controller 

outside the memory or the other electronic devices, which is not particularly limited in the 

present disclosure. The following description is made by using the controller as the 

execution entity of the present disclosure. 

[00139] When the sampling unit in the write leveling circuit includes a first flip-flop, a 

second flip-flop and a multiplexer, in a write leveling process, the controller further needs 

to issue a control signal to the multiplexer so that the multiplexer may select a currently 

required sampling signal from a first sampling signal output by the first flip-flop connected 

to the multiplexer and a second sampling signal output by the second flip-flop connected to 

the multiplexer. 

[00140] In the write leveling process, firstly, the controller needs to send a first control 

signal to the multiplexer so that the multiplexer may output the first sampling signal to the 

controller until the controller determines, based on the first sampling signal, that the active 

edge of the first clock signal is aligned with that of the first data strobe signal, and at this 

point, external write leveling in the write leveling process ends. 

[00141] Further, when the controller determines that the active edge of the first clock 
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signal is aligned with that of the first data strobe signal, the controller may switch the first 

control signal sent to the multiplexer to the second control signal so that the multiplexer, 

after receiving the second control signal, may output a second sampling signal generated by 

the second flip-flop connected to the multiplexer. 

[00142] It will be appreciated that when the sampling unit in the write leveling circuit 

includes a first flip-flop, a second flip-flop and a multiplexer, the controller may change the 

sampling signal output by the multiplexer by changing a control signal sent to the 

multiplexer, so that in both external write leveling and internal write leveling, the controller 

may accurately receive the required first sampling signal or second sampling signal. 

[00143] FIG. 9 is a schematic diagram showing changes in signals according to an 

embodiment of the present disclosure. The schematic diagram of changes in signals shown 

in FIG. 9 is used to indicate changes in data strobe signals and write signals in the process 

of controlling the write leveling circuit to perform write leveling. In this embodiment, 

description will be given in conjunction with the write leveling circuit shown in FIG. 6. 

[00144] As an example, in this embodiment, the second clock signal in FIG. 9 is a clock 

signal received at the second converter 25 in the write leveling circuit. The corresponding 

write instruction in the instruction signal is a write instruction received by the decoder 211 

in the write leveling circuit in FIG. 6. The decoder 211, upon receiving the write instruction, 

may generate a first write signal, and send the first write signal to a signal conversion 

module 213 connected to the decoder 211, and the signal conversion module 213 performs 

pulse broadening on the received first write signal to obtain a first write signal after pulse 

broadening (i.e., the first write signal after pulse broadening in FIG. 9). The signal 

conversion module 213 sends the first write signal after pulse broadening to a first delay 

module 212 connected to the signal conversion module 213, and the first delay module 212 

performs delay processing on the first write signal after pulse broadening to obtain a second 

write signal (i.e., a second write signal in an external write leveling stage in FIG. 9), and 

then the second write signal is input to a first flip-flop 231 and a second flip-flop 232 

connected to the first delay module 212 respectively. Moreover, it can be seen from the 

figure that in the external write leveling process, the delay between the first write signal 

after pulse broadening and the second write signal is the sum of the CWL and an absolute 

delay, where the absolute delay is a delay caused by signal transmission. 
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[00145] Further, the third data strobe signal in the external write leveling process in FIG. 9 

is a data strobe signal received by the first converter 24 in the write leveling circuit at the 

end of the external write leveling process. The second data strobe signal in the external 

write leveling process in FIG. 9 is obtained by the first converter 24 performing level 

conversion on the third data strobe signal in the external write leveling process and 

outputting it to the delay unit 22 connected to the first converter 24, and then the delay unit 

22 performing delay processing on the signal input by the first converter 24 to the delay 

unit 22. Thus, in FIG. 9, the delay between the third data strobe signal in the external write 

leveling process and the second data strobe signal in the external write leveling process is 

the sum of the delay caused by the delay unit 22 and the delay caused by the first converter 

24. Moreover, it can be seen from the figure that after the external write leveling process 

ends, in the external write leveling, the active edge of the second write signal (i.e., a rising 

edge of the second write signal) is aligned with the active edge of the second data strobe 

signal (i.e., a rising edge of the second data strobe signal). 

[00146] After the external write leveling ends, the delay of the first data strobe signal may 

be reduced by the first preset period. Since the first data strobe signal is obtained by the 

first converter 24 in the write leveling circuit performing level conversion based on the 

received third data strobe signal, the delay between the first data strobe signal and the third 

data strobe signal is a fixed delay caused by the first converter, and reducing the delay of 

the first data strobe signal by the first preset period accordingly requires reducing the delay 

of the third data strobe signal by the first preset period. That is, after the third data strobe 

signal in external write leveling is moved forward by the first preset period, the third data 

strobe signal in the intermediate process in FIG. 9 is obtained, and the third data strobe 

signal in the intermediate process is used as a third data strobe signal initially received by 

the first converter 24 in the internal write leveling of the write leveling process. 

[00147] The second write signal in the internal write leveling process in FIG. 9 is a signal 

output by the write signal generation unit 21 in the write leveling circuit at the end of the 

internal write leveling process. The first data strobe signal in the internal write leveling 

process is a signal generated by the third data strobe signal in the intermediate process in 

the figure after passing through the first converter 24. As can be seen from the figure, in the 

internal write leveling process, the second write signal output by the write signal generation 
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unit 21 is moved forward as compared to the second write signal in the external write 

leveling process, that is, the delay will be reduced. Since the second write signal can only 

be moved forward by an integer multiple of the clock cycle, the active edge (i.e., rising 

edge) of the second write signal in the internal write leveling process may be in front of the 

active edge (i.e., rising edge) of the first data strobe signal in the internal write leveling 

process as shown in the figure. Therefore, in the internal write leveling process, it is also 

necessary to move forward the first data strobe signal output by the first converter 24, so 

that the active edge of the first data strobe signal may be aligned with that of the second 

write signal. 

[00148] In FIG. 9, the third data strobe signal in the internal write leveling process is a 

signal input to the first converter 24 when the active edge of the first data strobe signal is 

aligned with that of the second write signal in the internal write leveling process. Then, the 

third data strobe signal is moved backward by a second preset period to obtain a final third 

data strobe signal in FIG. 9. Thereafter, when a write operation is performed on the memory, 

the final third data strobe signal determined in the write leveling process may be used as a 

data strobe signal sent by the controller to a pin of the memory, so that data can be 

accurately written into the memory. 

[00149] FIG. 10 is another schematic diagram showing changes in signals according to an 

embodiment of the present disclosure. The schematic diagram of changes in signals shown 

in FIG. 10 is used to indicate changes in data strobe signals and write signals in the process 

of controlling the write leveling circuit to perform write leveling. In this embodiment, 

description will be given in conjunction with the write leveling circuit shown in FIG. 6. 

[00150] As an example, in this embodiment, the second clock signal in FIG. 10 is a clock 

signal received at the second converter 25 in the write leveling circuit. The corresponding 

write instruction in the instruction signal is a write instruction received by the decoder 211 

in the write leveling circuit in FIG. 6. 

[00151] In the figure, the second write signal and the second data strobe signal in the 

external write leveling process are signals output by the write signal generation unit 21 and 

the delay unit 22 respectively at the end of external write leveling. The third data strobe 

signal in the external write leveling process in the figure is a data strobe signal received by 

the first converter 24 at the end of the external write leveling process. After the external 
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write leveling process ends, it is necessary to move forward the first data strobe signal 

output by the first converter 24 by the first preset period. Since the delay between the third 

data strobe signal input to the first converter 24 and the first data strobe signal output by the 

first converter 24 is fixed, moving forward the first data strobe signal by the first preset 

period is equivalent to moving forward the third data strobe signal input to the first 

converter 24 by the first preset period (i.e., 1.25 tck in the figure), so that the third data 

strobe signal in the intermediate process in the figure is obtained. 

[00152] In the internal write leveling process, the second write signal (i.e., the initial 

second write signal in the internal write leveling process in the figure) output by the write 

signal generation unit 21 at the end of the external write leveling process may be moved 

forward, and the delay of the third data strobe signal input to the first converter 24 also 

needs to be adjusted, so that the active edge of the second write signal output by the write 

signal generation unit 21 is aligned with that of the first data strobe signal output by the first 

converter 24. 

[00153] In the figure, if it is determined after the initial second write signal is moved that 

the active edge of the second write signal output by the write signal generation unit 21 is 

aligned with that of the first data strobe signal output by the first converter 24, then the 

delay of the data strobe signal (i.e., the data strobe signal of the intermediate process in the 

figure) input to the first converter 24 does not need to be adjusted at the time. 

[00154] After the internal write leveling process ends, the third data strobe signal input to 

the first converter 24 at the end of the process, i.e., the third data strobe signal in the 

intermediate process in the figure, is moved backward by a second preset period (i.e., 1.75 

tck in the figure) to obtain a final third data strobe signal. In the figure, the two rising edges 

in the final third data strobe signal, i.e., the edges of the signal indicated by two dashed 

arrows in the figure, are shown in the final third data strobe signal in the figure. It can be 

seen from the figure that the delays between the two rising edges and the active edge (i.e., 

rising edge) of the second clock signal are -0.5 tck and 0.5 tck respectively. The time 

differences meet time differences required by the specifications of the memory (e.g., the 

time difference may be a tDQSoffest parameter required by the memory in the actual 

application). Accordingly, for subsequent transmission of data to be written to the memory, 

the data to be written may be sent to the memory based on the time corresponding to either 
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of the two rising edges of the final third data strobe signal shown in the figure. 

[00155] FIG. 11 is a structural schematic diagram of an apparatus for controlling a write 

leveling circuit applied to a memory according to the present disclosure. The apparatus is 

applied to the circuit provided in any one of the embodiments in FIGS. 2-6, and includes a 

first adjustment unit 1101, a first control unit 1102 and a second adjustment unit 1103. 

[00156] The first adjustment unit 1101 is configured to, when it is determined that the first 

sampling signal indicates that the active edge of the first clock signal is misaligned with 

that of the first data strobe signal, adjust the delay of the first data strobe signal, and 

repeatedly run the first adjustment unit until the first adjustment unit determines, based on 

the first sampling signal output by the sampling unit, that the active edge of the first data 

strobe signal is aligned with that of the first clock signal. 

[00157] The first control unit 1102 is configured to, when it is determined that the first 

sampling signal indicates that the first clock signal is aligned with the first data strobe 

signal, control the delay of the first data strobe signal to be reduced by a first preset period, 

and use the signal with the reduced delay as a first data strobe signal currently received by 

the sampling unit. 

[00158] The second adjustment unit 1103 is configured to, when it is determined that the 

second sampling signal indicates that the active edge of the first data strobe signal is 

misaligned with that of the second write signal, adjust the delay of the first data strobe 

signal or the delay of the first write signal, and repeatedly run the second adjustment unit 

until the second adjustment unit determines, based on the second sampling signal output by 

the sampling unit, that the active edge of the first data strobe signal is aligned with that of 

the second write signal. 

[00159] The apparatus provided in this embodiment is used to implement the technical 

solution provided by the method described above, and the implementation principle and the 

technical effect are similar to the latter and will not be described herein again. 

[00160] FIG. 12 is a structural schematic diagram of another apparatus for controlling a 

write leveling circuit applied to a memory according to the present disclosure, the apparatus 

further includes an extension unit 1104. 

[00161] The extension unit 1104 is configured to, when it is determined that the active 

edge of the first data strobe signal is aligned with that of the second write signal, extend the 
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delay of the first data strobe signal by a second preset period, and to determine the signal 

with the extended delay to be a data strobe signal received by the memory during a write 

operation. 

[00162] In some embodiments, when it is determined, based on the first sampling signal 

output by the sampling unit, that the active edge of the first data strobe signal is aligned 

with that of the first clock signal, the first adjustment unit 1101 is specifically configured to, 

when the level value of the first sampling signal output by the sampling unit changes from 

the first level value to the second level value, determine that the active edge of the first data 

strobe signal is aligned with that of the first clock signal. 

[00163] In some embodiments, when it is determined, based on the second sampling 

signal output by the sampling unit, that the active edge of the first data strobe signal is 

aligned with that of the second write signal, the second adjustment unit 1103 is specifically 

configured to, when the level value of the second sampling signal output by the sampling 

unit changes from the second level value to the first level value, determine that the active 

edge of the first data strobe signal is aligned with that of the second write signal. 

[00164] In some embodiments, the write signal generation unit includes a decoder and a 

first delay module. The decoder is configured to decode a received write instruction, and 

output a first write signal. The first delay module is connected to the decoder and 

configured to perform delay processing on the first write signal based on a received first 

clock signal to output a second write signal. The first delay module is specifically 

configured to perform delay processing on the first write signal based on the received first 

clock signal, the CWL of the memory and a first indication signal, and output the second 

write signal, where the first indication signal is used to indicate a reduced time of the CWL 

of the memory. 

[00165] The first adjustment unit 1101 includes a first adjustment module 11011, a first 

sending module 11012, a second adjustment module 11013, and a second sending module 

11014. 

[00166] The first adjustment module 11011 is configured to, when it is determined that the 

level value of the second sampling signal output by the sampling unit is the first level value, 

adjust a first indication signal received by the first delay module to increase the reduced 

time of the CWL of the memory indicated by the first indication signal. 
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[00167] The first sending module 11012 is configured to issue a write instruction to the 

decoder and to issue the adjusted first indication signal to the first delay module. 

[00168] The first adjustment module 11011 and the first sending module 11012 are run 

repeatedly until the level value of the second sampling signal output by the sampling unit is 

switched from the first level value to the second level value. 

[00169] The second adjustment module 11013 is configured to reduce the delay of the first 

data strobe signal received by the sampling unit. 

[00170] The second sending module 11014 is configured to issue a write instruction to the 

decoder and issue a delay signal to the first delay module. The delay signal is a first 

indication signal received by the first delay module when the level value of the second 

sampling signal output by the sampling unit is switched from the first level value to the 

second level value. 

[00171] The second adjustment module 11013 and the second sending module 11014 are 

run repeatedly until the level value of the second sampling signal output by the sampling 

unit is switched from the second level value to the first level value. 

[00172] In some embodiments, the sampling unit includes a first flip-flop, a second 

flip-flop and a multiplexer. A data terminal of the first flip-flop is connected to the write 

signal generation unit and configured to receive the second write signal output by the write 

signal generation unit. A clock terminal of the first flip-flop is connected to an output 

terminal of the delay unit and configured to receive the second data strobe signal output by 

the delay unit. The first flip-flop is configured to output the first sampling signal based on 

the second write signal and the second data strobe signal. The data terminal of the second 

flip-flop is connected to the write signal generation unit and configured to receive the 

second write signal output by the write signal generation unit. A clock terminal of the 

second flip-flop is configured to receive the first data strobe signal. The second flip-flop is 

configured to output the second sampling signal based on the second write signal and the 

first data strobe signal. An output terminal of the first flip-flop is connected to a first 

terminal of the multiplexer, and an output terminal of the second flip-flop is connected to a 

second terminal of the multiplexer. 

[00173] The apparatus further includes: a first sending unit 1105 and a second sending unit 

1106. The first sending unit 1105 is configured to, when the first adjustment unit 1101 has 
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determined that the first sampling signal indicates that the active edge of the first clock 

signal is misaligned with that of the first data strobe signal, send a first control signal to the 

multiplexer before adjusting the delay of the first data strobe signal, where the first control 

signal is used to instruct the multiplexer to output the first sampling signal. 

[00174] The second sending unit 1106 is configured to, after the first adjustment unit 1101 

determines, based on the first sampling signal output by the sampling unit, that the active 

edge of the first data strobe signal is aligned with that of the first clock signal, send a 

second control signal to the multiplexer, where the second control signal is used to instruct 

the multiplexer to output the second sampling signal. 

[00175] The apparatus provided in this embodiment is used to implement the technical 

solution provided by the method described above, and the implementation principle and the 

technical effect are similar to the latter and will not be described herein again. 

[00176] The present disclosure provides a memory including the write leveling circuit 

according to any one of embodiments in FIGS. 2-6. 

[00177] The present disclosure provides an electronic device including a processor and a 

memory in communication connection with the processor, where the memory stores 

computer-executable instructions; and the processor executes the computer-executable 

instructions stored in the memory to implement the method provided in any one of the 

embodiments in FIG. 7 or FIG. 8. 

[00178] FIG. 13 is a structural schematic diagram of an electronic device according to an 

embodiment of the present disclosure. As shown in FIG. 13, the electronic device includes a 

processor 291. 

[00179] The electronic device also includes a memory 292; the electronic device may also 

include a communication interface 293 and a bus 294. The processor 291, the memory 292 

and the communication interface 293 may communicate with each other via the bus 294. 

The communication interface 293 may be used for information transmission. The processor 

291 may invoke logic instructions in the memory 292 to perform the method in the 

embodiments described above. 

[00180] Further, the logic instructions in the memory 292, when implemented in the form 

of software functional units and sold or used as stand-alone products, may be stored in a 

computer-readable storage medium. 
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[00181] The memory 292 as a computer-readable storage medium may be used to store 

software programs, computer executable programs, and program instructions/modules 

corresponding to the method in the embodiments of the present disclosure. The processor 

291, by running software programs, instructions and modules stored in the memory 292, 

implements functional applications and data processing, i.e., implements the method in the 

above method embodiments. 

[00182] The memory 292 may include a program storage area and a data storage area. The 

program storage area may store an operating system and at least one application required 

for the functions. The data storage area may store data and the like created according to the 

use of terminal devices. Further, the memory 292 may include a high-speed random access 

memory, and may also include a non-volatile memory. 

[00183] The present disclosure provides a computer-readable storage medium having 

computer-executable instructions stored therein, where the computer-executable 

instructions, when executed by a processor, are configured to implement the method 

according to any one of the embodiments as shown in FIG. 7 or FIG. 8. 

[00184] The present disclosure provides a computer program product including a 

computer program that is configured to, when executed by a processor, implement the 

method according to any one of the embodiments as shown in FIG. 7 or FIG. 8. 

[00185] Those skilled in the art could easily conceive of other embodiments of the present 

disclosure from consideration of the description and practice of the invention disclosed 

herein. The present disclosure is intended to cover any variations, uses or adaptive changes 

of the present disclosure, and these variations, uses or adaptive changes follow the general 

principles of the present disclosure and include common general knowledge or 

conventional technical means in the art, which are not disclosed in the present disclosure. 

The description and the embodiments are to be considered as exemplary only, and the true 

scope and spirit of the present disclosure are indicated by the following claims. 

[00186] It will be appreciated that the present disclosure is not limited to the exact 

constructions that have been described above and illustrated in the drawings, and that 

various modifications and changes may be made without departing from the scope thereof. 

The scope of the present disclosure is limited only by the appended claims. 

[00187] Those skilled in the art could easily conceive of other embodiments of the present 
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disclosure from consideration of the description and practice of the invention disclosed 

herein. The present disclosure is intended to cover any variations, uses or adaptive changes 

of the present disclosure, and these variations, uses or adaptive changes follow the general 

principles of the present disclosure and include common general knowledge or 

conventional technical means in the art, which are not disclosed in the present disclosure. 

The description and the embodiments are to be considered as exemplary only, and the true 

scope and spirit of the present disclosure are indicated by the following claims. 

[00188] It will be appreciated that the present disclosure is not limited to the exact 

constructions that have been described above and illustrated in the drawings, and that 

various modifications and changes may be made without departing from the scope thereof. 

The scope of the present disclosure is limited only by the appended claims.  
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CLAIMS 

 

1. A write leveling circuit applied to a memory, comprising: 

a write signal generation unit, configured to perform delay processing on a first write 

signal according to a received first clock signal, and output a second write signal; 

a delay unit, configured to perform delay processing on a received first data strobe signal, 

and output a second data strobe signal; and 

a sampling unit, connected to both the delay unit and the write signal generation unit, and 

configured to receive the second data strobe signal output by the delay unit and the second write 

signal output by the write signal generation unit, and output a first sampling signal according to 

the second data strobe signal and the second write signal, wherein the sampling unit is further 

configured to receive the first data strobe signal and the second write signal output by the write 

signal generation unit, and output a second sampling signal according to the first data strobe 

signal and the second write signal. 

 

2. The write leveling circuit of claim 1, wherein the write signal generation unit comprises: 

a decoder, configured to decode a received write instruction, and output the first write 

signal; and 

a first delay module connected to the decoder, and configured to perform delay 

processing on the first write signal based on the received first clock signal, and output the second 

write signal. 

 

3. The write leveling circuit of claim 2, wherein the first delay module is specifically configured 

to: 

perform delay processing on the first write signal based on the received first clock signal, 

a column address strobe write latency of the memory and a first indication signal, and output the 

second write signal, wherein the first indication signal is used to indicate a reduced time of the 

column address strobe write latency of the memory. 

 

4. The write leveling circuit of claim 2 or 3, wherein the write signal generation unit further 

comprises: a signal conversion module, the decoder is connected to the first delay module via the 
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signal conversion module, and 

the signal conversion module is configured to perform pulse broadening on the first write 

signal output by the decoder, and output a broadened write signal to the first delay module. 

 

5. The write leveling circuit of any one of claims 1-4, wherein the sampling unit comprises a first 

flip-flop, a second flip-flop and a multiplexer, 

a data terminal of the first flip-flop is connected to the write signal generation unit and 

configured to receive the second write signal output by the write signal generation unit, a clock 

terminal of the first flip-flop is connected to an output terminal of the delay unit and configured 

to receive the second data strobe signal output by the delay unit, and the first flip-flop is 

configured to output the first sampling signal based on the second write signal and the second 

data strobe signal; 

a data terminal of the second flip-flop is connected to the write signal generation unit and 

configured to receive the second write signal output by the write signal generation unit, a clock 

terminal of the second flip-flop is configured to receive the first data strobe signal, and the 

second flip-flop is configured to output the second sampling signal based on the second write 

signal and the first data strobe signal; and 

an output terminal of the first flip-flop is connected to a first terminal of the multiplexer, 

and an output terminal of the second flip-flop is connected to a second terminal of the 

multiplexer. 

 

6. The write leveling circuit of any one of claims 1-5, wherein the write leveling circuit further 

comprises: 

a first converter, connected to both the delay unit and the sampling unit, and configured 

to perform logic level conversion on a received third data strobe signal to obtain the first data 

strobe signal, wherein a level of the third data strobe signal is a current model logic level; and a 

level of the first data strobe signal is a complementary metal oxide semiconductor (CMOS) level. 

 

7. The write leveling circuit of any one of claims 1-6, wherein the write leveling circuit further 

comprises: 

a second converter, connected to the write signal generation unit and configured to 
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perform logic level conversion on a received second clock signal to obtain the first clock signal, 

wherein a level of the second clock signal is a current model logic level, and a level of the first 

clock signal is a complementary metal oxide semiconductor (CMOS) level. 

 

8. The write leveling circuit of any one of claims 1-7, wherein the first sampling signal indicates 

whether an active edge of the first clock signal is aligned with that of the first data strobe signal. 

 

9. The write leveling circuit of claim 8, wherein the first sampling signal is further used to 

instruct an adjustment of a delay of the first data strobe signal when the first sampling signal 

indicates that an active edge of the first clock signal is misaligned with that of the first data 

strobe signal. 

 

10. The write leveling circuit of any one of claims 1-9, wherein the second sampling signal 

indicates whether an active edge of the first data strobe signal is aligned with that of the second 

write signal. 

 

11. The write leveling circuit of claim 10, wherein the second sampling signal is further used to 

instruct an adjustment of a delay of the first write signal or a delay of the first data strobe signal 

when the first sampling signal indicates that the active edge of the first clock signal is aligned 

with that of the first data strobe signal and the active edge of the first data strobe signal is 

misaligned with that of the second write signal. 

 

12. A method for controlling a write leveling circuit applied to a memory, the method being 

applied to the circuit of claim 1, and comprising: 

repeating the following operations until it is determined, based on the first sampling 

signal output by the sampling unit, that an active edge of the first data strobe signal is aligned 

with that of the first clock signal: if it is determined that the first sampling signal indicates that 

the active edge of the first clock signal is misaligned with that of the first data strobe signal, 

adjusting a delay of the first data strobe signal; 

if it is determined that the first sampling signal indicates that the active edge of the first 

clock signal is aligned with that of the first data strobe signal, controlling a delay of the first data 
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strobe signal to be reduced by a first preset period, and using a signal with the reduced delay as a 

first data strobe signal currently received by the sampling unit; and 

repeating the following operations until it is determined, based on the second sampling 

signal output by the sampling unit, that the active edge of the first data strobe signal is aligned 

with that of the second write signal: if it is determined that the second sampling signal indicates 

that the active edge of the first data strobe signal is misaligned with that of the second write 

signal, adjusting the delay of the first data strobe signal or a delay of the first write signal. 

 

13. The method of claim 12, further comprising: 

when the active edge of the first data strobe signal is aligned with that of the second write 

signal, extending the delay of the first data strobe signal by a second preset period, and 

determining a signal with the extended delay to be a data strobe signal received by the memory 

during a write operation. 

 

14. The method of claim 12 or 13, wherein the determining, based on the first sampling signal 

output by the sampling unit, that the active edge of the first data strobe signal is aligned with that 

of the first clock signal comprises: 

when a level value of the first sampling signal output by the sampling unit changes from 

a first level value to a second level value, determining that the active edge of the first data strobe 

signal is aligned with that of the first clock signal. 

 

15. The method of claim 14, wherein the determining, based on the second sampling signal 

output by the sampling unit, that the active edge of the first data strobe signal is aligned with that 

of the second write signal comprises: 

when a level value of the second sampling signal output by the sampling unit changes 

from a second level value to a first level value, determining that the active edge of the first data 

strobe signal is aligned with that of the second write signal. 

 

16. The method of claim 15, wherein the write signal generation unit comprises: a decoder 

configured to decode a received write instruction, and output the first write signal; and a first 

delay module connected to the decoder, and configured to perform delay processing on the first 
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write signal based on a received first clock signal to output the second write signal; the first 

delay module is specifically configured to perform delay processing on the first write signal 

based on the received first clock signal, a column address strobe write latency of the memory and 

a first indication signal, and output the second write signal, wherein the first indication signal is 

used to indicate a reduced time of the column address strobe write latency of the memory; 

the repeating the following operations until it is determined, based on the second 

sampling signal output by the sampling unit, that the active edge of the first data strobe signal is 

aligned with that of the second write signal: if it is determined that the second sampling signal 

indicates that the active edge of the first data strobe signal is misaligned with that of the second 

write signal, adjusting the delay of the first data strobe signal or the delay of the first write signal 

comprises: 

repeating the flowing operations until a level value of the second sampling signal output 

by the sampling unit is switched from a first level value to a second level value: if it is 

determined that the level value of the second sampling signal output by the sampling unit is the 

first level value, adjusting a first indication signal received by the first delay module to increase 

the reduced time of the column address strobe write latency of the memory indicated by the first 

indication signal; and issuing a write instruction to the decoder, and issuing the adjusted first 

indication signal to the first delay module; and 

repeating the following operations until the level value of the second sampling signal 

output by the sampling unit is switched from the second level value to the first level value: 

reducing the delay of the first data strobe signal received by the sampling unit, and issuing a 

write instruction to the decoder, and issuing a delay signal to the first delay module, wherein the 

delay signal is a first indication signal received by the first delay module when the level value of 

the second sampling signal output by the sampling unit is switched from the first level value to 

the second level value. 

 

17. The method of any one of claims 12-16, wherein the sampling unit comprises: a first flip-flop, 

a second flip-flop and a multiplexer; a data terminal of the first flip-flop is connected to the write 

signal generation unit and configured to receive the second write signal output by the write 

signal generation unit; a clock terminal of the first flip-flop is connected to an output terminal of 

the delay unit and configured to receive the second data strobe signal output by the delay unit; 
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the first flip-flop is configured to output the first sampling signal based on the second write 

signal and the second data strobe signal; a data terminal of the second flip-flop is connected to 

the write signal generation unit and configured to receive the second write signal output by the 

write signal generation unit; a clock terminal of the second flip-flop is configured to receive the 

first data strobe signal, and the second flip-flop is configured to output the second sampling 

signal based on the second write signal and the first data strobe signal; and an output terminal of 

the first flip-flop is connected to a first terminal of the multiplexer, and an output terminal of the 

second flip-flop is connected to a second terminal of the multiplexer; 

if it is determined that the first sampling signal indicates that the active edge of the first 

clock signal is misaligned with that of the first data strobe signal, then before adjusting the delay 

of the first data strobe signal, the method further comprises: 

sending a first control signal to the multiplexer, the first control signal being used to 

instruct the multiplexer to output the first sampling signal; and 

after the determining, based on the first sampling signal output by the sampling unit, that 

the active edge of a first data strobe signal is aligned with that of the first clock signal, the 

method further comprises: 

sending a second control signal to the multiplexer, the second control signal being used to 

instruct the multiplexer to output the second sampling signal. 

 

18. An apparatus for controlling a write leveling circuit applied to a memory, the apparatus being 

applied to the circuit of claim 1, and comprising: 

a first adjustment unit configured to, when it is determined that the first sampling signal 

indicates that an active edge of the first clock signal is misaligned with that of the first data 

strobe signal, adjust a delay of the first data strobe signal, and repeatedly run the first adjustment 

unit until the first adjustment unit determines, based on a first sampling signal output by a 

sampling unit, that the active edge of the first data strobe signal is aligned with that of the first 

clock signal; 

a first control unit configured to, when it is determined that the first sampling signal 

indicates that the first clock signal is aligned with the first data strobe signal, control the delay of 

the first data strobe signal to be reduced by a first preset period, and use the signal with the 

reduced delay as a first data strobe signal currently received by the sampling unit; and 
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a second adjustment unit configured to, when it is determined that the second sampling 

signal indicates that the active edge of the first data strobe signal is misaligned with that of the 

second write signal, adjust the delay of the first data strobe signal or a delay of the first write 

signal, and repeatedly run the second adjustment unit until the second adjustment unit determines, 

based on the second sampling signal output by the sampling unit, that the active edge of the first 

data strobe signal is aligned with that of the second write signal. 

 

19. A memory, comprising the write leveling circuit of any one of claims 1-12. 

  


