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IMPEDANCE CALIBRATION CIRCUIT, IMPEDANCE CALIBRATION 

METHOD, AND MEMORY 

 

CROSS-REFERENCE TO RELATED APPLICATION 

[ 0001] The present application is based upon and claims priority to Chinese Patent 

Application No. 202210714132.5, filed on June 22, 2022 and entitled "IMPEDANCE 

CALIBRATION CIRCUIT, IMPEDANCE CALIBRATION METHOD, AND 

MEMORY", the disclosure of which is hereby incorporated by reference in its entirety. 

 

TECHNICAL FIELD 

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

in particular to an impedance calibration circuit, an impedance calibration method, and a 

memory. 

 

BACKGROUND 

[ 0003] During the working process of a Dynamic Random Access Memory (DRAM), 

output driving or stop processing of signals needs to be realized through some resistors. It 

should be understood that since the resistance value of the resistor may change with the 

change of environment parameters (e.g. temperature), the memory needs to calibrate the 

resistance value of the relevant resistor, which is referred to as ZQ calibration. However, 

current ZQ calibration takes too much power consumption and system time, so that the 

performance of the memory is reduced. 

 

SUMMARY 

[ 0004] The present disclosure provides an impedance calibration circuit, an 
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impedance calibration method, and a memory, which may reduce the power consumption 

and time of impedance calibration and improve the performance of the memory. 

[ 0005] The technical solutions of the present disclosure are implemented as follows. 

[ 0006] According to a first aspect of the present disclosure, there is provided an 

impedance calibration circuit. The impedance calibration circuit may include a parameter 

module, an initial value generation module, and a calibration module. Herein, the 

parameter module may be configured to perform an environment detection processing 

and output an environment parameter signal. The initial value generation module may be 

configured to receive the environment parameter signal, and output an initial calibration 

value based on the environment parameter signal when a calibration instruction signal is 

received. The calibration module may be configured to receive the initial calibration 

value, and perform impedance calibration processing based on the initial calibration 

value when the calibration instruction signal is received. 

[ 0007] In some embodiments, the environment parameter signal may include at least a 

temperature parameter signal. The parameter module may include a temperature sensor 

and a decoding module. Herein, the temperature sensor may be configured to perform 

temperature detection on the environment where the impedance calibration circuit is 

located, and output a temperature signal. The decoding module may be configured to 

receive the temperature signal, perform decoding processing on the temperature signal, 

and output the temperature parameter signal. 

[ 0008] In some embodiments, the initial calibration value may include a first initial 

calibration value and a second initial calibration value. The calibration module may be 

specifically configured to: determine the first initial calibration value as an initial value 

of a first impedance calibration code, and determine the second initial calibration value 

as an initial value of a second impedance calibration code; and adjust the first impedance 

calibration code to realize a calibration of pull-up impedance; and adjust the first 

impedance calibration code after the pull-up impedance calibration is completed, to 

realize a calibration of pull-down impedance. 

[ 0009] In some embodiments, the calibration module may include a first counting 
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module, a first comparator, and a resistor module. The resistor module may include a first 

pull-up resistor unit connected with a standard resistor. Herein, the resistor module may 

be configured to receive the first impedance calibration code, control a resistance value 

of the first pull-up resistor unit based on the first impedance calibration code, and output 

a first voltage signal. The firs comparator may be configured to receive the first voltage 

signal and a first reference signal, compare the first voltage signal with the first reference 

signal, and output a first indication signal. The first counting module may be configured 

to receive the first indication signal and a first counting clock signal, and perform 

addition processing on the first impedance calibration code every time a pulse of the first 

counting clock signal is detected when the first indication signal is in a first level state; 

and perform subtraction processing on the first impedance calibration code every time a 

pulse of the first counting clock signal is detected when the first indication signal is in a 

second level state, to achieve calibration processing of the pull-up impedance. 

[ 0010] In some embodiments, the calibration module may further include a second 

counting module and a second comparator. The resistor module may further include a 

second pull-up resistor unit and a pull-down resistor unit. A resistance value of the 

second pull-up resistor unit is controlled by the first impedance calibration code, and the 

second pull-up resistor unit is connected with the pull-down resistor unit. Herein, the 

resistor module may further be configured to control a resistance value of the pull-down 

resistor unit based on the second impedance calibration code after the pull-up impedance 

calibration is completed, and output a second voltage signal. Herein, after the pull-up 

impedance calibration is completed, a resistance value of the second pull-up resistor unit 

is calibrated to a standard resistance value by the first impedance calibration code. The 

second comparator may be configured to receive the second voltage signal and a second 

reference signal, compare the second voltage signal with the second reference signal, and 

output a second indication signal. The second counting module may be configured to 

receive the second indication signal and a second counting clock signal, and perform 

addition processing on the second impedance calibration code every time a pulse of the 

second counting clock signal is detected when the second indication signal is in a third 

level state; and perform subtraction processing on the second impedance calibration code 

every time a pulse of the second counting clock signal is detected when the second 
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indication signal is in a fourth level state, to achieve calibration processing of the pull-

down impedance. 

[ 0011] In some embodiments, a control terminal of the first pull-up resistor unit 

receives the first impedance calibration code, a first terminal of the first pull-up resistor 

unit is connected with a power signal, a second terminal of the first pull-up resistor unit is 

connected with a first terminal of the standard resistor, and a second terminal of the 

standard resistor is connected with a ground signal. A control terminal of the second pull-

up resistor unit receives the first impedance calibration code, a first terminal of the 

second pull-up resistor unit is connected with the power signal, a second terminal of the 

second pull-up resistor unit is connected with a first terminal of the pull-down resistor 

unit, and a second terminal of the pull-down resistor unit is connected with the ground 

signal. 

[ 0012] In some embodiments, the calibration module may further include an 

oscillation module and a control module. The first counting module is integrated with a 

first detection module, and the second counting module is integrated with a second 

detection module. Herein, the oscillation module may be configured to receive the 

calibration instruction signal, and output a clock signal based on the calibration 

instruction signal. The control module may be configured to receive the clock signal, and 

output the first counting clock signal to the first counting module based on the clock 

signal. The first detection module may be configured to record a change of the first 

indication signal, and output a first stop signal to the control module responsive to that 

the change of the first indication signal meets a first preset condition. The control module 

may further be configured to stop output of the first counting clock signal in a case where 

the first stop signal is received; and output the second counting clock signal to the second 

counting module based on the clock signal. The second detection module may be 

configured to record a change of the second indication signal; and output a second stop 

signal to the control module responsive to that the change of the first indication signal 

meets a second preset condition. The control module may further be configured to stop 

output of the second counting clock signal in a case where the second stop signal is 

received. 
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[ 0013] In some embodiments, the control module may further be configured to output 

an internal stop signal to the oscillation module in a case where the second stop signal is 

received. The oscillation module may further be configured to receive the internal stop 

signal, and stop output of the clock signal based on the internal stop signal. 

[ 0014] In some embodiments, the first preset condition refers to that the first 

indication signal continues to be changed from a second value to a first value after having 

been changed from the first value to the second value during three consecutive 

adjustment processes of the first impedance calibration code. The second preset condition 

refers to that the second indication signal continues to be changed from the second value 

to the first value after having been changed from the first value to the second value 

during three consecutive adjustment processes of the second impedance calibration code. 

[ 0015] In some embodiments, the first counting module may further be configured to 

receive a latch signal, and latch the first impedance calibration code based on the latch 

signal. The second counting module may further be configured to receive the latch signal, 

and latch the second impedance calibration code based on the latch signal. 

[ 0016] In a second aspect of the present disclosure, there is provided an impedance 

calibration method, which is applied to an impedance calibration circuit and may include 

the following operations. 

[ 0017] An environment parameter signal is determined through environment detection 

processing. 

[ 0018] An initial calibration value is determined based on the environment parameter 

signal. 

[ 0019] Impedance calibration processing is performed based on the initial calibration 

value when a calibration instruction signal is received. 

[ 0020] In some embodiments, the environment parameter signal may include at least a 

temperature parameter signal. The operation that the environment parameter signal is 

determined through environment detection processing may include the following 

operations. 
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[ 0021] Temperature detection is performed on the environment where the impedance 

calibration circuit is located to obtain a temperature signal. Decoding processing is 

performed on the temperature signal to obtain the temperature parameter signal. 

[ 0022] In some embodiments, the initial calibration value may include a first initial 

calibration value and a second initial calibration value. The operation that impedance 

calibration processing is performed based on the initial calibration value may include the 

following operations. 

[ 0023] The first initial calibration value is determined as an initial value of a first 

impedance calibration code, and the second initial calibration value is determined as an 

initial value of a second impedance calibration code. The first impedance calibration 

code is adjusted to realize a calibration of pull-up impedance. The second impedance 

calibration code is adjusted after the pull-up impedance calibration is completed, to 

realize a calibration of pull-down impedance. 

[ 0024] In some embodiments, the impedance calibration circuit may include a first 

pull-up resistor unit connected with a standard resistor. The operation that the first 

impedance calibration code is adjusted to realize the calibration of the pull-up impedance 

may include the following operations. 

[ 0025] A resistance value of the first pull-up resistor unit is adjusted based on the first 

impedance calibration code to determine a first voltage signal. The first voltage signal is 

compared with a first reference signal to output a first indication signal. Addition 

processing is performed on the first impedance calibration code every time a pulse of the 

first counting clock signal is detected when the first indication signal is in a first level 

state. Subtraction processing is performed on the first impedance calibration code every 

time a pulse of the first counting clock signal is detected when the first indication signal 

is in a second level state. Output of the first counting clock signal is stopped in a case 

where a change of the first indication signal meets a first preset condition, and calibration 

process of the pull-up impedance ends. 

[ 0026] In some embodiments, the impedance calibration circuit may further include a 

second pull-up resistor unit and a pull-down resistor unit. The resistance value of the 
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second pull-up resistor unit is controlled by the first impedance calibration code, and the 

second pull-up resistor unit is connected with the pull-down resistor unit. The operation 

that the second impedance calibration code is adjusted to realize the calibration of the 

pull-down impedance may include the following operations. 

[ 0027] A resistance value of the pull-down resistor unit is adjusted based on the 

second impedance calibration code to output a second voltage signal. Herein, after the 

pull-up impedance calibration is completed, a resistance value of the second pull-up 

resistor unit is calibrated to a standard resistance value by the first impedance calibration 

code. The second voltage signal is compared with a second reference signal to output a 

second indication signal. Addition processing is performed on the second impedance 

calibration code every time a pulse of the second counting clock signal is detected when 

the second indication signal is in a third level state. Subtraction processing is performed 

on the second impedance calibration code every time a pulse of the second counting 

clock signal is detected when the second indication signal is in a fourth level state. 

Output of the second counting clock signal is stopped in a case where a change of the 

second indication signal meets a second preset condition, and calibration process of the 

pull-down impedance ends. 

[ 0028] In some embodiments, the method may further include that: the first 

impedance calibration code and the second impedance calibration code are latched when 

a latch signal is received. 

[ 0029] In a third aspect of the present disclosure, there is provided a memory. The 

memory may include the impedance calibration circuit in the first aspect. 

[ 0030] The embodiments of the present disclosure provide an impedance calibration 

circuit, an impedance calibration method, and a memory. The impedance calibration 

circuit includes a parameter module, an initial value generation module, and a calibration 

module. Herein, the parameter module is configured to perform environment detection 

processing and output an environment parameter signal. The initial value generation 

module is configured to receive the environment parameter signal, and output an initial 

calibration value based on the environment parameter signal when the calibration 

instruction signal is received. The calibration module is configured to receive the initial 
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calibration value, and perform impedance calibration processing based on the initial 

calibration value when the calibration instruction signal is received. In this way, the 

impedance calibration processing is performed by using the initial calibration value 

adapted to the current working environment, which may reduce the power consumption 

and time of the impedance calibration and improve the performance of the memory. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0031] FIG. 1 is a schematic diagram of a structure of an impedance calibration circuit 

according to an embodiment of the present disclosure. 

[ 0032] FIG. 2 is a schematic diagram of a detailed structure of an impedance 

calibration circuit according to an embodiment of the present disclosure. 

[ 0033] FIG. 3 is a schematic diagram of a signal timing of an impedance calibration 

according to an embodiment of the present disclosure. 

[ 0034] FIG. 4 is a schematic diagram of a structure of an impedance calibration circuit 

according to the related art. 

[ 0035] FIG. 5 is a schematic effect diagram of an impedance calibration circuit 

according to an embodiment of the present disclosure. 

[ 0036] FIG. 6 is a schematic flowchart of an impedance calibration method according 

to an embodiment of the present disclosure. 

[ 0037] FIG. 7 is a schematic diagram of a structure of a memory according to an 

embodiment of the present disclosure. 

 

DETAILED DESCRIPTION 

[ 0038] The technical solutions in the embodiments of the present disclosure will be 

clearly and completely described in conjunction with the drawings in the embodiments of 
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the present disclosure. It should be understood that that the specific embodiments 

described herein are only used to illustrate the relevant disclosure, but are not intended to 

limit the disclosure. In addition, it is to be noted that, for the convenience of description, 

only the parts related to the relevant disclosure are illustrated in the drawings. 

[ 0039] Unless otherwise defined, all technical and scientific terms used herein have 

the same meaning as commonly understood by those skilled in the art of the present 

disclosure. The terms used herein are only for the purpose of describing the embodiments 

of the present disclosure and are not intended to limit the present disclosure. 

[ 0040] In the following description, reference is made to "some embodiments" which 

describe a subset of all possible embodiments, but it should be understood that "some 

embodiments" may be the same or different subsets of all possible embodiments, and 

may be combined with each other without conflict. 

[ 0041] It is to be noted that the terms "first\second\third" involved in the embodiments 

of the present disclosure are only used to distinguish similar objects, and do not represent 

a specific order of the objects. It should be understood that the specific order or sequence 

of "first\second\third" may be interchangeable under the allowable circumstances, so that 

the embodiments of the disclosure described herein may be implemented in an order 

other than those illustrated or described herein. 

[ 0042] The following are explanations of professional terms involved in the 

embodiments of the present disclosure and the corresponding relationship of some nouns. 

[ 0043] There are some resistors for output driving and signal stop in the memory. The 

resistance values of these resistors need to be calibrated to be matched with the actual 

application scenario. The above impedance calibration process is also called ZQ 

calibration, and a signal configured to control the resistance value of the resistor is called 

an impedance calibration code (also known as a ZQ calibration code). That is, during the 

process of impedance calibration, the resistance value of the resistor is adjusted by 

adjusting the size of the impedance calibration code until the resistance value of the 

resistor meets the requirements. At present, when the impedance calibration starts, the 

impedance calibration code needs to change from a fixed initial value, so that the 
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impedance calibration takes too much power consumption and system time, and the 

performance of the memory is reduced. 

[ 0044] Based on this, the embodiments of the present disclosure provide an 

impedance calibration circuit. The impedance calibration circuit includes a parameter 

module, an initial value generation module, and a calibration module. Herein, the 

parameter module is configured to perform environment detection processing and output 

an environment parameter signal. The initial value generation module is configured to 

receive the environment parameter signal, and output an initial calibration value based on 

the environment parameter signal when a calibration instruction signal is received. The 

calibration module is configured to receive the initial calibration value, and perform 

impedance calibration processing based on the initial calibration value when the 

calibration instruction signal is received. In this way, the impedance calibration 

processing is performed by using the initial calibration value adapted to the current 

working environment, which may reduce the power consumption and time of the 

impedance calibration and improve the performance of the memory. 

[ 0045] The embodiments of the present disclosure will be described in detail below 

with reference to the accompanying drawings. 

[ 0046] In an embodiment of the present disclosure, referring to FIG. 1, FIG. 1 

illustrates a schematic diagram of a structural composition of an impedance calibration 

circuit 10 according to an embodiment of the present disclosure. As illustrated in FIG. 1, 

the impedance calibration circuit 10 may include a parameter module 11, an initial value 

generation module 12, and a calibration module 13. 

[ 0047] The parameter module 11 is configured to perform environment detection 

processing and output an environment parameter signal. 

[ 0048] The initial value generation module 12 is configured to receive the 

environment parameter signal, and output an initial calibration value based on the 

environment parameter signal when a calibration instruction signal is received. 

[ 0049] The calibration module 13 is configured to receive the initial calibration value, 

and perform impedance calibration processing based on the initial calibration value when 
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the calibration instruction signal is received. 

[ 0050] It is to be noted that, the impedance calibration circuit 10 in the embodiments 

of the present disclosure is applied to various types of memories, such as a DRAM and a 

Synchronous Dynamic Random-Access Memory). 

[ 0051] The embodiments of the present disclosure provide the impedance calibration 

circuit 10 with a brand-new architecture. When the impedance calibration starts, the 

parameter module 11 and the initial value generation module 12 may generate the initial 

calibration value adapted to the current working environment, so that the initial 

calibration value is used as the starting point of the entire impedance calibration process, 

an ideal state may be more quickly adjusted, the power consumption and time of 

impedance calibration may be reduced, at the same time, a better time margin is provided 

for the latching of a calibration result, and the performance of the memory is improved. 

[ 0052] Here, the calibration instruction signal instructs the start of the impedance 

calibration process, and is received from the outside (or referred to as a system). The 

environment parameter signal includes at least one of the following signals: a 

temperature parameter signal, or a voltage parameter signal. 

[ 0053] In a specific embodiment, as illustrated in FIG. 2, the environment parameter 

signal includes at least a temperature parameter signal. The parameter module 11 

includes a temperature sensor 111 and a decoding module 112. 

[ 0054] The temperature sensor 111 is configured to perform temperature detection on 

the environment where the impedance calibration circuit 10 is located to obtain a 

temperature signal. 

[ 0055] The decoding module 112 is configured to receive the temperature signal, 

perform decoding processing on the temperature signal, and output the temperature 

parameter signal. 

[ 0056] Here, the essence of the temperature parameter signal is an impedance 

calibration code configured to adjust the resistance impedance. In other words, the 

decoding module 112 is configured to preliminarily decode the temperature signal into 
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the temperature parameter signal, so as to subsequently determine the initial calibration 

value. 

[ 0057] It is to be noted that, the impedance calibration of the memory involves the 

calibration of the pull-up impedance (configured to perform output driving on the signal) 

and the calibration of the pull-down impedance (configured to perform stop processing 

on the signal). Therefore, in some embodiments, as illustrated in FIG. 2, in some 

embodiments, the initial calibration value includes a first initial calibration value 

TO_Pcode<5:0> and a second initial calibration value TO_Ncode<5:0>. 

[ 0058] The calibration module 13 is specifically configured to: determine the first 

initial calibration value TO_Pcode<5:0> as an initial value of a first impedance 

calibration code Pcode<5:0>, and determine the second initial calibration value 

TO_Ncode<5:0> as an initial value of a second impedance calibration code Ncode<5:0>; 

and 

[ 0059] adjust the first impedance calibration code Pcode<5:0> to realize the 

calibration of the pull-up impedance; and adjust the second impedance calibration code 

Ncode<5:0> after the pull-up impedance calibration is completed, to realize the 

calibration of the pull-down impedance. 

[ 0060] It is to be noted that, in FIG. 2, the first impedance calibration code, the second 

impedance calibration code, the first calibration initial value and the second calibration 

initial value are all composed of 6 sub-signals, which are represented as <5:0>, but this 

does not constitute a specific limitation. 

[ 0061] That is, in the related art, the respective initial values of the first impedance 

calibration code and the second impedance calibration code are fixed default values. 

However, in the embodiment of the present disclosure, the respective initial values of the 

first impedance calibration code and the second impedance calibration code are 

determined based on the current working environment, and may be more quickly 

adjusted to the ideal state, the power consumption and time of impedance calibration may 

be reduced, at the same time, a better time margin is provided for the latching of the 

calibration result, and the performance of the memory is improved. 
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[ 0062] The calibration processing of the pull-up impedance and the calibration 

processing of the pull-down impedance are described as follows. 

[ 0063] In some embodiments, as illustrated in FIG. 2, the calibration module 13 

includes a first counting module 131, a first comparator 132, and a resistor module 133. 

The resistor module 133 includes a first pull-up resistor unit 201 connected with a 

standard resistor 204. 

[ 0064] The resistor module 133 is configured to receive the first impedance 

calibration code Pcode<5:0>, control the resistance value of the first pull-up resistor unit 

201 based on the first impedance calibration code Pcode<5:0>, and output a first voltage 

signal. 

[ 0065] The first comparator 132 is configured to receive the first voltage signal and a 

first reference signal Vref1, compare the first voltage signal with the first reference signal 

Vref1, and output a first indication signal. 

[ 0066] The first counting module 131 is configured to receive the first indication 

signal and a first counting clock signal pclk, and perform addition processing on the first 

impedance calibration code Pcode<5:0> every time a pulse of the first counting clock 

signal pclk is detected when the first indication signal is in a first level state; and perform 

subtraction processing on the first impedance calibration code Pcode<5:0> every time a 

pulse of the first counting clock signal pclk is detected when the first indication signal is 

in a second level state, so as to achieve the calibration processing of the pull-up 

impedance. 

[ 0067] In this way, the first voltage signal may indicate a difference between the 

resistance value of the first pull-up resistor unit and the standard resistance value, thereby 

determining an adjustment direction of the first impedance calibration code Pcode<5:0>, 

and forming a feedback adjustment loop. 

[ 0068] It is to be noted that, the specific relationship (i.e. a positive proportional 

relationship or a negative proportional relationship) between the first impedance 

calibration code Pcode<5:0> and the resistance value of the first pull-up resistor unit 

needs to depend on the actual application scenario. The first level state is different from 
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the second level state, and the specific setting thereof also needs to be determined 

according to the actual application scenario. In FIG. 2, the positive-phase input terminal 

of the first comparator 132 receives the first reference signal Vref1, and the negative-

phase input terminal of the first comparator 132 receives the first voltage signal, but this 

does not constitute a specific limitation, and the specific connection relationship also 

needs to be determined according to the actual application scenario. In other words, as 

long as a self-consistent circuit adjustment logic is met, the control details of the pull-up 

impedance may be determined in various flexible ways. 

[ 0069] The following provides a feasible control detail: the larger the first impedance 

calibration code Pcode<5:0>, the smaller the resistance value of the first pull-up resistor 

unit 201, and the higher the first voltage signal; and the first level state is a high level 

state, and the second level state is a low level state. At this time, in a case where the 

resistance value of the first pull-up resistor unit 201 is smaller than the standard 

resistance, the voltage of the first voltage signal is greater than the first reference voltage, 

and the first indication signal is in the low level state, so that subtraction processing is 

performed on the first impedance calibration code Pcode<5:0>, and the resistance value 

of the first pull-up resistor unit 201 increases. On the contrary, in a case where the 

resistance value of the first pull-up resistor unit 201 is greater than the standard resistance, 

the voltage of the first voltage signal is smaller than the first reference voltage, and the 

first indication signal is in the high level state, so that addition processing is performed 

on the first impedance calibration code Pcode<5:0>, and the resistance value of the first 

pull-up resistor unit 201 is reduced. Here, the subtraction processing may be subtraction 

by one, subtraction by two, etc., and the addition processing may be addition by one, 

addition by two, etc., depending on the actual application scenario. 

[ 0070] Similarly, in some embodiments, as illustrated in FIG. 2, the calibration 

module 13 further includes a second counting module 134 and a second comparator 135. 

The resistor module 133 further includes a second pull-up resistor unit 202 and a pull-

down resistor unit 203. The resistance value of the second pull-up resistor unit 202 is 

controlled by the first impedance calibration code Pcode<5:0>, and the second pull-up 

resistor unit 202 is connected with the pull-down resistor unit 203. 
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[ 0071] The resistor module 133 is configured to control the resistance value of the 

pull-down resistor unit 203 based on the second impedance calibration code Ncode<5:0> 

after the pull-up impedance calibration is completed, and output a second voltage signal. 

Herein, after the pull-up impedance calibration is completed, the resistance value of the 

second pull-up resistor unit 202 is calibrated to a standard resistance value by the first 

impedance calibration code Pcode<5:0>. 

[ 0072] The second comparator 135 is configured to receive the second voltage signal 

and a second reference signal Vref2, compare the second voltage signal with the second 

reference signal Vref2, and output a second indication signal. 

[ 0073] The second counting module 134 is configured to receive the second indication 

signal and a second counting clock signal nclk, and perform addition processing on the 

second impedance calibration code Ncode<5:0> every time a pulse of the second 

counting clock signal nclk is detected when the second indication signal is in a third level 

state; and perform subtraction processing on the second impedance calibration code 

Ncode<5:0> every time a pulse of the second counting clock signal nclk is detected when 

the second indication signal is in a fourth level state, so as to achieve the calibration 

processing of the pull-down impedance. 

[ 0074] It is to be noted that, the second pull-up resistor unit 202 and the first pull-up 

resistor unit 201 may be regarded as having the same structure, and their resistance 

values have the same change. Therefore, after the pull-up impedance calibration is 

completed, the calibrated first impedance calibration code Pcode<5:0> may also calibrate 

the second pull-up resistor unit 202 to the standard resistance value. 

[ 0075] That is, during the process of impedance calibration, firstly, the first pull-up 

resistor unit 201 and the standard resistor 204 are used to form a path, and the size of the 

resistance value of the first pull-up resistor unit 201 is determined according to the 

voltage division between the first pull-up resistor unit 201 and the standard resistor, so as 

to adjust the first impedance calibration code Pcode<5:0> until the resistance value of the 

first pull-up resistor unit 201 is the standard resistance value. Then, after the pull-up 

impedance calibration is completed, the second pull-up resistor unit 202 and the pull-

down resistor unit 203 are used to form a path, at this time, the second pull-up resistor 
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unit 202 may be regarded as the standard resistor, and the size of the resistance value of 

the pull-down resistor unit 203 is determined according to the voltage division between 

the second pull-up resistor unit 202 and the pull-down resistor unit 203, so as to adjust 

the second impedance calibration code Ncode<5:0> until the resistance value of the pull-

down resistor unit 203 is the standard resistance value. 

[ 0076] Here, the second pull-up resistor unit 202 and the first pull-up resistor unit 201 

may receive the first impedance calibration code Pcode<5:0> at the same time. It is to be 

noted that, during the calibration process of the pull-up impedance, since the pull-down 

resistor unit 203 is disconnected, although the second pull-up resistor unit 202 is 

controlled by the first impedance calibration code Pcode<5:0>, it is actually disconnected 

with the ground to avoid the problem of power consumption. In addition, the second pull-

up resistor unit 202 and the first pull-up resistor unit 201 may not receive the first 

impedance calibration code Pcode<5:0> at the same time, that is, after the pull-up 

impedance calibration is completed, the first impedance calibration code Pcode<5:0> is 

sent to the second pull-up resistor unit 202. 

[ 0077] In addition, similar to the calibration of the pull-up impedance, during the 

calibration process of the pull-down impedance, the specific relationship (i.e. the positive 

proportional relationship or the negative proportional relationship) between the second 

voltage signal and the resistance value of the pull-down resistor unit also depends on the 

actual application scenario. The second voltage signal may indicate the difference 

between the pull-down resistor and the standard resistance value, thereby determining the 

adjustment direction of the second impedance calibration code Ncode<5:0>, and forming 

a feedback adjustment loop. Similarly, as long as a self-consistent circuit adjustment 

logic is met, the control details of the pull-down impedance may be determined in 

various flexible ways. 

[ 0078] The following provides a feasible control detail: the larger the second 

impedance calibration code Ncode<5:0>, the smaller the resistance value of the pull-

down resistor unit 203, and the lower the second voltage signal. The third level state is 

the low level state, and the fourth level state is the high level state. At this time, in a case 

where the resistance value of the pull-down resistor unit 203 is smaller than the standard 
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resistance, the voltage of the second voltage signal is smaller than the second reference 

voltage, and the second indication signal is in the high level state, so that subtraction 

processing is performed on the second impedance calibration code Ncode<5:0>, and the 

resistance value of the pull-down resistor unit 203 increases. On the contrary, in a case 

where the resistance value of the pull-down resistor unit 203 is greater than the standard 

resistance, the voltage of the second voltage signal is greater than the second reference 

voltage, and the second indication signal is in the low level state, so that addition 

processing is performed on the second impedance calibration code Ncode<5:0>, and the 

resistance value of the pull-down resistor unit 203 is reduced. 

[ 0079] In a specific embodiment, as illustrated in FIG. 2, the control terminal of the 

first pull-up resistor unit 201 receives the first impedance calibration code Pcode<5:0>, 

the first terminal of the first pull-up resistor unit 201 is connected with a power signal, 

the second terminal of the first pull-up resistor unit 201 is connected with the first 

terminal of the standard resistor 204, and the second terminal of the standard resistor 204 

is connected with a ground signal. 

[ 0080] The control terminal of the second pull-up resistor unit 202 receives the first 

impedance calibration code Pcode<5:0>, the first terminal of the second pull-up resistor 

unit 202 is connected with the power signal, the second terminal of the second pull-up 

resistor unit 202 is connected with the first terminal of the pull-down resistor unit 203, 

and the second terminal of the pull-down resistor unit 203 is connected with the ground 

signal. 

[ 0081] In this way, since the standard resistor 204 is connected with the first pull-up 

resistor unit 201 in series, and the first pull-up resistor unit 201 is closer to the power end, 

if the resistance value of the first pull-up resistor unit 201 is larger, the voltage division of 

the first pull-up resistor unit 201 is larger, and thus the level value of the first voltage 

signal is lower. Similarly, when the pull-down resistor is calibrated, it may be considered 

that the resistance value of the second pull-up resistor unit 202 is the standard resistance 

value, that is, the standard resistor is connected with the pull-down resistor unit 203 in 

series, and the standard resistor is closer to the power end. At this time, if the resistance 

value of the pull-down resistor unit 203 increases, the voltage division of the pull-down 
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resistor unit 203 is larger, so that the level value of the second voltage signal is higher. 

[ 0082] In this way, through the above closed-loop calibration logic, the adjustment of 

the first impedance calibration code Pcode<5:0> and the second impedance calibration 

code Ncode<5:0> may be realized, and the impedance calibration processing of the 

memory is completed. Meanwhile, since the first impedance calibration code Pcode<5:0> 

is adjusted from the first initial calibration value adapted to the current environment, and 

the second impedance calibration code Ncode<5:0> is adjusted from the second initial 

calibration value adapted to the current environment, which are closer to the calibration 

result, the speed of impedance calibration is faster, the power consumption and system 

time are saved, and the performance of the memory is improved. 

[ 0083] In some embodiments, the calibration module 13 further includes an oscillation 

module 136 and a control module 137. The first counting module 131 is integrated with a 

first detection module, and the second counting module 134 is integrated with a second 

detection module. 

[ 0084] The oscillation module 136 is configured to receive the calibration instruction 

signal ZQ start, and output a clock signal clk0 based on the calibration instruction signal 

ZQ start. 

[ 0085] The control module 137 is configured to receive the clock signal clk0, and 

output the first counting clock signal pclk to the first counting module 131 based on the 

clock signal clk0. 

[ 0086] The first detection module is configured to record the change of the first 

indication signal; and output a first stop signal Internal stop-1 to the control module 137 

if the change of the first indication signal meets a first preset condition. 

[ 0087] The control module 137 is further configured to stop output of the first 

counting clock signal pclk in a case where the first stop signal Internal stop-1 is received; 

and output the second counting clock signal nclk to the second counting module based on 

the clock signal clk0. 

[ 0088] The second detection module is configured to record the change of the second 
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indication signal; and output a second stop signal Internal stop-2 to the control module 

137 if the change of the first indication signal meets a second preset condition. 

[ 0089] The control module 137 is further configured to stop output of the second 

counting clock signal nclk in a case where the second stop signal Internal stop-2 is 

received. 

[ 0090] In this way, the oscillation module 136 and the control module 137 may 

determine the first counting clock signal pclk and the second counting clock signal nclk, 

which are taken as counting clocks for the impedance calibration processing. 

[ 0091] Exemplarily, the first preset condition refers to that the first indication signal 

continues to be changed from a second value to a first value after having been changed 

from the first value to the second value during three consecutive adjustment processes of 

the first impedance calibration code Pcode<5:0>. The second preset condition refers to 

that the second indication signal continues to be changed from the second value to the 

first value after having been changed from the first value to the second value during three 

consecutive adjustment processes of the second impedance calibration code Ncode<5:0>. 

Here, the first value is different from the second value. 

[ 0092] Taking the first value of 1 and the second value of 0 as an example, during the 

adjustment process of the first impedance calibration code Pcode<5:0>, if the first 

indicator signal has a waveform change of 101, it means that the critical point where the 

first voltage signal is the same as the first reference signal is found, and it may be 

considered that the first impedance calibration code Pcode<5:0> has been calibrated to 

the standard resistance value, thereby stopping output of the first counting clock signal 

pclk, and the first impedance calibration code Pcode<5:0> no longer changes. Similarly, 

during the adjustment process of the second impedance calibration code Ncode<5:0>, if 

the second indication signal has a waveform change of 101, it may be considered that the 

pull-down impedance has been calibrated to the standard resistance value, thereby 

stopping output of the second counting clock signal pclk, and the second impedance 

calibration code Ncode<5:0> no longer changes. 

[ 0093] In some embodiments, the control module 137 is further configured to output 
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an internal stop signal Internal stop to the oscillation module 136 in a case where the 

second stop signal Internal stop-2 is received. 

[ 0094] The oscillation module 136 is further configured to receive the internal stop 

signal Internal stop, and stop output of the clock signal clk0 based on the internal stop 

signal Internal stop. 

[ 0095] In this way, after the calibration of the pull-down impedance ends, the clock 

signal clk0 is no longer needed, so that the oscillation module 136 is controlled to stop 

working through the internal stop signal Internal stop. 

[ 0096] In some embodiments, the first counting module 131 is further configured to 

receive a latch signal ZQ latch, and latch the first impedance calibration code Pcode<5:0> 

based on the latch signal ZQ latch. 

[ 0097] The second counting module 134 is further configured to receive the latch 

signal ZQ latch, and latch the second impedance calibration code Ncode<5:0> based on 

the latch signal ZQ latch. 

[ 0098] Here, the calibration instruction signal ZQ start and the latch signal ZQ latch 

are both received from the outside (the system below). Referring to FIG. 3, FIG. 3 

illustrates a schematic diagram of a signal timing of an impedance calibration. As 

illustrated in FIG. 3, after the system sends the calibration instruction signal ZQ start, the 

calibration control circuit 10 generates the initial value Internal Pcode (which is fixed to 

100000 in the related art, and is the first initial calibration value adapted to the current 

environment in the embodiment of the present disclosure) of the first impedance 

calibration code, and adjusts from the initial value of the first impedance calibration code 

until the calibration of the pull-up impedance is completed; generates the initial value 

Internal ncode (which is fixed to 100000 in the related art, and is the second initial 

calibration value adapted to the current environment in the embodiment of the present 

disclosure) of the second impedance calibration code after the calibration of the pull-up 

impedance is completed, and adjusts from the initial value of the second impedance 

calibration code until the calibration of the pull-down impedance is completed; and 

finally latches the first impedance calibration code Pcode<5:0> and the second 
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impedance calibration code Ncode<5:0> after the latch signal ZQ latch sent by the 

system is received. 

[ 0099] Generally speaking, after the system sends the calibration instruction signal 

ZQ start, the latch signal ZQ latch may only be sent after the calibration is completed. 

However, the calibration time may not exceed a certain standard value according to the 

design requirements. That is, if the impedance calibration takes a long time, the 

calibration control circuit 10 may not be able to complete the calibration within the 

standard time, resulting in calibration failure and affecting the performance of the 

memory. In the embodiment of the present disclosure, both the first impedance 

calibration code Pcode<5:0> and the second impedance calibration code Ncode<5:0> are 

adjusted from the initial values adapted to the current environment, and the calibration 

takes less time. Therefore, more time margin may be provided for the latching process. 

[ 00100] Referring to FIG. 4, FIG. 4 is a schematic diagram of a structure of an 

impedance calibration circuit 30 according to the related art. As illustrated in FIG. 4, the 

impedance calibration circuit 30 may include a first counting module, a first comparator, 

a second counting module, a second comparator, a plurality of resistors, an oscillation 

module and a control module. In the related art, when ZQ calibration starts, the first 

impedance calibration code Pcode<5:0>=100000, the second impedance calibration code 

Ncode<5:0>=100000, that is, the first impedance calibration code and the second 

impedance calibration code change from the fixed initial values until the ideal impedance 

calibration effect is achieved. Correspondingly, the embodiments of the present 

disclosure provide an impedance calibration circuit 10 with a brand new architecture. 

When ZQ calibration (i.e. the aforementioned impedance calibration) starts, a 

corresponding initial calibration value is generated based on actual temperature 

conditions, so that the impedance calibration code loaded with the initial calibration 

value is used as the starting point for the entire ZQ calibration process. On the premise of 

ensuring the function and performance of the ZQ calibration, the ZQ calibration time is 

reduced, and at the same time, a sufficient time margin is provided for the latching of the 

impedance calibration code. 

[ 00101] Specifically, referring to FIG. 5, FIG. 5 illustrates a schematic effect diagram 
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of an impedance calibration circuit according to an embodiment of the present disclosure. 

In FIG. 5, a horizontal axis (X axis) refers to the temperature of the memory, a vertical 

axis (Y axis) refers to the value of the impedance calibration code (taking the first 

impedance calibration code Pcode<5:0> as an example), a curve A refers to the change of 

the first impedance calibration code with temperature, and a curve B refers to the change 

of the first initial calibration value with temperature. As illustrated in FIG. 5, assuming 

that the current temperature of the memory is t0 when the calibration instruction signal 

arrives, the impedance calibration circuit 30 in the related art needs to adjust from 

Pcode<5:0>=10000 to a target value ZQ_Pcode, and the consumed time is T1. The 

impedance calibration circuit 10 in the embodiment of the present disclosure only needs 

to adjust from Pcode<5:0>=TO_Pcode<5:0> to the target value ZQ_Pcode, and the 

consumed time is T2. Therefore, the impedance calibration process of the impedance 

calibration circuit 10 in the embodiment of the present disclosure takes less time and 

lower power consumption. 

[ 00102] In summary, the embodiments of the present disclosure provide the impedance 

calibration circuit, which may generate the initial calibration value adapted to the current 

working environment, and use the initial calibration value as the starting point of the 

entire calibration process, thereby reducing the power consumption and time of 

impedance calibration, providing a better time margin for the latching of the calibration 

result, and improving the performance of the memory. 

[ 00103] In another embodiment of the present disclosure, referring to FIG. 6, FIG. 6 

illustrates a schematic flowchart of an impedance calibration method according to an 

embodiment of the present disclosure. As illustrated in FIG. 6, the method may include 

the following operations. 

[ 00104] At S401, an environment parameter signal is determined through environment 

detection processing. 

[ 00105] At S402, an initial calibration value is determined based on the environment 

parameter signal. 

[ 00106] At S403, impedance calibration processing is performed based on the initial 
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calibration value when a calibration instruction signal is received. 

[ 00107] It is to be noted that, the impedance calibration method provided by the 

embodiments of the present disclosure is applied to the aforementioned impedance 

calibration circuit 10. In this way, in the impedance calibration method provided by the 

embodiments of the present disclosure, the initial calibration value adapted to the current 

working environment is used as the starting point of the entire calibration process, so that 

the power consumption and time of impedance calibration are reduced, and the 

performance of the memory is improved. 

[ 00108] In some embodiments, the environment parameter signal includes at least a 

temperature parameter signal. The operation that the environment parameter signal is 

determined through environment detection processing includes the following operations. 

[ 00109] Temperature detection is performed on the environment where the impedance 

calibration circuit is located to obtain a temperature signal. Decoding processing is 

performed on the temperature signal to obtain the temperature parameter signal. 

[ 00110] In some embodiments, the initial calibration value includes a first initial 

calibration value and a second initial calibration value. The operation that impedance 

calibration processing is performed based on the initial calibration value may include the 

following operations. 

[ 00111] The first initial calibration value is determined as an initial value of a first 

impedance calibration code, and the second initial calibration value is determined as an 

initial value of a second impedance calibration code. The first impedance calibration 

code is adjusted to realize the calibration of pull-up impedance. The second impedance 

calibration code is adjusted after the pull-up impedance calibration is completed to 

realize the calibration of pull-down impedance. 

[ 00112] In some embodiments, the impedance calibration circuit includes a first pull-up 

resistor unit connected with a standard resistor. Correspondingly, the operation that the 

first impedance calibration code is adjusted to realize the calibration of pull-up 

impedance may include the following operations. 
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[ 00113] The resistance value of the first pull-up resistor unit is adjusted based on the 

first impedance calibration code to determine a first voltage signal. The first voltage 

signal is compared with a first reference signal to output a first indication signal. 

Addition processing is performed on the first impedance calibration code every time a 

pulse of the first counting clock signal is detected when the first indication signal is in a 

first level state. Subtraction processing is performed on the first impedance calibration 

code every time a pulse of the first counting clock signal is detected when the first 

indication signal is in a second level state. Output of the first counting clock signal is 

stopped in a case where the change of the first indication signal meets a first preset 

condition, and the calibration process of the pull-up impedance ends. 

[ 00114] In some embodiments, the impedance calibration circuit further includes a 

second pull-up resistor unit and a pull-down resistor unit. The resistance value of the 

second pull-up resistor unit is controlled by the first impedance calibration code, and the 

second pull-up resistor unit is connected with the pull-down resistor unit. 

Correspondingly, the operation that the second impedance calibration code is adjusted to 

realize the calibration of pull-down impedance may include the following operations. 

[ 00115] The resistance value of the pull-down resistor unit is adjusted based on the 

second impedance calibration code to output a second voltage signal. Herein, after the 

pull-up impedance calibration is completed, the resistance value of the second pull-up 

resistor unit is calibrated to a standard resistance value by the first impedance calibration 

code. The second voltage signal is compared with a second reference signal to output a 

second indication signal. Addition processing is performed on the second impedance 

calibration code every time a pulse of the second counting clock signal is detected when 

the second indication signal is in a third level state. Subtraction processing is performed 

on the second impedance calibration code every time a pulse of the second counting 

clock signal is detected when the second indication signal is in a fourth level state. 

Output of the second counting clock signal is stopped in a case where the change of the 

second indication signal meets a second preset condition, and the calibration process of 

the pull-down impedance ends. 

[ 00116] In some embodiments, the method further includes that: the first impedance 
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calibration code and the second impedance calibration code are latched when a latch 

signal is received. 

[ 00117] In this way, through the above closed-loop calibration logic, the adjustment of 

the first impedance calibration code and the second impedance calibration code may be 

realized, and the impedance calibration processing of the memory is completed. At the 

same time, since the first impedance calibration code is adjusted from the first initial 

calibration value applied to the current environment, and the second impedance 

calibration code is adjusted from the second initial calibration value applied to the current 

environment, the speed of impedance calibration is faster, the power consumption and 

system time are saved, and the performance of the memory is improved. 

[ 00118] The embodiments of the present disclosure provide the impedance calibration 

method, which may generate the initial calibration value adapted to the current working 

environment, and use the initial calibration value as the starting point of the entire 

calibration process, thereby reducing the power consumption and time of impedance 

calibration, providing a better time margin for the latching of the calibration result, and 

improving the performance of the memory. 

[ 00119] In another embodiment of the present disclosure, referring to FIG. 7, FIG. 7 

illustrates a schematic diagram of a structural composition of a memory 50 according to 

an embodiment of the present disclosure. As illustrated in FIG. 7, the memory 50 

includes the aforementioned impedance calibration circuit 10. 

[ 00120] The memory 50 includes the aforementioned impedance calibration circuit 10, 

which may generate the initial calibration value adapted to the current working 

environment, and use the initial calibration value as the starting point of the entire 

calibration process, thereby reducing the power consumption and time of impedance 

calibration, providing a better time margin for the latching of the calibration result, and 

improving the performance of the memory. 

[ 00121] The above are only the preferred embodiments of the present disclosure, and 

are not intended to limit the scope of protection of the present disclosure. It is to be noted 

that in this disclosure, the terms "including", "containing" or any other variation thereof 
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are intended to cover non-exclusive inclusion, so that a process, method, article or device 

including a series of elements includes not only those elements, but also other elements 

not explicitly listed, or elements inherent to the process, method, article or device. 

Without more restrictions, an element defined by the sentence "including a ..." does not 

exclude the existence of other identical elements in the process, method, article, or device 

including the element. The above numbers of the embodiments of the present disclosure 

are only for description, and do not represent the advantages or disadvantages of the 

embodiments. The methods disclosed in the several method embodiments provided in the 

present disclosure may be combined arbitrarily without conflict to obtain new method 

embodiments. The features disclosed in the several product embodiments provided in the 

present disclosure may be combined arbitrarily without conflict to obtain new product 

embodiment. The features disclosed in several method or device embodiments provided 

in the present disclosure may be combined arbitrarily without conflict to obtain new 

method embodiments or device embodiments. The above are only the specific 

implementation modes of the present disclosure and not intended to limit the scope of 

protection of the present disclosure. Any variations or replacements apparent to those 

skilled in the art within the technical scope disclosed by the disclosure shall fall within 

the scope of protection of the present disclosure. Therefore, the scope of protection of the 

present disclosure shall be subject to the scope of protection of the claims. 

  

INDUSTRIAL APPLICABILITY 

[ 00122] The embodiments of the present disclosure provide an impedance calibration 

circuit, an impedance calibration method, and a memory. The impedance calibration 

circuit includes a parameter module, an initial value generation module, and a calibration 

module. Herein, the parameter module is configured to perform environment detection 

processing and output an environment parameter signal. The initial value generation 

module is configured to receive the environment parameter signal, and output an initial 

calibration value based on the environment parameter signal when the calibration 

instruction signal is received. The calibration module is configured to receive the initial 

calibration value, and perform impedance calibration processing based on the initial 
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calibration value when the calibration instruction signal is received. In this way, the 

impedance calibration processing is performed by using the initial calibration value 

adapted to the current working environment, which may reduce the power consumption 

and time of the impedance calibration and improve the performance of the memory. 

 

 

 

 

  



 

 

28 

 

CLAIMS 

 

1. An impedance calibration circuit, comprising a parameter module, an initial value 

generation module, and a calibration module; wherein 

the parameter module is configured to perform an environment detection processing 

and output an environment parameter signal; 

the initial value generation module is configured to receive the environment parameter 

signal, and output an initial calibration value based on the environment parameter signal when 

a calibration instruction signal is received; and 

the calibration module is configured to receive the initial calibration value, and 

perform impedance calibration processing based on the initial calibration value when the 

calibration instruction signal is received. 

 

2. The impedance calibration circuit of claim 1, wherein the environment parameter signal 

comprises at least a temperature parameter signal, the parameter module comprises a 

temperature sensor and a decoding module; wherein 

the temperature sensor is configured to perform temperature detection on the 

environment where the impedance calibration circuit is located, and output a temperature 

signal; and 

the decoding module is configured to receive the temperature signal, perform 

decoding processing on the temperature signal, and output the temperature parameter signal. 

 

3. The impedance calibration circuit of claim 1, wherein the initial calibration value comprises 

a first initial calibration value and a second initial calibration value; 

wherein the calibration module is specifically configured to: determine the first initial 
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calibration value as an initial value of a first impedance calibration code, and determine the 

second initial calibration value as an initial value of a second impedance calibration code; and 

adjust the first impedance calibration code to realize a calibration of pull-up 

impedance; and adjust the second impedance calibration code after the pull-up impedance 

calibration is completed, to realize a calibration of pull-down impedance. 

 

4. The impedance calibration circuit of claim 3, wherein the calibration module comprises a 

first counting module, a first comparator, and a resistor module, the resistor module 

comprising a first pull-up resistor unit connected with a standard resistor; wherein 

the resistor module is configured to receive the first impedance calibration code, 

control a resistance value of the first pull-up resistor unit based on the first impedance 

calibration code, and output a first voltage signal; 

the first comparator is configured to receive the first voltage signal and a first 

reference signal, compare the first voltage signal with the first reference signal, and output a 

first indication signal; and 

the first counting module is configured to receive the first indication signal and a first 

counting clock signal, and perform addition processing on the first impedance calibration 

code every time a pulse of the first counting clock signal is detected when the first indication 

signal is in a first level state; and perform subtraction processing on the first impedance 

calibration code every time a pulse of the first counting clock signal is detected when the first 

indication signal is in a second level state, to achieve calibration processing of the pull-up 

impedance. 

 

5. The impedance calibration circuit of claim 4, wherein the calibration module further 

comprises a second counting module and a second comparator, the resistor module further 

comprises a second pull-up resistor unit and a pull-down resistor unit, a resistance value of the 

second pull-up resistor unit is controlled by the first impedance calibration code, and the 
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second pull-up resistor unit is connected with the pull-down resistor unit; wherein 

the resistor module is further configured to control a resistance value of the pull-down 

resistor unit based on the second impedance calibration code after the pull-up impedance 

calibration is completed, and output a second voltage signal; wherein after the pull-up 

impedance calibration is completed, a resistance value of the second pull-up resistor unit is 

calibrated to a standard resistance value by the first impedance calibration code; 

the second comparator is configured to receive the second voltage signal and a second 

reference signal, compare the second voltage signal with the second reference signal, and 

output a second indication signal; and 

the second counting module is configured to receive the second indication signal and a 

second counting clock signal, and perform addition processing on the second impedance 

calibration code every time a pulse of the second counting clock signal is detected when the 

second indication signal is in a third level state; and perform subtraction processing on the 

second impedance calibration code every time a pulse of the second counting clock signal is 

detected when the second indication signal is in a fourth level state, to achieve calibration 

processing of the pull-down impedance. 

 

6. The impedance calibration circuit of claim 5, wherein a control terminal of the first pull-up 

resistor unit receives the first impedance calibration code, a first terminal of the first pull-up 

resistor unit is connected with a power signal, a second terminal of the first pull-up resistor 

unit is connected with a first terminal of the standard resistor, and a second terminal of the 

standard resistor is connected with a ground signal; and 

a control terminal of the second pull-up resistor unit receives the first impedance 

calibration code, a first terminal of the second pull-up resistor unit is connected with the 

power signal, a second terminal of the second pull-up resistor unit is connected with a first 

terminal of the pull-down resistor unit, and a second terminal of the pull-down resistor unit is 

connected with the ground signal. 
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7. The impedance calibration circuit of claim 5, wherein the calibration module further 

comprises an oscillation module and a control module, the first counting module is integrated 

with a first detection module, and the second counting module is integrated with a second 

detection module; wherein 

the oscillation module is configured to receive the calibration instruction signal, and 

output a clock signal based on the calibration instruction signal; 

the control module is configured to receive the clock signal, and output the first 

counting clock signal to the first counting module based on the clock signal; 

the first detection module is configured to record a change of the first indication signal; 

and output a first stop signal to the control module responsive to that the change of the first 

indication signal meets a first preset condition; 

the control module is further configured to stop output of the first counting clock 

signal in a case where the first stop signal is received, and output the second counting clock 

signal to the second counting module based on the clock signal; 

the second detection module is configured to record a change of the second indication 

signal; and output a second stop signal to the control module responsive to that the change of 

the first indication signal meets a second preset condition; and 

the control module is further configured to stop output of the second counting clock 

signal in a case where the second stop signal is received. 

 

8. The impedance calibration circuit of claim 7, wherein 

the control module is further configured to output an internal stop signal to the 

oscillation module in a case where the second stop signal is received; and 

the oscillation module is further configured to receive the internal stop signal, and stop 

output of the clock signal based on the internal stop signal. 
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9. The impedance calibration circuit of claim 7, wherein 

the first preset condition refers to that the first indication signal continues to be 

changed from a second value to a first value after having been changed from the first value to 

the second value during three consecutive adjustment processes of the first impedance 

calibration code; and 

the second preset condition refers to that the second indication signal continues to be 

changed from the second value to the first value after having been changed from the first 

value to the second value during three consecutive adjustment processes of the second 

impedance calibration code. 

 

10. The impedance calibration circuit of any one of claims 5-9, wherein 

the first counting module is further configured to receive a latch signal, and latch the 

first impedance calibration code based on the latch signal; and 

the second counting module is further configured to receive the latch signal, and latch 

the second impedance calibration code based on the latch signal. 

 

11. An impedance calibration method, applied to an impedance calibration circuit, comprising: 

determining an environment parameter signal through environment detection 

processing; 

determining an initial calibration value based on the environment parameter signal; 

and 

performing impedance calibration processing based on the initial calibration value 

when a calibration instruction signal is received. 
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12. The impedance calibration method of claim 11, wherein the environment parameter signal 

comprises at least a temperature parameter signal, and determining the environment parameter 

signal through environment detection processing comprises: 

performing temperature detection on the environment where the impedance calibration 

circuit is located to obtain a temperature signal; and 

performing decoding processing on the temperature signal to obtain the temperature 

parameter signal. 

 

13. The impedance calibration method of claim 11, wherein the initial calibration value 

comprises a first initial calibration value and a second initial calibration value, and performing 

impedance calibration processing based on the initial calibration value comprises: 

determining the first initial calibration value as an initial value of a first impedance 

calibration code, and determining the second initial calibration value as an initial value of a 

second impedance calibration code; 

adjusting the first impedance calibration code to realize a calibration of pull-up 

impedance; and 

adjusting the second impedance calibration code after the pull-up impedance 

calibration is completed, to realize a calibration of pull-down impedance. 

 

14. The impedance calibration method of claim 13, wherein the impedance calibration circuit 

comprises a first pull-up resistor unit connected with a standard resistor, and adjusting the first 

impedance calibration code to realize the calibration of the pull-up impedance comprises: 

adjusting a resistance value of the first pull-up resistor unit based on the first 

impedance calibration code to determine a first voltage signal; 

comparing the first voltage signal with a first reference signal to output a first 

indication signal; 
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performing addition processing on the first impedance calibration code every time a 

pulse of the first counting clock signal is detected when the first indication signal is in a first 

level state; and performing subtraction processing on the first impedance calibration code 

every time a pulse of the first counting clock signal is detected when the first indication signal 

is in a second level state; and 

stopping output of the first counting clock signal in a case where a change of the first 

indication signal meets a first preset condition, and ending calibration process of the pull-up 

impedance. 

 

15. The impedance calibration method of claim 13, wherein the impedance calibration circuit 

further comprises a second pull-up resistor unit and a pull-down resistor unit, wherein the 

resistance value of the second pull-up resistor unit is controlled by the first impedance 

calibration code, and the second pull-up resistor unit is connected with the pull-down resistor 

unit; and adjusting the second impedance calibration code to realize the calibration of the 

pull-down impedance comprises: 

adjusting a resistance value of the pull-down resistor unit based on the second 

impedance calibration code to output a second voltage signal, wherein, after the pull-up 

impedance calibration is completed, a resistance value of the second pull-up resistor unit is 

calibrated to a standard resistance value by the first impedance calibration code; 

comparing the second voltage signal with a second reference signal to output a second 

indication signal; 

performing addition processing on the second impedance calibration code every time a 

pulse of the second counting clock signal is detected when the second indication signal is in a 

third level state; and performing subtraction processing on the second impedance calibration 

code every time a pulse of the second counting clock signal is detected when the second 

indication signal is in a fourth level state; and 

stopping output of the second counting clock signal in a case where a change of the 

second indication signal meets a second preset condition, and ending calibration process of 
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the pull-down impedance. 

 

16. The impedance calibration method of claim 13, further comprising: 

latching the first impedance calibration code and the second impedance calibration 

code when a latch signal is received. 

 

17. A semiconductor memory, comprising the impedance calibration circuit of any one of 

claims 1-10. 

 

 

  


