
 

 

 

DUAL REFERENCE VOLTAGE GENERATOR, EQUALIZATION 

CIRCUIT, AND MEMORY 

 

CROSS-REFERENCE TO RELATED APPLICATION 

[ 0001] This application is filed based upon and claims priority to Chinese Patent 

Application No. 202011017186.3, filed to the China National Intellectual Property 

Administration on September 24, 2020 and entitled "Dual Reference Voltage Generator, 

Equalizer circuit, and Memory", the disclosure of which is hereby incorporated by 

reference in its entirety. 

 

TECHNICAL FIELD 

[ 0002] Embodiments of the present disclosure relate to the technical field of integrated 

circuits, and in particular to a dual reference voltage generator, an equalizer circuit, and a 

memory. 

 

BACKGROUND 

[ 0003] In computer high-speed links, as transmission speeds of data signals become 

increasingly high, it is difficult to avoid generating significant Inter Symbol Interference 

(ISI). There is therefore a need to equalize data signals over the high-speed links to 

recover usable data signals. 

[ 0004] In the design of a memory receiver circuit, a Continuous Time Linear 

Equalizer (CTLE) architecture is mainly used for performing equalization processing, 

and has a function of compensating signals according to the attenuation characteristics of 

a channel so as to improve the quality of the data signals. 

[ 0005] In the current equalizer circuit, only one stable reference voltage is usually 

provided, and it is difficult to meet the processing requirements of a high-speed receiver 
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on a received data signal. Therefore, how to design a reference voltage in an equalizer 

circuit to improve an equalization processing effect of the equalizer circuit is currently an 

issue that needs to be solved urgently. 

 

SUMMARY 

[ 0006] Embodiments of the present disclosure provide a dual reference voltage 

generator, an equalizer circuit, and a memory, which can effectively improve an 

equalization processing effect of the equalizer circuit. 

[ 0007] In a first aspect, an embodiment of the present disclosure provides a dual 

reference voltage generator, which may be applied to an equalizer circuit. The dual 

reference voltage generator is configured to receive an original code, a first code and a 

second code, generate a first reference voltage according to the received original code 

and first code, and generate a second reference voltage according to the received original 

code and second code, the first reference voltage is different from the second reference 

voltage. 

[ 0008] The dual reference voltage generator provided by the present disclosure may 

provide two different reference voltages, can better meet the requirements on the 

different reference voltages during an equalization processing process, and can improve 

an equalization processing effect of the equalizer circuit. 

[ 0009] In a possible implementation, the dual reference voltage generator may include: 

a first processing circuit, a second processing circuit, a first selector, a second selector, a 

first output buffer circuit, a second output buffer circuit and a voltage divider circuit. 

[ 0010] Two input terminals of the first processing circuit may be configured to 

respectively receive the first code and the original code. An output terminal of the first 

processing circuit may be connected to a control terminal of the first selector. 

[ 0011] Two input terminals of the second processing circuit may be configured to 

respectively receive the second code and the original code. An output terminal of the 

second processing circuit may be connected to a control terminal of the second selector. 
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[ 0012] One or more output terminals of the voltage divider circuit may be respectively 

connected to an input terminal of the first selector and an input terminal of the second 

selector. 

[ 0013] An output terminal of the first selector may be connected to an input terminal 

of the first output buffer circuit. An output terminal of the second selector may be 

connected to an input terminal of the second output buffer circuit. The first reference 

voltage may be output from an output terminal of the first output buffer circuit. The 

second reference voltage may be output from an output terminal of the second output 

buffer circuit. 

[ 0014] In a possible implementation, the voltage divider circuit may include multiple 

voltage output terminals having output voltages different from one another. 

[ 0015] In a possible implementation, the multiple voltage output terminals of the 

voltage divider circuit may be respectively connected to multiple input terminals of the 

first selector and multiple input terminals of the second selector. 

[ 0016] In a possible implementation, the first selector may be configured to select, 

based on a code output by the first processing circuit, one of multiple voltages output 

from the voltage divider circuit, and output the selected voltage to the first output buffer 

circuit. The second selector may be configured to select, based on a code output by the 

second processing circuit, one of multiple voltages output from the voltage divider circuit, 

and output the selected voltage to the second output buffer circuit. 

[ 0017] In a possible implementation, the first processing circuit may include an adder 

for performing addition operation processing on the original code and the first code that 

are received by the first processing circuit and output a processed code. The second 

processing circuit may include a subtractor for performing subtraction operation 

processing on the original code and the second code that are received by the second 

processing circuit and output a processed code. 

[ 0018] In a possible implementation, the first processing circuit may further include a 

first decoder. An input terminal of the first decoder may be connected to an output 

terminal of the adder. An output terminal of the first decoder may be connected to the 
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control terminal of the first selector. The second processing circuit may further include a 

second decoder. An input terminal of the second decoder may be connected to an output 

terminal of the subtractor. An output terminal of the second decoder may be connected to 

the control terminal of the second selector. 

[ 0019] In a possible implementation, the first reference voltage may be greater than 

the second reference voltage. 

[ 0020] In a possible implementation, the first selector and the second selector may 

have the same circuit structure. 

[ 0021] In a possible implementation, the first output buffer circuit and the second 

output buffer circuit may have the same circuit structure. 

[ 0022] In a possible implementation, the first decoder and the second decoder may 

have the same circuit structure. 

[ 0023] In a second aspect, an embodiment of the present disclosure provides an 

equalizer circuit, which may include: a dual reference voltage generator, a first input 

buffer circuit, a second input buffer circuit and a selecting and sampling circuit. 

[ 0024] The dual reference voltage generator may be the dual reference voltage 

generator provided in the first aspect of the present disclosure. Two different reference 

voltages output by the dual reference voltage generator may be input reference voltages 

of the first input buffer circuit and the second input buffer circuit, respectively. 

[ 0025] The first input buffer circuit and the second input buffer circuit may be 

respectively connected to the selecting and sampling circuit. 

[ 0026] The selecting and sampling circuit may be configured to select, according to 

data previously output by the equalizer circuit, whether to perform data sampling on a 

data signal output by the first input buffer circuit or a data signal output by the second 

input buffer circuit, and take sampled data as data currently output by the equalizer 

circuit. 

[ 0027] The equalizer circuit provided by the embodiments of the present disclosure 
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includes two input buffer circuits adopting different reference voltages. During data 

acquisition, an appropriate input buffer circuit is selected from the two input buffer 

circuits based on data previously output by the equalizer circuit, and then a data signal 

output by the selected input buffer circuit is subjected to data sampling, so that an input 

voltage margin of the equalizer circuit can be effectively increased, and the quality of a 

received data signal is improved. 

[ 0028] In a possible implementation, when an original code, a first code and a second 

code that are received by the dual reference voltage generator are all at target values, a 

voltage margin and a timing margin in an eye diagram corresponding to the received data 

of the equalizer circuit may be made to be at maximum values. 

[ 0029] In a possible implementation, the target values of the original code, the first 

code and the second code may be set by the operations 1 to 7. 

[ 0030] In operation 1, initial values of the original code, the first code and the second 

code are set as 0. 

[ 0031] In operation 2, the value of the original code is added with 1, and the 

magnitude of the timing margin in the eye diagram corresponding to the received data of 

the equalizer circuit is tested. 

[ 0032] In operation 3, operation 2 is repeatedly performed until the maximum value of 

the timing margin is obtained.  

[ 0033] In operation 4, the target value of the original code is set as the value of the 

original code when the timing margin is made to be at the maximum value. 

[ 0034] In operation 5, the values of the first code and the second code are respectively 

added with 1, and the magnitude of the voltage margin in the eye diagram corresponding 

to the received data of the equalizer circuit is tested. 

[ 0035] In operation 6,operation 5 is repeatedly performed until the maximum value of 

the voltage margin is obtained. 

[ 0036] In operation 7, the target values of the first code and the second code are set as 
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the values of the first code and the second code when the voltage margin is made to be at 

the maximum value. 

[ 0037] In a third aspect, embodiments of the present disclosure provide a memory, 

which may include an equalizer circuit. The equalizer circuit may be the equalizer circuit 

provided in the second aspect of the present disclosure. 

[ 0038] The embodiments of the present disclosure provide a dual reference voltage 

generator, an equalizer circuit, and a memory. The dual reference voltage generator is 

applied to the equalizer circuit. The dual reference voltage generator is configured to 

receive an original code, a first code and a second code, and output two different 

reference voltages according to the received original code, first code, and second code. 

That is, the dual reference voltage generator provided by the present disclosure can better 

meet the requirements on the different reference voltages during an equalization 

processing process, and can improve the equalization processing effect of the equalizer 

circuit. In addition, the values of the original code, the first code and the second code are 

pre-configured, so that a voltage margin and a timing margin in an eye diagram 

corresponding to the received data of the equalizer circuit are made to be at maximum 

values, and the quality of a received data signal can be improved. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0039] In order to more clearly illustrate the technical solutions in the embodiments of 

the present disclosure or the prior art, the drawings used in the description of the 

embodiments of the present disclosure or the prior art will be briefly described below. It 

is apparent that the drawings in the following description are some embodiments of the 

present disclosure, and other drawings may be obtained from those skilled in the art 

according to these drawings without any creative work. 

[ 0040] FIG. 1 is a structure diagram of a dual reference voltage generator according to 

an embodiment of the present disclosure. 

[ 0041] FIG. 2 is a structure diagram of another dual reference voltage generator 

according to an embodiment of the present disclosure. 
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[ 0042] FIG. 3 is a structure diagram of an equalizer circuit according to an 

embodiment of the present disclosure. 

[ 0043] FIG. 4 is a structure diagram of another equalizer circuit according to an 

embodiment of the present disclosure. 

[ 0044] FIG. 5 is a waveform diagram of an equalizer circuit during data acquisition 

according to an embodiment of the present disclosure. 

[ 0045] FIG. 6 is a schematic diagram of an equalization processing effect of an 

equalizer circuit according to an embodiment of the present disclosure. 

[ 0046] FIG. 7 is a flowchart for determining an input code of a dual reference voltage 

generator according to an embodiment of the present disclosure. 

 

DETAILED DESCRIPTION 

[ 0047] In order to make the objectives, technical solutions, and advantages of the 

embodiments of the present disclosure clearer, the technical solutions in the embodiments 

of the present disclosure will be clearly and completely described below with reference to 

the drawings in the embodiments of the present disclosure. It is apparent that the 

described embodiments are a part of the embodiments of the present disclosure, not all of 

the embodiments. All other embodiments obtained by those of ordinary skill in the art 

based on the embodiments of the present disclosure without creative efforts should fall 

within the scope of protection of the present disclosure. 

[ 0048] An embodiment of the present disclosure provides a novel dual reference 

voltage generator which is applied to an equalizer circuit. The equalizer circuit may be 

applied to various types of high-speed interface circuits, may be particularly applied to 

receiver circuits in various memory products, and may be, for example, applied to 

receiver circuits in DDR4 type memories. 

[ 0049] Currently, in the design of the equalizer circuit, only one stable reference 

voltage is usually adopted, and it is difficult to meet the requirements of a current 
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equalizer circuit on an equalization processing effect. 

[ 0050] In order to improve the equalization processing effect of the equalizer circuit, 

the embodiment of the present disclosure provides a dual reference voltage generator 

applied to the equalizer circuit. The dual reference voltage generator may provide two 

different reference voltages and input the two different reference voltages into two input 

buffer circuits of the equalizer circuit. When acquiring data, the equalizer circuit may be 

configured to select, according to data previously output by the equalizer circuit, one of 

the two input buffer circuits and perform the data acquisition on a data signal output by 

the selected input buffer circuit, so as to perform equalization processing in advance, so 

that the requirements on different reference voltages in the equalization processing 

process can be better met, and the equalization processing effect can be improved. 

[ 0051] Specifically, the dual reference voltage generator may be configured to receive 

an original code, a first code and a second code, generate a first reference voltage 

according to the received original code and first code, and generate a second reference 

voltage according to the received original code and second code. The first reference 

voltage is different from the second reference voltage. 

[ 0052] Referring to FIG. 1, which is a structure diagram of a dual reference voltage 

generator according to an embodiment of the present disclosure, the dual reference 

voltage generator includes: 

[ 0053] a first processing circuit 11, a second processing circuit 12, a first selector 13, a 

second selector 14, a first output buffer circuit 15, a second output buffer circuit 16 and a 

voltage divider circuit 17. 

[ 0054] Two input terminals of the first processing circuit 11 are configured to 

respectively receive a first code ADD<3:0> and an original code Original_code<5:0>. An 

output terminal of the first processing circuit 11 is connected to a control terminal b of 

the first selector 13. 

[ 0055] Two input terminals of the second processing circuit 12 are configured to 

respectively receive a second code SUB<3:0> and the original code Original_code<5:0>. 

An output terminal of the second processing circuit 12 is connected to a control terminal 
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b of the second selector 14. 

[ 0056] One or more output terminals of the voltage divider circuit 17 are respectively 

connected to an input terminal of the first selector 13 and an input terminal of the second 

selector 14. 

[ 0057] The voltage divider circuit 17 includes multiple voltage output terminals 

having output voltages different from one another. 

[ 0058] Alternatively, the voltage divider circuit 17 includes a resistive voltage divider 

circuit, which may obtain a series of division voltages by series connection of a series of 

resistors. 

[ 0059] The multiple voltage output terminals of the voltage divider circuit 17 are 

respectively connected to multiple input terminals of the first selector 13 and multiple 

input terminals of the second selector 14. It is to be noted that, for ease of understanding, 

FIG. 1 shows that only one of the voltage output terminals of the voltage divider circuit 

17 is connected to one of input terminals a of the first selector 13, and shows that only 

one of the voltage output terminals of the voltage divider circuit 17 is connected to one of 

input terminals a of the second selector 14. 

[ 0060] An output terminal of the first selector 13 is connected to an input terminal of 

the first output buffer circuit 15. An output terminal of the second selector 14 is 

connected to an input terminal of the second output buffer circuit 16. A first reference 

voltage VREFDQ_ADD is output from an output terminal of the first output buffer 

circuit 15. A second reference voltage VREFDQ_SUB is output from an output terminal 

of the second output buffer circuit 16. 

[ 0061] In a possible implementation of the present disclosure, the first selector 13 is 

configured to select, based on a code output by the first processing circuit 11, one of 

multiple voltages output from the voltage divider circuit 17, and output a selected voltage 

to the first output buffer circuit 15. The second selector 14 is configured to select, based 

on a code output by the second processing circuit 12, one of multiple voltages output 

from the voltage divider circuit 17, and output a selected voltage to the second output 

buffer circuit 16. 
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[ 0062] Specifically, the first processing circuit 11 is configured to receive the first 

code ADD<3:0> and the original code Original_code<5:0>, process the first code 

ADD<3:0> and the original code Original_code<5:0>, and input a processed code into 

the first selector 13. The first selector 13 is configured to select, according to the received 

code, one of multiple voltages output by the voltage divider circuit 17, and then output 

the selected voltage to the first output buffer circuit 15. The first output buffer circuit 15 

is configured to output the first reference voltage VREFDQ_ADD based on the received 

voltage. 

[ 0063] Similarly, the second processing circuit 12 is configured to receive the second 

code SUB<3:0> and the original code Original_code<5:0>, process the second code 

SUB<3:0> and the original code Original_code<5:0>, and input a processed code into 

the second selector 14. The second selector 14 is configured to select, according to the 

received code, one of multiple voltages output by the voltage divider circuit 17, and then 

output a selected voltage to the second output buffer circuit 16. The second output buffer 

circuit 16 is configured to output the second reference voltage VREFDQ_SUB based on 

the received voltage. 

[ 0064] Alternatively, the original code Original_code<5:0> may be bits 0, 1, 2, 3, 4, 

and 5 of a mode register MR6 in a DDR4 memory, i.e., MR6 A[5:0]. MR6 A[5:0] may be 

configured in a VREFDQ calibration mode of the DDR4 memory in the present 

disclosure. 

[ 0065] In a possible implementation, the first selector 13 and the second selector 14 

have the same circuit structure; and/or, the first output buffer circuit 15 and the second 

output buffer circuit 16 have the same circuit structure. The circuit matching degree can 

be improved, and the cost of the circuit design can be saved. 

[ 0066] The dual reference voltage generator provided by the embodiment of the 

present disclosure may output two different reference voltages based on the first code, the 

second code, and the original code, the requirements of the different reference voltages 

during the equalization processing process can be better met, and an equalization 

processing effect of the equalizer circuit can be improved. 

[ 0067] Based on what has been described in the above embodiments, referring to FIG. 
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2, FIG. 2 is a structure diagram of another dual reference voltage generator according to 

an embodiment of the present disclosure. 

[ 0068] In the embodiments of the present disclosure, the first processing circuit 11 

includes an adder 111. The adder 111 is configured to perform addition operation 

processing on the first code ADD<3:0> and the original code Original_code<5:0> that 

are received by the first processing circuit 11 and output a processed code. 

[ 0069] Exemplarily, the adder 111 may add ADD<3:0> to Original_code<5:0>. 

[ 0070] The second processing circuit 12 includes a subtractor 121. The subtractor 121 

is configured to perform subtraction operation processing on the second code SUB<3:0> 

and the original code Original_code<5:0> that are received by the second processing 

circuit 12 and output a processed code. 

[ 0071] Exemplarily, the subtractor 121 may subtract SUB<3:0> from 

Original_code<5:0>. 

[ 0072] The first processing circuit 11 further includes a first decoder 112. An input 

terminal of the first decoder 112 is connected to an output terminal of the adder 111. An 

output terminal of the first decoder 112 is connected to the control terminal b of the first 

selector 13. 

[ 0073] The second processing circuit 12 further includes a second decoder 122. An 

input terminal of the second decoder 122 is connected to an output terminal of the 

subtractor 121. An output terminal of the second decoder 122 is connected to the control 

terminal b of the second selector 14. 

[ 0074] The first decoder 112 is configured to decode the code output by the adder 111 

and output data of a specific format. Similarly, the second decoder 122 is configured to 

decode the code output by the subtractor 121. 

[ 0075] Alternatively, the first decoder and the second decoder may have the same 

circuit structure, so that the circuit matching degree can be improved, and the cost of the 

circuit design can be saved. 

11



 

 

 

[ 0076] In the embodiments of the present disclosure, as the code values received by 

the first selector 13 and the second selector 14 are larger, a larger voltage is selected from 

the series of voltages generated by the voltage divider circuit 17 for output. 

[ 0077] It will be appreciated that the code output by the first decoder 112 is generated 

based on the addition of the first code ADD<3:0> and the original code 

Original_code<5:0>, while the code output by the second decoder 122 is generated based 

on the subtraction of the second code SUB<3:0> and the original code 

Original_code<5:0>. Therefore, the code value received by the first selector 13 is larger 

than the code value received by the second selector 14, and the selected voltage of the 

first selector 13 among the series of voltages output by the voltage divider circuit 17 is 

larger than the selected voltage of the second selector 14 among the series of voltages 

output by the voltage divider circuit 17, so that the finally output first reference voltage 

may be greater than the second reference voltage. 

[ 0078] Furthermore, based on what has been described in the above embodiments, an 

equalizer circuit is also provided in an embodiment of the present disclosure. Referring to 

FIG. 3, FIG. 3 is a circuit diagram of an equalizer circuit according to an embodiment of 

the present disclosure. In FIG. 3, the equalizer circuit includes: a dual reference voltage 

generator 10, a first input buffer circuit 20, a second input buffer circuit 30 and a 

selecting and sampling circuit 40. 

[ 0079] The dual reference voltage generator 10 is the dual reference voltage generator 

described in the above embodiments, which may specifically refer to the content in the 

above embodiments. Descriptions thereof are omitted herein. 

[ 0080] In the present embodiments, two different reference voltages output by the 

dual reference voltage generator 10 serve as input reference voltages of the first input 

buffer circuit 20 and the second input buffer circuit 30, respectively. 

[ 0081] The first input buffer circuit 20 and the second input buffer circuit 30 are 

connected to the selecting and sampling circuit 40, respectively. The selecting and 

sampling circuit 40 is configured to select, according to data previously output by the 

equalizer circuit, whether to perform data sampling on a data signal output by the first 

input buffer circuit 20 or a data signal output by the second input buffer circuit 30, and 
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take sampled data as data currently output by the equalizer circuit. 

[ 0082] Exemplarily, when the value of the data previously output by the equalizer 

circuit is 1, the selecting and sampling circuit 40 is configured to select to perform data 

sampling on a data signal output by the first input buffer circuit 20 and take sampled data 

as data currently output by the equalizer circuit. When the value of the data previously 

output by the equalizer circuit is 0, the selecting and sampling circuit 40 is configured to 

select to perform data sampling on a data signal output by the second input buffer circuit 

30 and take sampled data as data currently output by the equalizer circuit. 

[ 0083] It will be appreciated that since the reference voltages adopted by the first 

input buffer circuit 20 and the second input buffer circuit 30 are different, the voltage 

margins at which the first input buffer circuit 20 and the second input buffer circuit 30 

compare the received data with the reference voltages will also be different. When 

acquiring data, the selecting and sampling circuit 40 selects, according to the data 

previously output by the equalizer circuit, whether to perform data acquisition on the data 

signal output by the first input buffer circuit 20 or the data signal output by the second 

input buffer circuit 30, so that the equalizer circuit can perform data equalization 

processing in advance according to the data previously output, ISI is eliminated, and the 

quality of a received data signal is improved. 

[ 0084] Further, based on what has been described in the above embodiments, referring 

to FIG. 4, FIG. 4 is a structure diagram of another equalizer circuit according to an 

embodiment of the present disclosure. In a possible implementation of the present 

disclosure, the dual reference voltage generator 10 includes a first reference voltage 

output terminal H and a second reference voltage output terminal L. A first reference 

voltage output by the first reference voltage output terminal H is different from a second 

reference voltage output by the second reference voltage output terminal L. 

[ 0085] Alternatively, the first reference voltage is greater than the second reference 

voltage. 

[ 0086] The first reference voltage output terminal H is connected to a reference 

voltage input terminal of the first input buffer circuit 20. The second reference voltage 

output terminal L is connected to a reference voltage input terminal of the second input 
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buffer circuit 30. 

[ 0087] In the embodiments of the present disclosure, the selecting and sampling 

circuit 40 includes a selection circuit and a sampling circuit. The selection circuit is 

connected to the sampling circuit. The selection circuit may be configured to select, 

according to data sent by the sampling circuit, whether to input a data signal output by 

the first input buffer circuit 20 or a data signal output by the second input buffer circuit 

30 to the sampling circuit. The sampling circuit is configured to perform data sampling 

on the data signal input by the selection circuit. 

[ 0088] Specifically, still referring to FIG. 4, the selection circuit includes a first 

selection circuit 41 and a second selection circuit 42, and the sampling circuit includes a 

first sampling circuit 43 and a second sampling circuit 44. 

[ 0089] Two input terminals a and b of the first selection circuit 41 are connected to the 

output terminal of the first input buffer circuit 20 and the output terminal of the second 

input buffer circuit 30, respectively. Two input terminals a and b of the second selection 

circuit 42 are connected to the output terminal of the first input buffer circuit 20 and the 

output terminal of the second input buffer circuit 30 respectively. 

[ 0090] An output terminal of the first selection circuit 41 is connected to an input 

terminal of the first sampling circuit 43. A control terminal c of the first selection circuit 

41 is connected to an output terminal of the second sampling circuit 44. An output 

terminal of the second selection circuit 42 is connected to an input terminal of the second 

sampling circuit 44. A control terminal c of the second selection circuit 42 is connected to 

an output terminal of the first sampling circuit 43. 

[ 0091] The first sampling circuit 43 is configured to send currently acquired data 

DQ_RISE to the control terminal c of the second selection circuit 42. The second 

selection circuit 42 is configured to select, based on the data DQ_RISE sent by the first 

sampling circuit 43, whether to input the data in the first input buffer circuit 20 or the 

second input buffer circuit 30 to the second sampling circuit 44. 

[ 0092] The second sampling circuit 44 is configured to send currently acquired data 

DQ_FALL to the control terminal c of the first selection circuit 41. The first selection 
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circuit 41 is configured to select, based on the data DQ_FALL sent by the second 

sampling circuit 44, whether to input the data in the first input buffer circuit 20 or the 

second input buffer circuit 30 to the first sampling circuit 43. 

[ 0093] Alternatively, when the data DQ_RISE sent by the first sampling circuit 43 to 

the control terminal c of the second selection circuit 42 is 1, the second selection circuit 

42 is configured to select to input the output data of the first input buffer circuit 20 to the 

second sampling circuit 44. When the data DQ_RISE sent by the first sampling circuit 43 

to the control terminal c of the second selection circuit 42 is 0, the second selection 

circuit 42 is configured to select to input the output data of the second input buffer circuit 

30 to the second sampling circuit 44. 

[ 0094] When the data DQ_FALL sent by the second sampling circuit 44 to the control 

terminal c of the first selection circuit 41 is 1, the first selection circuit 41 is configured 

to select to input the output data of the first input buffer circuit 20 to the first sampling 

circuit 43. When the data DQ_FALL sent by the second sampling circuit 44 to the control 

terminal c of the first selection circuit 41 is 0, the first selection circuit 41 is configured 

to select to input the output data of the second input buffer circuit 30 to the first sampling 

circuit 43. 

[ 0095] Alternatively, the first selection circuit 41 and the second selection circuit 42 

may have the same circuit structure, so that the circuit matching degree can be improved, 

and the cost of the circuit design can be saved. 

[ 0096] Alternatively, the first sampling circuit 43 and the second sampling circuit 43 

may also have the same circuit structure, so that the circuit matching degree can be 

improved, and the circuit design cost can be saved. 

[ 0097] Furthermore, the equalizer circuit further includes a sampling clock input 

circuit 50. An output terminal of the sampling clock input circuit 50 is connected to 

sampling clock input terminals of the first sampling circuit 43 and the second sampling 

circuit 44, respectively, and sampling clock signals may be provided to the first sampling 

circuit 43 and the second sampling circuit 44. 

[ 0098] The sampling clock input circuit 50 may be configured to receive sampling 
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clock signals DQS and DQSB that are inverted to each other. 

[ 0099] In addition, sampling clock input circuit 50 includes a comparator circuit and a 

delay circuit. The delay circuit may be configured to adjust the phase of a sampling clock 

signal output by the comparator circuit. 

[ 00100] Exemplarily, when the received sampling clock signal DQS is in a rising edge, 

the first sampling circuit 43 performs data sampling based on the data signal output by 

the first selection circuit 41 to acquire data DQ_RISE, and sends the data DQ_RISE to 

the second selection circuit 42 as a control signal of the second selection circuit 42. When 

the received sampling clock signal DQS is in a falling edge, the second sampling circuit 

44 performs data sampling based on the data signal output by the second selection circuit 

42 to acquire data DQ_FALL, and sends the data DQ_FALL to the first selection circuit 

41 as a control signal of the first selection circuit 41. 

[ 00101] Furthermore, still referring to FIG. 4, the first input buffer circuit 20 includes a 

first comparator circuit 21 and a first delay circuit 22. The first comparator circuit 21 is 

connected in series with the first delay circuit 22. A reference voltage input terminal of 

the first comparator circuit 21 is connected to the first reference voltage output terminal 

H. 

[ 00102] The second input buffer circuit 30 includes a second comparator circuit 31 and 

a second delay circuit 32. The second comparator circuit 31 is connected in series with 

the second delay circuit 32. A reference voltage input terminal of the second comparator 

circuit 31 is connected to the second reference voltage output terminal L. 

[ 00103] A signal input terminal of the first comparator circuit 21 and a signal input 

terminal of the second comparator circuit 31 are connected to the same input data signal 

DQ. 

[ 00104] The first delay circuit 22 may be configured to adjust the phase of the DQ 

signal, so that the DQ signal received by the first sampling circuit 43 can remain 

synchronized with the sampling clock signal, and therefore the first sampling circuit 43 

can acquire correct data according to the sampling clock signal. The second delay circuit 

32 is also configured to adjust the phase of the DQ signal, so that the DQ signal received 
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by the second sampling circuit 44 remains synchronized with the sampling clock signal, 

and therefore the second sampling circuit 44 can acquire correct data according to the 

sampling clock signal. 

[ 00105] Alternatively, the first comparator circuit 21 and the second comparator circuit 

31 may have the same circuit structure, so that the circuit matching degree can be 

improved, and the cost of the circuit design can be saved. 

[ 00106] Alternatively, the first delay circuit 22 and the second delay circuit 32 may also 

have the same circuit structure, so that the circuit matching degree can be improved, and 

the cost of the circuit design can be saved. 

[ 00107] It will be appreciated that if the data currently output by the equalizer circuit is 

the data acquired by the first sampling circuit 43 when the sampling clock signal DQS is 

in the rising edge, the data previously output by the equalizer circuit is the data acquired 

by the second sampling circuit 44 when the sampling clock signal DQS is in a previous 

adjacent falling edge of the rising edge. If the data currently output by the equalizer 

circuit is the data acquired by the second sampling circuit 44 when the sampling clock 

signal DQS is in the falling edge, the data previously output by the equalizer circuit is the 

data acquired by the first sampling circuit 43 when the sampling clock signal DQS is in a 

previous adjacent rising edge of the falling edge. 

[ 00108] For a better understanding of the embodiments of the present disclosure, 

referring to FIG. 5, FIG. 5 is a waveform diagram of an equalizer circuit during data 

acquisition according to an embodiment of the present disclosure. 

[ 00109] In FIG. 5, DQ_VREFDQADD represents data output by the first input buffer 

circuit 20 based on the DQ signal and the first reference voltage H, the 

DQ_VREFDQADD includes DQ0, DQ1, DQ2, .... DQ_VREFDQSUB represents data 

output by the second input buffer circuit 30 based on the DQ signal and the second 

reference voltage L, and DQ_VREFDQSUB also includes DQ0, DQ1, DQ2, .... 

[ 00110] In the embodiments of the present disclosure, when the sampling clock signal 

DQS received by the first sampling circuit 43 is in a rising edge, data DQ0 is acquired, 

and DQ0 is sent to the second selection circuit 42. If the value of the data DQ0 is 1, the 
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second selection circuit 42 outputs, through the input terminal a thereof, the data 

generated in the first input buffer circuit 20 to the second sampling circuit 44. When the 

sampling clock signal DQS received by the second sampling circuit 44 is in a falling 

edge, data DQ1 output by the first input buffer circuit 20 may be acquired. If the value of 

the data DQ0 is 0, the second selection circuit 42 outputs, through the input terminal b 

thereof, the data generated in the second input buffer circuit 30 to the second sampling 

circuit 44. When the sampling clock signal DQS received by the second sampling circuit 

44 is in a falling edge, the data DQ1 output by the second input buffer circuit 30 may be 

acquired. 

[ 00111] Similarly, after the data DQ1 is acquired by the second sampling circuit 44, 

DQ1 is sent to the first selection circuit 41. If the value of the data DQ1 is 1, the first 

selection circuit 41 outputs, through the input terminal a thereof, the data generated in the 

first input buffer circuit 20 to the first sampling circuit 43. When the sampling clock 

signal DQS received by the first sampling circuit 43 is in a rising edge, data DQ2 output 

by the first input buffer circuit 20 may be acquired. If the value of the data DQ1 is 0, the 

first selection circuit 41 outputs, through the input terminal b thereof, the data generated 

in the second input buffer circuit 30 to the first sampling circuit 43. When the sampling 

clock signal DQS received by the first sampling circuit 43 is in a rising edge, the data 

DQ2 output by the second input buffer circuit 30 may be acquired. 

[ 00112] Based on what has been described in the above embodiments, in a possible 

implementation of the present disclosure, the first reference voltage is an enhancement of 

a reference voltage and the second reference voltage is a reduction of the reference 

voltage. Therefore, when the data previously output by the equalizer circuit is 1, the data 

signal output by the first input buffer circuit using the first reference voltage as the 

reference voltage is selected so as to be subjected to data sampling. When the data 

previously output by the equalizer circuit is 0, the data signal output by the second input 

buffer circuit using the second reference voltage as the reference voltage is selected so as 

to be subjected to data sampling. In this way, the input voltage margin of the equalizer 

circuit can be effectively improved, so that ISI is effectively eliminated, and the opening 

size of an eye diagram of written data is increased. 

[ 00113] For a better understanding of the embodiments of the present disclosure, 
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referring to FIG. 6, FIG. 6 is a schematic diagram of an equalization processing effect of 

an equalizer circuit according to an embodiment of the present disclosure. 

[ 00114] In FIG. 6, it can be clearly seen that when the value of data Pre_Data 

previously output by the equalizer circuit is 1, the data signal output by the first input 

buffer circuit using the first reference voltage VREFDQ_ADD as the reference voltage is 

selected so as to be subjected to data sampling, in this case, the input voltage margin 

(indicated by a black arrow) of the equalizer circuit is significantly greater than the input 

voltage margin (indicated by a gray arrow) of the equalizer circuit when the data signal 

output by the input buffer circuit using the reference voltage VREFDQ as the reference 

voltage is subjected to data sampling. 

[ 00115] Similarly, when the value of data Pre_Data previously output by the equalizer 

circuit is 0, the data signal output by the second input buffer circuit using the first 

reference voltage VREFDQ_SUB as the reference voltage selected so as to be subjected 

to data sampling, in this case, the input voltage margin (indicated by a black arrow) of the 

equalizer circuit is significantly greater than the input voltage margin (indicated by a gray 

arrow) of the equalizer circuit when the data signal output by the input buffer circuit 

using the reference voltage VREFDQ as the reference voltage for data sampling. 

[ 00116] The equalizer circuit provided by the embodiments of the present disclosure 

includes two input buffer circuits adopting different reference voltages. During data 

acquisition, an appropriate input buffer circuit is selected from the two input buffer 

circuits based on data previously output by the equalizer circuit, and then a data signal 

output by the selected input buffer circuit is subjected to data sampling, so that an input 

voltage margin of the equalizer circuit can be effectively increased, and the quality of a 

received data signal is improved. 

[ 00117] Based on what has been described in the above embodiments, in a possible 

implementation of the present disclosure, a voltage margin and a timing margin in an eye 

diagram corresponding to the received data of the equalizer circuit may be made to be at 

maximum values by configuring the values of the original code Original_code<5:0>, the 

first code ADD<3:0>, and the second code SUB<3:0> as target values. 

[ 00118] Specifically, referring to FIG. 7, FIG. 7 is a flowchart for determining an input 
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code of a reference voltage generator according to an embodiment of the present 

disclosure. The target values of the original code Original_code<5:0>, the first code 

ADD<3:0>, and the second code SUB<3:0> may be determined by operations S701-

S707. 

[ 00119] In operation S701, initial values of the first code ADD<3:0>, the second code 

SUB<3:0>, and the original code Original_code<5:0> are set as 0. 

[ 00120] In operation S702: the value of the original code Original_code<5:0> is added 

with 1, and the magnitude of a timing margin in an eye diagram corresponding to 

received data of an equalizer circuit is tested. 

[ 00121] In operation S703, operation S702 is repeatedly performed until a maximum 

value of the timing margin is obtained. 

[ 00122] In operation S704, the target value of Original_code<5:0> is set as the value of 

Original_code<5:0> when the timing margin is made to be at the maximum value. 

[ 00123] In operation S705: the values of ADD<3:0> and SUB<3:0> are added with 1 

respectively, and the magnitude of a voltage margin in the eye diagram corresponding to 

the received data of the equalizer circuit is tested. 

[ 00124] In operation S706, operation S705 is repeatedly performed until a maximum 

value of the voltage margin is obtained. 

[ 00125] In operation S707, the target values of ADD<3:0> and SUB<3:0> are set as the 

values of ADD<3:0> and SUB<3:0> when the voltage margin is made to be at the 

maximum value. 

[ 00126] That is, in the embodiments of the present disclosure, when the values of the 

first code ADD<3:0>, the second code SUB<3:0>, and the original code 

Original_code<5:0> that are received by the dual reference voltage generator 10 are the 

target values above, the voltage margin and the timing margin in the eye diagram 

corresponding to the received data of the equalizer circuit are made to be at the maximum 

values, and the quality of the received data signal can be improved. 
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[ 00127] Alternatively, the flow shown in FIG. 7 may be performed by a controller in a 

storage system or by a test engineer. The flow may be performed once in the same system 

environment, the input codes are fixed after the execution, and the input codes may be 

directly updated into a circuit register when a subsequent storage system is powered on. 

[ 00128] Furthermore, based on the equalizer circuit described in the above 

embodiments, a memory is also provided in embodiments of the present disclosure. The 

memory includes the equalizer circuit described in the above embodiments. Reference 

may be made in particular to the working principle of the equalizer circuit described in 

the above embodiments. Descriptions thereof are omitted herein. 

[ 00129] Finally, it is to be noted that the above embodiments are only used to illustrate 

the technical solutions of the present disclosure, and are not limited thereto. Although the 

present disclosure has been described in detail with reference to the foregoing 

embodiments, those skilled in the art should understand that the technical solutions 

described in the foregoing embodiments are modified, or some or all technical features 

are equivalently replaced, but the modifications and replacements do not make the 

essence of the corresponding technical solutions depart from the scope of the technical 

solutions of various embodiments of the present disclosure. 
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CLAIMS 

 

1. A dual reference voltage generator, applied to an equalizer circuit,  

wherein the dual reference voltage generator is configured to receive an original code, 

a first code and a second code, generates a first reference voltage according to received 

original code and first code, and generate a second reference voltage according to received 

original code and second code, the first reference voltage being different from the second 

reference voltage. 

 

2. The dual reference voltage generator of claim 1, comprising: a first processing circuit, a 

second processing circuit, a first selector, a second selector, a first output buffer circuit, a 

second output buffer circuit and a voltage divider circuit,  

wherein two input terminals of the first processing circuit are configured to 

respectively receive the first code and the original code, and an output terminal of the first 

processing circuit is connected to a control terminal of the first selector; 

two input terminals of the second processing circuit are configured to respectively 

receive the second code and the original code, and an output terminal of the second 

processing circuit is connected to a control terminal of the second selector; 

one or more output terminals of the voltage divider circuit are respectively connected 

to an input terminal of the first selector and an input terminal of the second selector; and 

an output terminal of the first selector is connected to an input terminal of the first 

output buffer circuit, an output terminal of the second selector is connected to an input 

terminal of the second output buffer circuit, the first reference voltage is output from an 

output terminal of the first output buffer circuit, and the second reference voltage is output 

from an output terminal of the second output buffer circuit. 
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3. The dual reference voltage generator of claim 2, wherein the voltage divider circuit 

comprises a plurality of voltage output terminals having output voltages different from one 

another. 

 

4. The dual reference voltage generator of claim 3, wherein the plurality of voltage output 

terminals of the voltage divider circuit are respectively connected to a plurality of input 

terminals of the first selector and a plurality of input terminals of the second selector. 

 

5. The dual reference voltage generator of claim 4, wherein the first selector is configured to 

select, based on a code output by the first processing circuit, one of a plurality of voltages 

output from the voltage divider circuit, and output a selected voltage to the first output buffer 

circuit; and the second selector is configured to select, based on a code output by the second 

processing circuit, one of a plurality of voltages output from the voltage divider circuit, and 

output a selected voltage to the second output buffer circuit. 

 

6. The dual reference voltage generator of claim 5, wherein the first processing circuit 

comprises an adder for performing addition operation processing on the original code and the 

first code that are received by the first processing circuit, and outputting a processed code; 

and 

the second processing circuit comprises a subtractor for performing subtraction 

operation processing on the original code and the second code that are received by the second 

processing circuit, and outputting a processed code. 

 

7. The dual reference voltage generator of claim 6, wherein the first processing circuit further 

comprises a first decoder, an input terminal of the first decoder being connected to an output 

terminal of the adder, and an output terminal of the first decoder being connected to the 

control terminal of the first selector; and 

23



 

 

 

the second processing circuit further comprises a second decoder, an input terminal of 

the second decoder being connected to an output terminal of the subtractor, and an output 

terminal of the second decoder being connected to the control terminal of the second selector. 

 

8. The dual reference voltage generator of any one of claims 1 to 7, wherein the first reference 

voltage is greater than the second reference voltage. 

 

9. The dual reference voltage generator of any one of claims 2 to 7, wherein the first selector 

and the second selector have a same circuit structure. 

 

10. The dual reference voltage generator of any one of claims 2 to 7, wherein the first output 

buffer circuit and the second output buffer circuit have a same circuit structure. 

 

11. The dual reference voltage generator of claim 7, wherein the first decoder and the second 

decoder have a same circuit structure. 

 

12. An equalizer circuit, comprising: a dual reference voltage generator, a first input buffer 

circuit, a second input buffer circuit and a selecting and sampling circuit,  

wherein the dual reference voltage generator is the dual reference voltage generator 

according to any one of claims 1 to 11, and two different reference voltages output by the dual 

reference voltage generator serve as input reference voltages of the first input buffer circuit 

and the second input buffer circuit, respectively; 

the first input buffer circuit and the second input buffer circuit are respectively 

connected to the selecting and sampling circuit; and 

the selecting and sampling circuit is configured to select, according to data previously 
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output by the equalizer circuit, whether to perform data sampling on a data signal output by 

the first input buffer circuit or a data signal output by the second input buffer circuit, and take 

sampled data as data currently output by the equalizer circuit. 

 

13. The equalizer circuit of claim 12, wherein when an original code, a first code and a second 

code that are received by the dual reference voltage generator are all at target values, a voltage 

margin and a timing margin in an eye diagram corresponding to received data of the equalizer 

circuit are made to be at maximum values. 

 

14. The equalizer circuit of claim 13, wherein the target values of the original code, the first 

code and the second code are set by the following operations: 

a first operation of setting initial values of the original code, the first code and the 

second code as 0; 

a second operation of adding 1 to the value of the original code, and testing a 

magnitude of the timing margin in the eye diagram corresponding to the received data of the 

equalizer circuit; 

a third operation of repeatedly performing the second operation until the maximum 

value of the timing margin is obtained;  

a fourth operation of setting the target value of the original code as a value of the 

original code when the timing margin is at the maximum value; 

a fifth operation of respectively adding 1 to the values of the first code and the second 

code, and testing the magnitude of the voltage margin in the eye diagram corresponding to the 

received data of the equalizer circuit; 

a sixth operation of repeatedly performing the fifth operation until the maximum value 

of the voltage margin is obtained; and 

a seventh operation of setting the target values of the first code and the second code as 
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values of the first code and the second code when the voltage margin is at the maximum 

value. 

 

15. A memory, comprising an equalizer circuit according to any one of claims 12 to 14. 
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