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DATA RECEIVING CIRCUIT, DATA RECEIVING SYSTEM AND 

STORAGE APPARATUS 

 

CROSS-REFERENCE TO RELATED APPLICATION 

[ 0001] This application claims priority from Chinese Patent Application No. 

202210726636.9, filed on June 23, 2022 and entitled “DATA RECEIVING CIRCUIT, 

DATA RECEIVING SYSTEM AND STORAGE APPARATUS”, the disclosure of which 

is hereby incorporated by reference in its entirety. 

 

TECHNICAL FIELD 

[ 0002] Embodiments of the disclosure relate to the technical field of semiconductors, 

and in particular, to a data receiving circuit, a data receiving system and a storage 

apparatus. 

 

BACKGROUND 

[ 0003] In the application of a memory, as a signal transmission rate becomes faster 

and faster, channel loss has a greater and greater impact on the signal quality, which may 

easily lead to intersymbol interference. In addition, a difference in level value between a 

data signal received by a data receiving circuit in the memory and a reference signal may 

affect the determination of the data receiving circuit on the data signal, resulting in 

impact on the accuracy of a signal outputted by the data receiving circuit. 

[ 0004] Currently, a channel is usually compensated by an equalization circuit. A 

Continuous Time Linear Equalizer (CTLE) or a Decision Feedback Equalizer (DFE) may 

be selected as an equalization circuit. However, the accuracy of the signal output by the 

equalization circuit currently used needs to be improved, the receiving performance of 

the equalization circuit needs to be improved, and the power consumption of the 
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equalization circuit needs to be reduced. 

 

SUMMARY 

[ 0005] Embodiments of the disclosure provide a data receiving circuit, a data 

receiving system and a storage apparatus, which at least reduces the power consumption 

of the data receiving circuit while the receiving performance of the data receiving circuit 

is improved. 

[ 0006] According to some embodiments of the disclosure, an aspect of an 

embodiment of the disclosure provides a data receiving circuit, including: a first 

amplification module, configured to receive a data signal, a first reference signal and a 

second reference signal, perform first comparison on the data signal and the first 

reference signal to output a first signal pair as a result of the first comparison, perform 

second comparison on the data signal and the second reference signal to output a second 

signal pair as a result of the second comparison, where a level value of the first reference 

signal is different from a level value of the second reference signal, the first signal pair 

includes a first signal and a second signal, and the second signal pair includes a third 

signal and a fourth signal; a decision equalization enable module, configured to receive 

an enable signal and a feedback signal, and output a control signal, where the feedback 

signal is obtained based on previously received data, the enable signal has a first level 

value period, a level value of the control signal varies with a level value of the feedback 

signal, the enable signal has a second level value period, the level value of the control 

signal is a fixed value, and a first level value is different from a second level value; and a 

second amplification module, configured to selectively receive the first signal pair or the 

second signal pair as an input signal pair based on the control signal, amplify a voltage 

difference of the input signal pair, and output a first output signal and a second output 

signal as an amplification result. 

[ 0007] In some embodiments, the first amplification module includes: a first 

comparison circuit, having a first node and a second node and configured to receive the 

data signal and the first reference signal and perform the first comparison on the data 
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signal and the first reference signal, and output the first signal and the second signal via 

the first node and the second node respectively; and a second comparison circuit, having 

a third node and a fourth node and configured to receive the data signal and the second 

reference signal and perform the second comparison on the data signal and the second 

reference signal, and output the third signal and the fourth signal via the third node and 

the fourth node respectively. 

[ 0008] In some embodiments, the first comparison circuit includes: a first current 

source connected between a power node and a fifth node for supplying a current to the 

fifth node in response to a first sampling clock signal; and a first comparison unit, 

connected to the first node, the second node and the fifth node, and configured to receive 

the data signal and the first reference signal, perform the first comparison when the first 

current source supplies the current to the fifth node, and output the first signal and the 

second signal. The second comparison circuit includes: a second current source 

connected between the power node and a sixth node for supplying a current to the sixth 

node in response to a second sampling clock signal; and a second comparison unit, 

connected to the third node, the fourth node and the sixth node, and configured to receive 

the data signal and the second reference signal, perform the second comparison when the 

second current source supplies the current to the sixth node, and output the third signal 

and the fourth signal. 

[ 0009] In some embodiments, the first current source includes: a first PMOS transistor, 

connected between the power node and the fifth node. A gate of the first PMOS transistor 

receives the first sampling clock signal. The second current source includes: a second 

PMOS transistor, connected between the power node and the sixth node. A gate of the 

second PMOS transistor receives the second sampling clock signal. 

[ 0010] In some embodiments, the first comparison unit includes: a third PMOS 

transistor, connected between the first node and the fifth node, where a gate of the third 

PMOS transistor receives the data signal; and a fourth PMOS transistor, connected 

between the second node and the fifth node, where a gate of the fourth PMOS transistor 

receives the first reference signal. The second comparison unit includes: a fifth PMOS 

transistor, connected between the third node and the sixth node, where a gate of the fifth 
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PMOS transistor receives the data signal; and a sixth PMOS transistor, connected 

between the fourth node and the sixth node. A gate of the sixth PMOS transistor receives 

the second reference signal. 

[ 0011] In some embodiments, the first amplification module further includes: a first 

reset unit, connected to the first node and the second node and configured to reset the 

first node and the second node; and a second reset unit, connected to the third node and 

the fourth node and configured to reset the third node and the fourth node. 

[ 0012] In some embodiments, the first reset unit includes: a first NMOS transistor, 

connected between the first node and ground, where a gate of the first NMOS transistor 

receives the first sampling clock signal; and a second NMOS transistor, connected 

between the second node and the ground, where a gate of the second NMOS transistor 

receives the first sampling clock signal. The second reset unit includes: a third NMOS 

transistor, connected between the third node and the ground, where a gate of the third 

NMOS transistor receives the second sampling clock signal; and a fourth NMOS 

transistor, connected between the fourth node and the ground. A gate of the fourth 

NMOS transistor receives the second sampling clock signal. 

[ 0013] In some embodiments, the second amplification module includes: a first input 

unit, connected to a seventh node and an eighth node, and configured to be turned on in 

response to the control signal to receive the first signal pair and perform a third 

comparison, and provide a signal to the seventh node and the eighth node respectively as 

a result of the third comparison; a second input unit, connected to the seventh node and 

the eighth node, and configured to be turned on in response to the control signal to 

receive the second signal pair and perform a fourth comparison, and provide a signal to 

the seventh node and the eighth node respectively as a result of the fourth comparison, 

where the first input unit and the second input unit are alternatively turned on based on 

the control signal; and a latch unit, connected to the seventh node and the eighth node, 

and configured to amplify and latch the signal of the seventh node and the signal of the 

eighth node, and output the first output signal and the second output signal via a first 

output node and a second output node. 

[ 0014] In some embodiments, the feedback signal includes a differential first feedback 



 

 

5 

 

signal and second feedback signal. The control signal includes a differential first control 

signal and second control signal. The first input unit is turned on in response to the first 

control signal, and the second input unit is turned on in response to the second control 

signal. The decision equalization enable module includes: a first enable unit, configured 

to receive the enable signal and the feedback signal, and output the first control signal, 

where the enable signal has the first level value period, a level value of the first control 

signal varies with a level value of the first feedback signal, the enable signal has the 

second level value period, and the level value of the first control signal is a fixed value; 

and a second enable unit, configured to receive a complementary enable signal and the 

second feedback signal, and output the second control signal. The complementary enable 

signal and the enable signal are differential signals for each other. The complementary 

enable signal has the second level value period. A level value of the second control signal 

varies with a level value of the second feedback signal. The complementary enable signal 

has the first level value period, and the level value of the second control signal is a fixed 

value. 

[ 0015] In some embodiments, the decision equalization enable module further 

includes: a first NAND gate unit, configured to receive the enable signal and a third 

sampling clock signal, and output a second sampling clock signal. A phase of the third 

sampling clock signal is opposite to that of a first sampling clock signal. 

[ 0016] In some embodiments, the first enable unit is a second NAND gate unit. The 

second enable unit is a NOR gate unit. The first level value is a high level, and the 

second level value is a low level. The second NAND gate unit receives the first feedback 

signal and the enable signal. The NOR gate unit receives the second feedback signal and 

the complementary enable signal. 

[ 0017] In some embodiments, the first input unit includes: a fifth NMOS transistor 

and a sixth NMOS transistor, where a drain of the fifth NMOS transistor is connected to 

the seventh node, a source of the fifth NMOS transistor is connected to a drain of the 

sixth NMOS transistor, a source of the sixth NMOS transistor is connected to ground, a 

gate of the fifth NMOS transistor receives one of the first signal or the first control signal, 

and a gate of the sixth NMOS transistor receives the other of the first signal or the first 
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control signal; and a seventh NMOS transistor and an eighth NMOS transistor. A drain of 

the seventh NMOS transistor is connected to the eighth node. A source of the seventh 

NMOS transistor is connected to a drain of the eighth NMOS transistor. A source of the 

eighth NMOS transistor is connected to the ground. A gate of the seventh NMOS 

transistor receives one of the second signal or the first control signal, and a gate of the 

eighth NMOS transistor receives the other of the second signal or the first control signal. 

The second input unit includes: a ninth NMOS transistor and a tenth NMOS transistor, 

where a drain of the ninth NMOS transistor is connected to the seventh node, a source of 

the ninth NMOS transistor is connected to a drain of the tenth NMOS transistor, a source 

of the tenth NMOS transistor is connected to the ground, a gate of the ninth NMOS 

transistor receives one of the third signal or the second control signal, and a gate of the 

tenth NMOS transistor receives the other of the third signal or the second control signal; 

and an eleventh NMOS transistor and a twelfth NMOS transistor. A drain of the eleventh 

NMOS transistor is connected to the eighth node. A source of the eleventh NMOS 

transistor is connected to a drain of the twelfth NMOS transistor. A source of the twelfth 

NMOS transistor is connected to the ground. A gate of the eleventh NMOS transistor 

receives one of the fourth signal or the second control signal, and a gate of the twelfth 

NMOS transistor receives the other of the fourth signal or the second control signal. 

[ 0018] In some embodiments, the latch unit includes: a thirteenth NMOS transistor 

and a seventh PMOS transistor, where a gate of the thirteenth NMOS transistor and a 

gate of the seventh PMOS transistor are connected to the second output node, a source of 

the thirteenth NMOS transistor is connected to the seventh node, a drain of the thirteenth 

NMOS transistor and a drain of the seventh PMOS transistor are connected to the first 

output node, and a source of the seventh PMOS transistor is connected to a power node; 

and a fourteenth NMOS transistor and an eighth PMOS transistor. A gate of the 

fourteenth NMOS transistor and a gate of the eighth PMOS transistor are connected to 

the first output node. A source of the fourteenth NMOS transistor is connected to the 

eighth node. A drain of the fourteenth NMOS transistor and a drain of the eighth PMOS 

transistor are connected to the second output node. A source of the eighth PMOS 

transistor is connected to the power node. 

[ 0019] In some embodiments, the second amplification module further includes: a 
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third reset unit, connected between a power node and an output end of the latch unit, and 

configured to reset the output end of the latch unit. 

[ 0020] In some embodiments, the third reset unit includes: a ninth PMOS transistor, 

connected between the first output node and a power node, where a gate of the ninth 

PMOS transistor receives a fourth sampling clock signal; and a tenth PMOS transistor, 

connected between the second output node and the power node. A gate of the tenth 

PMOS transistor receives the fourth sampling clock signal. 

[ 0021] According to some embodiments of the disclosure, another aspect of an 

embodiment of the disclosure further provides a data receiving system, including: a 

plurality of cascaded data transmission circuits, each of which includes any of the data 

receiving circuits described above and a latch circuit connected to the data receiving 

circuit. An output signal of the data transmission circuit in a previous stage is used as a 

feedback signal of the data transmission circuit in a next stage. An output signal of the 

data transmission circuit in a last stage is used as a feedback signal of the data 

transmission circuit in a first stage. 

[ 0022] In some embodiments, the data receiving circuit receives data in response to a 

sampling clock signal. The data receiving system includes 4 cascaded data transmission 

circuits, and a phase difference between the sampling clock signals of the adjacent stage 

data receiving circuits is 90°. 

[ 0023] In some embodiments, a decision equalization enable module of the data 

receiving circuit in a current stage is connected to an output end of a second 

amplification module of the data receiving circuit in a previous stage. A first output 

signal and a second output signal outputted by the second amplification module of the 

data receiving circuit in a previous stage are used as the feedback signals of the next 

stage data receiving circuit. 

[ 0024] In some embodiments, a decision equalization enable module of the data 

receiving circuit in a current stage is connected to an output end of the previous stage 

latch circuit. A signal outputted by the previous stage latch circuit is used as the feedback 

signal of the next stage data receiving circuit. 
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[ 0025] According to some embodiments of the disclosure, still another aspect of an 

embodiment of the disclosure further provides a storage apparatus, including: a plurality 

of data ports; and a plurality of data receiving systems described above, each of which 

corresponds to one data port. 

[ 0026] The technical solutions provided in the embodiments of the disclosure have at 

least the following advantages. 

[ 0027] In an aspect, the enable signal has the first level value period, and the level 

value of the control signal varies with the level value of the feedback signal. It may be 

understood that, based on different previously received feedback signals, the second 

amplification module may selectively receive one of the first signal pair or the second 

signal pair based on different control signals, so as to reduce the impact of intersymbol 

interference of the received data signal on the data receiving circuit. In another aspect, 

the enable signal has the second level value period, and the level value of the first control 

signal is the fixed value. It may be understood that, regardless of the level value of the 

previously received feedback signal, the second amplification module only fixedly 

receives one of the first signal pair or the second signal pair based on the control signal of 

which level value is the fixed value. That is to say, a circuit configured to output the 

other of first signal pair or the second signal pair may be in a non-operating state, thereby 

facilitating the reduction of the power consumption of the data receiving circuit. 

[ 0028] Therefore, the decision equalization enable module may be used to process the 

previously received feedback signal to obtain the control signal that may control the 

second amplification module, so as to select whether the impact of the intersymbol 

interference of data received by the data receiving circuit on the data receiving circuit is 

considered. For example, when the impact of the intersymbol interference on the data 

receiving circuit is required to be reduced, the decision equalization enable module is 

used to output the control signal. The control signal may control whichever of the first 

signal pair or the second signal pair selectively received by the second amplification 

module has a larger difference in level value, so as to ensure that the second 

amplification module receives a pair of differential signals with a larger difference in 

signal level value. When the impact of the intersymbol interference on the data receiving 
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circuit is not required to be considered, the decision equalization enable module is used 

to output the control signal. The control signal may control the fixed one of the first 

signal pair or the second signal pair selectively received by the second amplification 

module, so as to achieve an effect of reducing the power consumption of the data 

receiving circuit while the receiving performance of the data receiving circuit is 

improved. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0029] One or more embodiments are exemplified by the figures in the corresponding 

drawings, and these exemplary descriptions do not constitute limitations of the 

embodiments. Elements in the drawings with the same reference numerals are 

represented as similar elements. Unless otherwise stated, the figures in the drawings do 

not constitute a scale limitation. In order to more clearly illustrate the technical solutions 

in the embodiments of the disclosure or conventional technologies, the drawings used in 

the technical description of the embodiments will be briefly described below. It is 

apparent that the drawings in the following descriptions are merely some embodiments of 

the disclosure. Other drawings can be obtained from those skilled in the art according to 

these drawings without any creative work. 

[ 0030] FIG. 1 is a functional block diagram of a data receiving circuit according to an 

embodiment of the disclosure. 

[ 0031] FIG. 2 is a functional block diagram of a data receiving system according to 

another embodiment of the disclosure. 

[ 0032] FIGS. 3 to 5 are another three functional block diagrams of a data receiving 

circuit according to an embodiment of the disclosure. 

[ 0033] FIG. 6 is a schematic diagram of a circuit structure of a first amplification 

module and a partial decision equalization enable module in a data receiving circuit 

according to an embodiment of the disclosure. 
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[ 0034] FIG. 7 is a schematic diagram of a circuit structure of a second amplification 

module and a partial decision equalization enable module in a data receiving circuit 

according to an embodiment of the disclosure. 

 

DETAILED DESCRIPTION 

[ 0035] Embodiments of the disclosure provide a data receiving circuit, a data 

receiving system and a storage apparatus. In the data receiving circuit, the decision 

equalization enable module may be used to process the previously received feedback 

signal to obtain the control signal that may control the second amplification module, so 

as to select whether the impact of the intersymbol interference of data received by the 

data receiving circuit on the data receiving circuit is considered. For example, when the 

impact of the intersymbol interference on the data receiving circuit is required to be 

reduced, the decision equalization enable module is used to output the control signal. The 

control signal may control whichever of the first signal pair or the second signal pair 

selectively received by the second amplification module has a larger difference in level 

value, so as to ensure that the second amplification module receives a pair of differential 

signals with a larger difference in signal level value. When the impact of the intersymbol 

interference on the data receiving circuit is not required to be considered, the decision 

equalization enable module is used to output the control signal. The control signal may 

control the fixed one of the first signal pair or the second signal pair selectively received 

by the second amplification module, so as to achieve an effect of reducing the power 

consumption of the data receiving circuit while the receiving performance of the data 

receiving circuit is improved. 

[ 0036] Embodiments of the disclosure are described in detail below with reference to 

the drawings. However, it is to be understood by those skilled in the art that, in each 

embodiment of the disclosure, many technical details are provided for readers to better 

understand the embodiments of the disclosure. However, even without these technical 

details and various changes and modifications based on the following embodiments, the 

technical solutions claimed in the embodiments of the disclosure may also be realized. 
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[ 0037] An embodiment of the disclosure provides a data receiving circuit. The data 

receiving circuit provided in this embodiment of the disclosure is described in detail 

below with reference to the drawings. FIG. 1 and FIG. 3 to FIG. 5 are four functional 

block diagrams of a data receiving circuit according to an embodiment of the disclosure. 

FIG. 6 is a schematic diagram of a circuit structure of a first amplification module and a 

partial decision equalization enable module in a data receiving circuit according to an 

embodiment of the disclosure. FIG. 7 is a schematic diagram of a circuit structure of a 

second amplification module and a partial decision equalization enable module in a data 

receiving circuit according to an embodiment of the disclosure. 

[ 0038] Referring to FIG. 1 and FIG. 3, the data receiving circuit 100 includes: a first 

amplification module 101, configured to receive a data signal DQ, a first reference signal 

VR+ and a second reference signal VR-, perform first comparison on the data signal DQ 

and the first reference signal VR+ to output a first signal pair as a result of the first 

comparison, perform second comparison on the data signal DQ and the second reference 

signal VR- to output a second signal pair as a result of the second comparison, where a 

level value of the first reference signal VR+ is different from a level value of the second 

reference signal VR-, the first signal pair includes a first signal Sn+ and a second signal 

Sp+, and the second signal pair includes a third signal Sn- and a fourth signal Sp-; a 

decision equalization enable module 103, configured to receive an enable signal EnDfe 

and a feedback signal fb, and output a control signal fb control, where the feedback 

signal fb is obtained based on previously received data, the enable signal EnDfe has a 

first level value period, a level value of the control signal fb control varies with a level 

value of the feedback signal fb, the enable signal EnDfe has a second level value period, 

the level value of the control signal fb control is a fixed value, and a first level value is 

different from a second level value; and a second amplification module 102, configured 

to selectively receive the first signal pair or the second signal pair as an input signal pair 

based on the control signal fb control, amplify a voltage difference of the input signal 

pair, and output a first output signal Vout and a second output signal VoutN as an 

amplification result. 

[ 0039] It may be understood that, the enable signal EnDfe has the first level value 

period, and the level value of the control signal fb control varies with the level value of 



 

 

12 

 

the feedback signal fb. Based on different previously received feedback signals fb, the 

second amplification module 102 may selectively receive whichever of the first signal 

pair or the second signal pair has a larger difference in level value based on different 

control signals fb control, to ensure that the second amplification module 102 receives a 

pair of differential signals with a larger difference in signal level value, so as to reduce 

the impact of intersymbol interference of the received data signal on the data receiving 

circuit 100. 

[ 0040] It is to be noted that, the level value of the first reference signal VR+ is 

different from the level value of the second reference signal VR-. For data signals DQ 

with different level values, the data signal DQ may have a large difference in the level 

value from that of one of the first reference signal VR+ or the second reference signal 

VR-, so that the first amplification module 101 can amplify the difference in level value, 

and the difference in level value of the signal in at least one of the first signal pair and the 

second signal pair outputted by the first amplification module 101 is relatively large. 

When there is an intersymbol interference phenomenon in the data signal DQ received by 

the data receiving circuit 100, the second amplification module 102 may subsequently 

receive a pair of signals having a large difference in level value in the first signal pair and 

the second signal pair based on the control signal fb control. It may be understood that, 

the data receiving circuit 100 may enhance the ability of the data receiving circuit 100 to 

adjust the received data signal DQ by using the first reference signal VR+ and the second 

reference signal VR-. That is to say, when there is an intersymbol interference 

phenomenon in the data signal DQ received by the data receiving circuit 100, the second 

amplification module 102 receives, based on the control signal fb control, the pair of 

signals in the first amplification module 101 that better process the data signal DQ. The 

pair of signals that better process the data signal DQ are the pair of signals in the first 

signal pair and the second signal pair that have a large difference in level value. 

Therefore, the purpose of reducing the impact of the intersymbol interference of the 

received data signal DQ on the data receiving circuit 100 can be realized. 

[ 0041] In addition, the second amplification module 102 selectively receives the one 

of the first signal pair and the second signal pair that have a large difference in level 

value based on the control signal fb control, so that the second amplification module 102 
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is guaranteed to receive a pair of differential signals with a larger difference in signal 

level value. Therefore, the accuracy of the first output signal Vout and the second output 

signal VoutN outputted by the second amplification module 102 can be enhanced. 

Therefore, through the cooperation of the first amplification module 101, the second 

amplification module 102 and the decision equalization enable module 103, the receiving 

performance of the data receiving circuit 100 is improved. 

[ 0042] In another aspect, the enable signal EnDfe has the second level value period, 

and the level value of the first control signal fb control is the fixed value. It may be 

understood that, regardless of the level value of the previously received feedback signal 

fb, the second amplification module 102 only fixedly receives one of the first signal pair 

or the second signal pair based on the control signal fb control of which level value is the 

fixed value. That is to say, a circuit configured to output the other of first signal pair or 

the second signal pair may be in a non-operating state, thereby facilitating the reduction 

of the power consumption of the data receiving circuit. 

[ 0043] Based on the analysis, it may be learned that, the decision equalization enable 

module 103 may be used to process the previously received feedback signal fb to obtain 

the control signal fb control that may control the second amplification module 102, so as 

to select whether the impact of the intersymbol interference of data received by the data 

receiving circuit 100 on the data receiving circuit 100 is considered. Therefore, an effect 

of reducing the power consumption of the data receiving circuit 100 while the receiving 

performance of the data receiving circuit 100 is improved. 

[ 0044] The way that data receiving circuit 100 reduces the impact of the intersymbol 

interference of the received data signal DQ on the data receiving circuit 100 is described 

in detail below with reference to a specific example. 

[ 0045] In some embodiments, the level value of the first reference signal VR+ is 

lower than the level value of the second reference signal VR-. If the data signal DQ is at 

a low level and there is intersymbol interference in the data signal DQ received by the 

data receiving circuit 100, the second amplification module 102 receives the second 

signal pair based on the control signal fb control. In this case, the difference in level 

value between the data signal DQ and the second reference signal VR- is greater than the 



 

 

14 

 

difference in level value between the data signal DQ and the first reference signal VR+. 

That is to say, the difference in level value between the signals in the second signal pair 

is greater than the difference in level value between the signals in the first signal pair. 

Therefore, the second amplification module 102 receives the second signal pair, which 

facilitates the outputting of the first output signal Vout and the second output signal 

VoutN that meet requirements, that is, the accuracy of the first output signal Vout and the 

second output signal VoutN is guaranteed. Therefore, the impact of the intersymbol 

interference of the received data signal DQ on the data receiving circuit 100 can be 

reduced. 

[ 0046] In addition, if the data signal DQ is at a high level and there is intersymbol 

interference in the data signal DQ received by the data receiving circuit 100, the second 

amplification module 102 receives the first signal pair based on the control signal fb 

control. In this case, the difference in level value between the data signal DQ and the first 

reference signal VR+ is greater than the difference in level value between the data signal 

DQ and the second reference signal VR-. That is to say, the difference in level value 

between the signals in the first signal pair is greater than the difference in level value 

between the signals in the second signal pair. Therefore, the second amplification module 

102 receives the first signal pair, which facilitates the outputting of the first output signal 

Vout and the second output signal VoutN that meet requirements, that is, the accuracy of 

the first output signal Vout and the second output signal VoutN is guaranteed. Therefore, 

the impact of the intersymbol interference of the received data signal DQ on the data 

receiving circuit 100 can be reduced. 

[ 0047] It may be seen that, in a case that the enable signal EnDfe has the first level 

value period and the level value of the control signal fb control varies with the level 

value of the feedback signal fb, through the cooperation of the first amplification module 

101 and the second amplification module 102, and when there is intersymbol interference 

in the data signal DQ received by the data receiving circuit 100, the second amplification 

module 102 may selectively receive, based on the control signal fb control, the pair of 

signals in the first amplification module 101 that better process the data signal DQ, so as 

to enhance the accuracy of the first output signal Vout and the second output signal 

VoutN outputted by the second amplification module 102. Therefore, the impact of the 
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intersymbol interference of the received data signal DQ on the data receiving circuit 100 

can be reduced. 

[ 0048] In some embodiments, referring to FIG. 3 to FIG. 5, the first amplification 

module 101 includes: a first comparison circuit 111, having a first node net1 and a 

second node net2 and configured to receive the data signal DQ and the first reference 

signal VR+ to perform the first comparison, and respectively output the first signal Sn+ 

and the second signal Sp+ by using the first node net1 and the second node net2; and a 

second comparison circuit 121, having a third node net3 and a fourth node net4, and 

configured to receive the data signal DQ and the second reference signal VR- to perform 

the second comparison, and respectively output the third signal Sn- and the fourth signal 

Sp- by using the third node net3 and the fourth node net4. 

[ 0049] It may be understood that, the first signal Sn+ and the second signal Sp+ are 

affected by the data signal DQ and the first reference signal VR+. The third signal Sn- 

and the fourth signal Sp- are affected by the data signal DQ and the second reference 

signal VR-. Therefore, when the second amplification module 102 receives the first 

signal pair based on the control signal fb control to output the first output signal Vout and 

the second output signal VoutN, the first output signal Vout and the second output signal 

VoutN are affected by the first signal Sn+ and the second signal Sp+. When the second 

amplification module 102 receives the second signal pair based on the control signal fb 

control to output the first output signal Vout and the second output signal VoutN, the first 

output signal Vout and the second output signal VoutN are affected by the third signal 

Sn- and the fourth signal Sp-. 

[ 0050] It may be seen that, when the impact of the intersymbol interference on the 

data receiving circuit 100 is required to be reduced, regardless of the data signal DQ 

received by the first amplification module 101 being at the high level or the low level, 

one of a difference in level value between the first signal Sn+ and the second signal Sp+ 

and a difference in level value between the third signal Sn- and the fourth signal Sp- may 

be larger, so that the second amplification module 102 may selectively select the one 

with a larger voltage difference from the first signal pair and the second signal pair based 

on the control signal fb control, so as to further adjust the first output signal Vout and the 
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second output signal VoutN affected by the signal pair. 

[ 0051] In some embodiments, referring to FIGS. 3 to 5, the first comparison circuit 

111 may include: a first current source 1111, configured to be connected between a 

power node Vcc (referring to FIG. 6) and a fifth node net5, and supply a current to the 

fifth node net5 in response to a first sampling clock signal clk1; and a first comparison 

unit 1112, connected to the first node net1, the second node net2 and the fifth node net5, 

and configured to receive the data signal DQ and the first reference signal VR+, perform 

the first comparison when the first current source 1111 supplies the current to the fifth 

node net5, and output the first signal Sn+ and the second signal Sp+. The second 

comparison circuit 121 may include: a second current source 1211, configured to be 

connected between the power node Vcc and a sixth node net6, and supply a current to the 

sixth node net6 in response to a second sampling clock signal clk2; and a second 

comparison unit 1212, connected to the third node net3, the fourth node net4 and the 

sixth node net6, and configured to receive the data signal DQ and the second reference 

signal VR-, perform the second comparison when the second current source 1211 

supplies the current to the sixth node net6, and output the third signal Sn- and the fourth 

signal Sp-. 

[ 0052] It may be understood that, based on a voltage difference between the data 

signal DQ and the first reference signal VR+, the first comparison unit 1112 may control 

a difference between the current supplied to the first node net1 and the current supplied 

to the second node net2, so as to output the first signal Sn+ and the second signal Sp+. 

Based on a voltage difference between the data signal DQ and the second reference 

signal VR-, the second comparison unit 1212 may control a difference between the 

current supplied to the third node net3 and the current supplied to the fourth node net4, so 

as to output the third signal Sn- and the fourth signal Sp-. 

[ 0053] In some embodiments, a circuit structure of the first current source 1111 is the 

same as a circuit structure of the second current source 1211. A circuit structure of the 

first comparison unit 1112 is the same as a circuit structure of the second comparison unit 

1212. In this way, the difference between the first signal pair outputted by the first 

comparison circuit 111 and the second signal pair outputted by the second comparison 
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circuit 121 is mainly affected by the first reference signal VR+ and the second reference 

signal VR-, so that the data receiving circuit 100 can further reduce the impact of the 

intersymbol interference of the received data signal DQ on the data receiving circuit 100 

based on the first reference signal VR+ and the second reference signal VR-. Therefore, 

the accuracy of the first output signal Vout and the second output signal VoutN outputted 

by the second amplification module 102 can be further enhanced. 

[ 0054] In some embodiments, referring to FIG. 6, the first current source 1111 may 

include: a first PMOS transistor MP1, connected between the power node Vcc and the 

fifth node net5. A gate of the first PMOS transistor MP1 receives the first sampling clock 

signal clk1. The second current source 1211 includes: a second PMOS transistor MP2, 

connected between the power node Vcc and the sixth node net6. A gate of the second 

PMOS transistor MP2 receives the second sampling clock signal clk2. When the first 

sampling clock signal clk1 is at a low level, the gate of the first PMOS transistor MP1 is 

turned on by receiving the first sampling clock signal clk1; the current is supplied to the 

fifth node net5 to cause the first comparison unit 1112 to be in an operating state; and 

then the first comparison is performed on the received data signal DQ and the first 

reference signal VR+. When the second sampling clock signal clk2 is at a low level, the 

gate of the second PMOS transistor MP2 is turned on by receiving the second sampling 

clock signal clk2; the current is supplied to the sixth node net6 to cause the second 

comparison unit 1212 to be in an operating state; and then the second comparison is 

performed on the received data signal DQ and the second reference signal VR-. 

[ 0055] It is to be noted that, when the impact of the intersymbol interference on the 

data receiving circuit is required to be reduced, the first sampling clock signal clk1 and 

the second sampling clock signal clk2 may be a same clock signal, or may be different 

clock signals having a same phase but different amplitudes, so that the first PMOS 

transistor MP1 and the second PMOS transistor MP2 can be turned on at the same time, 

to cause the first comparison unit 1112 and the second comparison unit 1212 to be in the 

operating states. Then, the second amplification module 102 may selectively receive one 

of the first signal pair or the second signal pair based on the changed control signal fb 

control, to reduce the impact of the intersymbol interference of the received data signal 

DQ on the data receiving circuit 100. In addition, when the impact of the intersymbol 
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interference on the data receiving circuit 100 is not required to be considered, one of the 

first sampling clock signal clk1 and the second sampling clock signal clk2 is at a fixed 

high level, and the other one is the clock signal. That is to say, one of the first PMOS 

transistor MP1 and the second PMOS transistor MP2 is required to be turned off all the 

time, and the other one is turned on in response to the clock signal, as long as one of the 

first comparison unit 1112 and the second comparison unit 1212 is in the operating state. 

Therefore, the power consumption of the data receiving circuit 100 can be reduced. 

[ 0056] In some embodiments, referring to FIG. 6, the first comparison unit 1112 may 

include: a third PMOS transistor MP3, connected between the first node net1 and the 

fifth node net5, where a gate of the third PMOS transistor MP3 receives the data signal 

DQ; and a fourth PMOS transistor MP4, connected between the second node net2 and the 

fifth node net5. A gate of the fourth PMOS transistor MP4 receives the first reference 

signal VR+. The second comparison unit 1212 may include: a fifth PMOS transistor MP5, 

connected between the third node net3 and the sixth node net6, where a gate of the fifth 

PMOS transistor MP5 receives the data signal DQ; and a sixth PMOS transistor MP6, 

connected between the fourth node net4 and the sixth node net6. A gate of the sixth 

PMOS transistor MP6 receives the second reference signal VR. 

[ 0057] It is to be noted that, for the first comparison unit 1112, the level values of the 

data signal DQ and the first reference signal VR+ are asynchronous in changing, so that a 

turning-on moment of the third PMOS transistor MP3 receiving the data signal DQ is 

different from a turning-on moment of the fourth PMOS transistor MP4 receiving the 

first reference signal VR+, and at the same moment, a turning-on degree of the third 

PMOS transistor MP3 is different from a turning-on degree of the fourth PMOS 

transistor MP4. It may be understood that, since the turning-on degree of the third PMOS 

transistor MP3 is different from the turning-on degree of the fourth PMOS transistor 

MP4, the abilities of the third PMOS transistor MP3 and the fourth PMOS transistor MP4 

for shunting the current at the fifth node net5 are also different, so that a voltage at the 

first node net1 is different from a voltage at the second node net2, which facilitates the 

outputting of the first signal Sn+ and the second signal Sp+ as the first signal pair. 

[ 0058] For the second comparison unit 1212, the level values of the data signal DQ 
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and the second reference signal VR- are asynchronous in changing, so that a turning-on 

moment of the fifth PMOS transistor MP5 receiving the data signal DQ is different from 

a turning-on moment of the sixth PMOS transistor MP6 receiving the second reference 

signal VR-, and at the same moment, a turning-on degree of the fifth PMOS transistor 

MP5 is different from a turning-on degree of the sixth PMOS transistor MP6. It may be 

understood that, since the turning-on degree of the fifth PMOS transistor MP5 is different 

from the turning-on degree of the sixth PMOS transistor MP6, the abilities of the fifth 

PMOS transistor MP5 and the sixth PMOS transistor MP6 for shunting the current at the 

sixth node net6 are also different, so that a voltage at the third node net3 is different from 

a voltage at the fourth node net4, which facilitates the outputting of the third signal Sn- 

and the fourth signal Sp- as the second signal pair. 

[ 0059] In an example, when the level value of the data signal DQ is lower than the 

level value of the first reference signal VR+, the turning-on degree of the third PMOS 

transistor MP3 is greater than the turning-on degree of the fourth PMOS transistor MP4, 

to cause more currents at the fifth node net5 to flow into a path where the third PMOS 

transistor MP3 is located, so that the current at the first node net1 is greater than the 

current at the second node net2, so as to further achieve a high level value of the first 

signal Sn+ outputted by the first node net1 and a low level value of the second signal Sp+ 

outputted by the second node net2. When the level value of the data signal DQ is lower 

than the level value of the second reference signal VR-, the turning-on degree of the fifth 

PMOS transistor MP5 is greater than the turning-on degree of the sixth PMOS transistor 

MP6, to cause more currents at the sixth node net6 to flow into a path where the fifth 

PMOS transistor MP5 is located, so that the current at the third node net3 is greater than 

the current at the fourth node net4, so as to further achieve a high level value of the third 

signal Sn- outputted by the third node net3 and a low level value of the fourth signal Sp- 

outputted by the fourth node net4. 

[ 0060] Likewise, when the level value of the data signal DQ is higher than the level 

value of the first reference signal VR+, the turning-on degree of the third PMOS 

transistor MP3 is less than the turning-on degree of the fourth PMOS transistor MP4, so 

that the level value of the first signal Sn+ outputted by the first node net1 is low, and the 

level value of the second signal Sp+ outputted by the second node net2 is high. When the 
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level value of the data signal DQ is higher than the level value of the second reference 

signal VR-, a turning-on degree of the fifth PMOS transistor MP5 is less than a turning-

on degree of the sixth PMOS transistor MP6, so that the level value of the third signal 

Sn- outputted by the third node net3 is low, and the level value of the fourth signal Sp- 

outputted by the fourth node net4 is high. 

[ 0061] In some embodiments, referring to FIG. 3 and FIG. 5, the first amplification 

module 101 may further include: a first reset unit 131, connected to the first node net1 

and the second node net2, and configured to reset the first node net1 and the second node 

net2; and a second reset unit 141, connected to the third node net3 and the fourth node 

net4, and configured to reset the third node net3 and the fourth node net4. In this way, 

after the data receiving circuit 100 completes the receiving of the data signal DQ, the first 

reference signal VR+ and the second reference signal VR- and the outputting of the first 

output signal Vout and the second output signal VoutN once, the level values at the first 

node net1 and the second node net2 may return to initial values by using the first reset 

unit 131, and the level values at the third node net3 and the fourth node net4 may return 

to initial values by using the second reset unit 141, so that the data receiving circuit 100 

can perform data receiving and processing for the next time, subsequently. 

[ 0062] In some embodiments, referring to FIG. 6, the first reset unit 131 includes: a 

first NMOS transistor MN1, connected between the first node net1 and ground, where a 

gate of the first NMOS transistor MN1 receives the first sampling clock signal clk1; and 

a second NMOS transistor MN2, connected between the second node net2 and the 

ground. A gate of the second NMOS transistor MN2 receives the first sampling clock 

signal clk1. The second reset unit 141 may include: a third NMOS transistor MN3, 

connected between the third node net3 and the ground, where a gate of the third NMOS 

transistor MN3 receives the second sampling clock signal clk2; and a fourth NMOS 

transistor MN4, connected between the fourth node net4 and the ground. A gate of the 

fourth NMOS transistor MN4 receives the second sampling clock signal clk2. 

[ 0063] In an example, when the impact of the intersymbol interference on the data 

receiving circuit is required to be reduced, if both the first sampling clock signal clk1 and 

the second sampling clock signal clk2 are at low levels, the first PMOS transistor MP1 
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and the second PMOS transistor MP2 are turned on. In this case, the first NMOS 

transistor MN1, the second NMOS transistor MN2, the third NMOS transistor MN3 and 

the fourth NMOS transistor MN4 are all turned off, to guarantee the normal operation of 

the data receiving circuit 100. In addition, the first NMOS transistor MN1 and the second 

NMOS transistor MN2 may be used as loads of the first comparison unit 1112, to 

increase the amplification gain of the first comparison unit 1112. The third NMOS 

transistor MN3 and the fourth NMOS transistor MN4 may be used as loads of the second 

comparison unit 1212, to increase the amplification gain of the second comparison unit 

1212. If both the first sampling clock signal clk1 and the second sampling clock signal 

clk2 are at high levels, the first PMOS transistor MP1 and the second PMOS transistor 

MP2 are turned off, so that there is no current passing through the first comparison unit 

1112 and the second comparison unit 1212. In this case, the first NMOS transistor MN1, 

the second NMOS transistor MN2, the third NMOS transistor MN3 and the fourth 

NMOS transistor MN4 are all turned on, to pull down the voltage at the first node net1, 

the voltage at the second node net2, the voltage at the third node net3, and the voltage at 

the fourth node net4. Therefore, the first node net1, the second node net2, the third node 

net3, and the fourth node net4 are reset. 

[ 0064] Furthermore, when the impact of the intersymbol interference on the data 

receiving circuit 100 is not required to be considered, if the first sampling clock signal 

clk1 is at the low level, and the second sampling clock signal clk2 is at the high level, the 

first PMOS transistor MP1 is turned on, and the second PMOS transistor MP2 is 

disconnected. In this case, both the first NMOS transistor MN1 and the second NMOS 

transistor MN2 are turned off, to guarantee the normal operation of the first comparison 

circuit 111. In addition, both the third NMOS transistor MN3 and the fourth NMOS 

transistor MN4 are turned on, to pull down the voltage at the third node net3 and the 

voltage at the fourth node net4, so that the third node net3 and the fourth node net4 are 

reset, so as to reduce the power consumption of the data receiving circuit 100. 

Alternatively, if the first sampling clock signal clk1 is at the high level, and the second 

sampling clock signal clk2 is at the low level, the first PMOS transistor MP1 is 

disconnected, and the second PMOS transistor MP2 is turned on. In this case, both the 

first NMOS transistor MN1 and the second NMOS transistor MN2 are turned on, to pull 
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down the voltage at the first node net1 and the voltage at the second node net2, so that 

the first node net1 and the second node net2 are reset, so as to reduce the power 

consumption of the data receiving circuit 100. In addition, the third NMOS transistor 

MN3 and the fourth NMOS transistor MN4 are disconnected, to guarantee the normal 

operation of the second comparison circuit 121. 

[ 0065] In some embodiments, referring to FIG. 7, the second amplification module 

102 may include: a first input unit 112, connected to a seventh node net7 and an eighth 

node net8, and configured to be turned on in response to the control signal fb control to 

receive the first signal pair and perform third comparison on the first signal, and 

separately provide a signal to the seventh node net7 and the eighth node net8 as a result 

of the third comparison; a second input unit 122, connected to the seventh node net7 and 

the eighth node net8, and configured to be turned on in response to the control signal fb 

control to receive the second signal pair and perform a fourth comparison, and separately 

provide the signal to the seventh node net7 and the eighth node net8 as a result of the 

fourth comparison, where the first input unit 112 and the second input unit 122 are 

alternatively turned on based on the control signal fb control; and a latch unit 132, 

connected to the seventh node net7 and the eighth node net8, and configured to amplify 

and latch the signal of the seventh node net7 and the signal of the eighth node net8, and 

output the first output signal Vout and the second output signal VoutN by using a first 

output node net9 and a second output node net10. 

[ 0066] The latch unit 132 is configured to output a high level signal to the first output 

node net9 and output a low level signal to the second output node net10 according to the 

signal of the seventh node net7 and the signal of the eighth node net8, or to output the 

low level signal to the first output node net9 and output the high level signal to the 

second output node net10. 

[ 0067] In some embodiments, referring to FIG. 4 and FIG. 5, the feedback signal fb 

may include a differential first feedback signal fbp and a second feedback signal fbn. The 

control signal fb control includes a differential first control signal fbp control and a 

second control signal fbn control. The first input unit 112 is turned on in response to the 

first control signal fbp control, and the second input unit 122 is turned on in response to 
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the second control signal fbn control. The decision equalization enable module 103 may 

include: a first enable unit 113, configured to receive the enable signal EnDfe and the 

feedback signal fbp, and output the first control signal fbp control, where the enable 

signal EnDfe has the first level value period, a level value of the first control signal fbp 

control varies with a level value of the first feedback signal fbp, the enable signal EnDfe 

has the second level value period, and the level value of the first control signal fbp 

control is a fixed value; and a second enable unit 123, configured to receive a 

complementary enable signal EnDfeN and the second feedback signal fbn, and output the 

second control signal fbn control. The complementary enable signal EnDfeN and the 

enable signal EnDfe are differential signals for each other. The complementary enable 

signal EnDfeN has the second level value period. A level value of the second control 

signal fbn control varies with a level value of the second feedback signal fbn. The 

complementary enable signal EnDfeN has the first level value period, and the level value 

of the second control signal fbn control is a fixed value. 

[ 0068] In an example, when the first control signal fbp control is at a high level, and 

the second control signal fbn control is at a low level, the first input unit 112 is turned on 

in response to the first control signal fbp control. In this case, the second input unit 122 is 

disconnected in response to the second control signal fbn control. That is to say, the first 

output signal Vout and the second output signal VoutN are obtained based on the first 

signal Sn+ and the second signal Sp+ received by the first input unit 112. In another 

example, when the first control signal fbp control is at the low level, and the second 

control signal fbn control is at the high level, the first input unit 112 is disconnected in 

response to the first control signal fbp control. In this case, the second input unit 122 is 

turned on in response to the second control signal fbn control. That is to say, the first 

output signal Vout and the second output signal VoutN are obtained based on the third 

signal Sn- and the fourth signal Sp- received by the second input unit 122. 

[ 0069] It is to be noted that, in an example, the first level value period of the enable 

signal EnDfe and the complementary enable signal EnDfeN refers to a level value range 

in which the first enable unit 113 determines the enable signal EnDfe to be at a logic 

level 1 and the second enable signal 123 determines the complementary enable signal 

EnDfeN to be at the logic level 1, that is, the high level. The second level value period of 
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the enable signal EnDfe and the complementary enable signal EnDfeN refers to a level 

value range in which the first enable unit 113 determines the enable signal EnDfe to be at 

a logic level 0 and the second enable signal 123 determines the complementary enable 

signal EnDfeN to be at the logic level 0, that is, the low level. 

[ 0070] It may be understood that, when the enable signal EnDfe is at the logic level 1 

and the complementary enable signal EnDfeN is at the logic level 0, the level value of the 

first control signal fbp control varies with the level value of the first feedback signal fbp, 

and the level value of the second control signal fbn control varies with the level value of 

the second feedback signal fbn. In this case, the first comparison unit 1112 and the 

second comparison unit 1212 may both be in operating states. Subsequently, the second 

amplification module 102 may selectively receive whichever of the first signal pair or the 

second signal pair has a larger difference in level value based on the changed control 

signal fb control, to ensure that the second amplification module 102 receives a pair of 

differential signals with a larger difference in signal level value, so as to reduce the 

impact of intersymbol interference of the received data signal DQ on the data receiving 

circuit 100. When the enable signal EnDfe is at the logic level 0 and the complementary 

enable signal EnDfeN is at the logic level 1, the level value of the first control signal fbp 

control is the fixed value, and the level value of the second control signal fbn control is 

the fixed value. In this case, one of the first PMOS transistor MP1 and the second PMOS 

transistor MP2 may be turned on, to cause one of the first comparison unit 1112 and the 

second comparison unit 1212 to be in the operating state, so that the second amplification 

module 102 can fixedly receive one of the first signal pair or the second signal pair, so as 

to reduce the power consumption of the data receiving circuit 100. 

[ 0071] It is to be noted that, the decision equalization enable module 103 may provide 

the complementary enable signal EnDfeN to itself based on the received enable signal 

EnDfe. In the practical application, the complementary enable signal EnDfeN may also 

be provided to the decision equalization enable module 103 by other modules. 

[ 0072] In some embodiments, referring to FIG. 5, the decision equalization enable 

module 103 may further include: a first NAND gate unit 113, configured to receive the 

enable signal EnDfe and a third sampling clock signal clk3, and output a second 
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sampling clock signal clk2. A phase of the third sampling clock signal clk3 is opposite to 

that of a first sampling clock signal clk1. 

[ 0073] In an example, when the impact of the intersymbol interference on the data 

receiving circuit is required to be reduced, the enable signal EnDfe is controlled to be at 

the logic level 1, and the complementary enable signal EnDfeN is controlled to be at the 

logic level 0. When the first sampling clock signal clk1 is at the low level, and the third 

sampling clock signal clk3 is at the high level, the second sampling clock signal clk2 

outputted by the first NAND gate unit 113 is at the low level, and then, the first PMOS 

transistor MP1 is turned on in response to the current first sampling clock signal clk1, the 

second PMOS transistor MP2 is turned on in response to the current second sampling 

clock signal clk2, and in this case, the first NMOS transistor MN1, the second NMOS 

transistor MN2, the third NMOS transistor MN3 and the fourth NMOS transistor MN4 

are all turned off. 

[ 0074] When the impact of the intersymbol interference on the data receiving circuit 

100 is not required to be considered, the enable signal EnDfe is controlled to be at the 

logic level 0, the complementary enable signal EnDfeN is controlled to be at the logic 

level 1, and then the second sampling clock signal clk2 outputted by the first NAND gate 

unit 113 is at the high level. Then, the first PMOS transistor MP11 is turned on in 

response to the current first sampling clock signal clk1, the second PMOS transistor MP2 

is disconnected in response to the current second sampling clock signal clk2, and in this 

case, the third NMOS transistor MN3 and the fourth NMOS transistor MN4 are both 

turned on, to pull down the voltage at the third node net3 and the voltage at the fourth 

node net4, so as to reduce the power consumption of the data receiving circuit 100. 

[ 0075] In some embodiments, referring to FIG. 7, the first enable unit 113 may be a 

second NAND gate unit 143. The second enable unit 123 is a NOR gate unit 153. The 

first level value is a high level, and the second level value is a low level. The second 

NAND gate unit 143 receives the first feedback signal fbp and the enable signal EnDfe. 

The NOR gate unit 153 receives the second feedback signal fbn and the complementary 

enable signal EnDfeN. 

[ 0076] In an example, when the impact of the intersymbol interference on the data 
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receiving circuit is required to be reduced, the enable signal EnDfe is at the logic level 1, 

and the complementary enable signal EnDfeN is at the logic level 0. If the first feedback 

signal fbp is at the high level, and the second feedback signal fbn is at the low level, then 

the first control signal fbp control outputted by the second NAND gate unit 143 is at the 

low level, and the second control signal fbn control outputted by the NOR gate unit 153 

is at the high level. If the first feedback signal fbp is at the low level, and the second 

feedback signal fbn is at the high level, then first control signal fbp control outputted by 

the second NAND gate unit 143 is at the high level, and the second control signal fbn 

control outputted by the NOR gate unit 153 is at the low level. Therefore, the enable 

signal EnDfe can have the first level value period, and the level value of the first control 

signal fbp control varies with the level value of the first feedback signal fbp; and the 

complementary enable signal EnDfeN can have the second level value period, and the 

level value of the second control signal fbn control varies with the level value of the 

second feedback signal fbn. 

[ 0077] When the impact of the intersymbol interference on the data receiving circuit 

100 is not required to be considered, the enable signal EnDfe is at the logic level 0, and 

the complementary enable signal EnDfeN is at the logic level 1. In this case, regardless 

of the first feedback signal fbp being at the high level or at the low level and the second 

feedback signal fbn being at the low level or at the high level, the first control signal fbp 

control outputted by the second NAND gate unit 143 is at the high level, and the second 

control signal fbn control outputted by the NOR gate unit 153 is at the low level. 

Therefore, the complementary enable signal EnDfeN can have the second level value 

period, and the level value of the first control signal fbp control is the fixed value; and 

the complementary enable signal EnDfeN can have the first level value period, and the 

level value of the second control signal fbn control is the fixed value. 

[ 0078] It is to be noted that, in the practical application, the first enable unit may be a 

NOR gate unit. The second enable unit may be a second NAND gate unit. The first level 

value is low in level, and the second level value is high in level. The NOR gate unit 

receives the first feedback signal and the enable signal. The second NAND gate unit 

receives the second feedback signal and the complementary enable signal. In this case, 

when the impact of the intersymbol interference on the data receiving circuit is required 
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to be reduced, the enable signal EnDfe is at the logic level 0, and the complementary 

enable signal EnDfeN is at the logic level 1. 

[ 0079] In some embodiments, referring to FIG. 7, the first input unit 112 may include: 

a fifth NMOS transistor MN5 and a sixth NMOS transistor MN6, where a drain of the 

fifth NMOS transistor MN5 is connected to the seventh node net7, a source of the fifth 

NMOS transistor MN5 is connected to a drain of the sixth NMOS transistor MN6, a 

source of the sixth NMOS transistor MN6 is connected to ground, a gate of the fifth 

NMOS transistor MN5 receives one of the first signal Sn+ or the first control signal fbp 

control, and a gate of the sixth NMOS transistor MN6 receives the other of the first 

signal Sn+ or the first control signal fbp control; and a seventh NMOS transistor MN7 

and an eighth NMOS transistor MN8. A drain of the seventh NMOS transistor MN7 is 

connected to the eighth node net8. A source of the seventh NMOS transistor MN7 is 

connected to a drain of the eighth NMOS transistor MN8. A source of the eighth NMOS 

transistor MN8 is connected to the ground. A gate of the seventh NMOS transistor MN7 

receives one of the second signal Sp+ or the first control signal fbp control, and a gate of 

the eighth NMOS transistor MN8 receives the other of the second signal Sp+ or the first 

control signal fbp control. 

[ 0080] The second input unit 122 may include: a ninth NMOS transistor MN9 and a 

tenth NMOS transistor MN10, where a drain of the ninth NMOS transistor MN9 is 

connected to the seventh node net7, a source of the ninth NMOS transistor MN9 is 

connected to a drain of the tenth NMOS transistor MN10, a source of the tenth NMOS 

transistor MN10 is connected to the ground, a gate of the ninth NMOS transistor MN9 

receives one of the third signal Sn- or the second control signal fbn control, and a gate of 

the tenth NMOS transistor MN10 receives the other of the third signal Sn- or the second 

control signal fbn control; and an eleventh NMOS transistor MN11 and a twelfth NMOS 

transistor MN12. A drain of the eleventh NMOS transistor MN11 is connected to the 

eighth node net8. A source of the eleventh NMOS transistor MN11 is connected to a 

drain of the twelfth NMOS transistor MN12. A source of the twelfth NMOS transistor 

MN12 is connected to the ground. A gate of the eleventh NMOS transistor MN11 

receives one of the fourth signal Sp- or the second control signal fbn control, and a gate 

of the twelfth NMOS transistor MN12 receives the other of the fourth signal Sp- or the 
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second control signal fbn control. 

[ 0081] It is to be noted that, in FIG. 7, for example, the gate of the fifth NMOS 

transistor MN5 receives the first control signal fbp control, the gate of the sixth NMOS 

transistor MN6 receives the first signal Sn+, the gate of the seventh NMOS transistor 

MN7 receives the first control signal fbp control, and the gate of the eighth NMOS 

transistor MN8 receives the second signal Sp+. In the practical application, the gate of 

the fifth NMOS transistor MN5 may alternatively receive the first signal Sn+, the gate of 

the sixth NMOS transistor MN6 may alternatively receive the first control signal fbp 

control, the gate of the seventh NMOS transistor MN7 may alternatively receive the 

second signal Sp+, and the gate of the eighth NMOS transistor MN8 may alternatively 

receive the first control signal fbp control. In addition, in FIG. 7, for example, the gate of 

the ninth NMOS transistor MN9 receives the second control signal fbn control, the gate 

of the tenth NMOS transistor MN10 receives the third signal Sn-, the gate of the eleventh 

NMOS transistor MN11 receives the second control signal fbn control, and the gate of 

the twelfth NMOS transistor MN12 receives the fourth signal Sp-. In the practical 

application, the gate of the ninth NMOS transistor MN9 may alternatively receive the 

third signal Sn-, the gate of the tenth NMOS transistor MN10 may alternatively receive 

the second control signal fbn control, the gate of the eleventh NMOS transistor MN11 

may alternatively receive the fourth signal Sp-, and the gate of the twelfth NMOS 

transistor MN12 may alternatively receive the second control signal fbn control. 

[ 0082] In an example, when the level value of the data signal DQ is higher than the 

level value of the first reference signal VR+, the level value of the first signal Sn+ is low, 

and the level value of the second signal Sp+ is high. If the first input unit 112 is currently 

turned on in response to the first control signal fbp control, the gate of the sixth NMOS 

transistor MN6 receives the first signal Sn+, and the gate of the eighth NMOS transistor 

MN8 receives the second signal Sp+, so that a turning-on degree of the eighth NMOS 

transistor MN8 is greater than a turning-on degree of the sixth NMOS transistor MN6, 

and the voltage at the eighth node net8 is less than the voltage at the seventh node net7. 

In this way, a turning-on degree of the fourteenth NMOS transistor MN14 is greater than 

a turning-on degree of the thirteenth NMOS transistor MN13, the voltage at the second 

output node net10 is less than the voltage at the first output node net9, and accordingly, a 
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turning-on degree of the eighth PMOS transistor MP8 is less than a turning-on degree of 

the seventh PMOS transistor MP7. Therefore, the latch unit 132 forms a positive 

feedback amplification, to further cause the first output signal Vout outputted by the first 

output node net9 to be at the high level and cause the second output signal VoutN 

outputted by the second output node net10 to be at the low level. Likewise, when the 

level value of the data signal DQ is lower than the level value of the first reference signal 

VR+, the level value of the first signal Sn+ is high, and the level value of the second 

signal Sp+ is low. If the first input unit 112 is currently turned on in response to the first 

control signal fbp control, the first output signal Vout outputted by the first output node 

net9 is at the low level, and the second output signal VoutN outputted by the second 

output node net10 is at the high level. 

[ 0083] In an example, when the level value of the data signal DQ is higher than the 

level value of the second reference signal VR-, the level value of the third signal Sn- is 

low, and the level value of the fourth signal Sp- is high. If the second input unit 122 is 

currently turned on in response to the second control signal fbn control, the gate of the 

tenth NMOS transistor MN10 receives the third signal Sn-, and the gate of the twelfth 

NMOS transistor MN12 receives the fourth signal Sp-, so that a turning-on degree of the 

twelfth NMOS transistor MN12 is greater than a turning-on degree of the tenth NMOS 

transistor MN10, and the voltage at the eighth node net8 is less than the voltage at the 

seventh node net7. Therefore, the first output signal Vout outputted by the first output 

node net9 is at the high level, and the second output signal VoutN outputted by the 

second output node net10 is at the low level. Likewise, when the level value of the data 

signal DQ is lower than the level value of the second reference signal VR-, the level 

value of the third signal Sn- is high, and the level value of the fourth signal Sp- is low. If 

the second input unit 122 is currently turned on in response to the second control signal 

fbn control, the first output signal Vout outputted by the first output node net9 is at the 

low level, and the second output signal VoutN outputted by the second output node net10 

is at the high level. 

[ 0084] It is to be noted that, when a plurality of data receiving circuits 100 are 

cascaded, the feedback signal fb is obtained based on the previously received data, which 

means that the first output signal Vout and the second output signal VoutN outputted by 
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the data receiving circuit in a previous stage 100 are used as the feedback signal fb of the 

data receiving circuit 100 in the next stage, and the decision equalization enable module 

103 in the data receiving circuit 100 in the next stage outputs the control signal fb control 

based on the feedback signal fb and the enable signal EnDfe, to control the second 

amplification module 102 in the data receiving circuit 100 in the next stage; and the first 

output signal Vout and the second output signal VoutN outputted by the last stage data 

receiving circuit 100 are used as the feedback signal fb of the first stage data receiving 

circuit 100, and the decision equalization enable module 103 in the first stage data 

receiving circuit 100 outputs the control signal fb control based on the feedback signal fb 

and the enable signal EnDfe, to control the second amplification module 102 in the first 

stage data receiving circuit 100. 

[ 0085] Specifically, the first output signal Vout outputted by the first output node net9 

of the data receiving circuit100  in a previous stage is used as the first feedback signal 

fbp of the data receiving circuit 100 in the next stage. The second output signal VoutN 

outputted by the second output node net10 of the data receiving circuit 100 in a previous 

stage is used as the second feedback signal fbn of the data receiving circuit 100 in the 

next stage. The decision equalization enable module 103 in the data receiving circuit 100 

in the next stage outputs the first control signal fbp control based on the first feedback 

signal fbp and the enable signal EnDfe. The decision equalization enable module 103 in 

the data receiving circuit 100 in the next stage outputs the second control signal fbn 

control based on the second feedback signal fbn and the complementary enable signal 

EnDfeN. The first output signal Vout outputted by the first output node net9 of the last 

stage data receiving circuit 100 is used as the first feedback signal fbp of the first stage 

data receiving circuit 100. The second output signal VoutN outputted by the second 

output node net10 of the last stage data receiving circuit 100 is used as the second 

feedback signal fbn of the first stage data receiving circuit 100. The decision equalization 

enable module 103 in the first stage data receiving circuit 100 outputs the first control 

signal fbp control based on the first feedback signal fbp and the enable signal EnDfe. The 

decision equalization enable module 103 in the first stage data receiving circuit 100 

outputs the second control signal fbn control based on the second feedback signal fbn and 

the complementary enable signal EnDfeN. 
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[ 0086] It may be understood that, if the first output signal Vout outputted by the first 

output node net9 of the data receiving circuit 100 in a previous stage is at the high level 

and the second output signal VoutN outputted by the second output node net10 is at the 

low level, the first feedback signal fbp received by the data receiving circuit 100 in the 

next stage is at the high level, and the second feedback signal fbn is at the low level. 

[ 0087] When the impact of the intersymbol interference on the data receiving circuit is 

required to be reduced, if the enable signal EnDfe is at the logic level 1 and the 

complementary enable signal EnDfeN is at the logic level 0, the first control signal fbp 

control outputted by the second NAND gate unit 143 is at the low level, and the second 

control signal fbn control outputted by the NOR gate unit 153 is at the high level, so that 

the first input unit 112 in the data receiving circuit 100 in the next stage is disconnected 

in response to the first control signal fbp control, and the second input unit 122 is turned 

on in response to the second control signal fbn control. 

[ 0088] If the first output signal Vout outputted by the first output node net9 of the data 

receiving circuit 100 in a previous stage is at the low level and the second output signal 

VoutN outputted by the second output node net10 is at the high level, the first feedback 

signal fbp received by the data receiving circuit 100 in the next stage is at the low level, 

and the second feedback signal fbn is at the high level. 

[ 0089] When the impact of the intersymbol interference on the data receiving circuit is 

required to be reduced, if the enable signal EnDfe is at the logic level 1 and the 

complementary enable signal EnDfeN is at the logic level 0, the first control signal fbp 

control outputted by the second NAND gate unit 143 is at the high level, and the second 

control signal fbn control outputted by the NOR gate unit 153 is at the low level, so that 

the first input unit 112 in the data receiving circuit 100 in the next stage is turned on in 

response to the first control signal fbp control, and the second input unit 122 is 

disconnected in response to the second control signal fbn control. 

[ 0090] In some embodiments, referring to FIG. 7, the latch unit 132 may include: a 

thirteenth NMOS transistor MN13 and a seventh PMOS transistor MP7, where a gate of 

the thirteenth NMOS transistor MN13 and a gate of the seventh PMOS transistor MP7 

are connected to the first output node net9, a source of the thirteenth NMOS transistor 
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MN13 is connected to the seventh node net7, a drain of the thirteenth NMOS transistor 

MN13 and a drain of the seventh PMOS transistor MP7 are connected to the second 

output node net10, and a source of the seventh PMOS transistor MP7 is connected to a 

power node Vcc; and a fourteenth NMOS transistor MN14 and an eighth PMOS 

transistor MP8. A gate of the fourteenth NMOS transistor MN14 and a gate of the eighth 

PMOS transistor MP8 are connected to the second output node net10. A source of the 

fourteenth NMOS transistor MN14 is connected to the eighth node net8. A drain of the 

fourteenth NMOS transistor MN14 and a drain of the eighth PMOS transistor MP8 are 

connected to the first output node net9. A source of the eighth PMOS transistor MP8 is 

connected to the power node Vcc. 

[ 0091] In some embodiments, continuously referring to FIG. 7, the second 

amplification module 102 may further include: a third reset unit 142, connected between 

a power node Vcc and an output end of the latch unit 132, and configured to reset the 

output end of the latch unit 132. In this way, after the data receiving circuit 100 

completes the receiving of the data signal DQ, the first reference signal VR+ and the 

second reference signal VR- and the outputting of the first output signal Vout and the 

second output signal VoutN once, the level values at the first output node net9 and the 

second output node net10 may return to initial values by using the third reset unit 142, so 

that the data receiving circuit 100 can perform data receiving and processing for the next 

time, subsequently. 

[ 0092] In some embodiments, continuously referring to FIG. 7, the third reset unit 142 

may include: a ninth PMOS transistor MP9, connected between the first output node net9 

and a power node Vcc, where a gate of the ninth PMOS transistor MP9 receives a fourth 

sampling clock signal clk4; and a tenth PMOS transistor MP10, connected between the 

second output node net10 and the power node Vcc. A gate of the tenth PMOS transistor 

MP10 receives the fourth sampling clock signal clk4. 

[ 0093] It is to be noted that, the fourth sampling clock signal clk4 and the third 

sampling clock signal clk3 may be a same clock signal, or may be different clock signals 

having a same phase but different amplitudes. A phase of the third sampling clock signal 

clk3 is opposite to that of the first sampling clock signal clk1. 
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[ 0094] In an example, referring to FIG. 6 and FIG. 7, when the impact of the 

intersymbol interference on the data receiving circuit is required to be reduced, the 

enable signal EnDfe is at the logic level 1, and the complementary enable signal EnDfeN 

is at the logic level 0. If the first sampling clock signal clk1 is at the low level, and the 

third sampling clock signal clk3 and the fourth sampling clock signal clk4 are both at the 

high level, the second sampling clock signal clk2 is at the low level, so that the first 

PMOS transistor MP1 and the second PMOS transistor MP2 are turned on, and the first 

NMOS transistor MN1, the second NMOS transistor MN2, the third NMOS transistor 

MN3, the fourth NMOS transistor MN4, the ninth PMOS transistor MP9, and the tenth 

PMOS transistor MP10 are all turned off. If the first sampling clock signal clk1 is at the 

high level, and the third sampling clock signal clk3 and the fourth sampling clock signal 

clk4 are both at the low level, the second sampling clock signal clk2 is at the high level, 

so that the first PMOS transistor MP1 and the second PMOS transistor MP2 are turned 

off. In this case, the first NMOS transistor MN1, the second NMOS transistor MN2, the 

third NMOS transistor MN3 and the fourth NMOS transistor MN4 are all turned on, and 

the ninth PMOS transistor MP9 and the tenth PMOS transistor MP10 are also turned on, 

to pull up the voltage at the first output node net9 and the voltage at the second output 

node net10, so as to reset the first output node net9 and the voltage at the second output 

node net10. 

[ 0095] When the impact of the intersymbol interference on the data receiving circuit 

100 is not required to be considered, the enable signal EnDfe is at the logic level 0, and 

the complementary enable signal EnDfeN is at the logic level 1. In this case, regardless 

of the third sampling clock signal clk3 being at the high level or at the low level, the 

second sampling clock signal clk2 is always at the high level, so that the second PMOS 

transistor MP2 is always turned off, and the third NMOS transistor MN3 and the fourth 

NMOS transistor MN4 are turned on, so as to reduce the current in the second 

comparison circuit 121. Therefore, the power consumption of the data receiving circuit 

100 can be reduced. 

[ 0096] A specific operating principle of the data receiving circuit 100 provided in an 

embodiment of the disclosure is described in detail below with reference to FIG. 7 and 

Table 1. 



 

 

34 

 

[ 0097] In an example, when the plurality of data receiving circuits 100 are cascaded, 

the first output signal Vout outputted by the first output node net9 of the data receiving 

circuit 100 in a previous stage is used as the first feedback signal fbp of the data 

receiving circuit 100 in the next stage. The second output signal VoutN outputted by the 

second output node net10 of the data receiving circuit 100 in a previous stage is used as 

the second feedback signal fbn of the data receiving circuit 100 in the next stage. The 

decision equalization enable module 103 in the data receiving circuit 100 in the next 

stage outputs the first control signal fbp control based on the first feedback signal fbp and 

the enable signal EnDfe. The decision equalization enable module 103 in the data 

receiving circuit 100 in the next stage outputs the second control signal fbn control based 

on the second feedback signal fbn and the complementary enable signal EnDfeN. 

[ 0098] That the level value of the first reference signal VR+ is less than the level 

value of the second reference signal VR- is used as an example for description below. In 

an example, the level value of the first reference signal VR+ may be 0.3V, and the level 

value of the second reference signal VR- may be 0.7V. When the data signal DQ is at the 

logic level 1, it represents that the level value of the data signal DQ is greater than the 

level value of the second reference signal VR-. When the data signal DQ is at the logic 

level 0, it represents that the level value of the data signal DQ is less than the level value 

of the first reference signal VR+. 

[ 0099] It is to be noted that, in Table 1, 1 represents a high level, and 0 represents a 

low level. 

[ 00100] When the impact of the intersymbol interference on the data receiving circuit is 

required to be reduced, the enable signal EnDfe is at the logic level 1, and the 

complementary enable signal EnDfeN is at the logic level 0. 

[ 00101] Referring to Table 1, if the data signal DQ1 received by the data receiving 

circuit 100 in a previous stage is at the logic level 1, the first output signal Vout outputted 

by the data receiving circuit 100 in a previous stage, that is, the first feedback signal fbp 

of the data receiving circuit 100 in the next stage is at the high level, and the second 

output signal VoutN outputted by the data receiving circuit 100 in a previous stage, that 

is, the second feedback signal fbn of the data receiving circuit 100 in the next stage is at 
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the low level, the first control signal fbp control outputted by the second NAND gate unit 

143 is at the low level, and the second control signal fbn control outputted by the NOR 

gate unit 153 is at the high level. In this case, the gate of the fifth NMOS transistor MN5 

and the gate of the seventh NMOS transistor MN7 are disconnected by receiving the first 

control signal fbp control, and the gate of the ninth NMOS transistor MN9 and the gate 

of the eleventh NMOS transistor MN11 are turned on by receiving the second control 

signal fbn control. The second input unit 122 is configured to compare the third signal 

Sn- with the fourth signal Sp-, to provide a signal to the seventh node net7 and the eighth 

node net8. There is no current flowing through the first input unit 112. 

[ 00102] When the data signal DQ1 received by the data receiving circuit 100 in a 

previous stage is at the logic level 1, the data signal DQ2 received by the data receiving 

circuit 100 in the next stage is in the following two situations, respectively. 

[ 00103] Situation I: Referring to Table 1, when the data signal DQ2 received by the 

data receiving circuit 100 in the next stage is at the logic level 0, the difference in the 

level value between the data signal DQ2 and the data signal DQ1 received by the data 

receiving circuit 100 in a previous stage is relatively large, so that there is large 

intersymbol interference. In this case, the second input unit 122 in the data receiving 

circuit 100 in the next stage is turned on. That is to say, the second amplification module 

102 in the data receiving circuit 100 in the next stage receives the third signal Sn- and the 

fourth signal Sp-. In the data receiving circuit 100 in the next stage, the data signal DQ2 

is at the logic level 0, a voltage difference between the data signal DQ2 and the second 

reference signal VR- is greater than a voltage difference between the data signal DQ2 

and the first reference signal VR+, so that the difference in the level value between the 

signals in the second signal pair processed by the second comparison circuit 121 is larger. 

In this case, the outputting accuracy of the first output signal Vout and the second output 

signal VoutN can be higher when the second amplification module 102 receives the 

second signal pair, thereby achieving the purpose of reducing the impact of the 

intersymbol interference of the received data signal DQ on the data receiving circuit 100. 

[ 00104] Situation II: Referring to Table 1, when the data signal DQ2 received by the 

data receiving circuit 100 in the next stage is at the logic level 1, the difference in the 
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level value between the data signal DQ2 and the data signal DQ1 received by the data 

receiving circuit 100 in a previous stage is relatively small, so that there is small or no 

intersymbol interference. In this case, the second input unit 122 in the data receiving 

circuit 100 in the next stage is turned on, and the second signal pair outputted by the 

second comparison circuit 121 in the data receiving circuit 100 in the next stage is 

received by the second amplification module 102. 

[ 00105] Referring to Table 1, if the data signal DQ1 received by the data receiving 

circuit 100 in a previous stage is at the logic level 0, the first output signal Vout outputted 

by the data receiving circuit 100 in a previous stage, that is, the first feedback signal fbp 

of the data receiving circuit 100 in the next stage is at the low level, and the second 

output signal VoutN outputted by the data receiving circuit 100 in a previous stage, that 

is, the second feedback signal fbn of the data receiving circuit 100 in the next stage is at 

the high level, the first control signal fbp control outputted by the second NAND gate 

unit 143 is at the high level, and the second control signal fbn control outputted by the 

NOR gate unit 153 is at the low level. In this case, the gate of the fifth NMOS transistor 

MN5 and the gate of the seventh NMOS transistor MN7 are turned on by receiving the 

first control signal fbp control, and the gate of the ninth NMOS transistor MN9 and the 

gate of the eleventh NMOS transistor MN11 are disconnected by receiving the second 

control signal fbn control. The first input unit 112 is configured to compare the first 

signal Sn+ with the second signal Sp+, to provide the signal to the seventh node net7 and 

the eighth node net8. There is no current flowing through the second input unit 122. 

[ 00106] When the data signal DQ1 received by the data receiving circuit 100 in a 

previous stage is at the logic level 0, the data signal DQ2 received by the data receiving 

circuit 100 in the next stage is in the following two situations, respectively. 

[ 00107] Situation III: Referring to Table 1, when the data signal DQ2 received by the 

data receiving circuit 100 in the next stage is at the logic level 0, the difference in the 

level value between the data signal DQ2 and the data signal DQ1 received by the data 

receiving circuit 100 in a previous stage is relatively small, so that there is small or no 

intersymbol interference. In this case, the first input unit 112 in the data receiving circuit 

100 in the next stage is turned on, and the first signal pair outputted by the first 
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comparison circuit 111 in the data receiving circuit 100 in the next stage is received by 

the second amplification module 102. 

[ 00108] Situation IV: Referring to Table 1, when the data signal DQ2 received by the 

data receiving circuit 100 in the next stage is at the logic level 1, the difference in the 

level value between the data signal DQ2 and the data signal DQ1 received by the data 

receiving circuit 100 in a previous stage is relatively large, so that there is large 

intersymbol interference. In this case, the first input unit 112 in the data receiving circuit 

100 in the next stage is turned on. That is to say, the second amplification module 102 in 

the data receiving circuit 100 in the next stage receives the first signal Sn+ with the 

second signal Sp+. In this case, in the data receiving circuit 100 in the next stage, the data 

signal DQ2 is at the logic level 1, a voltage difference between the data signal DQ2 and 

the first reference signal VR+ is greater than a voltage difference between the data signal 

DQ2 and the second reference signal VR-, so that the difference in the level value 

between the signals in the first signal pair processed by the first comparison circuit 111 is 

larger. In this case, the outputting accuracy of the first output signal Vout and the second 

output signal VoutN can be higher when the second amplification module 102 receives 

the first signal pair, thereby achieving the purpose of reducing the impact of the 

intersymbol interference of the received data signal DQ on the data receiving circuit 100. 

Table 1 
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1 1 1 0 0 1 Sn-、Sp- 

0 0 0 1 1 0 Sn+、Sp+ 

0 1 0 1 1 0 Sn+、Sp+ 

 

[ 00109] It is to be noted that, in the above description of the high level and the low 

level, the high level may be a level value that is greater than or equal to a supply voltage, 

and the low level may be a level value that is less than or equal to a grounding voltage. 

However, the high level and the low level are relative. Specifically level value ranges 

included in the high level and the low level may be determined according to specific 

devices. For example, for an NMOS transistor, the high level refers to the level value 

range of a gate voltage that can turn on the NMOS transistor, and the low level refers to 

the level value range of a gate voltage that can turn off the NMOS transistor. For a 

PMOS transistor, the low level refers to the level value range of a gate voltage that can 

turn on the PMOS transistor, and the high level refers to the level value range of a gate 

voltage that can turn off the PMOS transistor. 

[ 00110] To sum up, the decision equalization enable module 103 may be used to 

process the previously received feedback signal fb to obtain the control signal fb control 

that may control the second amplification module 102, so as to select whether the impact 

of the intersymbol interference of data received by the data receiving circuit 100 on the 

data receiving circuit 100 is considered. For example, when the impact of the intersymbol 

interference on the data receiving system is required to be reduced, the decision 

equalization enable module 103 is used to output the control signal fb control. The 

control signal fb control may control whichever of the first signal pair or the second 

signal pair selectively received by the second amplification module 102 has a larger 

difference in level value, so as to ensure that the second amplification module 102 

receives a pair of differential signals with a larger difference in signal level value. When 

the impact of the intersymbol interference on the data receiving system is not required to 

be considered, the decision equalization enable module 103 is used to output the control 

signal fb control. The control signal fb control may control one of the first signal pair or 
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the second signal pair fixedly received by the second amplification module 102, so as to 

achieve an effect of reducing the power consumption of the data receiving circuit 100 

while the receiving performance of the data receiving circuit 100 is improved. 

[ 00111] Another embodiment of the disclosure further provides a data receiving system. 

The data receiving system provided in another embodiment of the disclosure is described 

in detail below with reference to the drawings. FIG. 2 is a functional block diagram of a 

data receiving system according to another embodiment of the disclosure. 

[ 00112] Referring to FIG. 2, the data receiving system includes: a plurality of cascaded 

data transmission circuits 120, each of which includes the data receiving circuit 100 

provided in an embodiment of the disclosure and a latch circuit 110 connected to the data 

receiving circuit 100. An output signal of the data transmission circuit120 in a previous 

stage  is used as a feedback signal fb of the data transmission circuit 120 in a next stage. 

An output signal of the data transmission circuit 120 in a last stage is used as a feedback 

signal fb of the data transmission circuit 120 in a first stage.  

[ 00113] The latch circuit 110 is in one-to-one correspondence with the data receiving 

circuit 100. The latch circuit 110 is configured to latch and output a signal outputted by 

the data receiving circuit 100 corresponding to the latch circuit 110. 

[ 00114] In some embodiments, the data receiving circuit 100 receives data in response 

to a sampling clock signal. The data receiving system includes 4 cascaded data receiving 

circuits 100, and a phase difference between the sampling clock signals clkN of the 

adjacent stage data receiving circuits 100 is 90°. Therefore, a period of the sampling 

clock signal clkN is 2 times of the period of the data signal DQ received by a data port, 

which facilitates clock wiring and reduction of power consumption. 

[ 00115] It is to be noted that, in FIG. 2, for example, the data receiving system includes 

4 cascaded data receiving circuits 100, and the phase difference between the sampling 

clock signals of the adjacent stage data receiving circuits 100 is 90°. In the practical 

application, the number of the cascaded data receiving circuits 100 included in the data 

receiving system is not limited, and a phase difference between the sampling clock 

signals of the adjacent stage data receiving circuits 100 may be reasonably set based on 
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the number of the cascaded data receiving circuits 100. 

[ 00116] In some embodiments, the decision equalization enable module 103 (referring 

to FIG. 1) of the data receiving circuit 100 in a current stage is connected to an output 

end of the second amplification module 102 of the data receiving circuit 100 in a 

previous stage. The first output signal Vout and the second output signal VoutN 

outputted by the second amplification module 102 of the data receiving circuit 100 in a 

previous stage are used as the feedback signals fb of the data receiving circuit 100 in the 

next stage. Therefore, the output of the data receiving circuit 100 is directly transmitted 

to the data transmission circuit 120 in a next stage without passing through the latch 

circuit 110, so that the transmission delay of data can be reduced. 

[ 00117] In some other embodiments, the decision equalization enable module 103 of 

the data receiving circuit 100 in a current stage is connected to an output end of the latch 

circuit 110 in the previous stage. A signal outputted by the latch circuit 110 in the 

previous stage is used as the feedback signal fb of the data receiving circuit 100 in the 

next stage. 

[ 00118] To sum up, according to the data receiving system provided in another 

embodiment of the disclosure, the decision equalization enable module 103 may be used 

to process the previously received feedback signal fb to obtain the control signal fb 

control that may control the second amplification module 102, so as to select whether the 

impact of the intersymbol interference of data received by the data receiving circuit 100 

on the data receiving circuit 100 is considered. Therefore, when the impact of the 

intersymbol interference on the data receiving circuit 100 is required to be reduced, the 

decision equalization enable module 103 is used to output the control signal fb control. 

The control signal fb control may control whichever of the first signal pair or the second 

signal pair selectively received by the second amplification module 102 has a larger 

difference in level value, to ensure that the second amplification module 102 receives a 

pair of differential signals with a larger difference in signal level value, so as to enhance 

the accuracy of the first output signal Vout and the second output signal VoutN outputted 

by the second amplification module 102. Therefore, the receiving performance of the 

data receiving system can be improved. When the impact of the intersymbol interference 
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on the data receiving circuit 100 is not required to be considered, the decision 

equalization enable module 103 is used to output the control signal fb control. The 

control signal fb control may control one of the first signal pair or the second signal pair 

fixedly received by the second amplification module 102, so as to reduce the power 

consumption of the data receiving system. 

[ 00119] Still another embodiment of the disclosure further provides a storage apparatus, 

including: a plurality of data ports; and a plurality of data receiving systems provided in 

another embodiment of the disclosure, each of which corresponds to one data port. 

Therefore, when the impact of the intersymbol interference on the storage apparatus is 

required to be reduced, each data port in the storage apparatus may flexibly adjust the 

received data signal DQ by using the data receiving system, and improve the ability to 

adjust the first output signal Vout and the second output signal VoutN, so that the 

receiving performance of the storage apparatus can be improved. When the impact of the 

intersymbol interference on the storage apparatus is not required to be considered, the 

decision equalization enable module 103 is used to output the control signal fb control 

that may control the fixed one of the first signal pair or the second signal pair selectively 

received by the second amplification module 102. Therefore, the power consumption of 

the storage apparatus can be reduced. 

[ 00120] In some embodiments, the storage apparatus may be a DDR memory, such as a 

DDR4 memory, a DDR5 memory, a DDR6 memory, an LPDDR4 memory, an LPDDR5 

memory, or an LPDDR6 memory. 

[ 00121] Those of ordinary skill in the art may understand that the above 

implementations are specific examples for realizing the disclosure, and in practical 

application, various changes may be made in form and details without departing from the 

spirit and the scope of the embodiments of the disclosure. Any person skilled in the art 

may make respective changes and modifications without departing from the spirit and 

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

embodiments of the disclosure should be subject to the scope defined by the claims. 

 

  



 

 

42 

 

CLAIMS 

 

1. A data receiving circuit, comprising: 

a first amplification module, configured to receive a data signal, a first reference signal 

and a second reference signal, perform first comparison on the data signal and the first 

reference signal to output a first signal pair as a result of the first comparison,  and perform 

second comparison on the data signal and the second reference signal to output a second 

signal pair as a result of the second comparison, wherein a level value of the first reference 

signal is different from a level value of the second reference signal, the first signal pair 

comprises a first signal and a second signal, and the second signal pair comprises a third 

signal and a fourth signal; 

a decision equalization enable module, configured to receive an enable signal and a 

feedback signal, and output a control signal, wherein the feedback signal is obtained based on 

previously received data, the enable signal has a first level value period, a level value of the 

control signal varies with a level value of the feedback signal, the enable signal has a second 

level value period, the level value of the control signal is a fixed value, and a first level value 

is different from a second level value; and 

a second amplification module, configured to selectively receive the first signal pair or 

the second signal pair as an input signal pair based on the control signal, amplify a voltage 

difference of the input signal pair, and output a first output signal and a second output signal 

as a result of the amplification. 

 

2. The data receiving circuit of claim 1, wherein the first amplification module comprises: 

a first comparison circuit, having a first node and a second node and configured to 

receive the data signal and the first reference signal and perform the first comparison on the 

data signal and the first reference signal, and output the first signal and the second signal via 

the first node and the second node respectively; and 



 

 

43 

 

a second comparison circuit, having a third node and a fourth node and configured to 

receive the data signal and the second reference signal and perform the second comparison on 

the data signal and the second reference signal, and output the third signal and the fourth 

signal via the third node and the fourth node respectively. 

 

3. The data receiving circuit of claim 2, wherein the first comparison circuit comprises: 

a first current source connected between a power node and a fifth node for supplying a 

current to the fifth node in response to a first sampling clock signal; and 

a first comparison unit, connected to the first node, the second node and the fifth node, 

and configured to receive the data signal and the first reference signal, perform the first 

comparison when the first current source supplies the current to the fifth node, and output the 

first signal and the second signal; and 

the second comparison circuit comprises: 

a second current source connected between the power node and a sixth node for 

supplying a current to the sixth node in response to a second sampling clock signal; and 

a second comparison unit, connected to the third node, the fourth node and the sixth 

node, and configured to receive the data signal and the second reference signal, perform the 

second comparison when the second current source supplies the current to the sixth node, and 

output the third signal and the fourth signal. 

 

4. The data receiving circuit of claim 3, wherein the first current source comprises: 

a first PMOS transistor, connected between the power node and the fifth node, 

wherein a gate of the first PMOS transistor receives the first sampling clock signal; and 

the second current source comprises: 

a second PMOS transistor, connected between the power node and the sixth node, 
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wherein a gate of the second PMOS transistor receives the second sampling clock signal. 

 

5. The data receiving circuit of claim 3, wherein the first comparison unit comprises: 

a third PMOS transistor, connected between the first node and the fifth node, wherein 

a gate of the third PMOS transistor receives the data signal; and 

a fourth PMOS transistor, connected between the second node and the fifth node, 

wherein a gate of the fourth PMOS transistor receives the first reference signal; and 

the second comparison unit comprises: 

a fifth PMOS transistor, connected between the third node and the sixth node, wherein 

a gate of the fifth PMOS transistor receives the data signal; and 

a sixth PMOS transistor, connected between the fourth node and the sixth node, 

wherein a gate of the sixth PMOS transistor receives the second reference signal. 

 

6. The data receiving circuit of claim 3, wherein the first amplification module further 

comprises: 

a first reset unit, connected to the first node and the second node and configured to 

reset the first node and the second node; and 

a second reset unit, connected to the third node and the fourth node and configured to 

reset the third node and the fourth node. 

 

7. The data receiving circuit of claim 6, wherein the first reset unit comprises: 

a first NMOS transistor, connected between the first node and ground, wherein a gate 

of the first NMOS transistor receives the first sampling clock signal; and 
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a second NMOS transistor, connected between the second node and the ground, 

wherein a gate of the second NMOS transistor receives the first sampling clock signal; and 

the second reset unit comprises: 

a third NMOS transistor, connected between the third node and the ground, wherein a 

gate of the third NMOS transistor receives the second sampling clock signal; and 

a fourth NMOS transistor, connected between the fourth node and the ground, wherein 

a gate of the fourth NMOS transistor receives the second sampling clock signal. 

 

8. The data receiving circuit of claim 1, wherein the second amplification module comprises: 

a first input unit, connected to a seventh node and an eighth node, and configured to be 

turned on in response to the control signal to receive the first signal pair and perform a third 

comparison, and provide a signal to the seventh node and the eighth node respectively as a 

result of the third comparison; 

a second input unit, connected to the seventh node and the eighth node, and configured 

to be turned on in response to the control signal to receive the second signal pair and perform 

a fourth comparison, and provide a signal to the seventh node and the eighth node 

respectively as a result of the fourth comparison, wherein 

the first input unit and the second input unit are alternatively turned on based on the 

control signal; and 

a latch unit, connected to the seventh node and the eighth node, and configured to 

amplify and latch the signal of the seventh node and the signal of the eighth node, and output 

the first output signal and the second output signal via a first output node and a second output 

node. 

 

9. The data receiving circuit of claim 8, wherein the feedback signal comprises a differential 

first feedback signal and second feedback signal; the control signal comprises a differential 
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first control signal and second control signal; the first input unit is turned on in response to the 

first control signal, and the second input unit is turned on in response to the second control 

signal; and the decision equalization enable module comprises: 

a first enable unit, configured to receive the enable signal and the feedback signal, and 

output the first control signal, wherein the enable signal has the first level value period, a level 

value of the first control signal varies with a level value of the first feedback signal, the enable 

signal has the second level value period, and the level value of the first control signal is a 

fixed value; and 

a second enable unit, configured to receive a complementary enable signal and the 

second feedback signal, and output the second control signal, wherein the complementary 

enable signal and the enable signal are differential signals for each other, the complementary 

enable signal has the second level value period, a level value of the second control signal 

varies with a level value of the second feedback signal, the complementary enable signal has 

the first level value period, and the level value of the second control signal is a fixed value. 

 

10. The data receiving circuit of claim 9, wherein the decision equalization enable module 

further comprises: a first NAND gate unit, configured to receive the enable signal and a third 

sampling clock signal, and output a second sampling clock signal, wherein a phase of the 

third sampling clock signal is opposite to that of a first sampling clock signal. 

 

11. The data receiving circuit of claim 9, wherein the first enable unit is a second NAND gate 

unit; the second enable unit is a NOR gate unit; the first level value is a high level, and the 

second level value is a low level; the second NAND gate unit receives the first feedback 

signal and the enable signal; and the NOR gate unit receives the second feedback signal and 

the complementary enable signal. 

 

12. The data receiving circuit of claim 9, wherein the first input unit comprises: 
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a fifth NMOS transistor and a sixth NMOS transistor, wherein a drain of the fifth 

NMOS transistor is connected to the seventh node, a source of the fifth NMOS transistor is 

connected to a drain of the sixth NMOS transistor, a source of the sixth NMOS transistor is 

connected to ground, a gate of the fifth NMOS transistor receives one of the first signal or the 

first control signal, and a gate of the sixth NMOS transistor receives the other of the first 

signal or the first control signal; and 

a seventh NMOS transistor and an eighth NMOS transistor, wherein a drain of the 

seventh NMOS transistor is connected to the eighth node, a source of the seventh NMOS 

transistor is connected to a drain of the eighth NMOS transistor, a source of the eighth NMOS 

transistor is connected to the ground, a gate of the seventh NMOS transistor receives one of 

the second signal or the first control signal, and a gate of the eighth NMOS transistor receives 

the other of the second signal or the first control signal; and 

the second input unit comprises: 

a ninth NMOS transistor and a tenth NMOS transistor, wherein a drain of the ninth 

NMOS transistor is connected to the seventh node, a source of the ninth NMOS transistor is 

connected to a drain of the tenth NMOS transistor, a source of the tenth NMOS transistor is 

connected to the ground, 

a gate of the ninth NMOS transistor receives one of the third signal or the second 

control signal, and a gate of the tenth NMOS transistor receives the other of the third signal or 

the second control signal; and 

an eleventh NMOS transistor and a twelfth NMOS transistor, wherein a drain of the 

eleventh NMOS transistor is connected to the eighth node, a source of the eleventh NMOS 

transistor is connected to a drain of the twelfth NMOS transistor, a source of the twelfth 

NMOS transistor is connected to the ground, 

a gate of the eleventh NMOS transistor receives one of the fourth signal or the second 

control signal, and a gate of the twelfth NMOS transistor receives the other of the fourth 

signal or the second control signal. 

 



 

 

48 

 

13. The data receiving circuit of claim 8, wherein the latch unit comprises: 

a thirteenth NMOS transistor and a seventh PMOS transistor, wherein a gate of the 

thirteenth NMOS transistor and a gate of the seventh PMOS transistor are connected to the 

second output node, a source of the thirteenth NMOS transistor is connected to the seventh 

node, a drain of the thirteenth NMOS transistor and a drain of the seventh PMOS transistor 

are both connected to the first output node, and a source of the seventh PMOS transistor is 

connected to a power node; and 

a fourteenth NMOS transistor and an eighth PMOS transistor, wherein a gate of the 

fourteenth NMOS transistor and a gate of the eighth PMOS transistor are connected to the 

first output node, a source of the fourteenth NMOS transistor is connected to the eighth node, 

a drain of the fourteenth NMOS transistor and a drain of the eighth PMOS transistor are 

connected to the second output node, and a source of the eighth PMOS transistor is connected 

to the power node. 

 

14. The data receiving circuit of claim 8, wherein the second amplification module further 

comprises: 

a third reset unit, connected between a power node and an output end of the latch unit, 

and configured to reset the output end of the latch unit. 

 

15. The data receiving circuit of claim 14, wherein the third reset unit comprises: 

a ninth PMOS transistor, connected between the first output node and a power node, 

wherein a gate of the ninth PMOS transistor receives a fourth sampling clock signal; and 

a tenth PMOS transistor, connected between the second output node and the power 

node, wherein a gate of the tenth PMOS transistor receives the fourth sampling clock signal. 

 

16. A data receiving system, comprising: 
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a plurality of cascaded data transmission circuits, each of which comprises the data 

receiving circuit of any one of claims 1 to 15 and a latch circuit connected to the data 

receiving circuit, wherein 

an output signal of the data transmission circuit in a previous stage is used as a 

feedback signal of the data transmission circuit in a next stage; and 

an output signal of the data transmission circuit in a last stage is used as a feedback 

signal of the data transmission circuit in a first stage. 

 

17. The data receiving system of claim 16, wherein the data receiving circuit receives data in 

response to a sampling clock signal; and the data receiving system comprises 4 cascaded data 

transmission circuits, and a phase difference between the sampling clock signals of the 

adjacent stage data receiving circuits is 90°. 

 

18. The data receiving system of claim 16, wherein a decision equalization enable module of 

the data receiving circuit in a current stage is connected to an output end of a second 

amplification module of the data receiving circuit in a previous stage; and a first output signal 

and a second output signal outputted by the second amplification module of the data receiving 

circuit in the previous stage are used as the feedback signals of the data receiving circuit in a 

next stage. 

 

19. The data receiving system of claim 16, wherein a decision equalization enable module of 

the data receiving circuit in a current stage is connected to an output end of the latch circuit in 

the previous stage; and a signal outputted by the latch circuit in the previous stage is used as 

the feedback signal of the data receiving circuit in the next stage. 

 

20. A storage apparatus, comprising: 
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a plurality of data ports; and 

a plurality of data receiving systems of any one of claims 16 to 19, each of which 

corresponds to a data port. 

  


