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SENSE AMPLIFIER, MEMORY, AND CONTROL METHOD 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present application claims the priority to Chinese Patent 

Application No. 202110313695.9, titled "SENSE AMPLIFIER, MEMORY, AND 

CONTROL METHOD" and filed with the China National Intellectual Property 5 

Administration (CNIPA) on March 24, 2021, which is hereby incorporated by 

reference in its entirety. 

TECHNICAL FIELD 

[0002] The present application relates to, but is not limited to, a sense 

amplifier, a memory, and a control method. 10 

BACKGROUND 

[0003] With the popularity of electronic devices such as cell phones, tablets, 

and personal computers, semiconductor memory technologies are also 

developing rapidly. 

[0004] A sense amplifier (SA) is an important composition part of a 15 

semiconductor memory, which mainly functions to amplify a small signal on a 

bit line, to further perform a read or write operation. As a line width of the 

semiconductor memory shrinks, a capacitance of a memory cell in the 

semiconductor memory decreases, and a noise of a circuit in the 

semiconductor memory seriously affects sensing resolution of the sense 20 

amplifier. Therefore, an offset cancellation sense amplifier (OCSA) is used in 

the semiconductor memory. 

[0005] However, after the OCSA is introduced, an external read circuit is 
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prone to incorrectly reading data presented on a bit line and a reference bit 

line. 

SUMMARY 

[0006] An embodiment of the present application provides a sense amplifier, 

including: 5 

an amplification module, configured to amplify a voltage difference 

between a bit line and a reference bit line when the sense amplifier is at an 

amplification stage; and 

a controlled power module, connected to the amplification module, 

and configured to: determine a drive parameter according to a rated 10 

compensation voltage range between the bit line and the reference bit line, 

and supply power to the amplification module according to the drive parameter, 

so as to control the amplification module to pull a compensation voltage 

between the bit line and the reference bit line to be a rated compensation 

voltage at an offset cancellation stage; where the rated compensation voltage 15 

is within the rated compensation voltage range. 

[0007] An embodiment of the present application further provides a memory, 

including the sense amplifier in the foregoing embodiment of the present 

application and a memory cell, where 

a plurality of memory cells constitute a first storage array, a plurality 20 

of memory cells constitute a second storage array, the sense amplifier is 

located between the first storage array and the second storage array, a third 

terminal of the sense amplifier is connected to a bit line of the first storage 

array, and a fourth terminal of the sense amplifier is connected to a reference 

bit line of the second storage array. 25 

[0008] An embodiment of the present application further provides a control 

method of a sense amplifier. The sense amplifier includes an amplification 

module and a controlled power module. The control method of a sense 
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amplifier includes: 

obtaining a rated compensation voltage range between a bit line and 

a reference bit line; 

determining a drive parameter according to the rated compensation 

voltage range; and 5 

generating, according to the drive parameter, a control signal used 

to control the amplification module, so as to control the amplification module to 

pull a compensation voltage between the bit line and the reference bit line to 

be a rated compensation voltage at an offset cancellation stage; where the 

rated compensation voltage is within the rated compensation voltage range. 10 

BRIEF DESCRIPTION OF DRAWINGS 

[0009] FIG. 1 is a schematic diagram of a circuit structure of a memory 

according to an embodiment of the present application; 

[0010] FIG. 2 is a schematic diagram of a circuit structure of a sense 

amplifier according to another embodiment of the present application; 15 

[0011] FIG. 3A, FIG. 3B, and FIG. 3C are each a schematic diagram of 

comparison between pull amplitudes of a voltage of a bit line and a voltage of a 

reference bit line according to the present application; 

[0012] FIG. 4 is a schematic diagram of a circuit structure of a sense 

amplifier according to another embodiment of the present application; 20 

[0013] FIG. 5 is a schematic diagram of a circuit structure of a sense 

amplifier according to another embodiment of the present application; 

[0014] FIG. 6 is a time sequence diagram of data read according to another 

embodiment of the present application;  

[0015] FIG. 7 is an equivalent circuit diagram of a sense amplifier at an 25 

offset cancellation stage according to another embodiment of the present 

application; and 

[0016] FIG. 8 is a schematic diagram of a procedure of a control method of 
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a sense amplifier according to another embodiment of the present application. 

DESCRIPTION OF EMBODIMENTS 

[0017] In order to make the objectives, technical solutions and advantages 

of the present application clearer, the following clearly and completely 

describes the technical solutions in the present application with reference to 5 

the accompanying drawings in the present application. Apparently, the 

described embodiments are some rather than all of the embodiments of the 

present application. All other embodiments obtained by those of ordinary skill 

in the art based on the embodiments of the present application without creative 

efforts should fall within the protection scope of the present application. 10 

[0018] As shown in FIG. 1, an embodiment of the present application 

provides a memory 100. The memory 100 includes a sense amplifier 10 and a 

plurality of memory cells 21. A plurality of memory cells 21 constitute a first 

storage array 20, and a plurality of memory cells 21 constitute a second 

storage array 30. Each memory cell 21 in the first storage array 20 is 15 

connected to a bit line BL of the first storage array 20, and each memory cell 

21 in the second storage array 30 is connected to a bit line BL of the second 

storage array 30. 

[0019] The sense amplifier 10 is located between the first storage array 20 

and the second storage array 30, a first terminal of the sense amplifier 10 is 20 

connected to a first power supply terminal, a second terminal of the sense 

amplifier 10 is connected to a second power supply terminal, a third terminal of 

the sense amplifier 10 is connected to the bit line of the first storage array 20, 

and a fourth terminal of the sense amplifier 10 is connected to the bit line of the 

second storage array 30. 25 

[0020] Each memory cell 21 is configured to store one-bit data, the bit line 

of the first storage array 20 is configured to access data stored in each 

memory cell 21 in the first storage array 20, and the bit line of the second 
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storage array 30 is configured to access data stored in each memory cell 21 in 

the second storage array 30. The sense amplifier 10 is configured to amplify 

the data stored in each memory cell 21, and present the data on the bit line of 

the first storage array 20 and the bit line of the second storage array 30. The 

sense amplifier 10 is further configured to: after a data read operation is 5 

completed once, restore the memory cell 21 to a state before the read 

operation. 

[0021] Each memory cell 21 includes a storage capacitor C and an access 

transistor T, a first terminal of the storage capacitor C is connected to a fixed 

power supply, which is, for example, CCV5.0 , a second terminal of the storage 10 

capacitor C is connected to a first terminal of the access transistor T, a second 

terminal of the access transistor T is connected to the bit line, and a control 

terminal of the access transistor T is connected to a word line. 

[0022] 1 and 0 in logic are represented by using a large and a small amount 

of charge stored in the storage capacitor C, or a high and low voltage 15 

difference between two ends of the storage capacitor C. The access transistor 

T is configured to control whether to allow or forbid to read or rewrite 

information stored in the storage capacitor C. 

[0023] For ease of description, when data in a specific memory cell 21 in 

the first storage array 20 is read, the bit line of the first storage array 20 is 20 

referred to as a bit line BL, and the bit line of the second storage array 30 is 

referred to as a reference bit line BLB. When data in a specific memory cell 21 

in the second storage array 30 is read, the bit line of the second storage array 

30 is referred to as a bit line BL, and the bit line BL of the first storage array 20 

is referred to as a reference bit line BLB. 25 

[0024] As a line width of the memory shrinks, a capacitance of a memory 

cell in the memory decreases, and a noise of a circuit in the memory seriously 

affects sensing resolution of the sense amplifier. Therefore, an offset 

cancellation sense amplifier is used in the semiconductor memory. 
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[0025] In the offset cancellation sense amplifier, an amplification module 

includes two N-type transistors and two P-type transistors. The two P-type 

transistors remain cross-coupled at all times. At an idle stage and an offset 

cancellation stage, the two N-type transistors are connected by a diode. At 

another work stage, the two N-type transistors are connected in another 5 

manner. 

[0026] A process of reading data "1" from one memory cell 21 in the first 

storage array 20 is described below. Reading data includes the idle stage, the 

offset cancellation stage, a precharge stage, an access stage, an amplification 

stage, and a restore stage. 10 

[0027] At the idle stage, a single cross-coupled circuit is formed inside the 

amplification module. In other words, the two P-type transistors constitute a 

cross-coupled inverter, both the two N-type transistors are connected by a 

diode, and a charge power supply charges the bit line BL and the reference bit 

line BLB. 15 

[0028] At the offset cancellation stage, a single cross-coupled circuit 

continues to be formed in the amplification module. Because there is a 

manufacturing difference between the two transistors connected by a diode, a 

compensation voltage occurs on the bit line BL and the reference bit line BLB. 

The compensation voltage may be used to cancel the transistor manufacturing 20 

difference in the diode-connected transistor pair (which may be referred to as 

an offset voltage). 

[0029] At the precharge stage, a single cross-coupled circuit is constituted 

in the amplification module. In other words, two transistors constitute a 

cross-coupled inverter, and control terminals of the other two transistors are 25 

left hanging, such that the power supply pulls a voltage at a connection point 

between the N-type transistor and the P-type transistor, and the compensation 

voltage is reserved at the connection point. 

[0030] At the access stage, a double cross-coupled circuit is constituted in 

the amplification module. In other words, the two P-type transistors constitute a 30 
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cross-coupled inverter, and the two N-type transistors also constitute a 

cross-coupled inverter, such that a connection point between the N-type 

transistor and the P-type transistor pulls voltages of the bit line and the 

reference bit line to a reference voltage, and the compensation voltage is 

reserved on the bit line BL and the reference bit line BLB. A signal on a word 5 

line corresponding to the accessed memory cell 21 is controlled, such that an 

access transistor T in the accessed memory cell 21 is on, the storage capacitor 

C enables the voltage of the bit line BL to rise, and the voltage of the bit line BL 

is higher than the reference voltage. 

[0031] At the amplification stage, the voltage of the bit line BL is higher than 10 

the reference voltage, such that the sense amplifier 10 pulls up the voltage of 

the bit line BL, and the sense amplifier pulls down the voltage of the reference 

bit line BLB. Because the compensation voltage is reserved on the bit line BL 

and the reference bit line BLB, the transistor manufacturing difference in the 

transistor pair can be canceled at the amplification stage, such that a voltage 15 

difference between the bit line BL and the reference bit line BLB can reflect that 

data in the accessed memory cell 21 is "1". 

[0032] At the restore stage, the sense amplifier 10 stabilizes the voltages of 

the bit line BL and the reference bit line BLB at logical data "1", the bit line BL 

further charges the storage capacitor C, and after a specific time of charging, 20 

charge in the storage capacitor C is restored to a state before the read 

operation. Then, a signal inside a line is selected by a control column, such 

that an external read circuit can read the data stored in the accessed memory 

cell 21 on the bit line BL and the reference bit line BLB. 

[0033] However, after the offset cancellation stage, the precharge stage, 25 

and the amplification stage, the external read circuit is prone to incorrectly 

reading data presented on the bit line BL and the reference bit line BLB. 

[0034] To resolve the foregoing problem, the present application provides a 

sense amplifier, a memory, and a control method. A technical concept of the 

present application is that when being at an offset cancellation stage, the 30 
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sense amplifier controls a controlled power module to supply power to an 

amplification module, and the amplification module controls a value of a 

compensation voltage on a bit line BL and a reference bit line BLB at an offset 

cancellation stage, to enable the compensation voltage to be within a rated 

voltage range, so as to ensure that an external read circuit can accurately read 5 

data on the bit line BL and the reference bit line BLB at a restore stage. 

[0035] As shown in FIG. 2, an embodiment of the present application 

provides a sense amplifier 10, the sense amplifier 10 includes an amplification 

module 101 and a controlled power module 102, and the amplification module 

101 is connected to the controlled power module 102. 10 

[0036] The amplification module 101 is configured to amplify a voltage 

difference between a bit line BL and a reference bit line BLB when the sense 

amplifier 10 is at an amplification stage. The controlled power module 102 is 

configured to determine a drive parameter according to a rated compensation 

voltage range between the bit line BL and the reference bit line BLB, and 15 

supply power to the amplification module 101 according to the drive parameter. 

[0037] Under control of the controlled power module 102, the amplification 

module 101 pulls a compensation voltage (which may also be referred to as an 

offset voltage) between the bit line BL and the reference bit line BLB to be a 

rated compensation voltage at an offset cancellation stage. The rated 20 

compensation voltage is within the rated compensation voltage range. The 

compensation voltage refers to a voltage difference between a voltage of the 

bit line and a voltage of the reference bit line at the offset cancellation stage. 

For example, the voltage on the bit line BL minus the voltage on the reference 

bit line BLB equals the compensation voltage, or the voltage on the reference 25 

bit line BLB minus the voltage on the bit line BL equals the compensation 

voltage. 

[0038] In a process of reading data in a memory cell, a value of the 

compensation voltage on the bit line BL and the reference bit line BLB affects 

data read accuracy. If the compensation voltage on the bit line BL and the 30 
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reference bit line BLB is excessively large, the compensation voltage is used 

as an interference factor. Consequently, logical data in the memory cell cannot 

be accurately presented on the bit line BL and the reference bit line BLB. If the 

compensation voltage is excessively small, an offset caused by an element 

manufacturing difference cannot be compensated, and the element 5 

manufacturing difference still causes a voltage offset on the bit line BL and the 

reference bit line BLB. Consequently, logical data in the memory cell cannot be 

accurately presented on the bit line BL and the reference bit line BLB. 

[0039] A driving capability of the controlled power module 102 affects a 

value of the compensation voltage on the bit line BL and the reference bit line 10 

BLB at the offset cancellation stage. As shown in FIG. 3A and FIG. 3B, if a first 

terminal 𝑣௣(𝑡) and a second terminal 𝑣௡(𝑡) of the sense amplifier has an 

excessively strong voltage pulling capability, a value of the compensation 

voltage Vos on the bit line BL and the reference bit line BLB may be 

excessively large. Consequently, an external read circuit always reads logical 15 

data "1" or logical "0" when reading data on the bit line BL and the reference bit 

line BLB. 

[0040] As shown in FIG. 3C, in this embodiment, at a sense amplifier 

design stage, the rated compensation voltage range may be obtained by 

simulation, and at a sense amplifier manufacturing stage, the rated 20 

compensation voltage range may be obtained by a test. The drive parameter is 

determined according to the rated compensation voltage range between the bit 

line BL and the reference bit line BLB, and power is supplied to the 

amplification module 101 according to the drive parameter. Under control of 

the controlled power module 102, the amplification module 101 pulls the 25 

compensation voltage Vos between the bit line BL and the reference bit line 

BLB to the rated compensation voltage at the offset cancellation stage. 

[0041] The rated compensation voltage is within the rated compensation 

voltage range. After a precharge stage, an access stage, and the amplification 

stage, the voltage offset that is on the bit line BL and the reference bit line BLB 30 
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and that is caused by the element manufacturing difference is canceled or 

partially offset by the rated compensation voltage, and the compensation 

voltage is not introduced as an interference factor, such that logical data in the 

memory cell can be accurately presented on the bit line BL and the reference 

bit line BLB. 5 

[0042] In the foregoing technical solution, the controlled power module 

determines the drive parameter according to the rated compensation voltage 

range, and supplies power to the amplification module according to the drive 

parameter, to control the amplification module to pull the compensation voltage 

between the bit line BL and the reference bit line BLB to the rated 10 

compensation voltage at the offset cancellation stage. Therefore, the voltage 

offset that is on the bit line BL and the reference bit line BLB and that is caused 

by the element manufacturing difference is canceled or partially offset by the 

rated compensation voltage, and the compensation voltage is not introduced 

as an interference factor, such that logical data in the memory cell can be 15 

accurately presented on the bit line BL and the reference bit line BLB, and the 

external read circuit can accurately read the data on the bit line BL and the 

reference bit line BLB. 

[0043] As shown in FIG. 4, an embodiment of the present application 

provides a sense amplifier 10, the sense amplifier 10 includes an amplification 20 

module 101 and a controlled power module 102, and the amplification module 

101 is connected to the controlled power module 102. 

[0044] The controlled power module 102 includes a first controlled power 

unit 1021, a second controlled power unit 1022, and a control unit 1025. The 

amplification module 101 is provided with a first terminal, a second terminal, a 25 

third terminal, and a fourth terminal. 

[0045] An output terminal of the first controlled power unit 1021 is 

connected to the first terminal of the amplification module 101, an output 

terminal of the second controlled power unit 1022 is connected to the second 

terminal of the amplification module 101, the control unit 1025 is connected to 30 



 

11 

a control terminal of the first controlled power unit 1021, and the control unit 

1025 is further connected to a control terminal of the second controlled power 

unit 1022. 

[0046] Both the first controlled power unit 1021 and the second controlled 

power unit 1022 are configured to supply power to the amplification module 5 

101, and the control unit 1025 is configured to: determine a drive parameter 

according to a rated compensation voltage range between a bit line BL and a 

reference bit line BLB, and control, according to the drive parameter, a first 

controlled current source 1023 and a second controlled current source 1024 to 

supply power to the amplification module 101. 10 

[0047] Under control of the first controlled power unit 1021 and the second 

controlled power unit 1022, the amplification module pulls a compensation 

voltage between the bit line BL and the reference bit line BLB to a rated 

compensation voltage at an offset cancellation stage. The rated compensation 

voltage is within the rated compensation voltage range. 15 

[0048] The drive parameter is determined according to the rated 

compensation voltage range between the bit line BL and the reference bit line 

BLB, and power is supplied to the amplification module according to the drive 

parameter. Under control of the controlled power module, the amplification 

module pulls the compensation voltage between the bit line BL and the 20 

reference bit line BLB to the rated compensation voltage at the offset 

cancellation stage. 

[0049] The rated compensation voltage is within the rated compensation 

voltage range. After the offset cancellation stage, a precharge stage, an 

access stage, and an amplification stage, a voltage offset that is on the bit line 25 

BL and the reference bit line BLB and that is caused by an element 

manufacturing difference is canceled or partially offset by the rated 

compensation voltage, and the compensation voltage is not introduced as an 

interference factor, such that logical data in a memory cell can be accurately 

presented on the bit line BL and the reference bit line BLB. 30 
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[0050] In another embodiment, the first controlled power unit 1021 includes 

N first controlled current sources 1023. Each first controlled current source 

1023 is provided with a control terminal, a first terminal, and a second terminal. 

The second terminal of each first controlled current source 1023 is the output 

terminal of the first controlled power unit 1021, and the control terminal of each 5 

first controlled current source 1023 is the control terminal of the first controlled 

power unit 1021. The first terminal of the first controlled current source 1023 is 

connected to a first power supply terminal, and the second terminal of the first 

controlled current source 1023 is connected to the first terminal of the 

amplification module 101. The control terminal of the first controlled current 10 

source 1023 is connected to the control unit 1025, where N is a positive 

integer. 

[0051] The second controlled power unit 1022 includes N second controlled 

current sources 1024, and each second controlled current source 1024 is 

provided with a control terminal, a first terminal, and a second terminal. The 15 

second terminal of each second controlled current source 1024 is the output 

terminal of the second controlled power unit 1022, and the control terminal of 

each second controlled current source 1024 is the control terminal of the 

second controlled power unit 1022. The first terminal of the second controlled 

current source 1024 is connected to a second power supply terminal, and the 20 

second terminal of the second controlled current source 1024 is connected to 

the second terminal of the amplification module 101. The control terminal of 

the second controlled current source 1024 is connected to the control unit 

1025. 

[0052] The control unit is configured to: determine a first drive current range 25 

and a second drive current range according to the rated compensation voltage 

range, select at least one first target current source in the N first controlled 

current sources, and select at least one second target current source in the N 

second controlled current sources. A total current provided by the at least one 

first target current source is within the first drive current range, and a total 30 
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current provided by the at least one second target current source is within the 

second drive current range. The control unit further generates a first control 

signal used to control the first target current source to work, and generates a 

second control signal used to control the second target current source to work, 

to enable the first controlled power unit to control the amplification module to 5 

pull voltages of the bit line BL and the reference bit line BLB at the offset 

cancellation stage, and enable the second controlled power unit to control the 

amplification module to pull voltages of the bit line BL and the reference bit line 

BLB at the offset cancellation stage, to further pull the compensation voltage 

between the bit line BL and the reference bit line BLB to be the rated 10 

compensation voltage at the offset cancellation stage.  

[0053] In another embodiment, an ith first controlled current source 1023 

provides a drive current 2௜ିଵ × 𝐼௕, a jth second controlled current source 1024 

provides a drive current 2௝ିଵ × 𝐼௕, and 𝐼௕ represents a unit current. The N first 

controlled current sources 1023 may provide 2ே − 1 levels of drive current, 15 

and the N second controlled current sources 1024 may also provide 2ே − 1 

levels of drive current. Rates at which the amplification module 101 pulls the 

voltage of the bit line and the voltage of the reference bit line can be accurately 

adjusted by adjusting an amplitude value of the unit current, to further control 

amplitude values for pulling the voltage of the bit line and the voltage of the 20 

reference bit line, so as to accurately control the compensation voltage 

between the bit line BL and the reference bit line BLB to be within the rated 

compensation voltage range at the offset cancellation stage. 

[0054] In the foregoing embodiment, work states of the first controlled 

current source and the second controlled current source are controlled, to 25 

control a drive parameter of the first controlled power unit and the second 

controlled power unit, and control rates at which the amplification module pulls 

the voltages of the bit line BL and the reference bit line, to further control 

amplitudes for pulling the voltage of the bit line and the voltage of the reference 

bit line, and control the amplification module to pull the compensation voltage 30 
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between the bit line BL and the reference bit line BLB to be the rated 

compensation voltage at the offset cancellation stage. In this case, the voltage 

offset that is on the bit line BL and the reference bit line BLB and that is caused 

by the element manufacturing difference is canceled or partially offset by the 

rated compensation voltage, and the compensation voltage is not introduced 5 

as an interference factor, such that logical data in the memory cell can be 

accurately presented on the bit line BL and the reference bit line BLB, and the 

external read circuit can accurately read the data on the bit line BL and the 

reference bit line BLB. 

[0055] As shown in FIG. 5, an embodiment of the present application 10 

provides a sense amplifier 10, the sense amplifier 10 includes an amplification 

module 101 and a controlled power module 102, and the amplification module 

101 is connected to the controlled power module 102. 

[0056] The amplification module 101 includes at least one cross-coupled 

amplifier circuit, each cross-coupled amplifier circuit is provided with a first 15 

terminal, a second terminal, a third terminal, and a fourth terminal, the first 

terminal of the cross-coupled amplifier circuit is connected to an output 

terminal of a first controlled power unit 1021, the second terminal of the 

cross-coupled amplifier circuit is connected to an output terminal of the second 

controlled power unit 1022, the third terminal of the cross-coupled amplifier 20 

circuit is connected to a bit line BL, and the fourth terminal of the cross-coupled 

amplifier circuit is connected to a reference bit line BLB. 

[0057] The cross-coupled amplifier circuit is a single cross-coupled 

amplifier circuit and has an offset cancellation function, and the cross-coupled 

circuit specifically includes: a first transistor T1, a second transistor T2, a third 25 

transistor T3, a fourth transistor T4, a first switch K1, a second switch K2, a 

third switch K3, and a fourth switch K4. 

[0058] A first terminal of the first transistor T1 is the first terminal of the 

cross-coupled amplifier circuit, a second terminal of the second transistor T2 is 

the second terminal of the cross-coupled amplifier circuit, a second terminal of 30 
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the first transistor T1 is the third terminal of the cross-coupled amplifier circuit, 

and a second terminal of the third transistor T3 is the fourth terminal of the 

cross-coupled amplifier circuit. 

[0059] The second terminal of the first transistor T1 is connected to a first 

terminal of the second transistor T2, the second terminal of the third transistor 5 

T3 is connected to a first terminal of the fourth transistor T4, the first terminal of 

the first transistor T1 is connected to a first terminal of the third transistor T3, 

and the second terminal of the second transistor T2 is connected to a second 

terminal of the fourth transistor T4. 

[0060] A control terminal of the first transistor T1 is connected to the second 10 

terminal of the third transistor T3, a control terminal of the second transistor T2 

is connected to the second terminal of the third transistor T3 by the first switch 

K1, and the control terminal of the second transistor T2 is connected to the first 

terminal of the second transistor T2 by the third switch K3. 

[0061] A control terminal of the third transistor T3 is connected to the 15 

second terminal of the first transistor T1, a control terminal of the fourth 

transistor T4 is connected to the second terminal of the first transistor T1 by 

the second switch K2, and the control terminal of the fourth transistor T4 is 

connected to the first terminal of the fourth transistor T4 by the fourth switch 

K4. 20 

[0062] The first transistor T1 and the third transistor T3 are P-type 

transistors, and the second transistor T2 and the fourth transistor T4 are 

N-type transistors. 

[0063] The controlled power module 102 includes the first controlled power 

unit 1021 and the second controlled power unit 1022, the first controlled power 25 

unit 1021 includes N first controlled current sources 1023, and the second 

controlled power unit 1022 includes N second controlled current sources 1024. 

The first controlled current source 1023 is a P-type transistor, and the second 

controlled current source 1024 is an N-type transistor. 

[0064] A process of reading data "1" from one memory cell 21 in the first 30 
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storage array 20 is described below. For ease of description, a connection line 

between the second terminal of the first transistor T1 and the first terminal of 

the second transistor T2 is referred to as an internal bit line nBL of a first 

storage array 20, and a connection line between the second terminal of the 

third transistor T3 and the first terminal of the fourth transistor T4 is referred to 5 

as an internal reference bit line nBLB of the first storage array 20. 

[0065] As shown in FIG. 6, reading data includes an idle stage, an offset 

cancellation stage, a precharge stage, an access stage, an amplification stage, 

and a restore stage. 

[0066] At the idle stage, the first switch K1 to the fourth switch K4 are 10 

closed. The control terminal of the second transistor T2 is connected to the 

second terminal of the third transistor T3, the control terminal of the second 

transistor T2 is connected to the first terminal of the second transistor T2, the 

control terminal of the fourth transistor T4 is connected to the second terminal 

of the first transistor T1, and the control terminal of the fourth transistor T4 is 15 

connected to the first terminal of the fourth transistor T4. The charge switches 

CK1 and CK2 are closed, and the internal bit line nBL and the internal 

reference bit line nBLB are charged by a charge power supply. In this case, in 

an embodiment, the bit line BL, the reference bit line BLB, the internal bit line 

nBL, and the internal reference bit line nBLB are all charged to CCV5.0 . 20 

[0067] At the offset cancellation stage, the first switch K1 and the second 

switch K2 are disconnected, and the third switch K3 and the fourth switch K4 

are still closed. As shown in FIG. 7, the first terminal of the second transistor 

T2 is connected to the control terminal of the second transistor T2, the first 

terminal of the fourth transistor T4 is connected to the control terminal of the 25 

fourth transistor T4, both the two N-type transistors are connected by a diode, 

and the two P-type transistors constitute a cross-coupled inverter. Because 

there is a manufacturing difference between the two transistors connected by a 

diode, a compensation voltage occurs on the bit line BL and the reference bit 
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line BLB. The compensation voltage may be used to cancel the transistor 

manufacturing difference in the N-type transistor pair. At least one N-type 

transistor of N11, N12, N13 is controlled according to a waveform in the figure, 

and at least one N-type transistor of N21, N22, N23 is controlled according to a 

waveform in the figure, to control a drive parameter of the first controlled power 5 

unit 1021 and the second controlled power unit 1022, so as to control 

amplitude values for pulling voltages of the bit line BL and the reference bit line 

by the cross-coupled amplifier circuit at the offset cancellation stage, such that 

the compensation voltage between the bit line BL and the reference bit line 

BLB is pulled to be the rated compensation voltage. 10 

[0068] At the precharge stage, the first switch K1 to the fourth switch K4 are 

all disconnected. In other words, the two N-type transistors constitute a 

cross-coupled inverter, and control terminals of the other two transistors are 

left hanging. Both a voltage of the internal bit line nBL of the first storage array 

20 and a voltage of the internal reference bit line nBLB are pulled up to a 15 

reference voltage, and the reference voltage is a voltage of a fixed power 

supply connected to the storage capacitor C. In an embodiment, the voltage of 

the fixed power supply is CCV5.0 . 

[0069] At the access stage, the first switch K1 and the second switch K2 

are closed, and the third switch K3 and the fourth switch K4 continue to be 20 

disconnected. A double cross-coupled circuit is constituted in the amplification 

module. In other words, two transistors constitute a cross-coupled inverter, and 

the other two transistors also constitute a cross-coupled inverter. The internal 

bit line nBL pulls the voltage of the bit line, the internal reference bit line nBLB 

pulls the voltage of the reference bit line, and the compensation voltage is still 25 

reserved on the bit line BL and the reference bit line BLB. For example, at the 

offset cancellation stage, the voltage on the bit line BL is higher than the 

voltage of the reference bit line BLB, and a difference is a compensation 

voltage Vos. At the access stage, the voltage on the bit line BL is still higher 
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than the voltage of the reference bit line BLB, and a difference is also the 

compensation voltage Vos. If an offset between threshold voltages of T2 and 

T4 is Vos, an offset between threshold voltages of T1 and T3 is Vos, or an 

offset between threshold voltages that occur on T2 and T1 together with T4 

and T3 is Vos, at the access stage, impact of Vos on the sense amplifier is 5 

eliminated or at least weakened. 

[0070] A signal on a word line corresponding to the accessed memory cell 

21 is controlled, such that an access transistor T in the accessed memory cell 

21 is on, the storage capacitor C enables the voltage of the bit line BL to rise, 

and the voltage of the bit line is higher than the reference voltage. 10 

[0071] At the amplification stage, the first switch K1 and the second switch 

K2 continue to be closed, and the third switch K3 and the fourth switch K4 

continue to be disconnected. At least one P-type transistor of N11, N12, N13 is 

controlled according to a waveform in the figure, and at least one N-type 

transistor of N21, N22, N23 is controlled according to a waveform in the figure, 15 

to control a drive parameter of the first controlled power unit 1021 and the 

second controlled power unit 1022, so as to control amplitude values for pulling 

voltages of the bit line BL and the reference bit line by the cross-coupled 

amplifier circuit at the amplification stage. The voltage of the bit line BL is 

higher than the reference voltage, such that the sense amplifier 10 pulls up the 20 

voltage of the bit line BL, and the sense amplifier pulls down the voltage of the 

reference bit line BLB. Because the compensation voltage is reserved on the 

bit line BL and the reference bit line BLB, the manufacturing difference 

between the N-type transistors in the sense amplifier can be offset or canceled 

at the amplification stage, such that a voltage difference between the bit line 25 

BL and the reference bit line BLB can reflect that data in the accessed memory 

cell 21 is "1". 

[0072] At the restore stage, the sense amplifier 10 stabilizes the voltages of 

the bit line BL and the reference bit line BLB at logical data "1", the bit line BL 

further charges the storage capacitor C, and after a specific time of charging, 30 
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charge in the storage capacitor C is restored to a state before the read 

operation. Then, a signal inside a line is selected by a control column, such 

that an external read circuit can read the data stored in the accessed memory 

cell 21 on the bit line BL and the reference bit line BLB. 

[0073] In another embodiment, an ith P-type transistor in the first controlled 5 

power unit 1021 may provide a drive current 2௜ିଵ × 𝐼௕, a jth N-type transistor in 

the second controlled power unit 1022 may provide a drive current 2௝ିଵ × 𝐼௕, 

and 𝐼௕ represents a unit current. The first controlled power unit 1021 may 

provide 2ே − 1 levels of drive current, and the second controlled power unit 

1022 may also provide 2ே − 1 levels of drive current, such that (2ே − 1)(2ே −10 

1) levels of compensation voltage can be obtained. 

[0074] A level of a drive current that may be provided by the controlled 

power module 102 is described by using an example below. The first controlled 

power unit 1021 includes three P-type transistors. A drive current that may be 

provided by the 1st P-type transistor is 𝐼௕, a drive current that may be provided 15 

by the 2nd P-type transistor is 2𝐼௕, and a drive current that may be provided by 

the 3rd P-type transistor is 4𝐼௕.The second controlled power unit 1022 includes 

three N-type transistors. A drive current that may be provided by the 1st N-type 

transistor is 𝐼௕ , a drive current that may be provided by the 2nd N-type 

transistor is 2𝐼௕, and a drive current that may be provided by the 3rd N-type 20 

transistor is 4𝐼௕. 

[0075] The controlled power module 102 may provide 7 levels of drive 

current. Control signals of N-type transistors and P-type transistors at each 

level are shown in Table 1 and Table 2. "1" represents a high level control 

signal and "0" represents a low level control signal. 25 

Table 1 Control signal of an N-type transistor 

3rd N-type 

transistor 

2nd N-type 

transistor 

1st N-type 

transistor 

Level of a drive 

current 

0 0 1 𝐼௕ 
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0 1 0 2𝐼௕ 

0 1 1 3𝐼௕ 

1 0 0 4𝐼௕ 

1 0 1 5𝐼௕ 

1 1 0 6𝐼௕ 

1 1 1 7𝐼௕ 

Table 2 Control signal of a P-type transistor 

3rd P-type 

transistor 

2nd P-type 

transistor 

1st P-type 

transistor 

Level of a drive 

current 

1 1 0 𝐼௕ 

1 0 1 2𝐼௕ 

1 0 0 3𝐼௕ 

0 1 1 4𝐼௕ 

0 1 0 5𝐼௕ 

0 0 1 6𝐼௕ 

0 0 0 7𝐼௕ 

[0076] In the technical solution, an on state of the P-type transistor and an 

on state of the N-type transistor are controlled, to control the controlled power 

module to provide the level of the drive current to the amplification module, so 

as to control amplitude values for pulling the voltage of the bit line and the 5 

voltage of the reference bit line by the amplification module at the offset 

cancellation stage, and the amplification module may be controlled to pull the 

compensation voltage between the bit line BL and the reference bit line BLB to 

be the rated compensation voltage at the offset cancellation stage. Therefore, 

the voltage offset that is on the bit line BL and the reference bit line BLB and 10 

that is caused by the element manufacturing difference is canceled or partially 

offset by the rated compensation voltage, and the compensation voltage is not 

introduced as an interference factor, such that logical data in the memory cell 
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can be accurately presented on the bit line BL and the reference bit line BLB, 

and the external read circuit can accurately read the data on the bit line BL and 

the reference bit line BLB. 

[0077] As shown in FIG. 8, an embodiment of the present application 

provides a control method of a sense amplifier. A structure of the sense 5 

amplifier has been described in detail in the foregoing embodiment, and details 

are not described herein again. The control method specifically includes the 

following steps. 

[0078] S1001. Obtain a rated compensation voltage range between a bit 

line and a reference bit line. 10 

[0079] At a sense amplifier design stage, the rated compensation voltage 

range may be obtained by simulation, and at a sense amplifier manufacturing 

stage, the rated compensation voltage range may be obtained by a test. When 

a compensation voltage between a bit line and a reference bit line is within the 

rated compensation voltage range, data on the bit line and the reference bit 15 

line can be accurately read. In other words, a voltage offset that is on the bit 

line and the reference bit line and that is caused by an element manufacturing 

difference is canceled or partially offset by the rated compensation voltage, 

and the compensation voltage is not introduced as an interference factor, such 

that logical data in a memory cell can be accurately presented on the bit line 20 

and the reference bit line, and an external read circuit can accurately read the 

data on the bit line and the reference bit line. 

[0080] S1002. Determine a drive parameter according to the rated 

compensation voltage range. 

[0081] The sense amplifier is tested, to obtain a mapping relationship 25 

between the compensation voltage between the bit line and the reference bit 

line and a drive parameter of a controlled power module, and then determine 

the drive parameter of the controlled power module according to the mapping 

relationship and the rated compensation voltage range. 

[0082] S1003. Generate, according to the drive parameter, a control signal 30 
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used to control the amplification module. 

[0083] After the drive parameter of the controlled power module is obtained, 

the control signal is generated according to the drive parameter, to control the 

controlled power module to supply power to the amplification module 

according to the drive parameter, and further control the amplification module 5 

to pull the compensation voltage between the bit line or the reference bit line to 

the rated compensation voltage at the offset cancellation stage. The rated 

compensation voltage is within the rated compensation voltage range. 

[0084] In the foregoing technical solution, the controlled power module 

determines the drive parameter according to the rated compensation voltage 10 

range, and supplies power to the amplification module according to the drive 

parameter, to control the amplification module to pull the compensation voltage 

between the bit line and the reference bit line to the rated compensation 

voltage at the offset cancellation stage. Therefore, the voltage offset that is on 

the bit line and the reference bit line and that is caused by the element 15 

manufacturing difference is canceled or partially offset by the rated 

compensation voltage, and the compensation voltage is not introduced as an 

interference factor, such that logical data in the memory cell can be accurately 

presented on the bit line and the reference bit line, and the external read circuit 

can accurately read the data on the bit line and the reference bit line. 20 

[0085] The present application further provides a control method of a sense 

amplifier. A structure of the sense amplifier has been described in detail in the 

foregoing embodiment, and details are not described herein again. The control 

method specifically includes the following steps. 

[0086] S2001. Obtain a rated compensation voltage range between a bit 25 

line and a reference bit line. 

[0087] The step has been described in detail in the foregoing embodiment, 

and details are not described herein again. 

[0088] S2002. Determine a first drive current range and a second drive 

current range according to the rated compensation voltage range. 30 
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[0089] The sense amplifier is tested, to obtain a mapping relationship 

between a compensation voltage between the bit line and the reference bit line 

and a drive current of a first controlled power unit and a second controlled 

power unit, and then determine the first drive current range of the first 

controlled power module and the second drive current range of the second 5 

controlled power module according to the mapping relationship and the rated 

compensation voltage range. 

[0090] S2003. Generate, according to the drive parameter, a control signal 

used to control the amplification module. 

[0091] After the first drive current range is determined, at least one first 10 

target current source is selected in N first controlled current sources, to ensure 

that a total current provided by the at least one first target current source is 

within the first drive current range. In addition, after the second drive current 

range is determined, at least one second target current source is selected in N 

second controlled current sources, to ensure that a total current provided by 15 

the at least one second target current source is within the second drive current 

range. Then, a first control signal used to control the first target current source 

to work is generated, and a second control signal used to control the second 

target current source to work is generated. The first controlled power unit and 

the second controlled power unit control the amplification module to pull the 20 

compensation voltage between the bit line and the reference bit line to be a 

rated compensation voltage at an offset cancellation stage. The rated 

compensation voltage is within the rated compensation voltage range. 

[0092] In the foregoing embodiment, work states of the first controlled 

current source and the second controlled current source are controlled, to 25 

control the controlled power module to provide a level of a drive current to the 

amplification module, so as to control amplitude values for pulling a voltage of 

the bit line and a voltage of the reference bit line by the amplification module at 

the offset cancellation stage, and the amplification module may be controlled 

to pull the compensation voltage between the bit line and the reference bit line 30 
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to be the rated compensation voltage at the offset cancellation stage. 

Therefore, a voltage offset that is on the bit line and the reference bit line and 

that is caused by an element manufacturing difference is canceled or partially 

canceled by the rated compensation voltage, and the compensation voltage is 

not introduced as an interference factor, such that logical data in a memory cell 5 

can be accurately presented on the bit line and the reference bit line, and an 

external read circuit can accurately read the data on the bit line and the 

reference bit line. 

[0093] Finally, it should be noted that the above embodiments are merely 

used to explain the technical solutions of the present application, but are not 10 

intended to limit the present application. Although the present application is 

described in detail with reference to the foregoing embodiments, those of 

ordinary skill in the art should understand that they can still modify the 

technical solutions described in the foregoing embodiments, or make 

equivalent substitutions on some or all technical features therein. These 15 

modifications or substitutions do not make the essence of the corresponding 

technical solutions deviate from the technical solutions of the embodiments of 

the present application.  
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CLAIMS 

1. A sense amplifier, comprising: 

an amplification module, configured to: when the sense amplifier is at an 

amplification stage, amplify a voltage difference between a bit line and a 

reference bit line; and 5 

a controlled power module, connected to the amplification module, and 

configured to: determine a drive parameter according to a rated compensation 

voltage range between the bit line and the reference bit line, and supply power 

to the amplification module according to the drive parameter, so as to control 

the amplification module to pull a compensation voltage between the bit line 10 

and the reference bit line to be a rated compensation voltage at an offset 

cancellation stage; wherein the rated compensation voltage is within the rated 

compensation voltage range. 

2. The sense amplifier according to claim 1, wherein the controlled power 

module comprises: 15 

a first controlled power unit, connected to a first terminal of the 

amplification module, and configured to supply power to the amplification 

module; 

a second controlled power unit, connected to a second terminal of the 

amplification module, and configured to supply power to the amplification 20 

module; and 

a control unit, connected to the first controlled power unit, further 

connected to the second controlled power unit, and configured to: determine 

the drive parameter according to the rated compensation voltage range, and 

control the first controlled power unit and the second controlled power unit to 25 

supply power to the amplification module according to the drive parameter. 

3. The sense amplifier according to claim 2, wherein the first controlled 

power unit comprises: 

N first controlled current sources, wherein the first controlled current 
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source is provided with a control terminal, a first terminal, and a second 

terminal; the first terminal of the first controlled current source is connected to 

a first power supply terminal, the second terminal of the first controlled current 

source is connected to the first terminal of the amplification module, the control 

terminal of the first controlled current source is connected to the control unit, 5 

and N is a positive integer. 

4. The sense amplifier according to claim 3, wherein the second controlled 

power unit comprises: 

N second controlled current sources, wherein the second controlled 

current source is provided with a control terminal, a first terminal, and a second 10 

terminal; the first terminal of the second controlled current source is connected 

to a second power supply terminal, the second terminal of the second 

controlled current source is connected to the second terminal of the 

amplification module, and the control terminal of the second controlled current 

source is connected to the control unit. 15 

5. The sense amplifier according to claim 4, wherein the control unit is 

configured to: 

determine a first drive current range and a second drive current range 

according to the rated compensation voltage range; 

select at least one first target current source in the N first controlled 20 

current sources, and select at least one second target current source in the N 

second controlled current sources; wherein a total current provided by the at 

least one first target current source is within the first drive current range, and a 

total current provided by the at least one second target current source is within 

the second drive current range; and 25 

generate a first control signal used to control the first target current source 

to work, and generate a second control signal used to control the second 

target current source to work; such that the first controlled power unit controls 

the amplification module to pull voltages of the bit line and the reference bit line 

at the offset cancellation stage, and the second controlled power unit controls 30 
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the amplification module to pull voltages of the bit line and the reference bit line 

at the offset cancellation stage. 

6. The sense amplifier according to any one of claims 3-5, wherein a drive 

current of an ith first current source is 2௜ିଵ × 𝐼௕, a drive current of a jth second 

current source is 2௝ିଵ × 𝐼௕, and 𝐼௕ represents a unit current. 5 

7. The sense amplifier according to any one of claims 3-5, wherein the first 

controlled current source is a P-type transistor, and the second controlled 

current source is an N-type transistor. 

8. The sense amplifier according to any one of claims 2-5, wherein the 

amplification module comprises: 10 

at least one cross-coupled amplifier circuit, wherein the cross-coupled 

amplifier circuit is provided with a first terminal, a second terminal, a third 

terminal, and a fourth terminal; the first terminal of the cross-coupled amplifier 

circuit is connected to an output terminal of the first controlled power unit, the 

second terminal of the cross-coupled amplifier circuit is connected to an output 15 

terminal of the second controlled power unit, the third terminal of the 

cross-coupled amplifier circuit is connected to the bit line, and the fourth 

terminal of the cross-coupled amplifier circuit is connected to the reference bit 

line. 

9. The sense amplifier according to claim 8, wherein the cross-coupled 20 

amplifier circuit comprises: a first transistor, a second transistor, a third 

transistor, a fourth transistor, a first switch, a second switch, a third switch, and 

a fourth switch; 

a first terminal of the first transistor is the first terminal of the 

cross-coupled amplifier circuit, a second terminal of the second transistor is 25 

the second terminal of the cross-coupled amplifier circuit, a second terminal of 

the first transistor is the third terminal of the cross-coupled amplifier circuit, and 

a second terminal of the third transistor is the fourth terminal of the 

cross-coupled amplifier circuit; 

the second terminal of the first transistor is connected to a first terminal of 30 
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the second transistor, the second terminal of the third transistor is connected to 

a first terminal of the fourth transistor, the first terminal of the first transistor is 

connected to a first terminal of the third transistor, and the second terminal of 

the second transistor is connected to a second terminal of the fourth transistor; 

a control terminal of the first transistor is connected to the second terminal 5 

of the third transistor, a control terminal of the second transistor is connected to 

the second terminal of the third transistor by the first switch, and the control 

terminal of the second transistor is connected to the first terminal of the second 

transistor by the third switch; and 

a control terminal of the third transistor is connected to the second 10 

terminal of the first transistor, a control terminal of the fourth transistor is 

connected to the second terminal of the first transistor by the second switch, 

and the control terminal of the fourth transistor is connected to the first terminal 

of the fourth transistor by the fourth switch. 

10. The sense amplifier according to claim 9, wherein the first transistor 15 

and the third transistor are P-type transistors, and the second transistor and 

the fourth transistor are N-type transistors. 

11. A memory, comprising the sense amplifier according to any one of 

claims 1-10 and a memory cell, wherein 

a plurality of memory cells constitute a first storage array, a plurality of 20 

memory cells constitute a second storage array, the sense amplifier is located 

between the first storage array and the second storage array, a third terminal 

of the sense amplifier is connected to a bit line of the first storage array, and a 

fourth terminal of the sense amplifier is connected to a reference bit line of the 

second storage array. 25 

12. A control method of a sense amplifier, wherein the sense amplifier 

comprises an amplification module and a controlled power module; and the 

control method comprises: 

obtaining a rated compensation voltage range between a bit line and a 

reference bit line; 30 
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determining a drive parameter according to the rated compensation 

voltage range; and 

generating, according to the drive parameter, a control signal used to 

control the amplification module, so as to control the amplification module to 

pull a compensation voltage between the bit line and the reference bit line to 5 

be a rated compensation voltage at an offset cancellation stage; wherein the 

rated compensation voltage is within the rated compensation voltage range. 

13. The control method of a sense amplifier according to claim 12, 

wherein the determining a drive parameter according to the rated 

compensation voltage range comprises: 10 

determining a first drive current range and a second drive current range 

according to the rated compensation voltage range. 

14. The control method of a sense amplifier according to claim 13, 

wherein the controlled power module comprises a first controlled power unit 

and a second controlled power unit;  15 

and the generating, according to the drive parameter, a control signal 

used to control the amplification module comprises: 

selecting at least one first target current source in N first controlled current 

sources, and selecting at least one second target current source in N second 

controlled current sources, wherein a total current provided by the at least one 20 

first target current source is within the first drive current range, and a total 

current provided by the at least one second target current source is within the 

second drive current range; and 

generating a first control signal used to control the first target current 

source to work, and generating a second control signal used to control the 25 

second target current source to work.   


