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CONTROL CIRCUIT AND SEMICONDUCTOR MEMORY 

 

CROSS-REFERENCE TO RELATED APPLICATION 

[ 0001] The application is filed based upon and claims priority to Chinese patent 

application No. 202210306176.4, filed on March 25, 2022 and entitled "CONTROL 

CIRCUIT AND SEMICONDUCTOR MEMORY", the disclosure of which is hereby 

incorporated by reference in its entirety. 

 

TECHNICAL FIELD 

[ 0002] The disclosure relates to the technical field of semiconductors, in particular to 

a control circuit and a semiconductor memory. 

 

BACKGROUND 

[ 0003] With the continuous development of semiconductor technology, the speed of 

data transmission is increasingly demanded when devices such as computers are 

manufactured and used. In order to achieve a faster data transmission speed, a series of 

devices such as memory in which data can be transmitted at Double Data Rate (DDR) 

have been developed. 

[ 0004] In Dynamic Random Access Memory (DRAM), in order to save power, both 

an input buffer module and a bias module need to be powered down when the memory 

enters a Power Down State. 

 

SUMMARY 

[ 0005] The disclosure provides a control circuit and a semiconductor memory, which 
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can not only ensure the settle time of a bias module, but also achieve the purpose of 

saving power. 

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

circuit. The control circuit includes a bias module. The bias module is configured to 

provide a bias current for a functional module. The bias module includes a first bias 

module and a second bias module. The first bias module is configured to provide a first 

bias current, and the second bias module is configured to provide a second bias current. 

Herein, the first bias current is smaller than the second bias current, the first bias module 

is configured to be in a normally open state after being powered on, and the second bias 

module is configured to receive a bias enabling signal and provide the second bias 

current based on the bias enabling signal. 

[ 0007] In some embodiments, a functional module is configured to receive an 

excitation signal and to be started based on the excitation signal. Herein, a time point 

when the functional module receives the excitation signal is later than a time point when 

the bias module receives the bias enabling signal. 

[ 0008] In some embodiments, the control circuit further includes an enabling module. 

The enabling module is configured to receive a power switching signal and output a bias 

enabling signal and an excitation signal based on the power switching signal. Herein, the 

power switching signal characterizes starting the functional module. 

[ 0009] In some embodiments, the power switching signal includes a preceding first 

changing edge and a subsequent second changing edge. The enabling module is further 

configured to output the bias enabling signal at the first changing edge, and configured to 

output the excitation signal at the second changing edge. 

[ 0010] In some embodiments, a changing direction of the first changing edge is 

opposite to a changing direction of the second changing edge. 

[ 0011] In some embodiments, the first changing edge is switched from a low level 

state to a high level state, and the second changing edge is switched from a high level 

state to a low level state. 
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[ 0012] In some embodiments, the enabling module is further configured to receive a 

state signal, perform logical operation processing based on the power switching signal 

and the state signal, and output a bias enabling signal and an excitation signal. Herein, 

the state signal characterizes that the control circuit is in a Power Down State or a Power 

On State. 

[ 0013] In some embodiments, the enabling module includes a first logic module and a 

second logic module. Herein, the first logic module is configured to receive a power 

switching signal and a state signal, and perform first logic operation on the power 

switching signal and the state signal to output a bias enabling signal. The second logic 

module is configured to receive the power switching signal and the state signal, and 

perform second logic operation on the power switching signal and the state signal to 

output an excitation signal. 

[ 0014] In some embodiments, the first logic module includes a first NOR gate, a 

second NOR gate and a first NOT gate. Herein, one input end of the first NOR gate is 

configured to receive a power switching signal, and the other input end of the first NOR 

gate is connected with an output end of the second NOR gate. One input end of the 

second NOR gate is connected with an output end of the first NOR gate, and the other 

input end of the second NOR gate is configured to receive a state signal, and the output 

end of the second NOR gate is also connected with an input end of the first NOT gate. 

[ 0015] In some embodiments, the second logic module includes a second NOT gate, a 

first NAND gate, a second NAND gate and a third NOT gate. Herein, an input end of the 

second NOT gate is configured to receive a state signal. An output end of the second 

NOT gate is connected with one input end of the first NAND gate, the other input end of 

the first NAND gate is connected with an output end of the second NAND gate, an 

output end of the first NAND gate is connected with one input end of the second NAND 

gate, the other input end of the second NAND gate is configured to receive a power 

switching signal, and the output end of the first NAND gate is also connected with an 

input end of the third NOT gate. 

[ 0016] In some embodiments, the functional module includes an input buffer circuit. 
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[ 0017] In some embodiments, the first bias module is connected in parallel with the 

second bias module. Moreover, the first bias module includes a first bias resistor, and the 

second bias module includes a second bias resistor. Herein, a resistance value of the first 

bias resistor is greater than a resistance value of the second bias resistor. 

[ 0018] In some embodiments, the first bias module further includes a first transistor, a 

second transistor, a third transistor and a fourth transistor. Herein, a drain electrode of the 

first transistor and a drain electrode of the second transistor are both connected with a 

power supply terminal, a gate electrode of the first transistor and a gate electrode of the 

second transistor are both connected with a ground terminal, a source electrode of the 

first transistor is connected with a drain electrode of the third transistor, a source 

electrode of the second transistor is connected with a drain electrode of the fourth 

transistor, a gate electrode of the third transistor and a gate electrode of the fourth 

transistor are both connected with a source electrode of the third transistor, and the source 

electrode of the third transistor is connected with a ground terminal through the first bias 

resistor. A source electrode of the fourth transistor is connected with a functional module, 

and configured to provide a first bias current for the functional module. 

[ 0019] In some embodiments, the second bias module further includes a fifth 

transistor, a sixth transistor, a seventh transistor and an eighth transistor. Herein, a drain 

electrode of the fifth transistor and a drain electrode of the sixth transistor are both 

connected with a power supply terminal, a gate electrode of the fifth transistor and a gate 

electrode of the sixth transistor are both connected with a bias enabling signal, a source 

electrode of the fifth transistor is connected with a drain electrode of the seventh 

transistor, a source electrode of the sixth transistor is connected with a drain electrode of 

the eighth transistor, a gate electrode of the seventh transistor and a gate electrode of the 

eighth transistor are both connected with a source electrode of the seventh transistor, and 

the source electrode of the seventh transistor is connected with a ground terminal through 

the second bias resistor. A source electrode of the eighth transistor is connected with a 

functional module, and configured to provide a second bias current for the functional 

module. 

[ 0020] According to a second aspect of the disclosure, there is provided a 
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semiconductor memory, which may include a control circuit as in the first aspect. 

[ 0021] The embodiments of the present disclosure provide a control circuit and a 

semiconductor memory. The control circuit includes a bias module. The bias module is 

configured to provide a bias current for a functional module. The bias module includes a 

first bias module and a second bias module. The first bias module is configured to 

provide a first bias current, and the second bias module is configured to provide a second 

bias current. Herein, the first bias current is smaller than the second bias current, the first 

bias module is configured to be in a normally open state after being powered on, and the 

second bias module is configured to receive a bias enabling signal and provide the 

second bias current based on the bias enabling signal. Thus, the first bias module and the 

second bias module are arranged, and the first bias module which provides a smaller bias 

current is in a normally open state, so that the control circuit can not only ensure the 

settle time of the bias module, avoid the problem that the tXP time is occupied due to 

long recovery time of the bias module, but also achieve the purpose of saving power. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0022] FIG. 1 is a schematic diagram of a composition structure of a control circuit. 

[ 0023] FIG. 2 is a schematic diagram of a signal timing sequence of a control circuit. 

[ 0024] FIG. 3 is a first schematic diagram of a composition structure of a control 

circuit according to an embodiment of the present disclosure. 

[ 0025] FIG. 4 is a second schematic diagram of a composition structure of a control 

circuit according to an embodiment of the present disclosure. 

[ 0026] FIG. 5 is a schematic diagram of a signal timing sequence of a control circuit 

according to an embodiment of the present disclosure. 

[ 0027] FIG. 6 is a third schematic diagram of a composition structure of a control 

circuit according to an embodiment of the present disclosure. 
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[ 0028] FIG. 7 is a first schematic diagram of a detailed structure of a control circuit 

according to an embodiment of the present disclosure. 

[ 0029] FIG. 8 is a second schematic diagram of a detailed structure of a control circuit 

according to an embodiment of the present disclosure. 

[ 0030] FIG. 9 is a schematic diagram of a composition structure of a semiconductor 

memory according to an embodiment of the present disclosure. 

 

DETAILED DESCRIPTION 

[ 0031] Technical solutions in the embodiments of the disclosure are clearly and 

completely described below in combination with the drawings in the embodiments of the 

disclosure. It can be understood that the specific embodiments described herein are 

merely illustrative of the disclosure and are not intended to limit the disclosure. In 

addition, it is also to be noted that, for ease of description, only the parts related to the 

relevant disclosure are illustrated in the drawings. 

[ 0032] Unless otherwise defined, all technological and scientific terms used in the 

disclosure have meanings the same as those usually understood by those skilled in the art 

of the disclosure. The terms used in the disclosure are only adopted to describe the 

embodiments of the disclosure and not intended to limit the disclosure. 

[ 0033] "Some embodiments" involved in the following descriptions describes a subset 

of all possible embodiments. However, it can be understood that "some embodiments" 

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

combined without conflicts. 

[ 0034] It is to be pointed out that terms "first/second/third" involved in the 

embodiments of the disclosure are only for distinguishing similar objects and do not 

represent a specific sequence of the objects. It can be understood that "first/second/third" 

may be interchanged to specific sequences or orders if allowed to implement the 

embodiments of the disclosure described herein in sequences except the illustrated or 
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described ones. 

[ 0035] It is also to be pointed out that the high level and low level used by a signal 

related to the embodiments of the present disclosure refer to logic level of the signal. A 

signal with a high level is different from same with a low level. For example, the high 

level may correspond to a signal with a first voltage, and the low level may correspond to 

a signal with a second voltage. In some embodiments, the first voltage is greater than the 

second voltage. In addition, the logic level of the signal may be different from or 

opposite to the described logic level. For example, a signal described as having a logic 

"high" level may alternatively have a logic "low” level, and a signal described as having 

a logic "low" level may alternatively have a logic "high" level. 

[ 0036] For a semiconductor memory, referring to FIG. 1, FIG. 1 is a schematic 

diagram of a composition structure of a control circuit. As illustrated in FIG. 1, the 

control circuit 10 may include an enabling module 11, a functional module 12 and a bias 

module 13. Herein, the enabling module 11 is configured to receive a power switching 

signal and output a bias enabling signal and an excitation signal according to the power 

switching signal. The functional module 12 is connected with the enabling module 11 

and configured to receive the excitation signal to start the functional module 12. The bias 

module 13 is connected with the enabling module 11 and configured to receive a bias 

enabling signal to start the bias module 13. In addition, the bias module 13 is also 

connected with the functional module 12 and configured to provide a bias current for the 

functional module 12. 

[ 0037] In the embodiment of the present disclosure, the power switching signal may 

be represented by CS, the bias enabling signal may be represented by EnIBBias, and the 

excitation signal may be represented by EnIB. Herein, the CS signal is configured to 

characterize that the control circuit 10 is switched from a Power Down State to a Power 

On State, so as to start the functional module 12 and the bias module 13. The EnIB signal 

is an enabling signal provided for the functional module 12 to start the functional module 

12, and the EnIBBias signal is an enabling signal provided for the bias module 13 to start 

the bias module 13. 

[ 0038] Based on the control circuit 10 illustrated in FIG. 1, FIG. 2 is a schematic 
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diagram of a signal timing sequence of a control circuit 10. As illustrated in FIG. 2, the 

control circuit 10 may include a Power Down State and a Power on State. Herein, the CS 

signal is a pulse signal with a valid high-level. At a first changing edge of the CS signal 

(that is, when switching from a low-level state to a high-level state), the control circuit 10 

is in a Power Down State, but starts to switch the state. At a second changing edge of the 

CS signal (that is, when switching from a high-level state to a low-level state), the control 

circuit 10 enters a Power On State. Meanwhile, at the second changing edge of the CS 

signal, the EnIB signal and the EnIBBias signal are also in an enabling state (that is, 

switching from a low-level state to a high-level state), which means that the functional 

module 12 and the bias module 13 are started. 

[ 0039] That is, in the Power Down State, in order to save power, the functional 

module 12 and the bias module 13 are powered down. When exiting the Power Down 

State (that is, the second changing edge of the CS signal), it is necessary to start the 

functional module 12 and the bias module 13. However, compared with the functional 

module 12, the Recovery time of the bias module 13 is longer, which not only takes up 

the tXP time, but also may cause waste of power consumption due to longer Recovery 

time. Herein, the tXP time represents the time of Exit Power Down to Next One 

Command Delay. 

[ 0040] Based thereon, the embodiments of the disclosure provide a control circuit. 

The first bias module and the second bias module are arranged, and the first bias module 

which provides a smaller bias current is in a normally open state, so that the control 

circuit can not only ensure the settle time of the bias module, avoid the problem that the 

tXP time is occupied due to long recovery time of the bias module, but also achieve the 

purpose of saving power. 

[ 0041] Various embodiments of the present disclosure will now be described in detail 

in combination with the accompanying drawings. 

[ 0042] In an embodiment of the disclosure, referring to FIG. 3, FIG. 3 is a schematic 

diagram of a composition structure of a control circuit according to an embodiment of the 

present disclosure. As illustrated in FIG. 3, the control circuit 30 may include a bias 

module 31, and the bias module 31 is configured to provide a bias current for the 
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functional module 32. 

[ 0043] The bias module 31 includes a first bias module 311 and a second bias module 

312. The first bias module 311 is configured to provide a first bias current, and the 

second bias module 312 is configured to provide a second bias current. Herein, the first 

bias current is smaller than the second bias current, the first bias module 311 is 

configured to be in a normally open state after being powered on, and the second bias 

module 312 is configured to receive a bias enabling signal and provide the second bias 

current based on the bias enabling signal. 

[ 0044] It is to be noted that, in the embodiment of the present disclosure, the control 

circuit 30 may be applied to multiple circuit scenarios, especially to a power-saving 

control circuit scenario of a DDR5 memory with Low Power (LP), but it does not 

constitute a relevant limitation. 

[ 0045] It is also to be noted that, in the embodiment of the present disclosure, the first 

bias module 311 and the second bias module 312 are connected in parallel. Herein, the 

first bias module 311 may also be called a low power bias module. The bias module is in 

a normally open state. That is, the first bias module 311 will not be powered down in the 

case where the associated functional module does not work, or as long as a device (for 

example, a memory) contains the circuit, the device is in a Power On State. The second 

bias module 312 may also be called a Normal bias module, and the bias module will be 

powered down when the associated functional module is in a Power Down State and does 

not work. Thus, when the second bias module 312 is started by receiving the bias 

enabling signal, the Recovery time of the whole bias module may be reduced to save the 

settle time of the bias module. The settle time refers to the time required for the bias 

module to reach a target settle state. In some embodiments, the functional module 32 is 

configured to receive an excitation signal and to be started based on the excitation signal. 

Herein, the time point when the functional module 32 receives the excitation signal is 

later than the time point when the bias module receives the corresponding bias enabling 

signal. In the embodiment of the present disclosure, the functional module 12 may be an 

input buffer circuit, such as a Command Address (CA) / Clock (Clk) input buffer circuit. 

[ 0046] In the embodiment of the present disclosure, the excitation signal may be 
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represented by EnIB, and the bias enabling signal may be represented by EnIBBias. 

Herein, the bias enabling signal is configured to start the bias module 31 (specifically the 

second bias module 312), and the excitation signal is configured to start the functional 

module 32. 

[ 0047] After exiting the Power Down State, the bias module 31 can be enabled to start 

only after a certain recovery time, and only when the enable starting of the bias module is 

consistent with the enable starting of the functional module, the power loss will not be 

caused. That is, it is best that the time point when the bias module 31 is recovered is 

consistent with the time point when the functional module is enabled to start. Therefore, 

in order not to waste power, the time point when the functional module receives the 

excitation signal needs to be later than the time point when the bias module receives the 

corresponding bias enabling signal, so as to reserve a certain recovery time for the bias 

module. 

[ 0048] In some embodiments, based on the control circuit 30 illustrated in FIG. 3, 

referring to FIG. 4, the control circuit 30 may also include an enabling module 33. 

[ 0049] The enabling module 33 is configured to receive a power switching signal and 

output a bias enabling signal and an excitation signal based on the power switching 

signal. Herein, the power switching signal characterizes starting the functional module. 

[ 0050] In the embodiment of the present disclosure, the power switching signal may 

be represented by CS, and the CS signal is a pulse signal. In the definition of technical 

specifications, the pulse width is at least 3 nanoseconds. In addition, the CS signal is also 

configured to characterize that the control circuit 10 is switched from the Power Down 

State to the Power On State, so that the control circuit 10 can start the functional module 

32 after being powered on. 

[ 0051] Further, since the power switching signal is a pulse signal, in some 

embodiments, the power switching signal may include a preceding first changing edge 

and a subsequent second changing edge. 

[ 0052] The enabling module 33 is further configured to output the bias enabling signal 

at the first changing edge, and configured to output the excitation signal at the second 
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changing edge. 

[ 0053] In the embodiment of the present disclosure, the time point when the bias 

enabling signal enters an enabling state needs to be earlier than the time point when the 

excitation signal enters the enabling state, so that the recovery time may be reserved for 

the bias module before the excitation signal is enabled. Exemplarily, the enabling module 

33 may output the bias enabling signal at the first changing edge and output the 

excitation signal at the second changing edge, so that the settle time of the bias module is 

increased by the pulse time of the CS signal, and the tXP time may be avoided from 

being occupied. 

[ 0054] In some embodiments, the changing direction of the first changing edge is 

opposite to the changing direction of the second changing edge. In other embodiments, 

the first changing edge and the second changing edge may be a rising edge and a falling 

edge, which are of different pulse signals transmitted successively. 

[ 0055] In some embodiments, the first changing edge may be switched from a low 

level state to a high level state, and the second changing edge may be switched from a 

high level state to a low level state. 

[ 0056] It is to be noted that, if the CS signal is a valid low-level pulse signal, the first 

changing edge may be switched from a high-level state to a low-level state, and the 

second changing edge may be switched from a low-level state to a high-level state. 

Alternatively, if the CS signal is a valid high-level pulse signal, the first changing edge 

may be switched from a low-level state to a high-level state, and the second changing 

edge may be switched from a high-level state to a low-level state, which is not limited in 

the embodiment of the present disclosure. 

[ 0057] Exemplarily, FIG. 5 is a schematic diagram of a signal timing sequence 

according to an embodiment of the present disclosure. As illustrated in FIG. 5, the control 

circuit 30 may also include a Power Down State and a Power On State. Then, the 

EnIBBias signal is output at the first changing edge of the CS signal, and the EnIB signal 

is output at the second changing edge of the CS signal, so that the time point when 

EnIBBias is in the enabling state is earlier than the time point when the EnIB signal is in 
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the enabling state. 

[ 0058] It is to be noted that the first changing edge of the CS signal is in the period 

with the Power Down State, and the second changing edge of the CS signal is in the 

period with the Power On State. Although the first changing edge of the CS signal is in 

the period with the Power Down State, the second bias module 312 may be started at a 

switching point between the Power Down State and the Power On State since there is a 

signal delay, so that the final starting of the second bias module 312 is in the period with 

the Power On State. Since the functional module receives the enabling signal and enters 

the enabling state when being in the Power On State, the time point when the EnIB signal 

is provided for the functional module 32 is later than the time point when the EnIBBias 

signal is provided for the second bias module 312. That is, the recovery time is reserved 

for the bias module (specifically, the second bias module), which facilitates preventing 

the functional module 32 from incapability of working normally in the case of ensuring 

the settle time of the bias module, thus saving power. 

[ 0059] In some embodiments, the enabling module 33 is further configured to receive 

a state signal, perform logical operation processing based on the power switching signal 

and the state signal, and output a bias enabling signal and an excitation signal. Herein, 

the state signal characterizes that the control circuit is in a Power Down State or a Power 

On State. 

[ 0060] It is to be noted that the state signal may be represented by PowerDn. Herein, 

when the PowerDn signal is in a high level state, it characterizes that the control circuit 

30 is in the Power Down State. When the PowerDn signal is in a low level state, it 

characterizes that the control circuit 30 is in the Power On State. 

[ 0061] In some embodiments, for the enabling module 33, referring to FIG. 6, the 

enabling module 33 may include a first logic module 331 and a second logic module 332. 

[ 0062] The first logic module 331 is configured to receive a power switching signal 

and a state signal, and perform first logic operation on the power switching signal and the 

state signal to output a bias enabling signal. 

[ 0063] The second logic module 332 is configured to receive a power switching signal 
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and a state signal, and perform second logic operation on the power switching signal and 

the state signal to output an excitation signal. 

[ 0064] Here, the input of the first logic module 331 is the CS signal and PowerDn 

signal, and the output is the EnIBBias signal. The input of the second logic module 332 is 

the CS signal and PowerDn signal, and the output is the EnIB signal. 

[ 0065] In some embodiments, for the first logic module 331, in FIG. 6, the first logic 

module 331 may include a first NOR gate a, a second NOR gate b and a first NOT gate c. 

[ 0066] One input end of the first NOR gate a is configured to receive a power 

switching signal, and the other input end of the first NOR gate a is connected with an 

output end of the second NOR gate b. One input end of the second NOR gate b is 

connected with an output end of the first NOR gate a, and the other input end of the 

second NOR gate b is configured to receive a state signal, and the output end of the 

second NOR gate b is also connected with the input end of the first NOT gate c. 

[ 0067] In the embodiment of the disclosure, an output end of the first NOT gate c is 

configured to output a bias enabling signal. Here, when the power switching signal is 

switched from a first level state to a second level state and the state signal is in the 

second level state, the bias enabling signal output by the first logic module 331 is in the 

second level state. Alternatively, when the power switching signal is switched from the 

second level state to the first level state and the state signal is in the first level state, the 

bias enabling signal output by the first logic module 331 is in the second level state. 

[ 0068] In a specific embodiment, the first level state is a low level state, and the 

second level state is a high level state. Thus, when the CS signal is switched from the low 

level state to the high level state and the PowerDn signal is in the high level state, the 

EnIBBias signal at the time is switched from the low level state to the high level state. 

Alternatively, when the CS signal is switched from the high level state to the low level 

state, and the PowerDn signal is in the low level state, the EnIBBias signal at the time 

remains in the high level state. Herein, the EnIBBias signal is in the high level state, 

which means that the EnIBBias signal is in an enabling state. That is, at the rising edge 

moment of the CS signal (that is, switched from the low level state to the high-level state), 
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the EnIBBias signal is in the enabling state. 

[ 0069] In some embodiments, for the second logic module 332, in FIG. 6, the second 

logic module 332 may include a second NOT gate d, a first NAND gate e, a second 

NAND gate f and a third NOT gate g. 

[ 0070] An input end of the second NOT gate d is configured to receive a state signal. 

An output end of the second NOT gate d is connected with one input end of the first 

NAND gate e, the other input end of the first NAND gate e is connected with an output 

end of the second NAND gate f, an output end of the first NAND gate e is connected 

with one input end of the second NAND gate f, the other input end of the second NAND 

gate f is configured to receive a power switching signal, and the output end of the first 

NAND gate e is also connected with an input end of the third NOT gate g. 

[ 0071] In the embodiment of the disclosure, an output end of the first NOT gate g is 

configured to output an excitation signal. Here, when the power switching signal is 

switched from a first level state to a second level state and the state signal is in the 

second level state, the excitation signal output by the second logic module 332 is in the 

first level state. Alternatively, when the power switching signal is switched from the 

second level state to the first level state and the state signal is in the first level state, the 

excitation signal output by the second logic module 332 is in the second level state. 

[ 0072] In a specific embodiment, the first level state is a low level state, and the 

second level state is a high level state. Thus, when the CS signal is switched from the low 

level state to the high level state and the PowerDn signal is in the high level state, the 

EnIB signal at the time remains in the low level state. Alternatively, when the CS signal 

is switched from the high level state to the low level state, and the PowerDn signal is in 

the low level state, the EnIB signal at the time is switched from the low level state to the 

high level state. Herein, the EnIB signal is in the high level state, which means that the 

EnIB signal is in an enabling state. That is, at the falling edge moment of the CS signal 

(that is, switched from the high level state to the low level state), the EnIB signal is in the 

enabling state. That is, the EnIB signal is in the enabling state later than the EnIBBias 

signal is in the enabling state. 
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[ 0073] It is to be understood that, for the first bias module 311 and the second bias 

module 312, FIG. 7 is a schematic diagram of a detailed structure of a control circuit 30 

according to an embodiment of the present disclosure. As illustrated in FIG. 7, in the 

control circuit 30, the first bias module 311 is connected in parallel with the second bias 

module 312. Moreover, the first bias module 311 may include a first bias resistor MR1, 

and the second bias module 312 may include a second bias resistor MR2. Herein, a 

resistance value of the first bias resistor MR1 is greater than a resistance value of the 

second bias resistor MR2. 

[ 0074] It is to be noted that, in the embodiment of the present disclosure, the first bias 

resistor MR1 may contain a plurality of sub-bias resistors, and the second bias resistor 

MR2 may also contain a plurality of sub-bias resistors. That is, the equivalent resistance 

value of the plurality of sub-bias resistors in the first bias resistor MR1 needs to be 

greater than the equivalent resistance value of the plurality of sub-bias resistors in the 

second bias resistor MR2. 

[ 0075] It is also to be noted that, in the embodiment of the present disclosure, 

assuming that each sub-bias resistor has the same resistance value and different sub-bias 

resistors are connected in series, the number of the sub-bias resistors included in the first 

bias resistor MR1 is greater than the number of the sub-bias resistors included in the 

second bias resistor MR2. 

[ 0076] Further, the first bias module 311 may include four transistors in addition to 

the first bias resistor. In some embodiments, as illustrated in FIG. 7, the first bias module 

311 may further include a first transistor MP1, a second transistor MP2, a third transistor 

MP3 and a fourth transistor MP4. 

[ 0077] A drain electrode of the first transistor MP1 and a drain electrode of the second 

transistor MP2 are both connected with a power supply terminal. 

[ 0078] A gate electrode of the first transistor MP1 and a gate electrode of the second 

transistor MP2 are both connected with a ground terminal. 

[ 0079] A source electrode of the first transistor MP1 is connected with a drain 

electrode of the third transistor MP3, and a source electrode of the second transistor MP2 
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is connected with a drain electrode of the fourth transistor MP4. 

[ 0080] A gate electrode of the third transistor MP3 and a gate electrode of the fourth 

transistor MP4 are both connected with a source electrode of the third transistor MP3, 

and the source electrode of the third transistor MP3 is connected with the ground 

terminal through the first bias resistor MR1. 

[ 0081] A source electrode of the fourth transistor MP4 is connected with a functional 

module 32, and is configured to provide a first bias current for the functional module 32. 

[ 0082] Further, the second bias module 312 may also include four transistors in 

addition to the second bias resistor. In some embodiments, as illustrated in FIG. 7, in 

some embodiments, the second bias module 312 may further include a fifth transistor 

MP5, a sixth transistor MP6, a seventh transistor MP7 and an eighth transistor MP8. 

[ 0083] A drain electrode of the fifth transistor MP5 and a drain electrode of the sixth 

transistor MP6 are both connected with a power supply terminal. 

[ 0084] A gate electrode of the fifth transistor MP5 and a gate electrode of the sixth 

transistor MP6 are both connected with a bias enabling signal. 

[ 0085] A source electrode of the fifth transistor MP5 is connected with a drain 

electrode of the seventh transistor MP7, and a source electrode of the sixth transistor 

MP6 is connected with a drain electrode of the eighth transistor MP8. 

[ 0086] A gate electrode of the seventh transistor MP7 and a gate electrode of the 

eighth transistor MP8 are both connected with a source electrode of the seventh transistor 

MP7, and the source electrode of the seventh transistor MP7 is connected with a ground 

terminal through the second bias resistor MR2. 

[ 0087] A source electrode of the eighth transistor MP8 is connected with a functional 

module 32, and is configured to provide a second bias current for the functional module 

32. 

[ 0088] It is to be noted that in the embodiment of the present disclosure, the first 

transistor MP1, the second transistor MP2, the third transistor MP3, the fourth transistor 
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MP4, the fifth transistor MP5, the sixth transistor MP6, the seventh transistor MP7, and 

the eighth transistor MP8 are all PMOS transistors. 

[ 0089] In addition, in FIG. 7, the power supply terminal is represented by VCC, and 

the ground terminal is represented by VSS. Here, the input signals of the gate electrode 

of the first transistor MP1 and the gate electrode of the second transistor MP2 are VSS 

signals, so that the two transistors are in a normally open state, while the input signals of 

the gate electrode of the third transistor MP3 and the gate electrode of the fourth 

transistor MP4 are represented by BiasN, and the BiasN signal is generated by 

connecting the first bias resistor MR1 to the ground terminal, and is configured to control 

the conduction states of the third transistor MP3 and the fourth transistor MP4, so as to 

provide the first bias current for the functional module 32. In addition, the input signals 

of the gate electrode of the fifth transistor MP5 and the gate electrode of the sixth 

transistor MP6 are EnIBBias signals, so as to control the conduction states of the fifth 

transistor MP5 and the sixth transistor MP6 according to the EnIBBias signals, while the 

input signals of the gate electrode of the seventh transistor MP7 and the gate electrode of 

the eighth transistor MP8 are generated by connecting the second bias resistor MR2 to 

the ground terminal, and are configured to control the conduction states of the seventh 

transistor MP7 and the eighth transistor MP8, so as to provide the second bias current for 

the functional module 32. 

[ 0090] It is also to be noted that, in the embodiment of the present disclosure, as 

illustrated in FIG. 7, the second bias module 311 may also include a ninth transistor MP9. 

Herein, the drain electrode of the ninth transistor MP9 is connected with the power 

supply terminal, the gate electrode of the ninth transistor MP9 is connected with the bias 

enabling signal, and the source electrode of the ninth transistor MP9 is connected with 

the functional module 32 and configured to supply power supply voltage to the functional 

module 32. 

[ 0091] It is also to be understood that in the embodiment of the present disclosure, for 

the functional module 32, the functional module 32 may include an input buffer circuit. 

Thus, in a specific embodiment, when the control circuit 30 is in the Power On State, the 

input buffer circuit may be provided with a first bias current through the first bias module 



 

 

18 

 

311, the input buffer circuit may be provided with a second bias current through the 

second bias module 312, and the first bias current is smaller than the second bias current. 

[ 0092] The embodiment provides a control circuit. The control circuit includes a bias 

module. The bias module is configured to provide a bias current for a functional module. 

The bias module includes a first bias module and a second bias module. The first bias 

module is configured to provide a first bias current, and the second bias module is 

configured to provide a second bias current. Herein, the first bias current is smaller than 

the second bias current, the first bias module is configured to be in a normally open state 

after being powered on, and the second bias module is configured to receive a bias 

enabling signal and provide the second bias current based on the bias enabling signal. 

Thus, the first bias module and the second bias module are arranged, and the first bias 

module which provides a smaller bias current is in a normally open state, so that the 

control circuit can not only ensure the settle time of the bias module, avoid the problem 

that the tXP time is occupied due to long recovery time of the bias module, but also 

achieve the purpose of saving power. 

[ 0093] In another embodiment of the disclosure, FIG. 8 is a  schematic diagram of a 

detailed structure of another control circuit 30 according to an embodiment of the present 

disclosure. As illustrated in FIG. 8, the control circuit 30 may include a first resistor R1, a 

second resistor R2, a third resistor R3, a fourth resistor R4, a fifth resistor R5, a sixth 

resistor R6, a first transistor MP1, a second transistor MP2, a third transistor MP3, a 

fourth transistor MP4, a fifth transistor MP5, a sixth transistor MP6, a seventh transistor 

MP7, an eighth transistor MP8, a ninth transistor MP9, a tenth transistor MP10, an 

eleventh transistor MN1, a twelfth transistor MN2, a thirteenth transistor MP11, a 

fourteenth transistor MP12, a fifteenth transistor MN3 and a sixteenth transistor MN4. 

[ 0094] Herein, the first transistor MP1, the second transistor MP2, the third transistor 

MP3, the fourth transistor MP4, the fifth transistor MP5, the sixth transistor MP6, the 

seventh transistor MP7, the eighth transistor MP8, the ninth transistor MP9, the tenth 

transistor MP10, the thirteenth transistor MP11, and the fourteenth transistor MP12 are 

PMOS transistors, and the eleventh transistor MN1, the twelfth transistor MN2, the 

fifteenth transistor MN3 and the sixteenth transistor MN4 are NMOS transistors. 
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[ 0095] It is to be noted that in FIG. 8, the first resistor R1, the second resistor R2, the 

third resistor R3, the fourth resistor R4 and the fifth resistor R5 with the first transistor 

MP1, the second transistor MP2, the third transistor MP3, and the fourth transistor MP4 

form a first bias module, and the sixth resistor R6 with the fifth transistor MP5, the sixth 

transistor MP6, the seventh transistor MP7, and the eighth transistor MP8 forms a second 

bias module. In the first bias module, the first resistor R1, the second resistor R2, the 

third resistor R3, the fourth resistor R4 and the fifth resistor R5 are connected in series to 

form a first bias resistor. In the second bias module, the sixth resistor R6 forms a second 

bias resistor. 

[ 0096] It is also to be noted that, in FIG. 8, the functional module takes the input 

buffer circuit as an example. The tenth transistor MP10, the eleventh transistor MN1, the 

twelfth transistor MN2, the thirteenth transistor MP11, the fourteenth transistor MP12, 

the fifteenth transistor MN3, and the sixteenth transistor MN4 constitute the input buffer 

circuit. In the input buffer circuit, the drain electrode of the thirteenth transistor MP11 is 

connected with the source electrode of the fourth transistor MP4 for receiving the first 

bias current. The drain electrode of the fourteenth transistor MP12 is connected with the 

source electrode of the eighth transistor MP8 for receiving the second bias current. The 

gate electrode of the thirteenth transistor MP11 is configured to receive a Command 

Address signal (represented by CA). The gate electrode of the fourteenth transistor MP12 

is configured to receive a reference signal (represented by Vref). The source electrode of 

the thirteenth transistor MP11 is connected with the drain electrode of the fifteenth 

transistor MN3, and also connected with the gate electrode of the fifteenth transistor 

MN3 and the gate electrode of the sixteenth transistor MN4. The source electrode of the 

fourteenth transistor MP12 is connected with the drain electrode of the sixteenth 

transistor MN4 for outputting a Stage Output signal (represented by StgOut). The source 

electrode of the fifteenth transistor MN3 and the source electrode of the sixteenth 

transistor MN4 are both connected with the ground terminal. In addition, the drain 

electrode of the tenth transistor MP10 is connected with the source electrode of the ninth 

transistor MP9 for receiving power supply voltage. The gate electrode of the tenth 

transistor MP10 and the gate electrode of the eleventh transistor MN1 are both connected 

with the source electrode of the fourteenth transistor MP12, for receiving the StgOut 



 

 

20 

 

signal. The source electrode of the tenth transistor MP10 is connected with the drain 

electrode of the eleventh transistor MN1 for outputting a Command Address Output 

signal (represented by CAOUT). The source electrode of the eleventh transistor MN1 is 

connected with the drain electrode of the twelfth transistor MN2, the gate electrode of the 

twelfth transistor MN2 is configured to receive an excitation signal (represented by 

EnIB), and the source electrode of the twelfth transistor MN2 is connected with the 

ground terminal. 

[ 0097] In a specific embodiment, when implementing a power-saving control circuit 

of LP DDR5, the following operations may be used. 

[ 0098] (1) The first bias module is connected in parallel with the second bias module. 

Moreover, one of the first bias module and the second bias module is a low-power bias 

module, which will never be powered down. The other one is a normal bias module, 

which will be powered down when being in the Power Down State. Thus, by arranging 

the first bias module and the second bias module, the settle time of the bias module may 

be saved. 

[ 0099] (2) The technical solution of the embodiment of the present disclosure is to 

enable the bias module at the rising edge of the CS signal and enable the functional 

module (for example, the input buffer circuit) at the falling edge of the CS signal, so that 

a pulse time of a CS signal (in the definition of technical specifications, the pulse time is 

at least 3 nanoseconds) may be added to the settle time of the bias module, thereby 

further saving power while ensuring the settle time of the bias module. 

[ 00100] Based thereon, the embodiment of the disclosure provides a control circuit. 

Through this embodiment, the specific implementation of the previous embodiment is 

described in detail. It is to be seen that the first bias module and the second bias module 

are arranged, and the first bias module that provides a smaller bias current is in a 

normally open state. Meanwhile, based on the timing sequence control of the enabling 

signals of the input buffer circuit and the bias module, the control circuit can not only 

ensure the settle time of the bias module, but also achieve the purpose of saving power. 

[ 00101] In yet another embodiment of the disclosure, referring to FIG. 9, FIG. 9 is a 
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schematic diagram of a composition structure of a semiconductor memory 90 according 

to an embodiment of the present disclosure. As illustrated in FIG. 9, the semiconductor 

memory 90 may include the control circuit 30 of any of the previous embodiments. 

[ 00102] In some embodiments of the disclosure, the semiconductor memory 90 is a 

DRAM chip. 

[ 00103] Further, in some embodiments, the DRAM chip conforms to the DDR5 

memory specification. 

[ 00104] It is to be noted that the embodiment of the present disclosure relates to 

semiconductor integrated circuit design, in particular to an analog circuit. Specifically, a 

power-saving control circuit design that can implement LP DDR5 is mainly provided 

here. 

[ 00105] It is also to be noted that, in the embodiment of the present disclosure, for the 

semiconductor memory 90, the first bias module and the second bias module are 

arranged in the control circuit, and the first bias module that provides a smaller bias 

current is in a normally open state. Meanwhile, based on timing sequence control of 

enabling signals of the input buffer circuit and the bias module, the control circuit can not 

only ensure the settle time of the bias module, avoid the problem that the tXP time is 

occupied due to long recovery time of the bias module, but also achieve the purpose of 

saving power. 

[ 00106] The foregoing descriptions are only preferred embodiments of the disclosure 

and are not intended to limit the scope of protection of the disclosure. 

[ 00107] It is to be noted that terms "include" and "contain" or any other variant thereof 

is intended to cover nonexclusive inclusions herein, so that a process, method, object or 

device including a series of elements not only includes those elements but also includes 

other elements which are not clearly listed or further includes elements intrinsic to the 

process, the method, the object or the device. Without further restrictions, the element 

defined by the statement "including a…" does not exclude the existence of another same 

element in the process, method, article or device including the element. 



 

 

22 

 

[ 00108] The sequence numbers of the embodiments of the disclosure are adopted not to 

represent superiority-inferiority of the embodiments but only for description. 

[ 00109] The methods disclosed in several method embodiments provided in the present 

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

embodiment. 

[ 00110] The features disclosed in a plurality of product embodiments provided in the 

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

embodiment. 

[ 00111] The features disclosed in the several method or device embodiments provided 

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

method embodiment or device embodiment. 

[ 00112] The above is only the specific implementation mode of the present disclosure 

and not intended to limit the scope of protection of the present disclosure. Any variations 

or replacements apparent to those skilled in the art within the technical scope disclosed 

by the present disclosure shall fall within the scope of protection of the present disclosure. 

Therefore, the scope of protection of the present disclosure shall be subject to the scope 

of protection of the claims. 

 

INDUSTRIAL PRACTICABILITY 

[ 00113] The embodiments of the present disclosure provide a control circuit and a 

semiconductor memory. The control circuit includes a bias module. The bias module is 

configured to provide a bias current for a functional module. The bias module includes a 

first bias module and a second bias module. The first bias module is configured to 

provide a first bias current, and the second bias module is configured to provide a second 

bias current. Herein, the first bias current is smaller than the second bias current, the first 

bias module is configured to be in a normally open state after being powered on, and the 

second bias module is configured to receive a bias enabling signal and provide the 

second bias current based on the bias enabling signal. Thus, the first bias module and the 
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second bias module are arranged, and the first bias module which provides a smaller bias 

current is in a normally open state, so that the control circuit can not only ensure the 

settle time of the bias module, avoid the problem that the tXP time is occupied due to 

long recovery time of the bias module, but also achieve the purpose of saving power. 
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CLAIMS 

 

1. A control circuit, comprising a bias module, the bias module being configured to provide a 

bias current for a functional module, 

the bias module comprising a first bias module and a second bias module, the first bias 

module being configured to provide a first bias current, and the second bias module being 

configured to provide a second bias current, wherein the first bias current is smaller than the 

second bias current, the first bias module is configured to be in a normally open state after 

being powered on, and the second bias module is configured to receive a bias enabling signal 

and provide the second bias current based on the bias enabling signal. 

 

2. The control circuit of claim 1, wherein 

the functional module is configured to receive an excitation signal and to be started 

based on the excitation signal, wherein a time point when the functional module receives the 

excitation signal is later than a time point when the bias module receives the bias enabling 

signal. 

 

3. The control circuit of claim 2, further comprising an enabling module, wherein 

the enabling module is configured to receive a power switching signal and output the 

bias enabling signal and the excitation signal based on the power switching signal, wherein 

the power switching signal characterizes starting the functional module. 

 

4. The control circuit of claim 3, wherein the power switching signal comprises a preceding 

first changing edge and a subsequent second changing edge, and 

the enabling module is further configured to output the bias enabling signal at the first 
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changing edge, and configured to output the excitation signal at the second changing edge. 

 

5. The control circuit of claim 4, wherein a changing direction of the first changing edge is 

opposite to a changing direction of the second changing edge. 

 

6. The control circuit of claim 4, wherein the first changing edge is switched from a low level 

state to a high level state, and the second changing edge is switched from a high level state to 

a low level state. 

 

7. The control circuit of claim 3, wherein 

the enabling module is further configured to receive a state signal, perform logical 

operation processing based on the power switching signal and the state signal, and output the 

bias enabling signal and the excitation signal, wherein the state signal characterizes that the 

control circuit is in a Power Down State or a Power On State. 

 

8. The control circuit of claim 7, wherein the enabling module comprises a first logic module 

and a second logic module, wherein 

the first logic module is configured to receive the power switching signal and the state 

signal, and perform first logic operation on the power switching signal and the state signal to 

output the bias enabling signal, and 

the second logic module being configured to receive the power switching signal and 

the state signal, and perform second logic operation on the power switching signal and the 

state signal to output the excitation signal. 
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9. The control circuit of claim 8, wherein the first logic module comprises a first NOR gate, a 

second NOR gate and a first NOT gate, wherein 

one input end of the first NOR gate is configured to receive the power switching 

signal, the other input end of the first NOR gate is connected with an output end of the second 

NOR gate, one input end of the second NOR gate is connected with an output end of the first 

NOR gate, the other input end of the second NOR gate is configured to receive the state signal, 

and the output end of the second NOR gate is also connected with an input end of the first 

NOT gate. 

 

10. The control circuit of claim 8, wherein the second logic module comprises a second NOT 

gate, a first NAND gate, a second NAND gate and a third NOT gate, wherein 

an input end of the second NOT gate is configured to receive the state signal, an 

output end of the second NOT gate is connected with one input end of the first NAND gate, 

the other input end of the first NAND gate is connected with an output end of the second 

NAND gate, an output end of the first NAND gate is connected with one input end of the 

second NAND gate, the other input end of the second NAND gate is configured to receive the 

power switching signal, and the output end of the first NAND gate is also connected with an 

input end of the third NOT gate. 

 

11. The control circuit of any one of claims 1-10, wherein the functional module comprises an 

input buffer circuit. 

 

12. The control circuit of any one of claims 1-10, wherein the first bias module is connected 

in parallel with the second bias module, the first bias module comprises a first bias resistor, 

and the second bias module comprises a second bias resistor, 

wherein a resistance value of the first bias resistor is greater than a resistance value of 

the second bias resistor. 
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13. The control circuit of claim 12, wherein the first bias module further comprises a first 

transistor, a second transistor, a third transistor and a fourth transistor, wherein 

a drain electrode of the first transistor and a drain electrode of the second transistor are 

both connected with a power supply terminal, 

a gate electrode of the first transistor and a gate electrode of the second transistor are 

both connected with a ground terminal, 

a source electrode of the first transistor is connected with a drain electrode of the third 

transistor, a source electrode of the second transistor is connected with a drain electrode of the 

fourth transistor, 

a gate electrode of the third transistor and a gate electrode of the fourth transistor are 

both connected with a source electrode of the third transistor, the source electrode of the third 

transistor is connected with the ground terminal through the first bias resistor, and 

a source electrode of the fourth transistor is connected with the functional module, and 

configured to provide the first bias current for the functional module. 

 

14. The control circuit of claim 12, wherein the second bias module further comprises a fifth 

transistor, a sixth transistor, a seventh transistor and an eighth transistor, wherein 

a drain electrode of the fifth transistor and a drain electrode of the sixth transistor are 

both connected with a power supply terminal, 

a gate electrode of the fifth transistor and a gate electrode of the sixth transistor are 

both connected with the bias enabling signal, 

a source electrode of the fifth transistor is connected with a drain electrode of the 

seventh transistor, a source electrode of the sixth transistor is connected with a drain electrode 

of the eighth transistor, 
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a gate electrode of the seventh transistor and a gate electrode of the eighth transistor 

are both connected with a source electrode of the seventh transistor, the source electrode of 

the seventh transistor is connected with the ground terminal through the second bias resistor, 

and 

a source electrode of the eighth transistor is connected with the functional module, and 

configured to provide the second bias current for the functional module. 

 

15. A semiconductor memory, comprising the control circuit of any one of claims 1-14.  

 

  


