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CONTROL CIRCUIT, PULSED POWER SYSTEM, AND SEMICONDUCTOR 

PROCESSING EQUIPMENT

TECHNICAL FIELD

[0001] The present disclosure relates to the technical field of semiconductor 

manufacturing technologies and, more particularly, to a control circuit, a pulsed power system, 

and a semiconductor processing equipment.

BACKGROUND

[0002] With the rapid development of electronic technology, users demand higher and 

higher integration density of integrated circuits, which requires constant improvement of 

processing accuracy of semiconductor wafer.  Plasma devices are widely used in processes of 

manufacturing the integrated circuits or micro-electromechanical systems (MEMS) devices.  As 

such, research and development of plasma generating equipment for processes such as etching, 

deposition, or ion implantation is crucial for the improvement of semiconductor manufacturing 

processes and facilities.

[0003] Currently, controlling plasma energy and density is important for semiconductor 

processes.  Existing methods of controlling the plasma energy and density control the plasma 

energy and density through controlling the voltage applied to the load.  However, inductors are 

often included in the integrated circuits. The inductors continue to release residual energy onto a 

load circuit after the load voltage is turned off, thereby causing oscillation.  The oscillation 

makes it difficult to accurately control the plasma energy and density.      
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SUMMARY

[0004] The present disclosure aims to solve at least one of the technical problems in the 

existing technology, and provides a control circuit, a pulsed power supply system, and 

semiconductor processing equipment, which stores residual electric energy in a switch circuit, 

thereby reducing oscillation of the voltage at the end of each pulse, and improving an accuracy 

of controlling the plasma energy and density used in the semiconductor process.

[0005] To achieve the above objectives, one aspect of the present disclosure provides a 

control circuit for outputting a direct current (DC) signal in the form of a pulsed signal.  The 

control circuit includes: a switch circuit having a first terminal, a second terminal, a third 

terminal, a fourth terminal, a first control terminal, and a second control terminal, wherein the 

first terminal and the second terminal are input terminals of the DC signal, the third terminal and 

the fourth terminal are output terminals of the pulsed signal, the first control terminal and the 

second control terminal receive a first signal or a second signal to control outputting the pulsed 

signal, in response to the first control terminal and the second control terminal receiving the first 

signal, the third terminal and the fourth terminal output the pulsed signal, and in response to the 

first control terminal and the second control terminal receiving the second signal, the third 

terminal and the fourth terminal stop outputting the pulsed signal; and an energy storage circuit 

having two terminals connected to the first terminal and the second terminal of the switch circuit 

to store residual electric energy of the switch circuit when the switch circuit does not output the 

pulsed signal.

[0006] In some embodiments, the switch circuit includes a first switch component and a 

second switch component.  A first terminal and a second terminal of the first switch component 

and a first terminal and a second terminal of the second switch component are used as input 
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terminals for the DC signal.  The first terminal of the first switch component is connected to the 

first terminal of the energy storage circuit and the first terminal of the second switch component, 

respectively.  The second terminal of the first switch component is connected to the second 

terminal of the energy storage circuit and the second terminal of the second switch component, 

respectively.  A control terminal of the first switch component and a control terminal of the 

second switch component are configured to receive the first signal or the second signal.  A third 

terminal of the first switch component and a third terminal of the second switch component are 

used for outputting the pulsed signal.  In response to the control terminal of the first switch 

component receiving the first signal, the first switch component is configured to turn on a circuit 

between the first terminal of the first switch component and the third terminal of the first switch 

component, and to turn off a circuit between a second terminal of the energy storage circuit and 

the third terminal of the first switch component.  In response to the control terminal of the first 

switch component receiving the second signal, the first switch component is configured to turn 

off the circuit between the first terminal of the first switch component and the third terminal of 

the first switch component, and to turn on the circuit between the second terminal of the energy 

storage circuit and the third terminal of the first switch component.  In response to the control 

terminal of the second switch component receiving the first signal, the second switch component 

is configured to turn on a circuit between the second terminal of the second switch component 

and the third terminal of the second switch component, and to turn off a circuit between a first 

terminal of the energy storage circuit and the third terminal of the second switch component.  In 

response to the control terminal of the second switch component receiving the second signal, the 

second switch component is configured to turn off the circuit between the second terminal of the 

second switch component and the third terminal of the second switch component, and to turn on 
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the circuit between the first terminal of the energy storage circuit and the third terminal of the 

second switch component.

[0007] In some embodiments, the first switch component includes a first switch transistor 

and a first cut-off diode.  An input terminal of the first switch transistor and an input terminal of 

the first cut-off diode are used as the input terminals for the DC signal.  The input terminal of the 

first switch transistor is connected to the first terminal of the energy storage circuit.  The input 

terminal of the first cut-off diode is connected to the second terminal of the energy storage 

circuit.  An output terminal of the first switch transistor is connected to an output terminal of the 

first cut-off diode for outputting the pulsed signal.  A control terminal of the first switch 

transistor is configured to receive the first signal or the second signal.  In response to the control 

terminal of the first switch transistor receiving the first signal, the first switch transistor is 

configured to turn on a circuit between the input terminal and the output terminal of the first 

switch transistor, and the first cut-off diode is configured to turn off a circuit between the second 

terminal of the energy storage circuit and the output terminal of the first cut-off diode.  In 

response to the control terminal of the first switch transistor receiving the second signal, the first 

switch transistor is configured to turn off the circuit between the input terminal and the output 

terminal of the first switch transistor, and the first cut-off diode is configured to turn on the 

circuit between the second terminal of the energy storage circuit and the output terminal of the 

first cut-off diode.

[0008] In some embodiments, material used for the first switch transistor includes any 

one of Si, SiC, GaN, and AlGaN.

[0009] In some embodiments, the second switch component includes a second switch 

transistor and a second cut-off diode.  An input terminal of the second switch transistor is 
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connected to an input terminal of the first cut-off diode for outputting the pulsed signal.  An 

output terminal of the second switch transistor and an output terminal of the second cut-off diode 

are used as the input terminals for the DC signal.  The output terminal of the second switch 

transistor is connected to the second terminal of the energy storage circuit.  The output terminal 

of the second cut-off diode is connected to the first terminal of the energy storage circuit.  A 

control terminal of the second switch transistor is configured to receive the first signal or the 

second signal.  In response to the control terminal of the second switch transistor receiving the 

first signal, the second switch transistor is configured to turn on a circuit between the input 

terminal and the output terminal of the second switch transistor, and the second cut-off diode is 

configured to turn off a circuit between the first terminal of the energy storage circuit and the 

output terminal of the second cut-off diode.  In response to the control terminal of the second 

switch transistor receiving the second signal, the second switch transistor is configured to turn 

off the circuit between the input terminal and the output terminal of the second switch transistor, 

and the second cut-off diode is configured to turn on the circuit between the first terminal of the 

energy storage circuit and the output terminal of the second cut-off diode.

[0010] In some embodiments, material used for the second switch transistor includes any 

one of Si, SiC, GaN, and AlGaN.

[0011] In some embodiments, the energy storage circuit includes at least one capacitor 

and/or at least one inductor.  One terminal of the at least one capacitor and/or the at least one 

inductor is used as the first terminal of the energy storage circuit to connect to the first terminal 

of the switch circuit.  Another terminal of the at least one capacitor and/or the at least one 

inductor is used as the second terminal of the energy storage circuit to connect to the second 

terminal of the switch circuit.
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[0012] In some embodiments, the control circuit further includes a transformer including 

a primary inductor and a secondary inductor, wherein two terminals of the primary inductor are 

connected to the third terminal and the fourth terminal of the switch circuit, respectively, and two 

terminals of the secondary inductor are configured to output the pulsed signal.

[0013] In some embodiments, the control circuit further includes a control component 

configured to send the first signal or the second signal to the first control terminal and the second 

control terminal of the switch circuit.

[0014] Another aspect of the present disclosure provides a pulsed power supply system.  

The pulsed power supply system includes a DC circuit and the disclosed control circuit.  The DC 

circuit is configured to supply the DC signal to the first terminal and the second terminal of the 

switch circuit.

[0015] In some embodiments, the DC circuit includes a DC power supply.

[0016] Another aspect of the present disclosure provides semiconductor processing 

equipment.  The semiconductor processing equipment incudes an upper electrode assembly; a 

lower electrode assembly; and at least one disclosed pulsed power supply system, configured to 

supply the pulsed signal to at least one of the upper electrode assembly or the lower electrode 

assembly.

[0017] In some embodiments, the semiconductor processing equipment includes plasma 

immersion implantation equipment, physical vapor deposition equipment, or plasma etching 

equipment.

[0018] The embodiments of the present disclosure provide the following beneficial 

effects.
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[0019] In the control circuit provided by the embodiments of the present disclosure, the 

switch circuit outputs the pulsed signal in response to the first control terminal and the second 

control terminal receiving the first signal, and stops outputting the pulsed signal in response to 

the first control terminal and the second control terminal receiving the second signal.  At the 

same time, the energy storage circuit stores the residual electric energy in the switch circuit when 

the switch circuit does not output the pulsed signal, thereby reducing the time period that the 

residual electric energy continues to circulate in the switch circuit, reducing the voltage of the 

oscillation occurred at the end of each pulse, and improving the accuracy of controlling the 

plasma energy and density used in the semiconductor processes.

[0020] The pulsed power supply system provided by the present disclosure outputs the 

pulsed signal and stores the residual electric energy in the switch circuit through the control 

circuit, thereby reducing the oscillation of the voltage at the end of each pulse and improving the 

accuracy of controlling the plasma energy and density used in the semiconductor processes.

[0021] The semiconductor processing equipment provided by the present disclosure 

supplies the pulsed signal to at least one of the upper electrode assembly or the lower electrode 

assembly and stores the residual electric energy in the switch circuit through the pulsed power 

supply system, thereby reducing the oscillation of the voltage at the end of each pulse and 

improving the accuracy of controlling the plasma energy and density used in the semiconductor 

processes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a schematic pulse waveform diagram obtained from an existing control 

circuit;
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[0023] FIG. 2A is a schematic block diagram of a control circuit according to some 

embodiments of the present disclosure;

[0024] FIG. 2B is a schematic pulse waveform diagram obtained from the control circuit 

according to some embodiments of the present disclosure;

[0025] FIG. 2C is another schematic block diagram of the control circuit according to 

some embodiments of the present disclosure;

[0026] FIG. 3A is a schematic circuit diagram of the control circuit according to some 

embodiments of the present disclosure;

[0027] FIG. 3B is another schematic circuit diagram of the control circuit according to 

some embodiments of the present disclosure;

[0028] FIG. 4 is a schematic circuit diagram of a control circuit comparing with the 

control circuit in FIG. 3B according to some embodiments of the present disclosure;

[0029] FIG. 5A is a schematic block diagram of another control circuit according to some 

embodiments of the present disclosure;

[0030] FIG. 5B is another schematic block diagram of another control circuit according 

to some embodiments of the present disclosure;

[0031] FIG. 6A is a schematic circuit diagram of another control circuit according to 

some embodiments of the present disclosure;

[0032] FIG. 6B is another schematic circuit diagram of another control circuit according 

to some embodiments of the present disclosure;
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[0033] FIG. 7 is a state diagram of the control circuit when the pulse is turned on 

according to some embodiments of the present disclosure;

[0034] FIG. 8 is a state diagram of the control circuit when the pulse is turned off 

according to some embodiments of the present disclosure;

[0035] FIG. 9 is a schematic block diagram of a pulsed power system according to some 

embodiments of the present disclosure;

[0036] FIG. 10A is a schematic block diagram of a semiconductor processing equipment 

according to some embodiments of the present disclosure;

[0037] FIG. 10B is a schematic block diagram of another semiconductor processing 

equipment according to some embodiments of the present disclosure; and

[0038] FIG. 10C is a schematic block diagram of another semiconductor processing 

equipment according to some embodiments of the present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0039] The following specific embodiments are used to illustrate various features of the 

present disclosure.  Those who are familiar with the technology can easily understand other 

advantages and effects of the present disclosure from contents disclosed in the specification.  The 

embodiments described herein are some and not all embodiments of the present disclosure.  

Based on the embodiments of the present disclosure, other embodiments obtained by those of 

ordinary skill in the art without creative efforts shall fall within the protection scope of the 

present disclosure.
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[0040] One aspect of the present disclosure provides a control circuit.  The control circuit 

outputs a direct current (DC) signal in the form of a pulsed signal.  Three embodiments of the 

control circuit consistent with the present disclosure are described in detail below.

[0041] First Embodiment

[0042] The control circuit outputs the DC signal in the form of the pulsed signal.  The 

DC signal may be a voltage signal or a current signal.  For example, the DC signal can be 

outputted by a DC power supply in the form of the pulsed signal and can be applied to the load 

circuit.  However, because there is an inductor in the control circuit, for example, a conductor 

wire, residual energy may be generated at an end of each pulse.  The residual energy continues to 

circulate in the control circuit, thereby causing voltage oscillation at the end of each pulse.  FIG. 

1 is a schematic pulse waveform diagram obtained from an existing control circuit.  As shown in 

FIG. 1, Tp is a time period for a pulsed voltage signal to reach a normal voltage Vnom.  Tf is a 

time period for the pulsed voltage signal to drop from the normal value to zero, that is, a falling 

edge time period of the pulse waveform.  Tinv is a time period of the voltage oscillation occurred 

at the end of the pulse.  Vmax,inv is a maximum voltage during Tinv of the voltage oscillation.  

Because of a presence of Tinv of the voltage oscillation, it is difficult to accurately control the 

plasma energy and density.

[0043] FIG. 2A is a schematic block diagram of a control circuit according to some 

embodiments of the present disclosure.  To solve the oscillation problem, the present disclosure 

provides the control circuit 1012 configured to output the DC signal in the form of the pulsed 

signal, as shown in FIG. 2A.  The DC signal can be a voltage signal or a current signal.  In some 

embodiments, the control circuit 1012 includes a switch circuit 3 and an energy storage circuit 4.  

The switch circuit 3 includes a first terminal 31, a second terminal 32, a third terminal33, a 
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fourth terminal 34, a first control terminal 35, and a second control terminal 36.  The first 

terminal 31 and the second terminal 32 are input terminals of the DC signal.  For example, a DC 

signal output device such as a DC power supply can apply the DC signal to the first terminal 31 

and the second terminal 32.  The third terminal 33 and the fourth terminal 34 are configured to 

be output terminals of the pulsed signal.  The first control terminal 35 and the second control 

terminal 36 are configured to receive a first signal or a second signal to control outputting the 

pulsed signal.  In response to the first control terminal 35 and the second control terminal 36 

receiving the first signal, the third terminal 33 and the fourth terminal 34 output the pulsed 

signal.  In response to the first control terminal 35 and the second control terminal 36 receiving 

the second signal, the third terminal 33 and the fourth terminal 34 stops outputting the pulsed 

signal.

[0044] Two terminals of the energy storage circuit 4 are connected to the first terminal 31 

and the second terminal 32 of the switch circuit 3.  When the switch circuit 3 does not output the 

pulsed signal, the energy storage circuit 4 stores residual electric energy in the switch circuit 3.  

The residual electric energy includes, but is not limited to, electric energy generated by an 

inductor component such as a conductor wire in the switch circuit 3.  The energy storage circuit 

4 stores the residual electric energy in the switch circuit 4 when the switch circuit 3 does not 

output the pulsed signal, thereby reducing a time period that the residual electric energy 

continues to circulate in the switch circuit 3.  Thus, a voltage of the oscillation occurred at the 

end of each pulse is reduced, and plasma energy and density used in semiconductor processes 

can be accurately controlled.

[0045] FIG. 2B is a schematic pulse waveform diagram obtained from the control circuit 

according to some embodiments of the present disclosure.  Compared to the pulse waveform 
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obtained from the existing control circuit in FIG. 1, the falling edge time period Tf of the pulse 

waveform obtained form the embodiment of the present disclosure is reduced, the voltage 

oscillation time period Tinv at the end of the pulse is substantially reduced, and the maximum 

voltage Vmax,inv during the voltage oscillation time period is also effectively reduced.  Through 

lab testing, in the pulse waveform obtained from the control circuit 1012 consistent with the 

present disclosure, the maximum voltage Vmax,inv is smaller than 10% of the normal voltage of 

the pulse waveform, the time period of the voltage oscillation is smaller than 1 μs, and the falling 

edge time period Tf is smaller than 1 μs.  Thus, the pulse waveform of the control circuit 1012 is 

more desirable, thereby improving the control accuracy of the plasma energy and density used in 

the semiconductor processes.

[0046] In some embodiments, as shown in FIG. 2C, the control circuit 1012 further 

includes a control component 6.  Two terminals of the control component 6 are connected to the 

first control terminal 35 and the second control terminal 36 of the switch circuit 3.  The control 

component 6 is configured to send the first signal or the second signal to the first control 

terminal 35 and the second control terminal 36 of the switch circuit 3 to control outputting the 

pulsed signal.

[0047] In some embodiments, as shown in FIG. 3A, the switch circuit 3 includes a first 

switch component 3a and a second switch component 3b.  A first terminal 311 and a second 

terminal 312 of the first switch component 3a and a first terminal 321 and a second terminal 322 

of the second switch component 3b are input terminals of the DC signal.  For example, two input 

terminals 11 and 12 are shown in FIG. 3A.  The first terminal 311 of the first switch component 

3a and the first terminal 321 of the second switch component 3b are connected to the input 

terminal 11.  The second terminal 312 of the first switch component 3a and the second terminal 
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322 of the second switch component 3b are connected to the input terminal 12.  Through the two 

input terminals 11 and 12, the DC signal is applied to the first terminal 311 and the second 

terminal 312 of the first switch component 3a and the first terminal 321 and the second terminal 

322 of the second switch component 3b.

[0048] The first terminal 311 of the first switch component 3a is connected to a first 

terminal 411 of the energy storage circuit 4 and the first terminal 321 of the second switch 

component 3b, respectively.  The second terminal 312 of the first switch component 3a is 

connected to a second terminal 412 of the energy storage circuit 4 and the second terminal 322 of 

the second switch component 3b.  A control terminal 315 of the first switch component 3a and a 

control terminal 316 of the second switch component 3b are configured to receive the first signal 

or the second signal.  A third terminal 313 of the first switch component 3a and a third terminal 

314 of the second switch component 3b are configured to output the pulsed signal.

[0049] When the control terminal 315 of the first switch component 3a receives the first 

signal, the first switch component 3a is configured to turn on a circuit between the first terminal 

311 of the first switch component 3a and the third terminal 313 of the first switch component 3a, 

and to turn off a circuit between the second terminal 412 of the energy storage circuit 4 and the 

third terminal 313 of the first switch component 3a.  When the control terminal 316 of the second 

switch component 3b receives the first signal, the second switch component 3b is configured to 

turn on a circuit between the second terminal 322 of the second switch component 3b and the 

third terminal 314 of the second switch component 3b, and to turn off a circuit between the first 

terminal 411 of the energy storage circuit 4 and the third terminal 314 of the second switch 

component 3b.  At this point, through the input terminals 11 and 12, the DC signal is applied to 

the first terminal 311 of the first switch component 3a and the first terminal 321 of the second 
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switch component 3b, respectively, and is outputted through the third terminal 313 of the first 

switch component 3a and the third terminal 314 of the second switch component 3b.

[0050] When the control terminal 315 of the first switch component 3a receives the 

second signal, the first switch component 3a is further configured to turn off the circuit between 

the first terminal 311 of the first switch component 3a and the third terminal 313 of the first 

switch component 3a, and to turn on the circuit between the second terminal 412 of the energy 

storage circuit 4 and the third terminal 313 of the first switch component 3a.  When the control 

terminal 316 of the second switch component 3b receives the second signal, the second switch 

component 3b is further configured to turn off the circuit between the second terminal 322 of the 

second switch component 3b and the third terminal 314 of the second switch component 3b, and 

to turn on a circuit between the first terminal 411 of the energy storage circuit 4 and the third 

terminal 314 of the second switch component 3b.  At this point, through the input terminals 11 

and 12, the DC signal is applied to the first terminal 311 of the first switch component 3a and the 

first terminal 321 of the second switch component 3b, respectively, but cannot be outputted 

through the third terminal 313 of the first switch component 3a and the third terminal 314 of the 

second switch component 3b.  Thus, the switch circuit 3 stops outputting the pulsed signal.

[0051] The first switch component 3a may have various structures.  In some 

embodiments, referring to FIG. 3B, the first switch component 3a includes a first switch 

transistor 351 and a first cut-off diode 352.  An input terminal of the first switch transistor 351 as 

the first terminal 311 of the first switch component 3a and an input terminal of the first cut-off 

diode 352 as the second terminal 312 of the first switch component 3a are configured to be the 

input terminals for receiving the DC signal.  In addition, the input terminal of the first switch 

transistor 351 is connected to the first terminal 411 of the energy storage circuit 4.  The input 
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terminal of the first cut-off diode 352 is connected to the second terminal 412 of the energy 

storage circuit 4.  An output terminal of the first switch transistor 351 is connected to an output 

terminal of the first cut-off diode 352, and both output terminals are, for example, connected at a 

connection point 313a as shown in FIG. 3B.  An output terminal drawn from the connection 

point 313a is used as the third terminal 313 of the first switch component 3a for outputting the 

pulsed signal.  The control terminal of the first switch transistor 351 is used as the control 

terminal 315 of the first switch component 3a for receiving the first signal or the second signal.

[0052] After the control terminal 315 receives the first signal, the first switch transistor 

351 is configured to turn on the circuit between the input terminal and the output terminal of the 

first switch transistor 351, that is, turn on the circuit between the first terminal 311 and the third 

terminal 313 of the first switch component 3a.  The first cut-off diode 352 is configured to turn 

off the circuit between the second terminal 412 of the energy storage circuit 4 and the output 

terminal of the first cut-off diode 352, that is, turn off the circuit between the second terminal 

412 of the energy storage circuit 4 and the third terminal 313 of the first switch component 3a.  

On the contrary, after the control terminal 315 receives the second signal, the first switch 

transistor 351 is configured to turn off the circuit between the input terminal and the output 

terminal of the first switch transistor 351, that is, turn off the circuit between the first terminal 

311 and the third terminal 313 of the first switch component 3a.  The first cut-off diode 352 is 

configured to turn on the circuit between the second terminal 412 of the energy storage circuit 4 

and the output terminal of the first cut-off diode 352, that is, turn on the circuit between the 

second terminal 412 of the energy storage circuit 4 and the third terminal 313 of the first switch 

component 3a.   
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[0053] In some embodiments, the material used for the first switch transistor 351 

includes any one of Si, SiC, GaN, and AlGaN.

[0054] The second switch component 3b can have various structures.  In some 

embodiments, referring to FIG. 3B, the second switch component 3b includes a second switch 

transistor 361 and a second cut-off diode 362.  An input terminal of the second switch transistor 

361 is connected to an input terminal of the second cut-off diode 362, and both input terminals 

are, for example, connected at a connection point 314a as shown in FIG. 3B.  An output terminal 

drawn from the connection point 314a is used as the third terminal 314 of the second switch 

component 3b for outputting the pulsed signal.

[0055] An output terminal of the second switch transistor 361 is used as the second 

terminal 322 of the second switch component 3b, an output of the second cut-off diode 362 is 

used as the first terminal 321 of the second switch component 3b, and both output terminals are 

used as an input terminal of the DC signal.  The output terminal of the second switch transistor 

361 is connected to the second terminal 412 of the energy storage circuit 4.  The output terminal 

of the second cut-off diode 363 is connected to the first terminal 411 of the energy storage circuit 

4.  A control terminal of the second switch transistor 361 is used as the control terminal 316 of 

the second switch component 3b for receiving the first signal or the second signal.

[0056] After the control terminal 316 receives the first signal, the second switch 

transistor 361 is configured to turn on a circuit between the input terminal and the output 

terminal of the second switch transistor 361, that is, turn on the circuit between the second 

terminal 322 and the third terminal 314 of the second switch component 3b.  The second cut-off 

diode 362 is configured to turn off a circuit between the first terminal 411 of the energy storage 

circuit 4 and the output terminal of the second cut-off diode 362, that is, turn off the circuit 
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between the first terminal 411 of the energy storage circuit 4 and the third terminal 314 of the 

second switch component 3b.  On the contrary, after the control terminal 316 receives the second 

signal, the second switch transistor 361 is configured to turn off the circuit between the input 

terminal and the output terminal of the second switch transistor 361, that is, turn off the circuit 

between the second terminal 322 and the third terminal 314 of the second switch component 3b.  

The second cut-off diode 362 is configured to turn on the circuit between the first terminal 411 

of the energy storage circuit 4 and the output terminal of the second cut-off diode 362, that is, 

turn on the circuit between the first terminal 411 of the energy storage circuit 4 and the third 

terminal 314 of the second switch component 3b.

[0057] In some embodiments, the material used for the second switch transistor 361 

includes any one of Si, SiC, GaN, and AlGaN.

[0058] In some embodiments, the first switch transistor 351 and the second switch 

transistor 361 both are switch components such as triodes.

[0059] FIG. 4 is a schematic circuit diagram of a control circuit comparing with the 

control circuit in FIG. 3B according to some embodiments of the present disclosure.  As shown 

in FIG. 4, the control circuit is configured to output the pulsed signal (e.g., the pulsed DC voltage 

Vdc) and to apply the pulsed signal to a load (RL) through a transformer.  In some embodiments, 

the control circuit is a full-bridge circuit, which includes two pairs of switch transistors, that is, a 

first pair of switch transistors (SM1, SM4) and a second pair of switch transistors (SM2, SM3).  

In theory, when the pulsed DC voltage Vdc is applied to the load RL, an electric current passes 

through two branches where the first pair of switch transistors (SM1, SM4) and the second pair 

of switch transistors (SM2, SM3) are located respectively, thereby applying the pulsed signal to 

the load RL.
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[0060] The present disclosure provides another control circuit 1012.  The control circuit 

1012 includes a first switch transistor 351, a first cut-off diode 352, a second switch transistor 

361, and a second cut-off diode 362 to control the turn-on or turn-off of corresponding circuits.  

Compared to the control circuit shown in FIG. 4, the control circuit 1012 is not a full bridge 

circuit, and does not reply on the switch transistors to apply a voltage to a load.  Because the first 

switch transistor 351 and the second switch transistor 361 both are switch components such as 

triodes having substantially high response speed, the control circuit 1012 further avoid 

occurrence of circuit overcurrent and other symptoms in addition to satisfying the requirement of 

the response speed.  Thus, reliability is improved.

[0061] In some embodiments, the energy storage circuit 4 includes a capacitor 41.  Two 

terminals of the capacitor 41 are the first terminal 411 and the second terminal 412 of the energy 

storage circuit 4.  The capacitor 41 is capable of storing the residual electric energy from the 

switch circuit 3.

[0062] In some embodiments, the energy storage circuit 4 includes one capacitor 41.  But 

the present disclosure is not limited thereto.  In practical applications, the energy storage circuit 4 

may include multiple capacitors, may further include at least one inductor, or may include at 

least one capacitor and at least one inductor, as long as the residual electric energy can be stored.  

In some embodiments, one end of a capacitor and/or an inductor is used as the first terminal 411 

and is connected to the first terminal 31 of the switch circuit 3, another end of is used as the 

second terminal 412 of the energy storage circuit 4 and is connected to the second terminal 32 of 

the switch circuit 3.

[0063] In the control circuit 1012 consistent with the embodiments of the present 

disclosure, the switch circuit 3 outputs the pulsed signal in response to receiving the first signal 
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at the first control terminal 35 and the second control terminal 36, and stops outputting the 

pulsed signal in response to receiving the second signal at the first control terminal 35 and the 

second control terminal 36, thereby achieving outputting the DC signal in the formed of the 

pulsed signal.  At the same time, the energy storage circuit 4 stores the residual electric energy in 

the switch circuit 3 when the switch circuit 3 does not output the pulsed signal.  Thus, the time 

period for the residual electric energy to continue to circulate in the switch circuit 3 is reduced, 

the oscillation of the voltage at the end of each pulse is reduced, and the plasma energy and 

density used in the semiconductor processes can be accurately controlled.       

[0064] Second Embodiment

[0065] The control circuit 1012 provided by the second embodiment is based on the first 

embodiment.  FIG. 5A is a schematic block diagram of another control circuit according to some 

embodiments of the present disclosure.  In some embodiments, as shown in FIG. 5A, the control 

circuit 1012 is configured to convert a DC signal outputted from a DC circuit 1011 into a pulsed 

signal, and to apply the pulsed signal to a load 5.  The load 5 may be a base for carrying a 

substrate in a semiconductor processing equipment, especially a plasma semiconductor 

processing equipment.  In some embodiments, in practical applications, the load 5 may also be a 

device requiring the DC signal in a pulse form in other semiconductor processing equipment, for 

example, a target material and the base in a physical vapor deposition equipment.  In some 

embodiments, in practical application, the device capable of outputting the DC signal is not 

limited to a DC power supply, and can also be any other device capable of outputting the DC 

signal.

[0066] In some embodiments, as shown in FIG. 5A, the first terminal 31 and the second 

terminal 32 of the switch circuit 3 are connected to two terminals of the DC circuit 1011, 
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respectively, and are configured to apply the DC signal outputted from the DC circuit 1011.  The 

DC circuit 3 is the DC power supply.  The third terminal 33 and the fourth terminal 34 of the 

switch circuit 3 are connected to two terminals of the load 5, respectively, and are configured to 

output the pulsed signal and apply to the two terminals of the load 5.  The first control terminal 

35 and the second control terminal 36 of the switch circuit 3 are configured to receive the first 

signal or the second signal.  The two terminals of the energy storage circuit 4 are connected to 

the first terminal 31 and the second terminal 32 of the switch circuit 3.

[0067] After the first control terminal 35 and the second control terminal 36 receive the 

first signal, the third terminal 33 and the fourth terminal 34 of the switch circuit 3 output the 

pulsed signal, and apply the pulsed signal to the load 5.  After the first control terminal 35 and 

the second control terminal 36 receive the second signal, the third terminal 33 and the fourth 

terminal 34 of the switch circuit 3 stop outputting the pulsed signal.  At this point, the DC signal 

outputted from the DC circuit 1011 cannot be applied to the load 5, and at the same time, the 

energy storage circuit 4 is able to store the residual electric energy in the switch circuit 3.  The 

residual electric energy includes, but is not limited to, the electric energy generated from the 

inductor component in the switch circuit 3.  Through storing the residual electric energy of the 

switch circuit 3 in the energy storage circuit 4, the time period for the residual electric energy to 

continue to circulate in the switch circuit 3 is reduced, the oscillation of the voltage at the end of 

each pulse is reduced, and the plasma energy and density used in the semiconductor processes 

can be accurately controlled.

[0068] In some embodiments, referring to FIG. 5B, the control circuit 1012 includes a 

transformer 2 in addition to the embodiment shown in FIG. 5A.  The transformer 2 includes a 

primary inductor and a secondary inductor.  Two terminals of the primary inductor are connected 
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to the third terminal 33 and the fourth terminal 34 of the switch circuit 3 respectively, and two 

terminals of the secondary inductor are connected to the two terminals of the load 5 for 

outputting the pulsed signal.  The transformer 2 is configured to amplify the pulsed signal 

outputted from the third terminal 33 and the fourth terminal 34 of the switch circuit 3, and to 

apply the pulsed signal to the load 5.  Because the control circuit 1012 provided by the present 

disclosure includes the energy storage circuit 4, when the switch circuit 3 does not output the 

pulsed signal, the energy storage circuit 4 stores the residual electric energy generated from the 

primary and secondary inductors of the transformer 2 in the switch circuit 3.

[0069] In addition, in some embodiments, to solve the problem of magnetic saturation 

and cut-off occurred at magnetic cores of the transformer 2 when receiving the first signal, a 

reverse DC signal (e.g., a reverse DC voltage or a reverse DC current) is applied to the magnetic 

cores of the transformer 2 when receiving the second signal, to magnetically reset the magnetic 

cores, thereby ensuring that the magnetic cores of the transformer 2 operates normally at the start 

of each pulse.  A magnitude of the reverse DC signal can be set according to a length of the 

pulse-off time.  Generally, when the pulse-off time is short, the reverse DC signal is small.  In 

practical applications, the transformer 2 is electrically connected to an external DC power supply 

capable of supplying the reverse DC signal.

[0070] For illustration purpose, the transformer 2 is a step-up transformer.  In practical 

applications, the type of the transformer can be determined according to actual needs.

[0071] Third Embodiment

[0072] The control circuit 1012 provided by the third embodiment is based on the second 

embodiment.  FIG. 6A is a schematic circuit diagram of another control circuit according to 

some embodiments of the present disclosure.  In some embodiments, as shown in FIG. 6A, the 
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switch circuit 3 includes the first switch component 3a and the second switch component 3b.  

The first terminal 311 and the second terminal 312 of the first switch component 3a and the first 

terminal 321 and the second terminal 322 of the second switch component 3b are used as the 

input terminals of the DC signal.  For example, as shown in FIG. 6A, there are two input 

terminals 11 and 12.  The first terminal 311 of the first switch component 3a and the first 

terminal 321 of the second switch component 3b are connected to the input terminal 11.  The 

second terminal 312 of the first switch component 3a and the second terminal 322 of the second 

switch component 3b are connected to the input terminal 12.  The two terminal of the DC circuit 

1011 are connected to the input terminal 11 and 12, respectively, to apply the DC signal to the 

first terminal 311 and the second terminal 312 of the first switch component 3a and the first 

terminal 321 and the second terminal 322 of the second switch component 3b.

[0073] The third terminal 313 of the first switch component 3a and the third terminal 314 

of the second switch component 3b are used as the output terminals for the pulsed signal.  In 

some embodiments, the third terminal 313 of the first switch component 3a is connected to a 

second terminal of the primary inductor 21 of the transformer 2, and the third terminal 314 of the 

second switch component 3b is connected to a first terminal of the primary inductor 21 of the 

transformer 2.  The two terminals of the secondary inductor 22 of the transformer 2 are 

connected to the two terminals of the load 5, respectively.  The transformer 2 is configured to 

apply the pulsed signal outputted from the third terminal 313 of the first switch component 3a 

and the third terminal 314 of the second switch component 3b to the load 5.

[0074] As shown in FIG. 6B, the first switch component 3a includes the first switch 

transistor 351 and the first cut-off diode 352.  The input terminal of the first switch transistor 351 

is used as the first terminal 311 of the first switch component 3a, the input terminal of the first 
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cut-off diode 352 is used as the second terminal 312 of the first switch component 3a, and both 

input terminals are used as the input terminals for the DC signal.  In addition, the input terminal 

of the first switch transistor 351 is connected to the first terminal 411 of the energy storage 

circuit 4.  The input terminal of the first cut-off diode 352 is connected to the second terminal 

412 of the energy storage circuit 4.  The output terminal of the first switch transistor 351 is 

connected to the output terminal of the first cut-off diode 352, and both output terminals are, for 

example, connected to the connection point 313a shown in FIG. 6B.  The output terminal drawn 

from the connection point 313a is used as the third terminal 313 of the first switch component 3a 

for outputting the pulsed signal.  The control terminal of the first switch transistor 351 is used as 

the control terminal 315 of the first switch component 3a for receiving the first signal or the 

second signal.

[0075] As shown in FIG. 6B, the second switch component 3b includes the second 

switch transistor 361 and the second cut-off diode 362.  The input terminal of the second switch 

transistor 361 is connected to the input terminal of the second cut-off diode 362, and both input 

terminals are, for example, connected to the connection point 314a shown in FIG. 6B.  The 

output terminal drawn from the connection point 314a is used as the third terminal 314 of the 

second switch component 3b for outputting the pulsed signal.

[0076] The output terminal of the second switch transistor 361 is used as the second 

terminal 322 of the second switch component 3b, the output terminal of the second cut-off diode 

362 is used as the first terminal 321 of the second switch component 3b, and both output 

terminals are used as the input terminals for the DC signal.  The output terminal of the second 

switch transistor 361 is connected to the second terminal of the energy storage circuit 4, and the 

output terminal of the second cut-off diode 362 is connected to the first terminal 411 of the 
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energy storage circuit 4.  The control terminal of the second switch transistor 361 is used as the 

control terminal 316 of the second switch component 3b for receiving the first signal or the 

second signal.

[0077] As shown in FIG. 7, when the control terminal of the first switch transistor 351 

and the control terminal of the second switch transistor 361 receive the first signal, a current flow 

direction in the switch circuit 3 is indicated by an arrowed line A shown in FIG. 7.  When the 

current flows in the indicated direction, the current cannot pass through the first cut-off diode 

352 or the second cut-off diode 362.  That is, the first cut-off diode 352 and the second cut-off 

diode 362 are configured to disconnect a circuit between the second terminal 412 of the energy 

storage circuit 4 and the third terminal 313 of the first switch component 3a.  The current can 

pass through a circuit between the input terminal and the output terminal of the first switch 

transistor 351 and a circuit between the output terminal and the input terminal of the second 

switch transistor 361.  At this point, the circuit between the second terminal 412 of the energy 

storage circuit 4 and the second terminal of the primary inductor 21 of the transformer 2 is 

disconnected.  The DC signal outputted from the DC circuit 1011 passes through the transformer 

2 to apply to the load 5.

[0078] As shown in FIG. 8, when the control terminal of the first switch transistor 351 

and the control terminal of the second switch transistor 361 receive the second signal, the current 

flow direction in the switch circuit 3 is indicated by an arrowed line B shown in FIG. 8.  When 

the current flows in the indicated direction, the current can pass through the first cut-off diode 

352 and the second cut-off diode 362.  That is, the first cut-off diode 352 and the second cut-off 

diode 362 are configured to connect the circuit between the second terminal 412 of the energy 

storage circuit 4 and the third terminal 313 of the first switch component 3a.  The current cannot 
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pass through the circuit between the input terminal and the output terminal of the first switch 

transistor 351 or the circuit between the output terminal and the input terminal of the second 

switch transistor 361.  At this point, the DC signal outputted from the DC circuit 1011 cannot 

pass through the transformer 2 to apply to the load 5.  At the same time, the energy storage 

circuit 4 stores the residual electric energy in the switch circuit 3.

[0079] Other parts of the control circuit 1012 are similar to the first embodiment.  

Because the other parts have been described in detail in the first embodiment, the description 

thereof is omitted herein.

[0080] It should be noted that the switch circuit 3 is not limited to the structures in 

various embodiments of the present disclosure.  In practical applications, the switch circuit 3 

may also adopt other suitable structures as long as the DC signal can be outputted in the form of 

the pulsed signal.

[0081] The control circuit provided by the embodiments of the present disclosure can be 

applied to plasma immersion implantation equipment, physical vapor deposition equipment, 

plasma etching equipment, and the like.  For example, when the plasma immersion implantation 

equipment is used to perform an ultra-shallow junction fabrication at technical structures below 

14 nm or 10 nm, ion implantation having low energy and high dosage is required, and accurate 

control of the ion implantation is needed.  Because the oscillation of the voltage at the end of 

each pulse is reduced, the control circuit provided by the present disclosure facilitates a desired 

pulse waveform.  Thus, not only the requirement for the ion implantation having the low energy 

and the high dosage can be satisfied, but also the plasma energy and density used in the 

semiconductor processes can be accurately controlled.



-26-

[0082] In the embodiments of the present disclosure, the switch circuit in the control 

circuit outputs the pulsed signal in response to the first control terminal and the second control 

terminal receiving the first signal, and stops outputting the pulsed signal in response to the first 

control terminal and the second control terminal receiving the second signal, thereby achieving 

outputting the DC signal in the form of the pulsed signal.  At the same time, when the switch 

circuit does not output the pulsed signal, the energy storage circuit stores the residual electric 

energy of the switch circuit.  Thus, the time period for the residual electric energy to continue to 

circulate in the switch circuit is reduced, the oscillation of the voltage at the end of each pulse is 

reduced, and the plasma energy and density used in the semiconductor processes can be 

accurately controlled.

[0083] Another aspect of the present disclosure provides a pulsed power supply system 

101 as shown in FIG. 9.  The pulsed power supply system 101 includes a DC circuit 1011 and a 

disclosed control circuit 1012.  The DC circuit 1011 is configured to apply the DC signal to the 

first terminal 31 and the second terminal 32 of the switch circuit.  The control circuit 1012 is 

similar to the previously described embodiments, and the description thereof is omitted.

[0084] In some embodiments, the DC circuit 1011 includes a DC power supply 

configured to output the DC signal, for example, a DC voltage signal or a DC current signal.

[0085] The pulsed power supply system provided by the present disclosure stores the 

residual electric energy in the switch circuit through the control circuit, thereby reducing the 

oscillation of the voltage at the end of each pulse and improving the control accuracy of the 

plasma energy and density used in the semiconductor processes.

[0086] Another aspect of the present disclosure provides a semiconductor processing 

equipment.  The semiconductor equipment includes an upper electrode assembly, a lower 
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electrode assembly, and at least one disclosed pulsed power supply system configured to supply 

the pulsed signal to at least one of the upper electrode assembly or the lower electrode assembly.  

The upper electrode assembly includes, but is not limited to, an upper electrode plate, a shower 

plate, and an inductor coil, etc.  The lower electrode assembly includes, but is not limited to, an 

electrostatic chuck, etc.

[0087] Through the disclosed pulsed power supply system, the semiconductor processing 

equipment provided by the present disclosure outputs the DC signal in the form of the pulsed 

signal and stores the residual electric energy of the switch circuit, thereby reducing the 

oscillation of the voltage at the end of each pulse and improving the control accuracy of the 

plasma energy and density used in the semiconductor processes.

[0088] In practical applications, the semiconductor processing equipment may include 

plasma immersion implantation equipment, physical vapor deposition equipment, plasma etching 

equipment, and the like.

[0089] Three embodiments of the semiconductor processing equipment consistent with 

the present disclosure will be described in detail below.

[0090] First Embodiment

[0091] FIG. 10A is a schematic block diagram of a semiconductor processing equipment 

according to some embodiments of the present disclosure.  As shown in FIG. 10A, the 

semiconductor processing equipment includes a reaction chamber 100, an upper electrode 

assembly 102, a lower electrode assembly 103, and a pulsed power supply system 101 connected 

to the upper electrode assembly 102 to supply the pulsed signal to the upper electrode assembly 

102.  The pulsed power supply system 101 is provided by the present disclosure.
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[0092] Through the pulsed power supply system 101, the semiconductor processing 

equipment provided by the present disclosure outputs the DC signal in the form of the pulsed 

signal to the upper electrode assembly 102 and stores the residual electric energy of the switch 

circuit in the upper electrode assembly 102, thereby reducing the oscillation of the voltage 

applied to the upper electrode assembly 102 at the end of each pulse and improving the control 

accuracy of the plasma energy and density used in the semiconductor processes.

[0093] In practical applications, the semiconductor processing equipment may include 

plasma immersion implantation equipment, physical vapor deposition equipment, plasma etching 

equipment, and the like.

[0094] Second Embodiment

[0095] FIG. 10B is a schematic block diagram of another semiconductor processing 

equipment according to some embodiments of the present disclosure.  As shown in FIG. 10B, the 

semiconductor processing equipment includes a reaction chamber 100, an upper electrode 

assembly 102, a lower electrode assembly 103, and a pulsed power supply system 101 connected 

to the lower electrode assembly 103 to supply the pulsed signal to the lower electrode assembly 

103.  The pulsed power supply system 101 is provided by the present disclosure.

[0096] Through the pulsed power supply system 101, the semiconductor processing 

equipment provided by the present disclosure outputs the DC signal in the form of the pulsed 

signal to the lower electrode assembly 103 and stores the residual electric energy of the switch 

circuit in the lower electrode assembly 103, thereby reducing the oscillation of the voltage 

applied to the lower electrode assembly 103 at the end of each pulse and improving the control 

accuracy of the plasma energy and density used in the semiconductor processes.
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[0097] In practical applications, the semiconductor processing equipment may include 

plasma immersion implantation equipment, physical vapor deposition equipment, plasma etching 

equipment, and the like.

[0098] Third Embodiment

[0099] FIG. 10C is a schematic block diagram of another semiconductor processing 

equipment according to some embodiments of the present disclosure.  As shown in FIG. 10C, the 

semiconductor processing equipment includes a reaction chamber 100, an upper electrode 

assembly 102, a lower electrode assembly 103, and two pulsed power supply system 101 

connected to the upper electrode assembly 102 and the lower electrode assembly 103 

respectively to supply the pulsed signal to the upper electrode assembly 102 and the lower 

electrode assembly 103 respectively.  The two pulsed power supply system 101 are provided by 

the present disclosure.

[00100] Through the two pulsed power supply system 101, the semiconductor processing 

equipment provided by the present disclosure outputs the DC signal in the form of the pulsed 

signal to the upper electrode assembly 102 and the lower electrode assembly 103 respectively 

and stores the residual electric energy of the switch circuit in the upper electrode assembly 102 

and the lower electrode assembly 103, thereby reducing the oscillation of the voltages applied to 

the upper electrode assembly 102 and the lower electrode assembly 103 at the end of each pulse 

and improving the control accuracy of the plasma energy and density used in the semiconductor 

processes.

[00101] In practical applications, the semiconductor processing equipment may include 

plasma immersion implantation equipment, physical vapor deposition equipment, plasma etching 

equipment, and the like.



-30-

[00102] Although the present disclosure has been described in detail above with general 

description and specific embodiments, some modifications or improvements can be made on the 

basis of the present disclosure, which will be obvious to those skilled in the art.  Therefore, these 

modifications or improvements made without departing from the spirit of the present disclosure 

fall within the scope of the claimed protection of the present disclosure. 
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CLAIMS

WHAT IS CLAIMED IS:

1. A control circuit for outputting a direct current (DC) signal in the form of a pulsed 

signal, comprising:

a switch circuit having a first terminal, a second terminal, a third terminal, a fourth 

terminal, a first control terminal, and a second control terminal, wherein the first terminal and the 

second terminal are input terminals of the DC signal, the third terminal and the fourth terminal 

are output terminals of the pulsed signal, the first control terminal and the second control 

terminal receive a first signal or a second signal to control outputting the pulsed signal, in 

response to the first control terminal and the second control terminal receiving the first signal, 

the third terminal and the fourth terminal output the pulsed signal, and in response to the first 

control terminal and the second control terminal receiving the second signal, the third terminal 

and the fourth terminal stop outputting the pulsed signal; and

an energy storage circuit having two terminals connected to the first terminal and the 

second terminal of the switch circuit to store residual electric energy of the switch circuit when 

the switch circuit does not output the pulsed signal.

2. The control circuit according to claim 1, wherein:

the switch circuit includes a first switch component and a second switch component;

a first terminal and a second terminal of the first switch component and a first terminal 

and a second terminal of the second switch component are used as input terminals for the DC 

signal;
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the first terminal of the first switch component is connected to the first terminal of the 

energy storage circuit and the first terminal of the second switch component, respectively;

the second terminal of the first switch component is connected to the second terminal of 

the energy storage circuit and the second terminal of the second switch component, respectively;

a control terminal of the first switch component and a control terminal of the second 

switch component are configured to receive the first signal or the second signal;

a third terminal of the first switch component and a third terminal of the second switch 

component are used for outputting the pulsed signal;

in response to the control terminal of the first switch component receiving the first signal, 

the first switch component is configured to turn on a circuit between the first terminal of the first 

switch component and the third terminal of the first switch component, and to turn off a circuit 

between a second terminal of the energy storage circuit and the third terminal of the first switch 

component;

in response to the control terminal of the first switch component receiving the second 

signal, the first switch component is configured to turn off the circuit between the first terminal 

of the first switch component and the third terminal of the first switch component, and to turn on 

the circuit between the second terminal of the energy storage circuit and the third terminal of the 

first switch component;

in response to the control terminal of the second switch component receiving the first 

signal, the second switch component is configured to turn on a circuit between the second 

terminal of the second switch component and the third terminal of the second switch component, 

and to turn off a circuit between a first terminal of the energy storage circuit and the third 

terminal of the second switch component; and
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in response to the control terminal of the second switch component receiving the second 

signal, the second switch component is configured to turn off the circuit between the second 

terminal of the second switch component and the third terminal of the second switch component, 

and to turn on the circuit between the first terminal of the energy storage circuit and the third 

terminal of the second switch component.

3. The control circuit according to claim 2, wherein:

the first switch component includes a first switch transistor and a first cut-off diode;

an input terminal of the first switch transistor and an input terminal of the first cut-off 

diode are used as the input terminals for the DC signal;

the input terminal of the first switch transistor is connected to the first terminal of the 

energy storage circuit;

the input terminal of the first cut-off diode is connected to the second terminal of the 

energy storage circuit;

an output terminal of the first switch transistor is connected to an output terminal of the 

first cut-off diode for outputting the pulsed signal;

a control terminal of the first switch transistor is configured to receive the first signal or 

the second signal;

in response to the control terminal of the first switch transistor receiving the first signal, 

the first switch transistor is configured to turn on a circuit between the input terminal and the 

output terminal of the first switch transistor, and the first cut-off diode is configured to turn off a 

circuit between the second terminal of the energy storage circuit and the output terminal of the 

first cut-off diode; and
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in response to the control terminal of the first switch transistor receiving the second 

signal, the first switch transistor is configured to turn off the circuit between the input terminal 

and the output terminal of the first switch transistor, and the first cut-off diode is configured to 

turn on the circuit between the second terminal of the energy storage circuit and the output 

terminal of the first cut-off diode.

4. The control circuit according to claim 3, wherein:

material used for the first switch transistor includes any one of Si, SiC, GaN, and AlGaN.

5. The control circuit according to claim 2, wherein:

the second switch component includes a second switch transistor and a second cut-off 

diode;

an input terminal of the second switch transistor is connected to an input terminal of the 

first cut-off diode for outputting the pulsed signal;

an output terminal of the second switch transistor and an output terminal of the second 

cut-off diode are used as the input terminals for the DC signal;

the output terminal of the second switch transistor is connected to the second terminal of 

the energy storage circuit;

the output terminal of the second cut-off diode is connected to the first terminal of the 

energy storage circuit;

a control terminal of the second switch transistor is configured to receive the first signal 

or the second signal;
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in response to the control terminal of the second switch transistor receiving the first 

signal, the second switch transistor is configured to turn on a circuit between the input terminal 

and the output terminal of the second switch transistor, and the second cut-off diode is 

configured to turn off a circuit between the first terminal of the energy storage circuit and the 

output terminal of the second cut-off diode; and

in response to the control terminal of the second switch transistor receiving the second 

signal, the second switch transistor is configured to turn off the circuit between the input terminal 

and the output terminal of the second switch transistor, and the second cut-off diode is 

configured to turn on the circuit between the first terminal of the energy storage circuit and the 

output terminal of the second cut-off diode.

6. The control circuit according to claim 5, wherein:

material used for the second switch transistor includes any one of Si, SiC, GaN, and 

AlGaN.

7. The control circuit according to claim 1, wherein:

the energy storage circuit includes at least one capacitor and/or at least one inductor;

one terminal of the at least one capacitor and/or the at least one inductor is used as the 

first terminal of the energy storage circuit to connect to the first terminal of the switch circuit; 

and

another terminal of the at least one capacitor and/or the at least one inductor is used as the 

second terminal of the energy storage circuit to connect to the second terminal of the switch 

circuit.
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8. The control circuit according to claim 1, further comprising:

a transformer including a primary inductor and a secondary inductor, wherein two 

terminals of the primary inductor are connected to the third terminal and the fourth terminal of 

the switch circuit, respectively, and two terminals of the secondary inductor are configured to 

output the pulsed signal.

9. The control circuit according to claim 1, further comprising:

a control component configured to send the first signal or the second signal to the first 

control terminal and the second control terminal of the switch circuit.

10. A pulsed power supply system, comprising a DC circuit and the control circuit 

according to any of claims 1-9, wherein the DC circuit is configured to supply the DC signal to 

the first terminal and the second terminal of the switch circuit.

11. The pulsed power supply system according to claim 10, wherein the DC circuit 

includes a DC power supply.

12. Semiconductor processing equipment, comprising:

an upper electrode assembly;

a lower electrode assembly; and
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at least one pulsed power supply system according to any of claims 10-11, configured to 

supply the pulsed signal to at least one of the upper electrode assembly or the lower electrode 

assembly.

13. The semiconductor processing equipment according to claim 12, wherein:

the semiconductor processing equipment includes plasma immersion implantation 

equipment, physical vapor deposition equipment, or plasma etching equipment.

  


