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IMPEDANCE-MATCHING METHOD, IMPEDANCE-MATCHING DEVICE, AND

SEMICONDUCTOR PROCESS APPARATUS

TECHNICAL FIELD

[0001] The present disclosure generally relates to the semiconductor technology field and, more

particularly, to an impedance-matching method and an impedance-matching device applied to a

semiconductor process apparatus, and the semiconductor process apparatus.

BACKGROUND

[0002] In a plasma processing apparatus, a radio frequency (RF) power supply transmits RF

energy to a process chamber through an impedance-matching device to excite a process gas in

the process chamber to form a plasma. The plasma includes a large number of active particles,

such as electrons, ions, atoms in an excited state, molecules, and free radicals. These active

particles interact with a wafer to cause various physical and chemical reactions on a surface of a

wafer material to complete a processing process of etching or deposition of the wafer.

[0003] In an RF energy transmission process, since an output impedance of the RF power supply

is generally 50 ohms, an input impedance of the process chamber is generally a non-50 ohm

impedance value having a real part impedance and an imaginary part impedance, which results in

an impedance mismatch. Thus, if the RF energy is directly transmitted to the process chamber,

the reflection of the RF energy will occur. That is, the RF energy transmitted to the process

chamber is not enough. Therefore, normal excitement cannot be achieved, and the plasma cannot

be formed. An impedance-matching device needs to be connected between the RF power supply
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and the process chamber to adjust the input impedance at the backend of the RF power supply to

50 ohms to normally transmit the RF energy, that is, realize the impedance matching.

[0004] A conventional impedance-matching device includes a sensor, an adjustable element, an

execution unit, and a control unit. The sensor is configured to detect a voltage signal and a

current signal of an RF transmission line in real-time and send the voltage signal and the current

signal to the control unit. The control unit is configured to calculate and obtain an adjustment

amount of a parameter of the adjustable element through an automatic matching algorithm

according to a signal detected by the sensor and control the execution unit to adjust the parameter

(e.g., capacitance of an adjustable capacitor) of the adjustable unit according to the adjustment

amount until the impedance matching state is reached. Thus, the maximum RF power can be

transmitted to the process chamber to excite and form the plasma.

[0005] However, in the above matching process, especially for ICP (inductively coupled plasma),

since the plasma is in an unstable state of an E-H mode transition (i.e., from mode E to mode H)

during an ignition process, which results in different and non-repetitive matching paths of

different processes. Thus, differences in matching time used required by processes for processing

different wafers exist, which causes different process results between wafers. Especially for

processes with short process time, the differences in the process results are more obvious.

SUMMARY

[0006] The purpose of the present disclosure is to at least solve one of the technical problems in

the existing technology and provide an impedance-matching method and an impedance-matching

device applied to a semiconductor process apparatus and the semiconductor process apparatus,

which can improve the repetitiveness and stability of the process, improve the consistency of the

process results, and realize a precision adjustment of the plasma impedance.
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[0007] To realize the above purpose, embodiments of the present disclosure provide an

impedance-matching method applied to a semiconductor process apparatus, including:

[0008] adjusting a parameter value of an adjustable element of an impedance-matching device to

a preset initial value at beginning of a process;

[0009] adjusting the parameter value of the adjustable element according to a pre-stored optimal

matching path corresponding to the process when a radio frequency (RF) power supply is

powered on, the optimal matching path including parameter values of the adjustable element

corresponding to different moments in a preset matching period; and

[0010] adjusting the parameter value of the adjustable element using an automatic matching

algorithm after reaching end time of the preset matching period until impedance matching is

achieved.

[0011] In some embodiments, an acquisition method of the optimal matching path includes:

[0012] adjusting the parameter value of the adjustable element to an initial value;

[0013] powering on the RF power supply, adjusting the parameter value of the adjustable

element using an automatic matching algorithm until the impedance matching is achieved,

recording parameter values of the adjustable element corresponding to different moments in an

entire matching process to obtain a matching path;

[0014] repeating a step of obtaining the matching path for N times, N being an integer greater

than or equal to a determined value; and

[0015] selecting a matching path from N matching paths as the optimal matching path and

saving the optimal matching path.

[0016] In some embodiments, selecting the matching path from the N matching paths as the

optimal matching path and saving the optimal matching path includes:
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[0017] selecting matching paths without an extinction phenomenon from the N matching paths;

and

[0018] selecting a matching path with a most occurrence number from the matching paths

without the extinction phenomenon as the optimal matching path and saving the optimal

matching path.

[0019] In some embodiments, the impedance-matching method further includes, before a step of

adjusting the parameter value of the adjustable element of the impedance-matching device to the

preset initial value:

[0020] determining whether the optimal matching path corresponding to the process is stored;

[0021] if yes, performing the step of adjusting the parameter value of the adjustable element of

the impedance-matching device to the preset initial value; and

[0022] if not, performing the acquisition method of the optimal matching path and returning to

the step of determining whether the optimal matching path corresponding to the process is

stored.

[0023] In some embodiments, the determined value is greater than or equal to 20.

[0024] In some embodiments, the initial value is a corresponding parameter value of the

adjustable element satisfying a plasma ignition condition.

[0025] In some embodiments, when different to-be-processed workpieces are processed using

the same process, and the preset initial value is the same.

[0026] In some embodiments, the adjustable element is an adjustable capacitor, and the

parameter value of the adjustable element is a capacitance value or a capacitor position of the

adjustable capacitor.
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[0027] As another technical solution, embodiments of the present disclosure further provide an

impedance-matching device, including a sensor configured to detect a voltage signal and a

current signal on a radio frequency (RF) transmission line, an adjustable element, an execution

unit, a storage unit, and a control unit.

[0028] The execution unit is configured to adjust a parameter value of the adjustable element;

[0029] The storage unit is configured to save an initial value of the parameter value of the

adjustable element and an optimal matching path corresponding to different processes. The

optimal matching path includes parameter values of the adjustable element corresponding to

different moments in a preset matching period.

[0030] The sensor is configured to detect a voltage signal and a current signal on an RF

transmission line in real-time and send the voltage signal and the current signal to the control

unit after reaching end time of the preset matching period.

[0031] The control unit is configured to call the initial value saved in the storage unit and control

the execution unit to adjust the parameter value of the adjustable element to the initial value

when the process starts, call the optimal matching path corresponding to a current process saved

in the storage unit and control the execution unit to adjust the parameter value of the adjustable

element according to the optimal matching path when the RF power supply is powered on, and

control the execution unit to adjust the parameter value of the adjustable element using an

automatic matching algorithm after reaching end time of the preset matching period until

impedance matching is achieved.

[0032] As another technical solution, embodiments of the present disclosure further provide a

semiconductor process apparatus, including a process chamber and a radio frequency (RF) power

supply configured to apply RF power to the process chamber through an impedance-matching
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device, wherein the impedance-matching device includes the impedance-matching device of

embodiments of the present disclosure.

[0033] In some embodiments, a plasma source used by the semiconductor processing apparatus

is an inductively coupled plasma source or a capacitively coupled plasma source.

[0034] Embodiments of the present disclosure include the following beneficial effects.

[0035] In the technical solution of the impedance-matching method and the impedance-matching

device applied to the semiconductor process apparatus of embodiments of the present disclosure,

the parameter value of the adjustable element is firstly adjusted according to the pre-stored

optimal matching path corresponding to the process. Then, the parameter value of the adjustable

element is adjusted using the automatic matching algorithm until the impedance matching is

achieved after the end time of the preset matching period is reached. When different workpieces

are processed using the same process, the matching is performed using the pre-stored optimal

matching path in the ignition phase. Thus, the matching paths used by the process for processing

the different workpieces can be substantially the same in the ignition phase. Meanwhile, the

matching can be performed according to the optimal matching path to avoid the extinction

phenomenon to improve the repetitiveness and the stability of the process and further improve

the consistency of the process results. In addition, the automatic matching is performed by

switching to the automatic matching algorithm after the optimal matching path is completed,.

Thus, the small change in the plasma impedance generated as the process time changes can be

monitored in real-time. Thus, the plasma impedance can be precisely adjusted.

[0036] In the semiconductor process apparatus of embodiments of the present disclosure, using

the impedance-matching device of embodiments of the present disclosure, the repetitiveness and
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stability of the process can be improved, and the consistency of the process results can be

improved. Moreover, the plasma impedance can be precisely adjusted.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 illustrates a schematic flow block of an impedance-matching method applied to a

semiconductor process apparatus according to a first embodiment of the present disclosure.

[0038] FIG. 2 illustrates a schematic principle diagram of an impedance-matching device

according to some embodiments of the present disclosure.

[0039] FIG. 3 illustrates a schematic diagram of a matching path according to a first embodiment

of the present disclosure.

[0040] FIG. 4 illustrates a schematic diagram of a matching process according to a first

embodiment of the present disclosure.

[0041] FIG. 5 illustrates a schematic flow block diagram of an impedance-matching method

applied to a semiconductor process apparatus according to a second embodiment of the present

disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0042] To make those skilled in the art to better understand the technical solutions of the present

disclosure, an impedance-matching method, an impedance-matching device, and a

semiconductor process apparatus provided by embodiments of the present disclosure are

described in detail below in connection with the accompanying drawings.

[0043] FIG. 1 illustrates a schematic flow block of an impedance-matching method applied to a

semiconductor process apparatus according to a first embodiment of the present disclosure. The

method includes the following steps.
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[0044] At S1, at the beginning of a process, a parameter value of the adjustable element of the

impedance-matching device is adjusted to a preset initial value.

[0045] Taking an impedance-matching device 1 shown in FIG. 2 as an example, the impedance-

matching device 1 is connected between a radio frequency (RF) power supply 3 and a process

chamber 2 to adjust an input impedance of a backend of the RF power supply 3 to realize a

normal transmission of RF energy. That is, impedance matching can be achieved. In some

embodiments, the impedance-matching device 1 includes a sensor 11, a matching network 12, an

execution unit 14, and a control unit 13. The sensor 11 can be configured to detect a voltage

signal and a current signal on the RF transmission line in real-time and send the voltage signal

and the current signal to the control unit 13. The matching network 12 includes two adjustable

capacitors (C1, C2). The two adjustable capacitors can be used as adjustable elements. The

capacitance value or capacitor position of the two adjustable capacitors can be the parameter

value of the adjustable element. The control unit 13 can be configured to control two motors (M1,

M2) to adjust capacitor positions of the two adjustable capacitors (C1, C2). Different capacitor

positions can correspond to different capacitances. Thus, the input impedance at the backend of

the RF power supply 3 can be adjusted to achieve the purpose of impedance matching. Of course,

in practical applications, the structure of the impedance-matching device is not limited to the

structure of the above impedance-matching device shown in FIG. 2. The adjustable element can

also have any other structure that can adjust the input impedance of the backend of the RF power

supply 3, e.g., an adjustable inductor or a combination of the adjustable capacitor and the

adjustable inductor, etc. The matching network 12 can be, for example, an L-type, a π-type, or a 

T-type.
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[0046] In some embodiments, an initial value of the parameter value of the above adjustable

element can satisfy a plasma ignition condition, that is, the parameter value of the adjustable

element required to realize the plasma ignition. The plasma ignition condition can be that the RF

power loaded into the process chamber is sufficient to maximize an electric field strength

generated by a chamber resonance to accelerate the electrons to collide to excite and form the

plasma.

[0047] Under a normal situation, when a hardware condition of the process chamber is fixed, the

condition for realizing the plasma ignition of the process chamber can be also fixed. Based on

this, in some embodiments, when the same process is used to process different workpieces, the

preset initial value can be the same. That is, at the beginning of the process of processing

different workpieces, the parameter value of the adjustable element can be adjusted to the same

initial value, which helps to improve the repetitiveness of the process to improve the consistency

of the process results.

[0048] At S2, the parameter value of the above adjustable element is adjusted according to a pre-

stored optimal matching path corresponding to the process when the RF power supply is turned

on.

[0049] The above optimal matching path can include parameter values of the adjustable element

corresponding to different moments in a preset matching period.

[0050] Adjusting the parameter value of the above adjustable element according to the optimal

matching path means that when the parameter value is adjusted and to what value the parameter

value is adjusted can be preset in the preset matching period. That is, the parameter values of the

adjustable element corresponding to different moments can be preset. The parameter values set

according to a time sequence can form the matching path. During a process of performing
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matching according to the matching path, the control unit 13 may only need to directly adjust the

parameter value of the adjustable element in a moment to cause the parameter values to be equal

to the preset parameter value corresponding to the moment.

[0051] The optimal matching path can refer to a matching path that satisfies conditions such as

no extinction phenomenon, highest repetitiveness, and best stability.

[0052] When different workpieces are processed in a same process, the matching can be

performed using the pre-stored optimal matching path at an ignition stage. That is, the matching

paths used in the process at the ignition stage for processing the different workpieces can be

substantially the same. The extinction phenomenon can be avoided when performing the

matching according to the optimal matching path to improve the repetitiveness and stability of

the process and further improve the consistency of the process results.

[0053] A plurality of acquisition methods of the above optimal matching path can be provided.

For example, the acquisition method can include the following steps.

[0054] In step 1, the parameter value of the adjustable element is adjusted to the initial value.

[0055] The initial value can be the same as the initial value in step S1.

[0056] In step 2, the RF power supply is turned on, and the parameter value of the adjustable

element is adjusted using an automatic matching algorithm until impedance matching is achieved.

The parameter values of the adjustable element corresponding to different moments in the entire

matching process are recorded to obtain the matching path.

[0057] The above automatic matching algorithm can include using the sensor 11 to detect the

voltage signal and the current signal on the RF transmission line in real-time, and according to

the voltage signal and the current signal, calculating the adjustment amount of the parameter

value of the adjustable element, and automatically adjusting the parameter value of the adjustable
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element according to the adjustment amount (e.g., the capacitance or capacitor position of the

adjustable capacitor) until the impedance matching state is achieved.

[0058] As shown in FIG. 3, in the entire matching process of performing impedance matching

according to the matching path, n moments (t1, t2, . . ., tn-1, and tn) are selected from the preset

matching period. The parameter values corresponding to the moments can be recorded. A

moment number n can be determined according to a specific process condition. A set of

parameter values corresponding to n moments can form a matching path. For example, three

matching paths composed of three sets of parameter values are shown in FIG. 3, such as path 1,

path 2, and path 3. For example, the parameter values of the adjustable elements can be the

capacitances of the two adjustable capacitors C1 and C2. In table 1, a correspondence between

the moment and the capacitances of each matching path is shown below.

[0059] Table 1, the correspondence between the moments and the capacitance values of each

matching path

Moment C1 capacitance

value

C2 capacitance

value

t1 C11 C21 Start time

t2 C12 C22 —

t3 C13 C23 —

t4 C14 C24 —

t5 C15 C25 —

t6 C16 C26 —

... ... ... —

tn-1 C1n-1 C2n-1

tn C1n C2n End time
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[0060] From the above Table 1 and FIG. 3, the parameter values (C11, C21) corresponding to

the start time t1 of the three matching paths are the same. The parameter value can be, for

example, equal to the initial value set to satisfy the plasma ignition condition. At this time, the

start time t1 can be referred to as an ignition point. The parameter values (C1n, C2n)

corresponding to the end time tn of the three paths can be the same, and the impedance matching

can be achieved at the end time tn. The end time tn can be referred to as a matching point. It is

easy to understand that the period between the start time t1 and the end time tn can be the preset

matching period in step S2. The preset matching period can be the entire process of performing

the impedance matching according to the matching path.

[0061] In step 3, the step of obtaining the matching path is repeated for N times (i.e., step 2), N

being an integer greater than or equal to a specified value.

[0062] The above specified value can be set according to a specific process condition, as long as

the number N obtained matching paths are sufficient to select an optimal matching path. The

specified value can be, for example, greater than or equal to 20.

[0063] In step 4, a matching path is selected from the N matching paths as the optimal matching

path and is stored.

[0064] The optimal matching path can be selected in a plurality of manners. For example, step 4

includes:

in step 41, selecting matching paths without the extinction phenomenon from the N

matching paths; and

in step 42, selecting a matching path with a most occurrence number from the matching

paths without the extinction phenomenon as the optimal matching path, and storing the matching

path.
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[0065] At S3, the parameter value of the adjustable element is adjusted using the automatic

matching algorithm after reaching the end time (i.e., tn) of the optimal matching path until the

impedance matching is achieved.

[0066] The above automatic matching algorithm can include detecting the voltage signal and the

current signal of the RF transmission line in real-time using the sensor 11, calculating and

obtaining the adjustment amount of the parameter value of the adjustable element according to

the voltage signal and the current signal, and automatically adjusting the parameter value (e.g.,

the capacitance value or the capacitor position of the adjustable capacitor) of the adjustable

element according to the adjustment amount until the impedance matching state is achieved.

[0067] In some embodiments, as shown in FIG. 4, on time axis T, a process from power-on the

RF power supply to power-off the RF power supply is the entire processing process. The

processing process can include a first matching period T1 and a second matching period T2. By

taking the capacitance values of the two adjustable capacitors C1 and C2 as the parameter value

of the adjustable element as an example, in the first matching period T1, the capacitance values

of the two adjustable capacitors C1 and C2 can be adjusted according to the optimal matching

path. The power-on moment of the RF power supply can be the start time t1 of the optimal

matching path, and the capacitance values corresponding to the start time t1 can be (C11, C21).

The capacitance values corresponding to the end time tn of the optimal matching path can be

(C1n, C2n). The impedance matching can be achieved at the end time tn. Impedance matching is

achieved at the end time tn. In addition, the control unit 13 adjusts the capacitances of the two

adjustable capacitors C1 and C2 according to the capacitance values corresponding to each time

between the start time t1 and the end time tn.
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[0068] In a second matching period T2, by detecting the voltage signal and the current signal on

the RF transmission line in real-time, automatic matching can be performed using the automatic

matching algorithm according to the voltage signal and the current signal. Thus, small changes of

the plasma impedance can be monitored in real-time as the processing time changes. Thus, the

plasma impedance can be precisely adjusted.

[0069] FIG. 5 illustrates a schematic flow block diagram of an impedance-matching method

applied to a semiconductor process apparatus according to a second embodiment of the present

disclosure. The method is a specific implementation of the first embodiment. In some

embodiments, the impedance-matching method includes the following steps.

[0070] At S101, whether an optimal matching path corresponding to the current process is stored

is determined.

[0071] If yes, step S102 is performed, and if not, step S107 is performed.

[0072] At S102, the parameter value of the adjustable element is adjusted to a preset initial value.

[0073] At S103, whether the RF power supply is turned on is determined.

[0074] If yes, step S104 is performed, and if not, step S103 is performed.

[0075] At S104, the parameter value of the above adjustable element is adjusted according to the

pre-stored optimal matching path corresponding to the current process.

[0076] At S105, after reaching the end time (i.e., tn) of the preset matching period, the parameter

value of the adjustable element can be adjusted using the automatic matching algorithm.

[0077] At S106, whether impedance matching is achieved is determined.

[0078] If yes, then the process ends, and if no, the problem of not achieving the impedance

matching is checked.

[0079] At S107, the parameter value of the adjustable element is adjusted to the initial value.
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[0080] At S108, whether the RF power supply is turned on is determined.

[0081] If yes, step S109 is performed, and if not, step S108 is performed.

[0082] At S109, the parameter value of the adjustable element is adjusted using the automatic

matching algorithm.

[0083] At S110, whether the impedance matching is achieved is determined.

[0084] If yes, step S111 is performed, and if not, the problem of not achieving the impedance

matching is checked.

[0085] At S111, the parameter values of the adjustable element corresponding to different

moments in the entire matching process are recorded to obtain the matching path.

[0086] At S112, the RF power supply is powered off.

[0087] At S113, whether the step of obtaining the matching path is performed for N times (i.e.,

step 2) is determined.

[0088] If yes, step S114 is performed, and if not, step S101 is performed.

[0089] At S114, a matching path is selected from the N matching paths as the optimal matching

path and is stored.

[0090] In the impedance-matching method applied to the semiconductor process apparatus of

embodiments of the present disclosure, when the current process does not store the

corresponding optimal matching path, the optimal matching path can be automatically obtained,

which is suitable for the impedance matching of all processes.

[0091] As another technical solution, embodiments of the present disclosure further provide the

impedance-matching device. Taking the impedance-matching device 1 shown in FIG. 2 as an

example, the impedance-matching device 1 includes the sensor 11, the adjustable element e.g.,
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two adjustable capacitors C1 and C2), the execution unit 14, a storage unit (not shown in the

figure), and the control unit 13.

[0092] The execution unit 14 can be configured to adjust the parameter value of the adjustable

element. For example, the execution unit 14 can be a motor. Taking the adjustable element as

two adjustable capacitors C1 and C2 as an example, the execution unit 14 can include two

motors M1 and M2, which are configured to adjust the capacitor positions of the two adjustable

capacitors C1 and C2 to adjust the capacitances of the two capacitors. The storage unit can be

configured to store an initial value of the parameter value of the adjustable element and optimal

matching paths corresponding to different processes. The optimal matching path can include the

parameter values of the adjustable element corresponding to different moments within the preset

matching period. The sensor 11 can be configured to detect the voltage signal and the current

signal on the RF transmission line in real-time after the end time of the preset matching period is

reached and send the voltage signal and the current signal to the control unit 13. The control unit

13 can be configured to call the initial value stored in the storage unit when the process starts and

control the execution unit 14 to adjust the parameter value of the adjustable element to the initial

value. The control unit 13 can be further configured to call the optimal matching path

corresponding to the current process stored in the storage unit when the RF power supply 3 is

powered on and control the execution unit 14 to adjust the parameter value of the adjustable

element according to the optimal matching path. After the end time of the preset matching period

is reached, the control unit 13 can be configured to control the execution unit 14 to adjust the

parameter value of the adjustable element using the automatic matching algorithm according to

the received voltage signal and the current signal until the impedance matching is reached.
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[0093] In summary, in the impedance-matching method and impedance-matching device

applied to the semiconductor process apparatus of embodiments of the present disclosure, firstly,

the parameter value of the adjustable element can be adjusted according to the pre-stored optimal

matching path corresponding to the process. Then, after the end time of the preset matching

period is reached, the parameter value of the adjustable element can be adjusted using the

automatic matching algorithm until the impedance matching is achieved. When different to-be-

processed workpieces are processed using the same process, the matching can be performed

using the pre-stored optimal matching path in the ignition stage. Thus, matching paths adopted

by the processes for processing the different to-be-processed workpieces in the ignition stage can

be substantially the same. The extinction phenomenon can be avoided by performing the

matching according to the optimal matching path to improve the repetitiveness and stability of

the process. Thus, the consistency of the process results can be further improved. In addition,

after the optimal matching path is completed, the automatic matching can be performed by

switching to the automatic matching algorithm. Thus, the small change of the plasma impedance

generated as the process time changes can be monitored in real-time to realize the precision

adjustment of the plasma impedance.

[0094] As another technical solution, embodiments of the present disclosure further provide a

semiconductor process apparatus, including a process chamber and an RF power supply

configured to load RF power to the process chamber through the impedance-matching device.

The impedance-matching device can be the impedance-matching device of embodiments of the

present disclosure.

[0095] In some embodiments, a plasma source used by the above semiconductor process

apparatus can be an inductively coupled plasma source or a capacitively coupled plasma source.
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[0096] In the semiconductor process apparatus of embodiments of the present disclosure, by

using the impedance-matching device of embodiments of the present disclosure, the

repetitiveness and stability of the process can be improved to improve the consistency of the

process results. Thus, the precision adjustment of the plasma impedance can be achieved.

[0097] It can be understood that the above embodiments are only exemplary embodiments to

illustrate the principle of the present disclosure. However, the present disclosure is not limited to

this. For those skilled in the art, without departing from the spirit and essence of the present

disclosure, various modifications and improvements can be made, and these modifications and

improvements are also regarded as the protection scope of the present disclosure.
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CLAIMS

WHAT IS CLAIMED IS:

1. An impedance-matching method applied to a semiconductor process apparatus,

comprising:

adjusting a parameter value of an adjustable element of an impedance-matching device to

a preset initial value at beginning of a process;

adjusting the parameter value of the adjustable element according to a pre-stored optimal

matching path corresponding to the process when a radio frequency (RF) power supply is

powered on, the optimal matching path including parameter values of the adjustable element

corresponding to different moments in a preset matching period; and

adjusting the parameter value of the adjustable element using an automatic matching

algorithm after reaching end time of the preset matching period until impedance matching is

achieved.

2. The impedance-matching method according to claim 1, wherein an acquisition

method of the optimal matching path includes:

adjusting the parameter value of the adjustable element to an initial value;

powering on the RF power supply, adjusting the parameter value of the adjustable

element using an automatic matching algorithm until the impedance matching is achieved,

recording parameter values of the adjustable element corresponding to different moments in an

entire matching process to obtain a matching path;

repeating a step of obtaining the matching path for N times, N being an integer greater

than or equal to a determined value; and



-20-

selecting a matching path from N matching paths as the optimal matching path and

saving the optimal matching path.

3. The impedance-matching method according to claim 2, wherein selecting the

matching path from the N matching paths as the optimal matching path and saving the optimal

matching path includes:

selecting matching paths without an extinction phenomenon from the N matching paths;

and

selecting a matching path with a most occurrence number from the matching paths

without the extinction phenomenon as the optimal matching path and saving the optimal

matching path.

4. The impedance-matching method according to claim 2, further comprising, before

a step of adjusting the parameter value of the adjustable element of the impedance-matching

device to the preset initial value:

determining whether the optimal matching path corresponding to the process is stored;

if yes, performing the step of adjusting the parameter value of the adjustable element of

the impedance-matching device to the preset initial value; and

if no, performing the acquisition method of the optimal matching path and returning to

the step of determining whether the optimal matching path corresponding to the process is

stored.



-21-

5. The impedance-matching method according to claim 2, wherein the determined

value is greater than or equal to 20.

6. The impedance-matching method according to any one of claims 1 to 5, wherein

the initial value is a corresponding parameter value of the adjustable element satisfying a plasma

ignition condition.

7. The impedance-matching method according to any one of claims 1 to 5, wherein,

when different to-be-processed workpieces are processed using the same process, and the preset

initial value is the same.

8. The impedance-matching method according to any one of claims 1 to 5, wherein

the adjustable element is an adjustable capacitor, and the parameter value of the adjustable

element is a capacitance value or a capacitor position of the adjustable capacitor.

9. An impedance-matching device, comprising a sensor configured to detect a

voltage signal and a current signal on a radio frequency (RF) transmission line, an adjustable

element, an execution unit, a storage unit, and a control unit, wherein:

the execution unit is configured to adjust a parameter value of the adjustable element;

the storage unit is configured to save an initial value of the parameter value of the

adjustable element and an optimal matching path corresponding to different processes, the

optimal matching path including parameter values of the adjustable element corresponding to

different moments in a preset matching period;
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the sensor is configured to, detect a voltage signal and a current signal on an RF

transmission line in real-time and send the voltage signal and the current signal to the control

unit after reaching end time of the preset matching period;

the control unit is configured to call the initial value saved in the storage unit and control

the execution unit to adjust the parameter value of the adjustable element to the initial value

when the process starts, call the optimal matching path corresponding to a current process saved

in the storage unit and control the execution unit to adjust the parameter value of the adjustable

element according to the optimal matching path when the RF power supply is powered on, and

control the execution unit to adjust the parameter value of the adjustable element using an

automatic matching algorithm after reaching end time of the preset matching period until

impedance matching is achieved.

10. A semiconductor process apparatus, comprising a process chamber and a radio

frequency (RF) power supply configured to apply RF power to the process chamber through an

impedance-matching device, wherein the impedance-matching device includes the impedance-

matching device of claim 9.

11. The semiconductor processing apparatus according to claim 10, wherein a plasma

source used by the semiconductor processing apparatus is an inductively coupled plasma source

or a capacitively coupled plasma source.


