PROCESS CHAMBER, UPPER ELECTRODE DEVICE, AND SEMICONDUCTOR

PROCESS EQUIPMENT

TECHNICAL FIELD
[0001] The present disclosure belongs to the technical field of semiconductor equipment, and
specifically relates to a process chamber, an upper electrode device thereof, and a semiconductor

process equipment.

BACKGROUND
[0002] In an inductively coupled plasma device, a radio frequency power supply loads radio
frequency power onto a radio frequency coil, and further dissociates process gas in a plasma
generation chamber into plasma through an alternating electromagnetic field formed by the radio
frequency coil. In this process, coupling of the radio frequency power into the plasma generation
chamber is mainly inductive coupling, supplemented by capacitive coupling. Due to the
existence of capacitive coupling, after the plasma is formed, an electric field formed by the radio
frequency coil is coupled into the plasma generation chamber, thereby causing a relatively large
potential difference between the radio frequency coil and the plasma. The relatively large
potential difference accelerates the plasma in a sheath located in the plasma generation chamber,
such that the plasma accelerates bombardment of a dielectric window of the plasma generation
chamber, thereby shortening the service life of the plasma generation chamber. In order to reduce
the potential difference, this requires the electric field coupled by the radio frequency coil into
the plasma generation chamber to be as small as possible.
[0003] However, in a process in which plasma is formed in the plasma generation chamber, the

radio frequency coil needs to couple a relatively large electric field into the plasma generation
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chamber to achieve ignition. If ignition is unsuccessful, plasma cannot be formed. However, if
successful ignition is needed, the voltage of the radio frequency coil is relatively large, which in
turn causes a relatively large potential difference to be formed between the radio frequency coil
and the plasma, resulting in the relatively large electric field driving the plasma to bombard the
dielectric window. Thus, it can be seen that, in the related art, solving a problem of difficult
ignition and reducing bombardment of the plasma on the plasma generation chamber have
become a contradiction that is difficult to reconcile, and how to overcome this contradiction is an

important problem to be urgently solved by those skilled in the related art.

SUMMARY
[0004] The present disclosure provides a process chamber, an upper electrode device thereof,
and a semiconductor process equipment, so as to solve a problem in the related art that difficult
ignition and bombardment of plasma on a dielectric window cannot both be taken into
consideration.
[0005] In order to solve the above technical problem, the present disclosure provides the
following technical solutions:
[0006] In a first aspect, an embodiment of the present disclosure provides an upper electrode
device for a process chamber, where the disclosed upper electrode device includes a radio
frequency coil and an impedance adjustment member, the radio frequency coil is configured to
be wound outside a shielding cylinder of the process chamber, and the shielding cylinder is
sleeved outside a plasma generation chamber of the process chamber;
[0007] The impedance adjustment member is connected in series with the radio frequency coil,
and the impedance adjustment member is configured to be adjusted to different impedance

values in an ignition stage and a reaction stage of the process chamber.
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[0008] In a second aspect, an embodiment of the present disclosure provides a process chamber,
where the disclosed process chamber includes a plasma generation chamber, a process reaction
chamber, a shielding cylinder, and the above upper electrode device, and the process reaction
chamber is in communication with the plasma generation chamber.

[0009] In a third aspect, an embodiment of the present disclosure provides a semiconductor
process equipment, where the disclosed semiconductor process equipment includes a controller
and the above process chamber, the controller includes a memory and a processor, the memory
stores a computer program, and the processor executes the following operations according to the
computer program:

[0010] Adjusting the impedance adjustment member to a first preset impedance value;

[0011] Loading radio frequency power onto the radio frequency coil, and determining whether
ignition is successful;

[0012] When ignition is successful, adjusting the impedance adjustment member to a second
preset impedance value, where the second preset impedance value is less than the first preset
impedance value.

[0013] The technical solutions adopted in the present disclosure can achieve the following
technical effects:

[0014] In the process chamber disclosed in the embodiments of the present disclosure, by
improving a structure of the upper electrode device, by additionally arranging an impedance
adjustment member of which an impedance value can be adjusted, and by connecting the
impedance adjustment member in series with the radio frequency coil, the impedance adjustment
member is respectively adjusted to different impedance values in an ignition stage and a process

stage, such that the voltage of the radio frequency coil can be adjusted by adjusting the



impedance value of the impedance adjustment member. In the ignition stage, the voltage of the
radio frequency coil can be relatively large, and further the electric field coupled into the plasma
generation chamber can be relatively large, such that ignition can be more easily successful.
Meanwhile, in the process stage, the voltage of the radio frequency coil can be adjusted by
adjusting the impedance value of the impedance adjustment member, such that the voltage of the
radio frequency coil is relatively small, thereby enabling the electric field coupled into the
plasma generation chamber to be relatively small, and finally mitigating bombardment of the
dielectric window of the plasma generation chamber by the plasma.

[0015] Thus, it can be seen that, in the upper electrode device disclosed in the embodiments of
the present disclosure, by additionally arranging the impedance adjustment member, and by
changing the impedance value of the impedance adjustment member in the ignition stage and the
process stage, a contradiction that is relatively difficult to reconcile, namely solving difficult
ignition and reducing bombardment of the dielectric window by the plasma, can be solved.
Meanwhile, the radio frequency coil does not need to be designed as a lifting structure, and the
radio frequency coil can be completely fixedly wound outside the shielding cylinder, thereby
avoiding a problem that the radio frequency coil lifting solution is relatively prone to abnormal
discharge, and further avoiding occurrence of a problem that corresponding components are

relatively easily damaged due to abnormal discharge.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] The accompanying drawings required for use in descriptions of the embodiments or the
related art are briefly introduced below in conjunction with the accompanying drawings.

Apparently, the accompanying drawings in the following descriptions are merely some
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embodiments of the present disclosure. For those of ordinary skill in the art, other accompanying
drawings can also be obtained according to these accompanying drawings without creative
efforts.

[0017] FIG. 1 is a partial structural schematic diagram of a process chamber disclosed in the
embodiments of the present disclosure;

[0018] FIG. 2 is a cross-sectional view of FIG. 1, where neither FIG. 1 nor FIG. 2 shows a
process reaction chamber of the process chamber;

[0019] FIG. 3 is a partial structural schematic diagram in FIG. 1;

[0020] FIG. 4 is a structural schematic diagram of a shielding cylinder disclosed in the
embodiments of the present disclosure;

[0021] FIG. 5 and FIG. 6 are respectively structural schematic diagrams of a radio frequency coil
and a plasma generation chamber involved in the present disclosure;

[0022] FIG. 7 is a circuit schematic diagram of the upper electrode device shown in FIG. 1;
[0023] FIG. 8 is a schematic diagram showing influence of the impedance adjustment member
on a potential of the radio frequency coil in the upper electrode device shown in FIG. 1;

[0024] FIG. 9 is a schematic diagram of an ignition flow disclosed in the embodiments of the
present disclosure;

[0025] FIG. 10 is a partial structural schematic diagram of another process chamber disclosed in
the embodiments of the present disclosure, where FIG. 10 does not show a process reaction
chamber of the process chamber;

[0026] FIG. 11 is a partial structural schematic diagram in FIG. 10;

[0027] FIG. 12 is a partial structural schematic diagram in FIG. 11;

[0028] FIG. 13 is a partial structural schematic diagram in FIG. 12;



[0029] FIG. 14 is a circuit schematic diagram of the upper electrode device shown in FIG. 10;
[0030] FIG. 15 and FIG. 16 are respectively potential distribution diagrams of the radio
frequency coil of the upper electrode devices shown in FIG. 1 and FIG. 10 in an ignition stage;
[0031] FIG. 17 and FIG. 18 are respectively potential distribution diagrams of the radio
frequency coil of the upper electrode devices shown in FIG. 1 and FIG. 10 in a process stage;
[0032] FIG. 19 is a schematic diagram of another ignition flow disclosed in the embodiments of
the present disclosure;

[0033] FIG. 20 is a flowchart of execution operations of a processor of the semiconductor
process equipment disclosed in the embodiments of the present disclosure.

[0034] Wherein, the coil in FIG. 8, FIG. 9, and FIG. 19 refers to the radio frequency coil 11, the
source end in FIG. 7, FIG. 8, FIG. 14, FIG. 15, FIG. 16, FIG. 17, and FIG. 18 refers to the first
end of the radio frequency coil 11, the terminal end refers to the second end of the radio
frequency coil 11, and the power in FIG. 9 and FIG. 19 refers to radio frequency power.

[0035] Description of reference numerals:

[0036] 10-upper electrode device, 11-radio frequency coil, 12-impedance adjustment member,
13-driving mechanism, 121-first sub-impedance adjustment member, 122-second sub-impedance
adjustment member,

[0037] 20-plasma generation chamber, 30-radio frequency power supply, 40-matcher, 50-
process gas input pipe, 60-gas spray head, 70-shielding cylinder, 71-slot, 72-flared window, 80-

shielding box.



DETAILED DESCRIPTION OF THE EMBODIMENTS
[0038] In order to make the objectives, technical solutions, and advantages of the present
disclosure clearer, the technical solutions of the present disclosure are clearly and completely
described below in conjunction with specific embodiments of the present disclosure and
corresponding accompanying drawings. Apparently, the described embodiments are merely a
part of the embodiments of the present disclosure, rather than all embodiments. All other
embodiments obtained by those of ordinary skill in the art based on the embodiments in the
present disclosure without creative efforts shall fall within the scope of the present disclosure.
[0039] The technical solutions disclosed in various embodiments of the present disclosure are
described in detail below in conjunction with the accompanying drawings.
[0040] Please refer to FIG. 1 to FIG. 19. An embodiment of the present disclosure provides a
process chamber. The disclosed process chamber is at least a part of a semiconductor process
equipment. The disclosed process chamber can include an upper electrode device 10, a plasma
generation chamber 20, a radio frequency power supply 30, a matcher 40, a process gas input
pipe 50, a gas spray head 60, a shielding cylinder 70, a process reaction chamber, or the like.
[0041] The upper electrode device 10 includes a radio frequency coil 11. A first end of the radio
frequency coil 11 can be electrically connected to the radio frequency power supply 30 through
the matcher 40, and the matcher 40 automatically performs impedance matching adjustment.
Further, the matcher 40 can be electrically connected to the first end of the radio frequency coil
11 through an electrical connection strip, so as to facilitate electrical connection with the radio
frequency coil 11. Certainly, the first end of the radio frequency coil 11 can be directly

electrically connected to the matcher 40.



[0042] A second end of the radio frequency coil 11 is used for electrical connection with ground.
Specifically, the radio frequency coil 11 can be used for directly electrically connecting with
ground, or can be indirectly electrically connected with ground through other grounding
members, which is not limited in the embodiments of the present disclosure.

[0043] A first end of the process gas input pipe 50 can be in communication with a process gas
source, and a second end of the process gas input pipe 50 can be in communication with the gas
spray head 60 mounted on the plasma generation chamber 20, and is in communication with the
plasma generation chamber 20 through the gas spray head 60. Process gas can flow out from the
process gas source, then enter the plasma generation chamber 20 along the process gas input pipe
50 and the gas spray head 60, thereby preparing for subsequent formation of plasma in the
plasma generation chamber 20. The gas spray head 60 can adopt a structure capable of
distributing process gas, such that the process gas is conveyed into the plasma generation
chamber 20 as uniformly as possible. The plasma generation chamber 20 can be a dielectric tube
made of materials such as quartz and ceramic or the like. The dielectric tube can be cylindrical,
and can also have other shapes, which is not limited in the embodiments of the present
disclosure.

[0044] The shielding cylinder 70 plays a shielding role. The shielding cylinder 70 can be a
Faraday cage. The shielding cylinder 70 is sleeved outside the plasma generation chamber 20 to
play a certain shielding role. The radio frequency coil 11 is wound outside the shielding cylinder
70. After the radio frequency coil 11 is energized, a magnetic field and an electric field are
generated. The shielding cylinder 70 almost does not attenuate the magnetic field coupled into
the plasma generation chamber 20, but shields the electric field generated by the radio frequency

coil 11, thereby reducing the electric field coupled by the radio frequency coil 11 into the plasma



generation chamber 20. That is, the radio frequency coil 11 is not only wound outside the
shielding cylinder 70, but is also wound outside the plasma generation chamber 20.

[0045] In a specific working process, the radio frequency power supply 30 transmits radio
frequency power (which can be understood as radio frequency energy) into the radio frequency
coil 11 through the matcher 40, and finally introduces the radio frequency power into ground.
Certainly, when the process chamber includes the shielding box 80 described below, the radio
frequency power can be transmitted from the radio frequency coil 11 to the shielding box 80, and
finally introduced into (radio frequency) ground through the shielding box 80. In this process, the
radio frequency coil 11 couples a magnetic field and an electric field into the plasma generation
chamber 20. The electric field is applied to the process gas already input into the plasma
generation chamber 20, thereby dissociating the process gas to form plasma, and further
completing ignition. The magnetic field determines a distribution density of the plasma, and the
magnetic field is applied to the plasma such that the density of the plasma satisfies requirements.
The process reaction chamber is in communication with the plasma generation chamber 20, and
plasma having a density satisfying process requirements enters the process reaction chamber
from the plasma generation chamber 20 to participate in a process reaction. The process reaction
chamber can be located below the plasma generation chamber 20 and be in communication with
the plasma generation chamber 20.

[0046] It can be known from the above descriptions that the process gas needs to first form
plasma, and then participates in a process reaction. Correspondingly, the process chamber
disclosed in the embodiments of the present disclosure needs to undergo an ignition stage and a

reaction stage during operation. The reaction stage occurs after completion of the ignition stage.



Certainly, normal progress of the reaction stage requires that ignition in the ignition stage can be
successful.

[0047] The shielding cylinder 70 can shield a part of the electric field of the radio frequency coil
11, and the shielding cylinder 70 is grounded, such that the potential of the shielding cylinder 70
is relatively low, thereby causing a relatively small potential difference between the formed
plasma and the shielding cylinder 70, and further causing a relatively small potential difference
between the plasma and a dielectric window of the plasma generation chamber 20 (the dielectric
window is located between the shielding cylinder 70 and the plasma), thereby mitigating
bombardment of the dielectric window by the plasma under action of the electric field, and
achieving a purpose of prolonging a service life of the plasma generation chamber 20.
Optionally, the shielding cylinder 70 can be mounted inside the shielding box 80 described
below, and can be electrically connected with the shielding box 80, and is finally grounded
through the shielding box 80.

[0048] Before the process gas forms plasma, ignition needs to be performed, that is, the process
chamber described above undergoes an ignition stage during operation. The inventors of the
present disclosure found during implementation of the present disclosure that, although the
shielding cylinder 70 can play a shielding role so as to avoid bombardment of the plasma
generation chamber 20 by plasma, the shielding cylinder 70 also reduces the electric field
coupled by the radio frequency coil 11 into the plasma generation chamber 20. However, in the
ignition stage, the radio frequency coil 11 needs to increase capacitive coupling, thereby causing
more electric field to be coupled into the plasma generation chamber 20 so as to achieve glow
discharge initiation (that is, ignition) of the process gas, and this requirement is difficult to

achieve precisely due to the shielding function of the shielding cylinder 70. In other words,
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arrangement of the shielding cylinder 70 can indeed mitigate bombardment of the dielectric
window by plasma, but causes difficult ignition in the ignition stage, thereby ultimately making
ignition more difficult to succeed. However, if the problem of difficult ignition is to be solved, it
is necessary to avoid arranging the shielding cylinder 70 as much as possible. Thus, it can be
seen that solving difficult ignition and solving bombardment of the plasma generation chamber
20 by plasma have become a contradiction that is relatively difficult to reconcile.

[0049] Based on this, in some related technologies, the inventors improve the process chamber
such that the radio frequency coil 11 can move up and down relative to the plasma generation
chamber 20. This design utilizes Paschen's law. Since ignition voltage is related to discharge
distance, increasing a height of the radio frequency coil 11 can change an ignition distance (that
is, a discharge distance) between the radio frequency coil 11 and ground, thereby more easily
enabling a relatively large voltage to be formed on the radio frequency coil 11 for ignition, and
further enabling ignition to be more easily successful. After ignition is successful, the height of
the radio frequency coil 11 is reduced again, such that the radio frequency coil 11 is closer to the
process reaction chamber, thereby ensuring efficiency of the process reaction.

[0050] However, regarding this solution, the inventors further found that the current of the radio
frequency coil 11 is relatively large, and an electrical connection strip connecting the radio
frequency coil 11 with the matcher 40 or the radio frequency power supply 30 is generally
relatively wide and rigid. The radio frequency coil 11 carries an extremely high voltage. If
virtual connection occurs between the electrical connection strip and the radio frequency coil 11,
abnormal discharge at a contact point is relatively likely to occur, thereby causing damage to
components (the radio frequency coil 11 and the electrical connection strip) and process failure.

In order to avoid abnormal discharge, the electrical connection strip and the radio frequency coil
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11 need to be connected in a manner of good rigid contact, which determines that the radio
frequency coil 11 needs to be fixedly mounted. Apparently, this causes the radio frequency coil
11 to be relatively difficult to design as a movable structure capable of moving up and down.
Next, the voltage of the radio frequency coil 11 is usually several kilovolts or even tens of
thousands of volts, and the shielding cylinder 70 is grounded. In order to ensure coupling
efficiency, a distance between the radio frequency coil 11 and the shielding cylinder 70 is not
excessively large, and is only several millimeters to more than ten millimeters. Therefore,
withstand voltage design between the radio frequency coil 11 and the shielding cylinder 70 needs
to be specially considered, and abnormal discharge is relatively likely to occur between the radio
frequency coil 11 and the shielding cylinder 70 during an up-and-down movement process. Thus,
it can be seen that the up-and-down movement design of the radio frequency coil 11 has
relatively high requirements on withstand voltage design. If slight carelessness occurs, arc
creeping discharge is extremely likely to occur between the radio frequency coil 11 moving up
and down and the shielding cylinder 70, thereby causing damage to components (the radio
frequency coil 11 and the shielding cylinder 70). Further, moving the radio frequency coil 11 up
and down requires a relatively long time, and further causes load impedance of the matcher 40 to
change, such that the matcher 40 needs to perform impedance matching again, ultimately causing
the entire ignition stage to consume a relatively long time, and ultimately causing relatively low
productivity of the process chamber.

[0051] Based on the various problems listed above, the inventors of the present disclosure
further improve the structure of the process chamber, such that the upper electrode device 10
involved in the embodiments of the present disclosure can further include an impedance

adjustment member.
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[0052] In the embodiments of the present disclosure, the impedance adjustment member is
connected in series with the radio frequency coil 11. The impedance adjustment member is
configured to be adjusted to different impedance values in the ignition stage and the reaction
stage of the process chamber. In some optional implementations, the impedance adjustment
member is an electrical device of which the impedance value can be adjusted, and can be a
variable capacitor, where the impedance value thereof is changed by adjusting a capacitance
value. In some other optional implementations, the impedance adjustment member can also be a
variable inductor, where the impedance value thereof is changed by adjusting an inductance
value. The present disclosure does not limit this, as long as the impedance adjustment member
can adjust its own impedance.

[0053] In the following, the upper electrode device 10 in the embodiments of the present
disclosure is specifically described by taking the impedance adjustment member being the
variable capacitor 12 as an example:

[0054] As shown in FIG. 1, the variable capacitor 12 is connected in series with the radio
frequency coil 11. The variable capacitor 12 is configured to be adjusted to different capacitance
values in the ignition stage and the reaction stage of the process chamber. In this case, in the
ignition stage, the capacitance value of the variable capacitor 12 is adjusted, such that the
impedance value thereof is correspondingly changed, thereby enabling the voltage of the radio
frequency coil 11 to be adjusted to a relatively high voltage after the matcher 40 performs
impedance matching adjustment. Therefore, even after a part of the electric field generated by
the radio frequency coil 11 is shielded by the shielding cylinder 70, a relatively large electric
field can still be coupled into the plasma generation chamber 20, thereby more easily achieving

successful ignition. After the ignition stage is completed and the process stage is entered, in
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order to avoid excessive coupling of the electric field generated by the radio frequency coil 11
into the plasma generation chamber 20, the capacitance value of the variable capacitor 12 is
further adjusted, such that the impedance value thereof is also further changed, thereby enabling
the voltage of the radio frequency coil 11 to be adjusted to a relatively low voltage after the
matcher 40 performs impedance matching adjustment. Therefore, after a part of the electric field
generated by the radio frequency coil 11 is shielded by the shielding cylinder 70, the electric
field capable of being coupled into the plasma generation chamber 20 is already relatively small,
and plasma is also not caused to bombard the plasma generation chamber 20 under driving of a
relatively large electric field.

[0055] Specifically, in the ignition stage, the capacitance value of the variable capacitor 12 can
be adjusted to a first capacitance value (that is, the impedance value of the impedance adjustment
member is correspondingly adjusted to a first impedance value), and the matcher 40 performs
impedance matching adjustment according to the first capacitance value, such that the voltage of
the radio frequency coil 11 is adjusted to a first voltage, where the first voltage is greater than an
ignition voltage. It should be noted that, herein, the ignition voltage refers to a voltage
corresponding to successful ignition, and the embodiments of the present disclosure do not limit
a specific numerical value of the ignition voltage. In the reaction stage, the capacitance value of
the variable capacitor 12 is adjusted to a second capacitance value (that is, the impedance value
of the impedance adjustment member is correspondingly adjusted to a second impedance value),
and the matcher 40 performs impedance matching adjustment according to the second
capacitance value, such that the voltage of the radio frequency coil 11 is adjusted to a second
voltage, where the second voltage is less than the ignition voltage, thereby avoiding coupling of

a relatively large electric field into the plasma generation chamber 20. Wherein, the first
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capacitance value is less than the second capacitance value (that is, the first impedance value is
greater than the second impedance value).

[0056] In the process chamber disclosed in the embodiments of the present disclosure, by
improving the structure of the upper electrode device 10, by additionally arranging the variable
capacitor 12 of which the capacitance value can be adjusted, and by connecting the variable
capacitor 12 in series with the radio frequency coil 11, the variable capacitor 12 is respectively
adjusted to different capacitance values in the ignition stage and the process stage, thereby
enabling the voltage of the radio frequency coil 11 to be adjusted by adjusting the capacitance
value of the variable capacitor 12. Therefore, in the ignition stage, the voltage of the radio
frequency coil 11 can be relatively large, and further the electric field coupled into the plasma
generation chamber 20 can be relatively large (that is, capacitive coupling is increased such that
the electric field coupled into the plasma generation chamber 20 is relatively strong), thereby
making ignition more easily successful. Meanwhile, in the process stage, the voltage of the radio
frequency coil 11 can be adjusted by adjusting the capacitance value of the variable capacitor 12,
such that the voltage of the radio frequency coil 11 is relatively small, thereby enabling the
electric field coupled into the plasma generation chamber 20 to be relatively small (that is,
capacitive coupling is reduced such that the electric field coupled into the plasma generation
chamber 20 is relatively weak), and ultimately mitigating bombardment of the dielectric window
of the plasma generation chamber 20 by plasma.

[0057] Thus, it can be seen that, in the upper electrode device 10 disclosed in the embodiments
of the present disclosure, by additionally arranging the impedance adjustment member, for
example, the variable capacitor 12, and by changing the capacitance value of, for example, the

variable capacitor 12 in the ignition stage and the process stage (that is, changing the impedance
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value of the impedance adjustment member), a contradiction that is relatively difficult to
reconcile, namely difficult ignition and reduction of bombardment of the dielectric window by
plasma, can be solved. Meanwhile, the radio frequency coil 11 does not need to be designed as a
lifting structure, and the radio frequency coil 11 can be completely fixedly wound outside the
shielding cylinder 70, thereby avoiding occurrence of a problem that corresponding components
are relatively easily damaged due to relatively easy abnormal discharge existing in a solution in
which the radio frequency coil 11 moves up and down.

[0058] As described above, the impedance adjustment member is connected in series with the
radio frequency coil 11. Specifically, there are multiple series connection manners of the
impedance adjustment member and the radio frequency coil 11. In one optional solution,
similarly by taking the impedance adjustment member being the variable capacitor 12 as an
example, the first end of the radio frequency coil 11 is used for electrical connection with the
radio frequency power supply 30, and the second end of the radio frequency coil 11 is used for
grounding. The variable capacitor 12 can be connected between the second end of the radio
frequency coil 11 and ground, thereby realizing series connection with the radio frequency coil
11. In this design manner, the variable capacitor 12 is connected between the second end of the
radio frequency coil 11 and ground, thereby conveniently ensuring integrity of the radio
frequency coil 11 (that is, the radio frequency coil 11 can be formed by winding a whole wire
rod), and simultaneously avoiding relatively large modification to the radio frequency coil 11 as
much as possible. That is, the variable capacitor 12 only needs to be added between the second
end and ground on the basis of the radio frequency coil 11 of the process chamber in the related

art, such that modification is relatively small and implementation is easy.
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[0059] Further, the number of impedance adjustment members can be one or at least two, and
the embodiments of the present disclosure do not limit the number of the impedance adjustment
members. Certainly, when at least two impedance adjustment members are connected in series
between the second end of the radio frequency coil 11 and ground, these impedance adjustment
members can be connected in series or in parallel between the second end of the radio frequency
coil 11 and ground.

[0060] Specifically, by taking the impedance adjustment member being one variable capacitor
12 as an example, the radio frequency coil 11 can be formed by winding a whole wire rod, and
the variable capacitor 12 is connected between the second end of the radio frequency coil 11 and
ground. The impedance value of the variable capacitor 12 in the ignition stage can be greater
than Zeoi, for example, 1.2Zq0i. The impedance value of the variable capacitor 12 in the reaction
stage can be greater than 0 and less than Ze.i. Optionally, the impedance value of the variable
capacitor 12 in the reaction stage is greater than 0.4Zc.il and less than 0.6Zcoil. In a still further
optional solution, the impedance value of the variable capacitor 12 in the reaction stage is equal
to 0.5Zcoit, where Zcoiris the impedance value of the radio frequency coil 11. This optional
solution more easily takes into consideration both solving difficult ignition and bombardment of
the plasma generation chamber 20 by plasma. The following provides detailed description in
conjunction with FIG. 7 and FIG. 8.

[0061] In FIG. 7 and FIG. 13, the matcher (that is, Match in FIG. 7, FIG. 9, FIG. 14, and FIG.
19) 40 can adopt a mature and general L-type fully automatic matcher currently available on the
market. The sensor (Sensor) inside the matcher 40 reads the radio frequency voltage and the
radio frequency current, and calculates an impedance value. Through a control program, the

capacitance value of the variable capacitor 12 is adjusted, thereby causing impedance of a rear
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end of the upper electrode device 10 to match impedance of the radio frequency power supply 30
at a front end, so as to ensure that as much radio frequency power as possible (which can also be
considered as radio frequency energy) can be transmitted to a rear-end load of the upper
electrode device 10 (the rear-end load includes the radio frequency coil 11 and the variable
capacitor 12). It should be noted that the matcher 40 herein serves a purpose of impedance
matching, and both the structure and the working principle thereof are known mature
technologies, and details are not described herein again. Those skilled in the art should
understand that the embodiments of the present disclosure can also adopt other types of
matchers, and the present disclosure does not make any limitation thereto.
[0062] Please first refer to FIG. 7. An inductance of the radio frequency coil 11 is Leoi, a real-
part impedance of loads such as the radio frequency coil 11 is R, the variable capacitor 12
connected to the second end of the radio frequency coil 11 is C3, and a first tuning capacitor and
a second tuning capacitor of the matcher 40 are respectively Ci and Cz. The first tuning capacitor
and the second tuning capacitor are used for adjusting the rear-end load impedance to impedance
output by the radio frequency power supply 30 (for example, 50Q), so as to ensure maximum
power transmission to the rear-end load. Assuming that current flowing into the radio frequency
coil 11 is 7, the voltage at the source end (that is, the first end of the radio frequency coil 11) of
the radio frequency coil 11 is V. A voltage-current sensor (Sensor) is provided at an output end
of the matcher 40, and can be used for monitoring the potential of the source end of the radio
frequency coil 11. The potential of the source end of the radio frequency coil 11 is:
VEIRYZ i+ 2e3) (1)

[0063] Wherein, impedance of the radio frequency coil 11 is Z,,; = joL,,;", and impedance of

the variable capacitor 12 (that is, (3) is Z3 = L The angular frequency is o=2zf, and fis a
JoCs Y

-18-



frequency of an output signal of the radio frequency power supply 30. After the matcher 40
satisfies an impedance matching condition, output power of the radio frequency power supply 30

satisfies Power=IR, and the potential of the source end of the radio frequency coil 11 is:

Power
R

V:

(RHOLeyirt ) @)

[0064] In an inductively coupled plasma source, if the structure of the radio frequency coil 11
remains unchanged, the density of plasma is positively correlated with the current of the radio
frequency coil 11. The greater the current of the radio frequency coil 11 is, the higher the plasma
density is. After adjustment of the capacitance value of the variable capacitor 12 (that is, C3) at
the second end of the radio frequency coil 11, and after the matcher 40 adjusts C1 and C> for
rematching, the current value flowing through the radio frequency coil 11 is almost unchanged,
and does not affect the density of the excited plasma, but can change voltage distribution on the
radio frequency coil 11. By reducing an average potential and a maximum potential on the radio
frequency coil 11, capacitive coupling can be reduced, electric field intensity in the sheath can be
reduced, and bombardment of the dielectric window by plasma accelerated through the electric
field is weakened, thereby mitigating bombardment of the dielectric window of the plasma
generation chamber 20 by plasma.

[0065] If the structure of the radio frequency coil 11 remains unchanged, impedance Z,,; of the
radio frequency coil 11 remains unchanged; changing the magnitude of the variable capacitor
(that is, C3) 12 does not affect the current flowing through the radio frequency coil 11. It should
be noted that, for impedance Z=R+/X, R is a real-part impedance, and power consumed thereby
is active power, and X is an imaginary-part impedance, and power consumed thereby is reactive
power. Power output by the radio frequency power supply 30 is all active power. The process

chamber (for example, an etching machine) generally uses the radio frequency power supply 30
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having constant power, and the radio frequency power (that is, Power) of the radio frequency
power supply 30 has a fixed magnitude. According to Power=I’R, changing the magnitude of the
variable capacitor (that is, C3) 12 only changes the imaginary-part impedance X, and does not
affect the magnitude of the real-part impedance R, and therefore does not affect the magnitude of
the current /. Thus, it can be known that a potential difference AV between two ends of the radio
frequency coil 11 is basically the same, and is uniformly denoted herein as:

A V=Ija)LCO,~1=2 Vo (3)

[0066] Under the same radio frequency power, a potential difference between two ends of the
radio frequency coil 11 is 2Vo. Influence of different capacitance values of C3 on potential
distribution on the radio frequency coil 11 is shown in FIG. 8, and corresponding numerical

values are shown in FIG. 8 and Table 1. It can be seen that, when Zc3 > Zeoil, the average

potential and the maximum potential on the radio frequency coil 11 are both relatively large. At
this time, the electric field coupled into the plasma generation chamber 20 is strongest, and
ignition is most facilitated. When Zc3=0.5Zc0i1, the average potential and the maximum potential
on the radio frequency coil 11 are both minimum. At this time, the electric field coupled into the
plasma generation chamber 20 is weakest, and bombardment of the plasma generation chamber

20 by plasma in the sheath is weakest.

Table 1
Potential of the radio frequency coil
Condition Impedance condition Zcs | - Potential Potential of Maximum Average
of C3 of the . -
the end potential potential
source end
Zc3=0 (Direct
® grounding) Vo 0 2V V270
<<
@ Z2c3<<0.5 Zoil Vo 2VV03 0<rs<Vm Vo<V3<2V, gVON\/EVO
® Zc3=0.5 Zeoi o o 2 2y,
@ 0.5 Zeoit <Zcy<Zeoi O<;/ 1= VO;;/2< Noe<V2<2V, §V0~\/§ "o
0 0
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Zc3=Zeoil(Series
® resonance) 0 2V 2V V270
®) 73> Zeoil 0<Vs Ve=Vst2Vy | Vo= Vst2Vo>2V, >\2V,

[0067] According to this characteristic, in condition (6) in Table 1, the average potential of the
radio frequency coil 11 is highest, and the electric field is strongest, which is beneficial to
ignition. The capacitance value setting of the variable capacitor 12 in condition (6) can be used
for gas ignition to dissociate process gas, such that the process gas forms plasma. In condition
(3) in Table 1, the average potential of the radio frequency coil 11 is lowest, and the electric field
is weakest. The capacitance value setting of the variable capacitor 12 in condition (3) is
relatively suitable for use in a process reaction process (that is, relatively suitable for the reaction
stage).

[0068] In order to facilitate understanding of the ignition process, please refer to FIG. 9. Before

loading radio frequency power, Cs is adjusted to satisfy Zc3=1.2Zcoit >Zcoir. Certainly, only
satisfying Zc3> Zcoi is needed. For example, Zcs can actually be preset as 1.1Zcoit, 1.3 Zcoit, or the

like, but adjustment of the capacitance value of C3 cannot exceed a lower limit of a capacitance
range of C3. Under this condition, the overall potential of the radio frequency coil 11 is relatively
high. After gas introduction and pressure control are performed on the chamber (that is, the
plasma generation chamber 20), radio frequency power is loaded, C1 and C2 of Match (that is,
the matcher 40) are adjusted, and impedance matching is performed, such that the radio
frequency power is loaded onto loads such as the radio frequency coil 11. At this time, the
electric field formed by the radio frequency coil 11 is relatively strong, which is beneficial to

ignition.
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[0069] A manner for determining whether ignition is successful is as follows: a voltage-current
sensor (that is, Sensor in the figure) is mounted at the output end of Match, and voltage V1 of
static impedance at an ignition instant and voltage /> after glow discharge initiation are collected
in advance through manual testing. Since V2 is obviously less than V1, a voltage threshold
V0=0.5V1+0.5V2 can be specified. At the ignition instant, Sensor reads voltage V. If V" drops from
being greater than Vo to being less than Vo, ignition is considered successful. If ignition fails, the
value of C3 continues to be reduced (for example, a capacitance value obtained after multiplying
the current value of C; by 0.9 is used as the adjusted capacitance value of C3), and matching is
performed again until ignition is successful.

[0070] After ignition is successful, C3 is adjusted again such that the impedance value of C3
satisfies Zc3=0.5Zc0i1. In this case, the overall potential of the radio frequency coil 11 is lowest.
Afterwards, Match adjusts C1 and C to perform impedance matching, such that the radio
frequency power is completely loaded again onto loads such as the radio frequency coil 11, and
then the process stage is entered.

[0071] As described above, the first end of the radio frequency coil 11 is used for electrical
connection with the radio frequency power supply 30 of the process chamber, and the second end
of the radio frequency coil 11 is used for grounding. The impedance adjustment member
includes at least one first sub-impedance adjustment member. The radio frequency coil includes
at least two coil sections connected in series, and each first sub-impedance adjustment member is
connected in series between two adjacent coil sections. In a solution of another embodiment, still
by taking the impedance adjustment member being the variable capacitor 12 as an example, the
variable capacitor 12 can include at least one first sub-variable capacitor 121, and the radio

frequency coil 11 can include at least two coil sections connected in series. Each first sub-
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variable capacitor 121 can be connected in series between two adjacent coil sections. In this case,
the radio frequency coil 11 is not one whole wire rod, but multiple separate wire rods (at least
two sections). In this case, during a process of adjusting the capacitance value of the variable
capacitor 12, the capacitance value of the first sub-variable capacitor 121 can be adjusted, so as
to achieve the purpose of the present disclosure.

[0072] For example, the radio frequency coil 11 can include two coil sections, one first sub-
variable capacitor 121 can be provided, and the first sub-variable capacitor 121 is connected
between the two coil sections.

[0073] In a more specific technical solution, there are multiple first sub-variable capacitors 121,
impedance values of the first sub-variable capacitors 121 are all equal, and are greater than an
impedance value of the second sub-variable capacitor 122. As shown in FIG. 9 to FIG. 12, there
can be two first sub-variable capacitors 121, the radio frequency coil 11 can include three coil
sections, and there can be two first sub-variable capacitors 121, which are respectively connected
between two adjacent coil sections.

[0074] Further, the impedance adjustment member further includes a second sub-impedance
adjustment member, and the second sub-impedance adjustment member is configured to be
connected between the second end of the radio frequency coil and ground. Please refer again to
FIG. 9 to FIG. 12. In a further technical solution, the variable capacitor 12 can further include a
second sub-variable capacitor 122, and the second sub-variable capacitor 122 is configured to be
connected between the second end of the radio frequency coil 11 and ground. During a process
of adjusting the capacitance value of the variable capacitor 12, capacitance values of the first
sub-variable capacitor 121 and the second sub-variable capacitor 122 can be adjusted

simultaneously, thereby changing respective impedance values of the first sub-variable capacitor
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121 and the second sub-variable capacitor 122, so as to achieve the purpose of the present
disclosure.

[0075] By taking the impedance adjustment member being the variable capacitor 12 as an
example, when the variable capacitor 12 includes the first sub-variable capacitor 121 and the
second sub-variable capacitor 122, in the ignition stage, impedance values of the first sub-
variable capacitor 121 and the second sub-variable capacitor 122 can both be greater than Zcoir,
for example, 1.2 Zeoi; and in the reaction stage, the impedance values of the first sub-variable
capacitor 121 and the second sub-variable capacitor 122 can both be greater than 0 and less than
Zeoil.

[0076] In other embodiments, in the reaction stage, the impedance value of the first sub-variable
capacitor 121 can be Zeoi/n, and the impedance value of the second sub-variable capacitor 122
can be Zeoi2n. This optional solution more easily takes into consideration both solving difficult
ignition and bombardment of the plasma generation chamber 20 by plasma. Wherein, n is a sum
of the number of the first sub-variable capacitors 121 and the number of the second sub-variable
capacitors 122. Specifically, there are two first sub-variable capacitors 121 and one second sub-
variable capacitor 122. In this case, n is 3. Correspondingly, in the reaction stage, the impedance
value of the first sub-variable capacitor 121 is Zcoir/3, and the impedance value of the second sub-
variable capacitor 122 is Z0i/6. The following provides description in conjunction with FIG. 10
to FIG. 18 together.

[0077] As shown in FIG. 12 and FIG. 13, the radio frequency coil 11 is divided into three coil
sections. A total inductance of the radio frequency coil 11 is Leoir, and can be equally divided into
three portions, where an inductance of each section is Lcoii/3. A real-part impedance of loads such

as the radio frequency coil 11 is R, the second sub-variable capacitor 122 at the second end of the
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radio frequency coil 11 is C3, and the two first sub-variable capacitors 121 connected in series in
the radio frequency coil 11 respectively correspond to Cs and Cs in the schematic diagram. A
first tuning capacitor and a second tuning capacitor in the fully automatic matcher (Match) 40 are
respectively C1 and C2, and are used for adjusting the rear-end load impedance to impedance
output by the radio frequency power supply 30 (for example, 50Q2), so as to ensure maximum
power transmission to the rear-end load. Assuming that current flowing into the radio frequency
coil 11 is 7, the source-end voltage of the radio frequency coil 11 is V. A voltage-current sensor
(Sensor in FIG. 14) is provided at the output end of Match, and can be used for monitoring the
potential of the source end of the radio frequency coil 11. The potential of the source end of the
radio frequency coil 11 is:

V=I(R+Z o2+ 24+ Zs) 4)

[0078] Wherein, impedance of the radio frequency coil 11 is Z,,;; = joL,,; ,impedance of the

second sub-variable capacitor (that is, C3) 122 is ZC3:jw_c’ impedance of the capacitor (that is,
3

1

one first sub-variable capacitor 121) Cs connected in series with the coil section is Z,4 = —
JjoCy

and impedance of the capacitor (that is, another first sub-variable capacitor 121) Cs connected in

series with the coil section is Z.5 = e .The angular frequency is =2xf, and f'is a frequency of
5

an output signal of the radio frequency power supply 30. After Match satisfies an impedance
matching condition, output power of the radio frequency power supply 30 satisfies Power=IR,

and the potential of the source end of the radio frequency coil 11 is:

Power . 1 1 1
= ’ + gt —t —t—
\% R (R Ja)LCOIl joCy  joCy ijS) (5)

[0079] In an inductively coupled plasma source, if the structure of the radio frequency coil 11

remains unchanged, the density of plasma is positively correlated with the current of the radio
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frequency coil 11. The greater the current of the radio frequency coil 11 is, the higher the plasma
density is. After adjustment of capacitance values of the second sub-adjustment capacitor (that is,
(3) 122 at the rear end of the radio frequency coil 11 and the two first sub-adjustment capacitors
(that is, Csand Cs) 121, and after Match adjusts C1 and C: for rematching, the current value
flowing through the radio frequency coil 11 is almost unchanged, and does not affect the density
of the excited plasma, but can change voltage distribution on the radio frequency coil 11. By
reducing the average potential and the maximum potential on the radio frequency coil 11,
capacitive coupling can be reduced, and the electric field in the sheath region can be reduced,
such that bombardment of the plasma generation chamber 20 by plasma accelerated through the
electric field is weakened.

[0080] If the structure of the radio frequency coil 11 remains unchanged, impedance Z,,; ,of the
radio frequency coil 11 remains unchanged; changing magnitudes of C3 and Cs and Cs does not
affect the current flowing through the radio frequency coil 11, and thus the potential difference
AV between two ends of the radio frequency coil 11 is basically the same, and is uniformly
denoted herein as:

A V=Ija)LCO,~1=2 Vo (6)

[0081] Under the same radio frequency power, the potential difference between two ends of the
radio frequency coil 11 is 2Vo. In the structure shown in FIG. 15, the radio frequency coil 11 is
equally divided into three coil sections, and the potential of each coil section decreases to
2V0/3=0.67Vo. When the structure in which the variable capacitor 12 is only distributed between
the second end of the radio frequency coil 11 and ground is in the ignition stage, potential

distribution of the radio frequency coil 11 is as shown in FIG. 15, and the corresponding
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impedance value Zcs of the variable capacitor 12 of the radio frequency coil 11 is Zc3=1.2Zcoir.
Then, a maximum potential amplitude on the radio frequency coil 11 is 2.4V%.

[0082] When the structure in which the variable capacitor 12 includes two first sub-variable
capacitors 121 and the second sub-variable capacitor 122 is in the ignition stage, potential
distribution of the radio frequency coil 11 is as shown in FIG. 16. The impedance value of the
second sub-variable capacitor 122 connected to the radio frequency coil 11 is Z¢3=1.2Zcoi1, and
impedance values of the two first sub-variable capacitors 121 are respectively Zc4 and Zcs, where
Zca= Zc5=1.2Zcoil. Then, the maximum potential amplitude on the radio frequency coil 11 is
5.86Vo. Thus, it can be seen that, compared with the structure of the upper electrode device 10
shown in FIG. 15, the structure shown in FIG. 16 can enable the radio frequency coil 11 to
obtain a higher potential at an ignition instant, and the electric field coupled into the plasma
generation chamber 20 is stronger, thereby being more beneficial to ignition and completion of
glow discharge initiation (that is, completion of ignition).

[0083] When the variable capacitor 12 is only distributed between the second end of the radio
frequency coil 11 and ground, in the process stage, potential distribution of the radio frequency
coil 11 is as shown in FIG. 17, and the impedance value of the variable capacitor 12 of the radio
frequency coil 11 is Zc3=0.5Zcoi1, such that the maximum potential amplitude on the radio
frequency coil 11 is Vo. When the structure in which the variable capacitor 12 includes two first
sub-variable capacitors 121 and the second sub-variable capacitor 122 is in the process stage,
potential distribution of the radio frequency coil 11 is as shown in FIG. 18, and the impedance
value of the second sub-variable capacitor 122 of the radio frequency coil 11 is Zc3=Zcoil/6.
Impedance values of the two first sub-variable capacitors 121 are respectively Zcsa and Zcs, where

Zca=Zcs= Zeoill 3, such that the maximum potential amplitude on the radio frequency coil 11 is
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Vo/3. Compared with the structure shown in FIG. 17, the structure shown in FIG. 18 can enable
the radio frequency coil 11 to obtain a lower potential in the process stage, thereby causing the
electric field coupled by the radio frequency coil 11 into the plasma generation chamber 20 to be
weaker, and being more beneficial to maintaining relatively low damage to the plasma
generation chamber 20 during the process.

[0084] According to this characteristic, an ignition flow as shown in FIG. 19 can be designed.

Before loading power, C3, Cs, and Cs are adjusted to satisfy Zcz=Zca=Zcs=1.2Zcoit> Zcoil. Under

this condition, the overall potential of the radio frequency coil 11 is relatively high. After gas
introduction and pressure control are performed in the chamber (that is, the plasma generation
chamber 20), radio frequency power is loaded, and Ci and C2 of Match are adjusted to perform
impedance matching, such that the radio frequency power is loaded onto loads such as the radio
frequency coil 11. At this time, the electric field coupled by the radio frequency coil 11 into the
plasma generation chamber 20 is relatively strong, which is beneficial to ignition.

[0085] A manner for determining whether ignition is successful is as follows: a voltage-current
sensor (that is, Sensor in the figure) is mounted at the output end of Match, and voltage V1 of
static impedance at an ignition instant and voltage V2 after glow discharge initiation (that is, after
ignition is successful) are collected in advance through manual testing. Since V2 is obviously less
than V1, a voltage threshold V0=0.5V1+0.5V2 can be specified. At the ignition instant, Sensor
reads voltage V. If V drops from being greater than Vo to being less than Vo, ignition is
considered successful. If ignition fails, values of C3, C4, and Cs continue to be reduced (for
example, capacitance values obtained after multiplying current values of C3, C4, and Cs by 0.9
are used as adjusted capacitance values of C3, C4, and Cs, which is equivalent to impedance

values obtained after multiplying current Zc3, Zcs, and Zcs by a preset coefficient greater than 1
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being used as adjusted impedance values of Zc3, Zcs, and Zcs), and matching is performed again
until ignition is successful.

[0086] After ignition is successful, C3, Cs, and Cs are adjusted again, such that the impedance
value of Cj satisfies Zc3=Zc0il/6, and impedance values Zc4 and Zcs respectively corresponding to
capacitance values of Cs and Cs satisfy Zcs= Zcs=Zcoi/3. In this case, the overall potential of the
radio frequency coil 11 is lowest. Next, Match adjusts C1 and C2 to perform impedance
matching, such that the radio frequency power is completely loaded again onto loads such as the
radio frequency coil 11, thereby completing ignition and entering the process stage.

[0087] In the embodiments of the present disclosure, there can be multiple manners for adjusting
the capacitance value of the variable capacitor 12. Certainly, any capacitor capable of adjusting
the capacitance value can serve as the variable capacitor 12. In a solution of one embodiment, the
upper electrode device 10 disclosed in the embodiments of the present disclosure can further
include a driving mechanism 13. The variable capacitor 12 can include a first capacitor plate and
a second capacitor plate. The driving mechanism 13 can be connected to at least one of the first
capacitor plate and the second capacitor plate. The driving mechanism 13 is used for driving at
least one of the first capacitor plate and the second capacitor plate to move, so as to adjust at
least one of a distance and a relative area between the first capacitor plate and the second
capacitor plate, thereby adjusting the capacitance value of the variable capacitor 12. For
example, the driving mechanism 13 is connected to the first capacitor plate or the second
capacitor plate through a power connection shaft, thereby adjusting rotation or movement of the
first capacitor plate or the second capacitor plate, thereby achieving a purpose of adjusting the
capacitance value. The manner of adjusting the capacitance value of the variable capacitor 12 by

using the driving mechanism 13 can more quickly achieve a purpose of adjusting the voltage of
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the radio frequency coil 11. Compared with up-and-down adjustment of the radio frequency coil
11, the manner of using the driving mechanism 13 in cooperation with the variable capacitor 12
can more quickly achieve successful ignition, thereby being beneficial to improving productivity.
[0088] Certainly, when the variable capacitor 12 includes the first sub-variable capacitor 121, the
process chamber can configure a corresponding driving mechanism for the first sub-variable
capacitor 121, such that the driving mechanism adjusts the capacitance value of the first sub-
variable capacitor 121 by driving at least one of two capacitor plates of the first sub-variable
capacitor 121 to move. When the variable capacitor 12 includes the second sub-variable
capacitor 122, the process chamber can also configure a corresponding driving mechanism for
the second sub-variable capacitor 122, such that the driving mechanism adjusts the capacitance
value of the second sub-variable capacitor 122 by driving at least one of two capacitor plates of
the second sub-variable capacitor 122 to move.

[0089] As described above, the shielding cylinder 70 can have multiple structures, and the
shielding cylinder 70 is an openwork hollow cylindrical member. Specifically, the shielding
cylinder 70 can be provided with a plurality of slots 71 extending along an axial direction of the
shielding cylinder 70. The plurality of slots 71 are distributed at intervals along a circumferential
direction of the shielding cylinder 70, and the plurality of slots 71 can be uniformly distributed
along the circumferential direction of the shielding cylinder 70, thereby facilitating the radio
frequency coil 11 to couple a relatively uniform magnetic field into the plasma generation
chamber 20 through the shielding cylinder 70 relatively uniformly, thereby being relatively
beneficial to enabling plasma generated in the plasma generation chamber 20 to satisfy process
requirements. The number of the slots 71 can be 6, or can be 4 or 8. The embodiments of the

present disclosure do not limit a specific number of the slots 71.
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[0090] Widths of various portions of the slot 71 can be equal. In other words, a width of the slot
71 at two end positions in an axial direction thereof can be equal to a width of any region
between the two ends of the slot 71, where a width direction of the slot 71 is a circumferential
direction of the shielding cylinder 70. However, this is not restrictive. In other embodiments,
widths at the two end positions in the axial direction of the slot 71 can be greater than a width at
a preset position between the two ends of the slot 71. The radio frequency coil 11 is wound on an
outer peripheral side of the shielding cylinder 70 and is located at the preset position of the slot
71 in the axial direction. As described above, after the impedance adjustment member 12 is
adjusted, voltage distribution of the radio frequency coil 11 can be changed, such that voltage on
the radio frequency coil 11 can be relatively large in the ignition stage, thereby enabling the
radio frequency coil 11 to couple a relatively large electric field into the plasma generation
chamber 20, and ultimately ensuring relatively easy ignition even if the width of the slot 71 is
relatively small. In this embodiment, the radio frequency coil 11 is wound at the preset position
between the two ends of the slot 71 where the width is relatively small. Since the width of the
slot 71 at the preset position is smaller than widths at the two ends of the slot 71, the electric
field of the radio frequency coil 11 can be better shielded in the process stage, coupling of the
electric field into the plasma generation chamber 20 in the process stage can be reduced as much
as possible, and meanwhile it can also be ensured that the magnetic field is coupled from the
shielding cylinder 70 into the plasma generation chamber 20 without loss.

[0091] Certainly, since the radio frequency coil 11 is wound at the preset position between the
two ends of the slot 71, and considering magnetic field distribution of the radio frequency coil

11, widths at the two ends of the slot 71 are relatively large, thereby more easily enabling the
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magnetic field generated by the radio frequency coil 11 to be coupled into the plasma generation
chamber 20.

[0092] It should be noted that, in this embodiment, distances from the radio frequency coil 11 to
the two ends of the slot 71 in the axial direction can be equal or unequal. In some other
embodiments not shown in the figures, the radio frequency coil 11 can also be relatively close to
one end of the slot 71 and relatively far from the other end in the axial direction, which is not
limited herein.

[0093] In a further technical solution, the shielding cylinder 70 can further be provided with a
plurality of flared windows 72. The plurality of flared windows 72 are correspondingly in
communication with axial end portions of the plurality of slots 71, for example, in one-to-one
corresponding communication. Dimensions of the plurality of flared windows 72 in the width
direction of the slots 71 are greater than widths of the corresponding slots 71. That is, dimensions
of the plurality of flared windows 72 in the circumferential direction of the shielding cylinder 70
are greater than dimensions of the corresponding slots 71 in the circumferential direction of the
shielding cylinder 70. In this case, since a bottom end of the shielding cylinder 70 is used for
grounding, an opening at the bottom end of the shielding cylinder 70 is relatively easily blocked
(for example, easily blocked by the shielding box 80 described below). The flared windows 72
can ensure that the magnetic field generated by the radio frequency coil 11 is sufficiently
coupled into the plasma generation chamber 20 through the flared windows 72, thereby ensuring
an inductive coupling effect.

[0094] As described above, the shielding cylinder 70 is used for grounding, thereby ensuring that
the potential of the shielding cylinder 70 is relatively low, reducing a potential difference

between the shielding cylinder 70 and plasma, and thereby avoiding bombardment of the plasma
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generation chamber 20 by plasma. In optional embodiments, the shielding cylinder 70 can
include a plurality of grounding portions. The plurality of grounding portions are located at an
end portion of the shielding cylinder 70, and can be uniformly distributed along a circumferential
direction of the shielding cylinder 70. By designing a plurality of grounding portions uniformly
distributed in the circumferential direction, the shielding cylinder 70 can realize multi-point
symmetrical grounding, thereby relatively evenly realizing grounding, and ultimately ensuring
symmetry of a return path, so as to ensure uniformity of the electromagnetic field coupled into
the plasma generation chamber 20. The plurality of grounding portions can be located at a lower
bottom end of the shielding cylinder 70, or can be located at a higher top end of the shielding
cylinder 70, which is not limited in the embodiments of the present disclosure.

[0095] Certainly, as described above, when the variable capacitor 12 includes the first sub-
variable capacitor 121, or when the variable capacitor 12 includes the first sub-variable capacitor
121 and the second sub-variable capacitor 122, since the shielding cylinder 70 is provided with a
plurality of slots 71 distributed at intervals along the circumferential direction of the shielding
cylinder 70, in this case, the first sub-variable capacitor 121 and the second sub-variable
capacitor 122 may be opposite to the slots 71, thereby easily causing angular asymmetry of the
electromagnetic field. Based on this, the shielding cylinder is provided with a plurality of slots
distributed at intervals along the circumferential direction of the shielding cylinder, and the first
sub-impedance adjustment member and the second sub-impedance adjustment member are both
distributed in a staggered manner relative to the slots. In one embodiment, by taking the variable
capacitor 12 including the first sub-variable capacitor 121 as an example, the first sub-variable
capacitor 121 can be distributed in a staggered manner relative to the slots 71. That is, the first

sub-variable capacitor 121 (that is, the first sub-impedance adjustment member) can avoid
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positions of the slots 71 and be located between two adjacent slots 71. Certainly, when the
variable capacitor 12 includes the second sub-variable capacitor 122, the second sub-variable
capacitor 122 can also be distributed in a staggered manner relative to the slots 71. That is, the
second sub-variable capacitor 122 (that is, the second sub-impedance adjustment member) can
also avoid positions of the slots 71 and be located between two adjacent slots 71, as shown in
FIG. 10 and FIG. 11. This staggered distribution manner almost does not cause eccentricity of a
process result due to discontinuity of the radio frequency coil 11.

[0096] The process chamber disclosed in the embodiments of the present disclosure can further
include a shielding box 80, and the shielding box 80 is used for grounding. The second end of the
radio frequency coil 11 is electrically connected with the shielding box 80, thereby realizing
grounding. The plasma generation chamber 20, the shielding cylinder 70, the radio frequency
coil 11, and the variable capacitor 12 can be disposed inside the shielding box 80, thereby being
protected by the shielding box 80, and meanwhile avoiding interference, caused by a magnetic
field that may exist in an external environment, to the magnetic field generated by the radio
frequency coil 11. The shielding cylinder 70 is electrically connected with the shielding box 80,
thereby realizing grounding. In the embodiments of the present disclosure, the shielding cylinder
70 and the shielding box 80 can both be made of metal.

[0097] When the process chamber includes the driving mechanism 13, as shown in FIG. 1 and
FIG. 2, in optional embodiments, the driving mechanism 13 can be mounted outside the
shielding box 80, and connected through a connection shaft with the variable capacitor 12
disposed inside the shielding box 80. This arrangement manner can mitigate adverse influence,
easily caused by the driving mechanism 13 being located inside the shielding box 80, on the

magnetic field generated by the radio frequency coil 11. That is, since the driving mechanism 13
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is located outside the shielding box 80, compared with disposing the driving mechanism 13
inside the shielding box 80, influence caused by the driving mechanism 13 on the magnetic field
generated by the radio frequency coil 11 can be mitigated.

[0098] In a further embodiment, the radio frequency power supply 30 and the matcher 40 can be
located outside the shielding box 80, and mounted on the shielding box 80. In this case, the
shielding box 80 can further provide mounting positions for the radio frequency power supply 30
and the matcher 40. Certainly, the radio frequency power supply 30 and the matcher 40 are
located outside the shielding box 80, thereby avoiding adverse influence on components inside
the shielding box 80.

[0099] Based on the process chamber disclosed in the embodiments of the present disclosure, the
embodiments of the present disclosure further provide a semiconductor process equipment. The
disclosed semiconductor process equipment includes a controller and the process chamber
according to any one of the above embodiments. The controller includes a memory and a
processor. The memory stores a computer program. The processor executes the following
operations according to the computer program:

[0100] Adjusting the impedance adjustment member to a first preset impedance value;

[0101] Loading radio frequency power onto the radio frequency coil 11, and determining
whether ignition is successful;

[0102] When ignition is successful, adjusting the impedance adjustment member to a second
preset impedance value, where the second preset impedance value is less than the first preset
impedance value.

[0103] As shown in FIG. 20, by taking the impedance adjustment member being the variable

capacitor 12 as an example, at S101, the variable capacitor 12 is adjusted to a first preset
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capacitance value, thereby causing the impedance value of the variable capacitor 12 to be
correspondingly adjusted to the first preset impedance value.

[0104] In one embodiment, when the variable capacitor 12 is only connected between the second
end of the radio frequency coil 11 and ground, in this operation, the capacitance value of the
variable capacitor 12 can be adjusted to a first preset capacitance value, such that the impedance
value of the variable capacitor 12 is greater than Zeoi, for example, 1.2Zcoi1, thereby causing the
radio frequency coil 11 to have a relatively high potential after radio frequency power is loaded.
[0105] In another embodiment, when the variable capacitor 12 includes the above two first sub-
variable capacitors 121 and one second sub-variable capacitor 122, in this operation, capacitance
values of the two first sub-variable capacitors (that is, C+ and Cs) 121 and the second sub-
variable capacitor (that is, C3) 122 can be respectively adjusted to first preset capacitance values,
such that the impedance value of the second sub-variable capacitor 122 and impedance values of
the two first sub-variable capacitors 121 can both be greater than Zcoi, for example, 1.2Zcoi,
thereby causing the radio frequency coil 11 to have a relatively high potential after radio
frequency power is loaded.

[0106] At S102, radio frequency power is loaded onto the radio frequency coil 11.

[0107] Certainly, before radio frequency power is loaded, process gas also needs to be
introduced into the plasma generation chamber 20 and air pressure in the plasma generation
chamber 20 needs to be controlled. After the radio frequency power is loaded, the matcher 40
automatically adjusts its own C7 (that is, the first tuning capacitor of the matcher 40) and C: (that
is, the second tuning capacitor of the matcher 40) to perform impedance matching, such that the
radio frequency power is loaded onto loads such as the radio frequency coil 11.

[0108] At S103, whether ignition is successful is determined.
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[0109] At S104, when ignition is successful, the variable capacitor 12 is adjusted to a second
preset capacitance value, thereby causing the impedance value of the variable capacitor 12 to be
correspondingly adjusted to a second preset impedance value.

[0110] In one embodiment, when the variable capacitor 12 is only connected between the second
end of the radio frequency coil 11 and ground, in this operation, the capacitance value of the
variable capacitor (that is, C3) 12 can be adjusted to a second preset capacitance value, such that
the impedance value of the variable capacitor 12 is 0.5Zc.i1, thereby causing the potential of the
radio frequency coil 11 to be relatively low. Wherein, the second preset capacitance value is
greater than the first preset capacitance value, that is, the second preset impedance value is less
than the first preset impedance value.

[0111] In another embodiment, when the variable capacitor 12 includes the above two first sub-
variable capacitors 121 and one second sub-variable capacitor 122, in this operation, capacitance
values of the two first sub-variable capacitors (that is, C+ and Cs) 121 and the second sub-
variable capacitor (that is, C3) 122 can be respectively adjusted, such that the impedance value of
the second sub-variable capacitor 122 is Zi/6, and impedance values of the two first sub-
variable capacitors 121 can both be Zc0ii/3, thereby causing the radio frequency coil 11 to have a
relatively low potential after radio frequency power is loaded.

[0112] Certainly, after S104, the matcher 40 can also be controlled to automatically adjust its
own C; and C: to perform impedance matching, such that the radio frequency power is loaded
onto loads such as the radio frequency coil 11.

[0113] It should be noted that C; involved in the embodiments of the present disclosure can be
considered as a portion of the variable capacitor 12 connected between the second end of the

radio frequency coil 11 and ground. When the variable capacitor 12 is a capacitor only connected

-37-



between the second end of the radio frequency coil 11 and ground, adjustment of Cs can be
considered as adjustment of the variable capacitor 12 as a whole. When the variable capacitor 12
includes the first sub-variable capacitor 121 and the second sub-variable capacitor 122,
adjustment of C3 can be considered as adjustment of the second sub-variable capacitor 122 of the
variable capacitor 12. Certainly, when the variable capacitor 12 includes the first sub-variable
capacitor 121 and the second sub-variable capacitor 122, adjustment of the variable capacitor 12
requires adjustment of the first sub-variable capacitor 121 and the second sub-variable capacitor
122.

[0114] Further, when ignition is unsuccessful, the impedance value of the impedance adjustment
member 12 is adjusted, and the operation of determining whether ignition is successful is
restarted.

[0115] As shown in FIG. 20, still by taking the impedance adjustment member being the variable
capacitor 12 as an example, at S105, when ignition is unsuccessful, the capacitance value of the
variable capacitor 12 is reduced, that is, the impedance value of the variable capacitor is
increased, and the operation of determining whether ignition is successful is restarted.

[0116] In this operation, for example, a current capacitance value of the variable capacitor 12
can be multiplied by a preset coefficient and used as an adjusted capacitance value for reduction.
The preset coefficient is less than 1, for example, the preset coefficient can be 0.9. An adjusted
result is equivalent to increasing a current impedance value of the impedance adjustment
member by multiplying the current impedance value thereof by a preset coefficient greater than 1
and using a resulting impedance value as an adjusted impedance value, as shown in FIG. 9.
Certainly, the embodiments of the present disclosure do not limit a specific magnitude of the

preset coefficient, as long as the preset coefficient is less than 1. Similarly, when the variable
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capacitor 12 includes the first sub-variable capacitor 121 and the second sub-variable capacitor
122, reducing the capacitance value of the variable capacitor 12 requires respectively multiplying
the first sub-variable capacitor 121 and the second sub-variable capacitor 122 by preset
coefficients less than 1 (for example, 0.9), and using resulting capacitance values as adjusted
capacitance values for adjustment, which is equivalent to respectively multiplying impedance
values of the first sub-impedance adjustment member and the second sub-impedance adjustment
member by preset coefficients greater than 1 and using resulting impedance values as adjusted
impedance values, as shown in FIG. 19.

[0117] Please refer to FIG. 9. In one embodiment, still by taking the impedance adjustment
member being the variable capacitor 12 as an example, there can be at least one variable
capacitor 12, where:

[0118] Adjusting the variable capacitor 12 to the first preset capacitance value includes:
adjusting the variable capacitor 12 to the first preset capacitance value, such that the impedance
value of the variable capacitor 12 is greater than the impedance value of the radio frequency coil
11, for example, 1.2Zc0ir; that is, by adjusting the variable capacitor 12 to the first preset
capacitance value, the impedance value thereof is correspondingly adjusted to the first preset
impedance value, thereby causing the impedance value of the variable capacitor 12 to be greater
than the impedance value of the radio frequency coil 11;

[0119] Between loading radio frequency power onto the radio frequency coil 11 and determining
whether ignition is successful, the processor further executes: adjusting the first tuning capacitor
and the second tuning capacitor of the matcher of the semiconductor process equipment to
perform impedance matching, such that the radio frequency power is at least loaded onto the

radio frequency coil 11;

-30-



[0120] When ignition is successful, adjusting the variable capacitor 12 to the second preset
capacitance value includes: increasing the capacitance value of the variable capacitor 12 to the
second preset capacitance value, such that the impedance value of the variable capacitor 12 is
greater than 0 and less than the impedance value of the radio frequency coil 11, for example,
0.5Zc0ir; that is, by adjusting the variable capacitor 12 to the second preset capacitance value, the
impedance value thereof is correspondingly adjusted to the second preset impedance value,
thereby causing the impedance value of the variable capacitor 12 to be less than the impedance
value of the radio frequency coil 11;

[0121] After the variable capacitor 12 is adjusted to the second preset capacitance value, the
processor further executes: adjusting the first tuning capacitor and the second tuning capacitor of
the matcher to perform impedance matching, such that the radio frequency power is at least
loaded onto the radio frequency coil 11;

[0122] When ignition is unsuccessful, reducing the capacitance value of the variable capacitor
12 includes: multiplying a current capacitance value of the variable capacitor 12 by a preset
coefficient (for example, 0.9), and using a resulting capacitance value as a reduced capacitance
value of the variable capacitor 12, where the preset coefficient is less than 1. That is, when
ignition is unsuccessful, the impedance value of the variable capacitor 12 is increased by
reducing the capacitance value of the variable capacitor 12. Wherein, multiplying the current
capacitance value of the variable capacitor 12 by a preset coefficient (for example, 0.9) and using
a resulting capacitance value as the reduced capacitance value of the variable capacitor 12 is
equivalent to multiplying the current impedance value of the variable capacitor 12 by a preset
coefficient greater than 1 and using a resulting impedance value as an increased impedance value

of the variable capacitor 12. Please refer to FIG. 19. In another embodiment, the variable
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capacitor 12 can, for example, include two first sub-variable capacitors 121 and one second sub-
variable capacitor 122. The radio frequency coil 11 can include at least two coil sections
connected in series. Each first sub-variable capacitor 121 can be connected in series between two
adjacent coil sections, and the second sub-variable capacitor 122 is configured to be connected
between the second end of the radio frequency coil 11 and ground. As described above, more
first sub-variable capacitors 121 can be provided,

[0123] Adjusting the variable capacitor 12 to the first preset capacitance value includes:
adjusting capacitance values of the two first sub-variable capacitors 121 and the one second sub-
variable capacitor 122, such that impedance values of the two first sub-variable capacitors 121
and the one second sub-variable capacitor 122 are greater than the impedance value of the radio
frequency coil 11, for example, 1.2Zc.i1; that is, capacitance values of the two first sub-variable
capacitors 121 and the one second sub-variable capacitor 122 are adjusted, such that respective
impedance values thereof are correspondingly changed, thereby causing the impedance values of
the two first sub-variable capacitors 121 and the one second sub-variable capacitor 122 to be
greater than the impedance value of the radio frequency coil 11;

[0124] Between loading radio frequency power onto the radio frequency coil 11 and determining
whether ignition is successful, the processor further executes: adjusting the first tuning capacitor
and the second tuning capacitor of the matcher of the semiconductor process equipment to
perform impedance matching, such that the radio frequency power is at least loaded onto the
radio frequency coil 11;

[0125] When ignition is successful, adjusting the variable capacitor 12 to the second preset
capacitance value includes: increasing capacitance values of the two first sub-variable capacitors

121 and the second sub-variable capacitor 122, such that impedance values of the two first sub-
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variable capacitors 121 are Zcoil/3, and the impedance value of the second sub-variable capacitor
122 is Zcoit/6, where Zcoil is the impedance value of the radio frequency coil 11; more generally,
the impedance value of each first sub-variable capacitor 121 is Zcoil/n, and the impedance value
of the second sub-variable capacitor 122 is Zcoil/2n, where n is a sum of the number of the first
sub-variable capacitors 121 and the number of the second sub-variable capacitor 122.

[0126] After the variable capacitor 12 is adjusted to the second preset capacitance value, the
processor further executes: adjusting the first tuning capacitor and the second tuning capacitor of
the matcher to perform impedance matching, such that the radio frequency power is at least
loaded onto the radio frequency coil 11.

[0127] When ignition is unsuccessful, reducing the capacitance value of the variable capacitor
12 includes: multiplying current capacitance values of the two first sub-variable capacitors 121
and the second sub-variable capacitor 122 by a preset coefficient, and using resulting capacitance
values as reduced capacitance values of the two first sub-variable capacitors 121 and the second
sub-variable capacitor 122, where the preset coefficient is less than 1. That is, when ignition is
unsuccessful, the impedance value of the variable capacitor 12 is increased by reducing the
capacitance value of the variable capacitor 12. Wherein, multiplying the current capacitance
values of the two first sub-variable capacitors 121 and the second sub-variable capacitor 122 by a
preset coefficient less than 1 and using resulting capacitance values as reduced capacitance
values of the two first sub-variable capacitors 121 and the second sub-variable capacitor 122 is
equivalent to multiplying current impedance values of the two first sub-variable capacitors 121
and the second sub-variable capacitor 122 by a preset coefficient greater than 1 and using
resulting impedance values as increased impedance values of the two first sub-variable

capacitors 121 and the second sub-variable capacitor 122.
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[0128] It should be noted that, in the above exemplary examples, the L-type matcher performs
impedance matching by adjusting the first tuning capacitor and the second tuning capacitor.
However, this is not restrictive. The matcher can also adopt other models, and any matcher
capable of realizing impedance matching falls within the protection scope of the present
disclosure.

[0129] The above embodiments of the present disclosure mainly describe differences among
various embodiments. As long as different technical features of the various embodiments are not
contradictory, the different technical features can be combined to form more specific
embodiments. Considering conciseness of description, details are not repeated herein.

[0130] The embodiments of the present disclosure have been described above in conjunction
with the accompanying drawings. However, the present disclosure is not limited to the above
specific implementations. The above specific implementations are merely illustrative rather than
restrictive. Under enlightenment of the present disclosure, those of ordinary skill in the art can
still make many forms without departing from the purpose of the present disclosure and the
scope protected by the claims, and all such forms fall within the protection scope of the present

disclosure.
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CLAIMS
WHAT IS CLAIMED IS:

1. An upper electrode device for a process chamber, comprising a radio frequency
coil and an impedance adjustment member, wherein the radio frequency coil is configured to be
wound outside a shielding cylinder of the process chamber, and the shielding cylinder is sleeved
outside a plasma generation chamber of the process chamber; the impedance adjustment member
is connected in series with the radio frequency coil, and the impedance adjustment member is
configured to be adjusted to different impedance values in an ignition stage and a reaction stage
of the process chamber.

2. The upper electrode device according to claim 1, wherein a first end of the radio
frequency coil is configured for electrical connection to a radio frequency power supply of the
process chamber, and a second end of the radio frequency coil is used for grounding through the
impedance adjustment member.

3. The upper electrode device according to claim 2, wherein the impedance
adjustment member is at least one, an impedance value of the impedance adjustment member in
the ignition stage is greater than Zcoil, the Zcoil is an impedance value of the radio frequency coil,
and the impedance value of the impedance adjustment member in the reaction stage is greater
than 0 and less than Zcoi; or,

the impedance value of the impedance adjustment member in the reaction stage is
greater than 0.4Zcoil and less than 0.6Zcoi; or,
the impedance value of the impedance adjustment member in the reaction stage is

equal to 0.5Zcoil.
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4. The upper electrode device according to claim 1, wherein the first end of the radio
frequency coil is configured to connect to a radio frequency power supply of the process
chamber, the second end of the radio frequency coil is used for grounding, the impedance
adjustment member comprises at least one first sub-impedance adjustment member, the radio
frequency coil comprises at least two coil sections connected in series, and each first sub-
impedance adjustment member is connected in series between two adjacent coil sections.

5. The upper electrode device according to claim 4, wherein the impedance
adjustment member further comprises a second sub-impedance adjustment member, and the
second sub-impedance adjustment member is configured to connect the second end of the radio
frequency coil and ground.

6. The upper electrode device according to claim 5, wherein, in the ignition stage,
impedance values of the first sub-impedance adjustment member and the second sub-impedance
adjustment member are both greater than Zcoil, and the Zcoil is the impedance value of the radio
frequency coil;

in the reaction stage, the impedance values of the first sub-impedance adjustment
member and the second sub-impedance adjustment member are both greater than 0 and less than
Zcoil.

7. The upper electrode device according to claim 5, wherein the first sub-impedance
adjustment members are multiple, impedance values of the first sub-impedance adjustment
members are all equal, and are greater than the impedance value of the second sub-impedance
adjustment member.

8. The upper electrode device according to claim 5, wherein the impedance value of

the first sub-impedance adjustment member is Zcoil/n, and the impedance value of the second

-45-



sub-impedance adjustment member is Zcoil/2n, wherein n is a sum of the number of the first sub-
impedance adjustment members and the number of the second sub-impedance adjustment
members.

0. The upper electrode device according to claim 5, wherein the shielding cylinder is
provided with a plurality of slots extending along an axial direction of the shielding cylinder, the
plurality of slots are distributed at intervals along a circumferential direction of the shielding
cylinder, and the first sub-impedance adjustment member and the second sub-impedance
adjustment member are both distributed in a staggered manner relative to the slots.

10. The upper electrode device according to claim 1, wherein the upper electrode
device further comprises a driving mechanism, the impedance adjustment member comprises a
first capacitor plate and a second capacitor plate, the driving mechanism is connected to at least
one of the first capacitor plate and the second capacitor plate, and the driving mechanism is
configured to drive at least one of the first capacitor plate and the second capacitor plate to move,
to adjust at least one of a distance and a relative area between the first capacitor plate and the
second capacitor plate to adjust a capacitance value of the impedance adjustment member.

11. The upper electrode device according to claim 1, wherein the shielding cylinder is
provided with a plurality of slots extending along an axial direction of the shielding cylinder, the
plurality of slots are uniformly distributed at intervals along a circumferential direction of the
shielding cylinder, a width of the slot at two end positions in the axial direction thereof is greater
than a width of a preset position between the two ends, and the radio frequency coil is wound on
an outer peripheral side of the shielding cylinder and is located at the preset position of the slot in

the axial direction.

-46-



12. The upper electrode device according to claim 1, wherein the shielding cylinder is
provided with a plurality of slots extending along an axial direction of the shielding cylinder, the
plurality of slots are uniformly distributed at intervals along a circumferential direction of the
shielding cylinder, the shielding cylinder is provided with a plurality of flared windows, the
plurality of flared windows are correspondingly in communication with axial end portions of the
plurality of slots, and dimensions of the plurality of flared windows in the circumferential
direction of the shielding cylinder are greater than dimensions of the slots in the circumferential
direction of the shielding cylinder.

13. The upper electrode device according to claim 1, wherein the shielding cylinder
comprises a plurality of grounding portions, the plurality of grounding portions are located at a
bottom end of the shielding cylinder, and are uniformly distributed along a circumferential
direction of the shielding cylinder.

14. A process chamber, comprising a plasma generation chamber, a process reaction
chamber, a shielding cylinder, and the upper electrode device according to any one of claims 1 to
13, wherein the process reaction chamber is in communication with the plasma generation
chamber.

15. The process chamber according to claim 14, wherein the process chamber further
comprises a shielding box, the plasma generation chamber, the shielding cylinder, the radio
frequency coil, and the impedance adjustment member are all disposed inside the shielding box,
and the shielding cylinder is electrically connected with the shielding box for grounding.

16. The process chamber according to claim 15, wherein the process chamber further
comprises a radio frequency power supply and a matcher, the radio frequency power supply is

electrically connected with the first end of the radio frequency coil through the matcher, and the
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radio frequency power supply and the matcher are located outside the shielding box and are
mounted on the shielding box.

17. A semiconductor process equipment, comprising a controller and the process
chamber according to any one of claims 14 to 16, wherein the controller comprises a memory
and a processor, the memory stores a computer program, and the processor executes the
following operations according to the computer program:

adjusting the impedance adjustment member to a first preset impedance value;
loading radio frequency power onto the radio frequency coil, and determining whether ignition is
successful;

when ignition is successful, adjusting the impedance adjustment member to a
second preset impedance value, wherein the second preset impedance value is less than the first
preset impedance value.

18. The semiconductor process equipment according to claim 17, wherein the
processor further executes the following operations according to the computer program:

when ignition is unsuccessful, increasing the impedance value of the impedance
adjustment member and restarting the operation of determining whether ignition is successful.

19. The semiconductor process equipment according to claim 17, wherein the
impedance adjustment member is at least one, wherein:

the adjusting the impedance adjustment member to the first preset impedance
value comprises: adjusting the impedance adjustment member to the first preset impedance
value, such that the impedance value of the impedance adjustment member is greater than the

impedance value of the radio frequency coil;
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between the loading radio frequency power onto the radio frequency coil and the
determining whether ignition is successful, the processor further executes: adjusting the matcher
of the semiconductor process equipment to perform impedance matching, such that the radio
frequency power is at least loaded onto the radio frequency coil;

when ignition is successful, adjusting the impedance adjustment member to the
second preset impedance value comprises: reducing the impedance value of the impedance
adjustment member to the second preset impedance value, such that the impedance value of the
impedance adjustment member is greater than 0 and less than the impedance value of the radio
frequency coil;

after the impedance adjustment member is adjusted to the second preset
impedance value, the processor further executes: adjusting the matcher to perform impedance
matching, such that the radio frequency power is at least loaded onto the radio frequency coil; or

the processor is further used for executing: when ignition is unsuccessful,
increasing the impedance value of the impedance adjustment member, comprising: multiplying a
current impedance value of the impedance adjustment member by a preset coefficient and using
a resulting impedance value as an increased impedance value of the impedance adjustment
member, wherein the preset coefficient is greater than 1.

20. The semiconductor process equipment according to claim 17, wherein the
impedance adjustment member comprises a plurality of first sub-impedance adjustment members
and one second sub-impedance adjustment member, the radio frequency coil comprises at least
two coil sections connected in series, each first sub-impedance adjustment member is connected
in series between two adjacent coil sections, and the second sub-impedance adjustment member

is configured to be connected between the second end of the radio frequency coil and ground,
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the adjusting the impedance adjustment member to the first preset impedance value comprises:
adjusting impedance values of the plurality of first sub-impedance adjustment members and the
one second sub-impedance adjustment member, such that impedance values of each first sub-
impedance adjustment member and the one second sub-impedance adjustment member are both
greater than the impedance value of the radio frequency coil,;

between the loading radio frequency power onto the radio frequency coil and the
determining whether ignition is successful, the processor further executes: adjusting the matcher
of the semiconductor process equipment to perform impedance matching, such that the radio
frequency power is at least loaded onto the radio frequency coil;

when ignition is successful, adjusting the impedance adjustment member to the
second preset impedance value comprises: reducing impedance values of the plurality of first
sub-impedance adjustment members and the second sub-impedance adjustment member, such
that the impedance value of each first sub-impedance adjustment member is Zcoil/n, and the
impedance value of the second sub-impedance adjustment member is Zcoit/2n, wherein the Zcoil is
the impedance value of the radio frequency coil, and n is a sum of the number of the first sub-
impedance adjustment members and the number of the second sub-impedance adjustment
member;

after the impedance adjustment member is adjusted to the second preset
impedance value, the processor further executes: adjusting the matcher to perform impedance
matching, such that the radio frequency power is at least loaded onto the radio frequency coil; or
the processor is further used for executing: when ignition is unsuccessful, increasing the
impedance values of the impedance adjustment member, comprising: multiplying current

impedance values of each first sub-impedance adjustment member and the second sub-
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impedance adjustment member by a preset coefficient and using resulting impedance values as
increased impedance values of each first sub-impedance adjustment member and the second sub-

impedance adjustment member, wherein the preset coefficient is greater than 1.
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