POWER CONTROL METHOD AND DEVICE OF LOWER RADIO FREQUENCY

POWER SUPPLY AND SEMICONDUCTOR PROCESSING EQUIPMENT

TECHNICAL FIELD
[0001] The present disclosure generally relates to the semiconductor manufacturing field and,
more particularly, to a power control method and a power control device for a lower radio
frequency power supply in semiconductor processing equipment, and the semiconductor

processing equipment.

BACKGROUND
[0002] As the feature size of integrated circuits continues to decrease, the requirements for
processing technology become increasingly strict. One important requirement is product
consistency. During the processing process, strict requirements are placed on the consistency
of the process results for all chambers in the semiconductor processing equipment of the
same model to avoid process risks caused by consistency issues of the chambers. Therefore,
strict process control is needed among different chambers to implement consistency in
process results.
[0003] Taking inductively coupled plasma equipment as an example, the lower RF power
supply loads the RF energy to the lower electrode (e.g., electrostatic chuck) through a
matcher. Thus, an RF bias voltage is generated on the wafer surface to accelerate the etching
of the ions on the wafer. When the RF power output by the lower RF power supply to the RF
power changes, the bias voltage generated at the wafer can change, and the final etching
processing result can change too. Thus, the consistency of the overall efficiency of the lower

electrode RF circuit can be closely related to the processing result.



[0004] The power loss generated in the process from outputting the RF power by the lower
electrode power supply until the RF power is adopted by the plasma includes matcher loss,
loss of the lower electrode for the ground capacity, and circuit contact loss. Among different
chambers, since the matchers, lower electrode, and mounting contact resistance can be
different in the lower RF circuit, the equivalent resistance and capacity of various parts of the
lower electrode RF circuit can be different. That is, the power loss can be different. Thus,
among different chambers, when the output powers of the lower electrode power supplies are
the same, the power losses can be different. The power adopted by plasma can be different
too. Thus, the generated RF bias voltages can be different, which affects the consistency of

the processing result.

SUMMARY

[0005] The present disclosure is intended to solve one of the technical problems in the
existing technology and provides a power control method and a power control device of a
lower RF power supply of semiconductor processing equipment and the semiconductor
processing equipment, which improves processing result consistency of different processing
chambers.
[0006] To implement the purpose of the present disclosure, the power control method of the
lower RF power supply of the semiconductor processing equipment is provided and includes:

when a processing chamber starts semiconductor processing, with a predetermined
power compensation equation and according to a pre-obtained first RF circuit parameter set
of a reference chamber and a second RF circuit parameter set of a present processing
chamber performing the semiconductor processing, obtaining a power compensation

coefficient of the present processing chamber relative to the reference chamber;



according to the power compensation coefficient and a power setting value of the
lower RF power supply of the present processing chamber, calculating a power compensation
value of the present processing chamber relative to the reference chamber; and

controlling the lower RF power supply to output the power compensation value.

[0007] In some embodiments, a power compensation equation is:
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wherein:

[5 is the power compensation coefficient of the present processing chamber
relative to the reference chamber;

the first RF circuit parameter set includes I, Is, Rma, Rga, and X, I is current
at an output end of an matcher in a main path of a lower electrode RF circuit, Is is
current in a plasma sheath branch of the lower electrode RF circuit of the reference
chamber, Rma is a loss equivalent resistance of the lower electrode RF circuit of the
reference chamber, Rga is a grounded equivalent resistance of the lower electrode RF

circuit of the reference chamber, X is an impedance value corresponding to a lower

electrode-to-ground capacitance of the reference chamber, and X =

, © being an
A

angular frequency, Ca being the lower electrode-to-ground capacitance of the
reference chamber; and

the second RF circuit parameter set includes Rup, Res, and Y, Ry is a loss
equivalent resistance of a lower electrode RF circuit of the present processing
chamber, Rgp is a grounded equivalent resistance of the lower electrode RF circuit of
the present processing chamber, Y is an impedance value corresponding to a lower
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being the angular frequency, and Cg being a lower electrode-to-ground capacitance of

the present processing chamber.
[0008] In some embodiments, acquisition methods of the loss equivalent resistance and the
grounded equivalent resistance of the lower electrode RF circuit for each processing chamber
include:

turning on the lower RF power supply of the processing chamber to apply a
determined power value to the lower electrode through the matcher to ensure that plasma in
the processing chamber does not ignite;

detecting a present current at an output end side of the matcher in a main path in the
lower electrode RF circuit, a present bias voltage value of the lower electrode, and a lower
electrode-to-ground capacitance; and

using following equations to calculate the loss equivalent resistance and the grounded
equivalent resistance of the lower electrode RF circuit according to the present current, the

present bias voltage value, and the lower electrode-to-ground capacitance:

wherein Rg is the grounded equivalent resistance of the lower electrode RF circuit, Ri
is the loss equivalent resistance of the lower electrode RF circuit, Vo is the present bias
voltage value, Io is the present current, @ is the angular frequency, C is the lower electrode-
to-ground capacitance, and Pio is the determined power value.
[0009] In some embodiments, the semiconductor processing includes a plurality of
processing steps.

The power control method further includes:



before performing the semiconductor processing, writing pre-obtained Ia and
Is corresponding to the processing steps into a parameter table;
calling Rma, Rga, Ca, Rup, Re, and Cg; and
when the processing chamber starts performing the semiconductor processing,
with the predetermined power compensation equation and according to the pre-
obtained first RF circuit parameter set of the reference chamber and the second RF
circuit parameter set of the present processing chamber performing the semiconductor
processing, obtaining the power compensation coefficient of the present processing
chamber relative to the reference chamber, including:
when the present processing chamber starts performing the processing
steps, calling IA and IS corresponding to a current processing step from the
parameter table; and
with the power compensation equation and according to Ia, Is, Rma,
Rga, Ca, RuB, Rgp, and Cg, obtaining the power compensation coefficient.
[0010] In some embodiments, according to the power compensation coefficient and the
power setting value of the lower RF power supply of the present processing chamber,
obtaining the power compensation value of the present processing chamber relative to the
reference chamber includes:
calculating a product of the power compensation coefficient and the power setting
value as the power compensation value.
[0011] As another technical solution, the present disclosure further provides a power control
device of a lower RF power supply of semiconductor processing equipment including a
calculation unit and a control unit.
when a processing chamber starts semiconductor processing, with a predetermined

power compensation equation and according to a pre-obtained first RF circuit parameter set



of a reference chamber and a second RF circuit parameter set of a present processing
chamber performing the semiconductor processing, the calculation unit is configured to
obtain a power compensation coefficient of the present processing chamber relative to the
reference chamber, and according to the power compensation coefficient and a power setting
value of the lower RF power supply of the present processing chamber, calculate a power
compensation value of the present processing chamber relative to the reference chamber; and

the control unit is configured to control the lower RF power supply to output the
power compensation value.

[0012] In some embodiments, the power compensation equation is:
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wherein:

[ is the power compensation coefficient of the present processing chamber
relative to the reference chamber;

the first RF circuit parameter set includes Ia, Is, Rma, Rga, and X, I is current
at an output end of an matcher in a main path of a lower electrode RF circuit, Is is
current in a plasma sheath branch of the lower electrode RF circuit of the reference
chamber, Rma is a loss equivalent resistance of the lower electrode RF circuit of the
reference chamber, Rga is a grounded equivalent resistance of the lower electrode RF

circuit of the reference chamber, X is an impedance value corresponding to a lower

electrode-to-ground capacitance of the reference chamber, and X =

, @ being an
A

angular frequency, Ca being the lower electrode-to-ground capacitance of the
reference chamber; and
the second RF circuit parameter set includes Rup, Res, and Y, Ryp is a loss

equivalent resistance of a lower electrode RF circuit of the present processing



chamber, Rgp is a grounded equivalent resistance of the lower electrode RF circuit of
the present processing chamber, Y is an impedance value corresponding to a lower
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electrode-to-ground capacitance of the present processing chamber, and Y = , ®

being the angular frequency, and Cg being a lower electrode-to-ground capacitance of

the present processing chamber.
[0013] In some embodiments, the control unit is further configured to turn on the lower RF
power supply of the processing chamber to apply a determined power value to the lower
electrode through the matcher to ensure that plasma in the processing chamber does not
ignite;

the power control device further comprising a current detection unit, a voltage
detection unit, and a capacitance detection unit, wherein the current detection unit is
configured to detect a present current at an output end side of the matcher in a main path in
the lower electrode RF circuit, a present bias voltage value of the lower electrode;

the voltage detection unit is configured to detect the present bias voltage value of the
lower electrode;

the capacitance detection unit is configured to detect a lower electrode-to-ground
capacitance; and

the calculation unit is further configured to use following equations to calculate the
loss equivalent resistance and the grounded equivalent resistance of the lower electrode RF
circuit according to the present current, the present bias voltage value, and the lower

electrode-to-ground capacitance:




wherein Rg is the grounded equivalent resistance of the lower electrode RF circuit, Ry
is the loss equivalent resistance of the lower electrode RF circuit, Vo is the present bias
voltage value, Io is the present current, @ is the angular frequency, C is the lower electrode-
to-ground capacitance, and Piow is the determined power value.
[0014] In some embodiments, the semiconductor processing includes a plurality of
processing steps;

the power control device further comprising a writing unit, the writing unit is
configured to, before performing the semiconductor processing, write pre-obtained [ and Is
corresponding to the processing steps into a parameter table; and

the calculation unit is further configured to call Rma, Rga, Ca, RmB, Rep, and Cg, when
the present processing chamber starts performing the processing steps, call [ and Is
corresponding to a current processing step from the parameter table, and with the power
compensation equation and according to Ia, Is, Rma, Rga, Ca, RmB, Rgg, and Cag, obtain the
power compensation coefficient.
[0015] In some embodiments, the calculation unit is configured to calculate a product of the
power compensation coefficient and the power setting value as the power compensation
value.
[0016] As another technical solution, the present disclosure further provides semiconductor
processing equipment, including a processing chamber, an matcher, and a lower RF power
supply, wherein a lower electrode is arranged in the processing chamber, the lower electrode
is electrically connected to the lower RF power supply through the matcher, and the
semiconductor processing equipment further includes the power control device of the present
disclosure.

[0017] The present disclosure has the following beneficial effects.



[0018] In the technical solution of the power control method and device of the lower RF
power supply in the semiconductor processing equipment of embodiments of the present
disclosure, when the processing chamber starts the semiconductor processing, with the pre-
determined power compensation equation and according to the pre-obtained first RF circuit
parameter set and the second RF circuit parameter set of the present processing chamber
performing the semiconductor processing, the power compensation coefficient can be
obtained. According to the power compensation coefficient and the power setting value of the
lower RF power supply of the present processing chamber, the power compensation value
can be calculated. Then, the lower RF power supply can be controlled to output the power
compensation value. Thus, the difference in the power utilized by the plasma between the
other processing chambers except for the reference chamber and the reference chamber can
be compensated. Thus, the consistency in the bias voltage values generated on the wafers
between different chambers under the same processing recipe can be improved. Thus, the
processing result consistency of the different processing chambers can be improved.

[0019] The semiconductor processing equipment of the present disclosure, by adopting the
power control device of the present disclosure, can improve the consistency of the bias
voltage value generated on the wafer among different chambers under the same processing

recipe to improve the consistency of processing results among different process chambers.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] FIG. 1 illustrates a schematic structural diagram of an inductively coupled plasma
equipment.
[0021] FIG. 2A illustrates a schematic diagram showing radio frequency (RF) power loss in a
lower electrode RF circuit in FIG. 1.
[0022] FIG. 2B illustrates an equivalent circuit diagram of the lower electrode RF circuit in

FIG. 1.



[0023] FIG. 3 illustrates a schematic block diagram of a power control method of a lower RF
power supply in semiconductor processing equipment according to embodiments of the
present disclosure.

[0024] FIG. 4A illustrates a schematic structural diagram of semiconductor processing
equipment according to embodiments of the present disclosure.

[0025] FIG. 4B illustrates a schematic equivalent circuit diagram of the lower electrode RF
circuit in FIG. 4A when outputting a determined power.

[0026] FIG. 5A illustrates a schematic equivalent diagram of the lower electrode RF circuit
in FIG. 4A when performing process step Stepl.

[0027] FIG. 5B illustrates a schematic equivalent diagram of the lower electrode RF circuit in
FIG. 4A when performing process step Step2.

[0028] FIG. 6 illustrates schematic equivalent diagrams of lower electrode RF circuits in
different processing chambers according to embodiments of the present disclosure.

[0029] FIG. 7 illustrates a schematic diagram showing power compensation coefficients
corresponding to different processing steps according to embodiments of the present
disclosure.

[0030] FIG. 8 illustrates a schematic block diagram of a power control method of a lower
electrode RF power supply in the semiconductor processing equipment according to some
embodiments of the present disclosure.

[0031] FIG. 9 illustrates a schematic block diagram showing a principle of a power control
device of the lower electrode RF power supply in the semiconductor processing equipment
according to some embodiments of the present disclosure.

[0032] FIG. 10 illustrates a schematic block diagram showing another principle of a power
control device of the lower electrode RF power supply in the semiconductor processing

equipment according to some embodiments of the present disclosure.
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DETAILED DESCRIPTION OF THE EMBODIMENTS
[0033] To help those skilled in the art better understand the technical solution of the present
disclosure, a power control method and a power control device of lower radio frequency (RF)
power supply in semiconductor processing equipment and the semiconductor processing
equipment are described in detail below in conjunction with the accompanying drawings.
[0034] FIG. 1 illustrates a schematic structural diagram of an inductively coupled plasma
equipment. As shown in FIG. 1, the equipment includes a processing chamber 11. A
dielectric window 6 is arranged at the top of the processing chamber. An inductive coupling
coil 5 is arranged above the dielectric window 6. The inductive coupling coil 5 is electrically
connected to an upper RF power supply 1 via an upper matcher 2. The upper RF power
supply 1 can apply RF power onto the inductive coupling coil 5 via the upper matcher 2 to
excite a process gas in the processing chamber 11 to form a plasma 9. Additionally, a lower
electrode 8 (e.g., an electrostatic chuck) is arranged in processing chamber 11 and is
configured to carry a wafer 7. The lower electrode 8§ is electrically connected to a lower RF
power supply 4 via a lower matcher 3. The lower RF power supply 4 is configured to apply
RF power onto the lower electrode 8 to generate an RF bias voltage on the wafer surface to
accelerate ions to etch the wafer 7.
[0035] When the RF power of the lower RF power supply 4 is applied to the electrostatic
chuck 8, a corresponding RF bias voltage is formed on the wafer 7. The RF bias voltage can
be used to accelerate the ions to perform an etching process. When the applied RF power is
different, the magnitude of the bias voltage on the wafer 7 can change, and the final etching
process result can change. Thus, the overall efficiency consistency of the lower electrode
circuit can be closely related to the process results.
[0036] FIG. 2A illustrates a schematic diagram showing radio frequency (RF) power loss in a

lower electrode RF circuit in FIG. 1. As shown in FIG. 2A, the power loss during the process
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from the RF power output from the lower RF power supply 4 to the power utilized by the
plasma 9 mainly includes losses in the matcher, losses in the lower electrode to ground
capacitance, losses in circuit contact, etc. In some embodiments, if the output power of the
lower RF power supply 4 is Pin, the total power loss of the lower electrode RF circuit can be
Po, and the remaining power utilized by the plasma 9 can be Py, Py = Pin - Po. Then, the power
transmission efficiency of the lower electrode RF circuit can be , =Py / Pin.

[0037] FIG. 2B illustrates an equivalent circuit diagram of the lower electrode RF circuit in
FIG. 1. As shown in FIG. 2B, capacitor C1 and capacitor C2 are variable capacitors in lower
matcher 3. A loss resistance of the lower matcher 3 and a contact resistance of the lower
electrode RF circuit as a whole can be considered as a loss equivalent resistance Ry, of the
lower electrode RF circuit. The loss equivalent resistance Ry, is connected in series in the
main path of the lower electrode RF circuit. Moreover, an equivalent circuit connected to an
output end of the main path can include two parallel branches. One of the branches can be a
lower electrode-to-ground branch. The lower electrode-to-ground branch can include a lower
electrode-to-ground capacitance C and an equivalent resistance Ry when the lower electrode
is grounded. The other branch can be a plasma sheath branch. The plasma sheath branch can
include an impedance real part Ry and an equivalent inductance L, of an impedance
imaginary part of the plasma 9, and an impedance real part Rs and an equivalent capacitance
Cs of an impedance imaginary part of the plasma sheath. Additionally, the current in the
lower electrode-to-ground branch can be I, the current in the plasma sheath branch can be I,
and the current at the output end of the lower matcher 3 in the main path of the lower
electrode RF circuit can be I. The current I can be equal to the sum of the currents I and .
[0038] Since among different chambers, the matcher in the lower electrode RF circuit, the
lower electrode, the installation contact resistance, etc., are different, the equivalent resistance

and capacitance of the parts of the lower electrode RF circuit can be different among different
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chambers. That is, the total power loss Po in the lower electrode RF circuit can be different.
Thus, among different chambers, when the output power Pi, of the lower RF power supply is
the same, and the total power loss Py is different, the remaining power P}, utilized by the
plasma 9 (the power transmission efficiency 1) can be different. Then, the RF bias voltage
generated on the wafer surface can be different, which affects the consistency of the
processing results.

[0039] To address the above problem, FIG. 3 illustrates a schematic block diagram of a
power control method of a lower RF power supply in semiconductor processing equipment
according to embodiments of the present disclosure. The method includes the following steps.
[0040] At 101, when semiconductor processing begins in the processing chamber, with
predetermined power compensation equation, and according to a pre-obtained first RF circuit
parameter set of a reference chamber and a second RF circuit parameter set of a present
processing chamber in which the semiconductor process is performed, a power compensation
coefficient of the present processing chamber is obtained relative to the reference chamber.
[0041] The reference chamber above can be one chamber specified from a plurality of
chambers with the same structure. The first RF circuit parameter set of the reference chamber
can refer to a combination of feature parameters of the lower electrode of the reference
chamber. This first RF circuit parameter set can include but is not limited to the current at the
output end of the lower matcher 3 in the main path of the lower electrode RF circuit, the
current in the plasma sheath branch of the lower electrode RF circuit, the loss equivalent
resistance and the ground equivalent resistance of the lower electrode RF circuit, and the
lower electrode-to-ground capacitance.

[0042] The present processing chamber above can be other processing chambers with the
same structure except the reference chamber. When processing is performed in other process

chambers, compensation can be performed on the output power of the lower RF power
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supply 4 according to the inherent parameter of the processing chambers (i.e., the second RF
circuit parameter set) and in connection with the inherent parameter and the plasma sheath
parameter of the reference chamber (i.e., the first RF circuit parameter set) to achieve that the
RF bias voltage generated on the wafer surface when the processing is performed in the other
processing chambers with the same structure is consistent with the reference chamber. The
second RF circuit parameter set of the present processing chamber can include but is not
limited to the loss equivalent resistance and the grounded equivalent resistance of the lower
RF circuit and the lower electrode-to-ground capacitance.

[0043] It should be noted that whether for the reference chamber or other process chambers,
the inherent parameters such as the loss equivalent resistance R, the grounded equivalent
resistance Rg, and the lower electrode-to-ground capacitance C can remain unchanged when
performing the processing. The plasma sheath parameter of the lower electrode RF circuit
(e.g., the RF bias voltage and the current in the plasma sheath branch) can change with
different processing processes. The current I in the lower electrode-to-ground branch is made
of most of the current I (usually greater than 10 amperes). However, the current I in the
plasma sheath branch can be small (smaller than 1 ampere). Thus, the current Is in the plasma
sheath branch can be regarded as a constant current. Since the remaining power P utilized by
the plasma 9 (also referred to as absorption power) is a product of the RF bias voltage and the
current I in the plasma sheath branch, the remaining power Pp, can also change with the
processing. Based on this, the lower electrode loss feature of different chambers can be
reflected by the inherent parameters and the plasma sheath parameters. The difference in the
remaining power Pp between the other processing chambers and the reference chamber can be
compensated according to the lower electrode loss feature to allow different chambers to
have the same remaining power Pp. Thus, the RF bias voltages of different chambers can be

ensured to be consistent, and the processing results can be consistent.
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[0044] In some optional embodiments, as shown in FIG. 4A, based on the inductively
coupled plasma equipment shown in FIG. 1, a current detection unit 24 is further arranged in
the circuit between the output end of the lower matcher 3 and the lower electrode 8 and is
configured to detect the current I at the output end of the lower matcher 3 in the main path of
the lower electrode RF circuit. Additionally, voltage detection unit 23 is connected to the
lower electrode 8 and is configured to detect the RF bias voltage on the wafer surface.
Furthermore, a capacitance detection unit (not shown in the figure) can be connected to the
lower electrode-to-ground branch and be configured to detect the lower electrode-to-ground
capacitance C.

[0045] Taking the inductively coupled plasma equipment shown in FIG. 4A as an example,
as shown in FIG. 4B, corresponding to each processing chamber (including the reference
chamber and other processing chambers), the following acquisition method can be used to
obtain the loss equivalent resistance Rm and the grounded equivalent resistance Rg.

[0046] At 201, the lower RF power supply 4 of the processing chamber (the upper RF power
supply 1 is turned off) is turned on to apply a power setting value Piow on the lower electrode
8 via the lower matcher 3.

[0047] The power setting value Piow can be lower than the power value normally used in the
processing. When the power setting value Piow is applied onto the lower electrode 8, the
determined power Pjow can be almost fully consumed by the lower electrode-to-ground
branch when the lower matcher 3 performs matching. Since the upper RF power supply 1 is
turned off, and the power setting value Piow is low, the power may not be sufficient to cause
the plasma in the processing chamber to ignite. Thus, no plasma load can be generated.
[0048] At 202, the current at the output end of the matcher (i.e., the lower matcher 3) in the
main path of the lower electrode RF circuit, the present bias voltage value of the lower

electrode 8, and the lower electrode-to-ground capacitance are detected.
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[0049] In step 202, the current detection unit 24 can be configured to detect the current Io at
the output end of the matcher in the main path of the lower electrode RF circuit. The voltage
detection unit 23 can be configured to detect the present bias voltage value Vo of the lower
electrode 8, and the capacitance detection unit can be configured to detect the lower
electrode-to-ground capacitance C.

[0050] In some embodiments, the equation (1) of the power setting value Pjow is:

P

low

-12(R, +R,) )

[0051] The equation (2) of the present bias voltage value Vo of the lower electrode 8 is:

1 2
V, =1, R+ (—)
) (2

[0052] The following equations (3) and (4) are derived using the above equations (1) and (2).
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where, R, denotes the grounded equivalent resistance of the lower electrode RF circuit, Rim
denotes the loss equivalent resistance of the lower electrode RF circuit, Vo denotes the
present bias voltage value, lo denotes the present current, @ denotes an angular frequency, C
denotes the lower electrode-to-ground capacitance, and Piow denotes the power setting value.
[0053] At 203, using the above equations (3) and (4), and according to the present current lo,
the present bias voltage value Vo, and lower electrode-to-ground capacitance C, the loss
equivalent resistance Rm and the grounded equivalent resistance Ry of the lower electrode RF

circuit are calculated.
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[0054] Of course, in practical applications, the loss equivalent resistance Ry, and the
grounded equivalent resistance R, of the lower electrode RF circuit can also be obtained in
any other methods, which are not limited in the present disclosure.

[0055] Taking the inductively coupled plasma equipment shown in FIG. 4A as an example of
performing semiconductor processing 1, as shown in FIG. 5A, the equation (5) of the bias

voltage value V; of the lower electrode 8 is:

o)
@C ) (s)

where, l¢1 is the current in the lower electrode-to-ground branch corresponding to
semiconductor processing 1.

[0056] The equation (6) of the current I; at the output end of the matcher in the main path of
the lower electrode RF circuit corresponding to semiconductor processing 1 is:

L=1,+1 (6)

[0057] The above bias voltage value V1 and current I; can be detected and obtained by the
voltage detection unit 23 and the current detection unit 24, respectively. The grounded
equivalent resistance Ry can be calculated through the equation (3). Therefore, the equation
(7) of the current Is; in the plasma sheath branch corresponding to semiconductor processing

1is:

1 2
R+ (a)Cj
(7
[0058] For example, semiconductor processing 2 is performed by the inductively coupled

plasma equipment shown in FIG. 4A, as shown in FIG. 5B, the equation (8) of the bias

voltage value V2 of the lower electrode 8 is:
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where, I¢; is the current in the lower electrode-to-ground branch corresponding to
semiconductor processing 2.
[0059] The equation (9) of the current > at the output end of the matcher in the main path of

the lower electrode RF circuit corresponding to semiconductor processing 2 is:
I,=1,+1, 9)

[0060] The above bias voltage value V2 and current I> can be detected by the voltage
detection unit 23 and the current detection unit 24, respectively. The grounded equivalent
resistance Ry can be calculated through the equation (3) as above. Therefore, the equation (10)

of the current Is in the plasma sheath branch corresponding to semiconductor processing 2 is:

2

R§+(;C)

(10)

[0061] From the above, the equation for the current s in the plasma sheath branch can be
applied regardless of whether semiconductor processing 1, semiconductor processing 2, or
any other different processing.
[0062] Taking three process chambers (A, B, C) as an example, as shown in FIG. 6, firstly,
step 201 to step 203 can be used to obtain the loss equivalent resistance Rma and grounded
equivalent resistance Rga for processing chamber A, the loss equivalent resistance R and
ground equivalent resistance Rgp for processing chamber B, the loss equivalent resistance
Rmc and grounded equivalent resistance Rgc for processing chamber C. Additionally, the
capacitance detection unit of processing chamber A can be configured to obtain the lower
electrode-to-ground capacitance Ca. The capacitance detection unit of processing chamber B

can be configured to obtain the lower electrode-to-ground capacitance Cg. The capacitance
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detection unit of processing chamber C can be configured to obtain the lower electrode-to-
ground capacitance Cc.

[0063] Since the loss equivalent resistances R, the grounded equivalent resistances Rg, and
the lower electrode-to-ground capacitances C corresponding to different chambers are
different, the bias voltage values corresponding to different chambers can be different. That is,
for example, semiconductor processing 1 is performed, Vai#Vsi#Vci. Based on this, when
the power setting value of the lower electrode power supply 4 of the three processing
chambers (A, B, and C) is Piy, remaining power Ppa, remaining power Ppg, and remaining
power Ppc utilized by the plasma 9 corresponding to the three processing chambers (A, B,

and C) can have the following equations.

P, =Vyl, =14k, (1)
Py =Vyl, =nyF, (12)
Po=Vol, =n0D, (13)

where, 7741, s _and "¢t are power transmission efficiencies for the three processing
chambers (A, B, and C) respectively. Is1 can be the current in the plasma sheath branch
corresponding to semiconductor processing 1.

[0064] If processing chamber A is selected as the reference chamber, the equation (7) can be
used to calculate the current Is; for processing chamber A. The currents in the plasma sheath
branches corresponding to semiconductor processing 1 for the other two processing chambers
(B and C) can be set to be equal to Is;.

[0065] When semiconductor processing 1 is performed in processing chamber B, the power

compensation coefficient of processing chamber B can be set to B . If the remaining power

PyB utilized by the plasma 9 corresponding to processing chamber B is equal to the remaining
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power Pyc utilized by the plasma 9 corresponding to processing chamber C, the following

equation exists.
151 (BinB,) =Vl o By =Vl =14 F, (14)
[0066] According to the equation (14) above, the equation for the power compensation

coefficient P for processing chamber B is derived as:

— VAl]sl

15
" Vil (15)

[0067] Assuming that an RF frequency applied to the lower electrode 8 is f, an impedance

corresponding to the ground capacitance Ca of processing chamber A is X, and X = ! s

A

where w =27f, an impedance corresponding to the ground capacitance Cg of processing

chamber Bis Y,and Y = % , where @ =27 . Based on this, the bias voltage values
' B

corresponding to processing chamber A and processing chamber B under the same power

setting value Pin, respectively, are:

2
1
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[0068] Moreover, the currents at output ends of the matchers in the main paths of the lower
REF circuits corresponding to processing chamber A and processing chamber B with the same
power setting value Py, respectively, are:

Lp=1a+1y (18)

Iy =1p+1y (19
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[0069] Then, the power setting value P, is:

[)in = IfllRmA + IczAleA + VAIISI = [fzilRmB + [tzBleB + VBIISI (20)

[0070] According to the above equations (16) to (20), the current I¢g; in the lower electrode-

to-ground branch corresponding to processing chamber B is derived as:

_ -1, (ZRmH + Y)+ \/]}1 (2RmB + Y)z B 4(RmB + RgB )[Ile (RmE -R,, )_ ]zzAl (RmA + RgA )_ 20y R, — 1x1]<*A1X]
o 2(RmB + RgB) Q1)

[0071] Using processing chamber A as the reference chamber, and substituting the above
equation (21) into the equation (15), the power compensation equation for processing

chamber B corresponding to semiconductor processing 1 is derived as:

Vala _ LeyXly _ Z(Rma Ry Xl.u _Iu)X
Vala  leplls [_ 1;1(2RmB + Y)]Y + )7\/1:12(2th5 + Y): - 4(RmE +Ry 11512 (Rms =R, )_ (1_41 -1, )2 (RmA +R,, )_ (zjlem + X)(I_u -1, )J ( 22 )

B =

[0072] Where, B is the power compensation coefficient for processing chamber B
corresponding to semiconductor processing 1 relative to processing chamber A.

[0073] The first RF circuit parameter set of processing chamber A can include 14, Is, Rma,
Rga, and X. Ia1 is the current at the output end of the matcher in the main path of the lower
electrode RF circuit corresponding to semiconductor processing 1. I is the current in the
plasma sheath circuit branch of the lower electrode RF circuit corresponding to
semiconductor processing 1. Rma is the loss equivalent resistance of the lower electrode RF
circuit of processing chamber A. Rga is the grounded equivalent resistance of the lower

electrode RF circuit of processing chamber A. X is the impedance value corresponding to the

, where @ is

lower electrode-to-ground capacitance of processing chamber A, and X =
A

the angular frequency. Ca is the lower electrode-to-ground capacitance of processing
chamber A.
[0074] The second RF circuit parameter set of processing chamber B can include Rm, Rgp,

and Y. Rup is the loss equivalent resistance of the lower electrode RF circuit of processing
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chamber B. Rgp is the grounded equivalent resistance of the lower electrode RF circuit of

processing chamber B. Y is the impedance value corresponding to the lower electrode-to-

ground capacitance of processing chamber B, and Y = , where @ is the angular

oC,
frequency. Cg is the lower electrode-to-ground capacitance of processing chamber B.
[0075] Similarly, using processing chamber A as the reference chamber, the power
compensation equation for processing chamber C corresponding to semiconductor processing
1 is derived as:
Vol, I, X, 2R, + R Ny —~1,)X

Bo=i= = ; - ; -
U Tela Teol @R+ 22+ 241 @R+ 2 =R+ R Re =R == L) R+ R)-CLR+ XN -1 (23)

[0076] Where By is the power compensation coefficient for processing chamber C
corresponding to semiconductor processing 1 relative to processing chamber A.

[0077] The second RF circuit parameter set of processing chamber C can include Rmc, Rec,
and Z. Rmc is the loss equivalent resistance of the lower electrode RF circuit of processing
chamber C. Ryc is the grounded equivalent resistance of the lower electrode RF circuit of

processing chamber C. Z is the impedance value corresponding to the lower electrode-to-

ground capacitance of processing chamber C, and Z =

, where @ is the angular
oC,

C
frequency. Cc is the lower electrode-to-ground capacitance of processing chamber C.
[0078] Similarly, using processing chamber A as the reference chamber, the power

compensation equations for processing chamber B and processing chamber C corresponding

to semiconductor processing 2 are derived as:

Bon = Vil — Lo, X - Z(Rms +RKBX1.42 _[:z)X
Vol el LRy VW 1 @R ) R R W Ry~ R )~ LY R+ R )G+ XKL~ 10)] (24)
po =Vl oMLy 2Ry + R W= 12X

Veio loerlliy [1 (R + 2N+ 217 QR +2) = aRe + RN R =R )= LY R 4 R, )- QLR+ XN - 1)) (25)
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[0079] It should be noted that the semiconductor processing 1 and semiconductor processing
2 above can include two different processing recipes or two different processing steps within
the same semiconductor processing.

[0080] In some optional embodiments, the semiconductor processing can include a plurality
of processing steps. For different processing steps, the current Is; in the plasma sheath branch
of the lower RF circuit can be different. Thus, taking processing chamber A as the reference
chamber as an example, the power control method of embodiments of the present disclosure
further includes the following steps.

[0081] At 301, before performing the semiconductor processing, pre-obtained 4 (the current
at the output end of the lower matcher 3 in the main path of the lower RF circuit) and Is (the
current in the plasma sheath branch) corresponding to the processing steps are written in a
parameter table. For example, the processing steps include N steps, and N is an integer
greater than 1.

[0082] The I and Is corresponding to the processing steps can be calculated using the
equation (7) above.

[0083] Table 1 shows the parameter table of I and Is of processing chamber A (i.e., the

reference chamber) corresponding to the N processing steps.

Step Is Ia

1 Is1 Ta1
2 Is> a2
N In Ian

[0084] At 302, the pre-obtained Rma, Rga, and Ca corresponding to processing chamber A

and Rmg, Rgp, and Cg corresponding to processing chamber B are called.
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[0085] Then, step 101 is performed. Step 101 can include:

when processing chamber B begins an i-th processing step (i=1, 2, . . ., N), calling I a; and Is;
corresponding to the i-th processing step from the parameter table; and

by using the power compensation equation (22) and according to i, Isi, Rma, Rga, Ca, RuB,

Rg¢p, and Cg corresponding to the i-th processing step, obtaining the power compensation

coefficient B of processing chamber B corresponding to the i-th processing step.

[0086] As shown in FIG. 7, in a process of performing N processing steps (Step1, Step2, . . .,
StepN), each processing step corresponds to an I, an 14, and a power compensation
coefficient.

[0087] It should be noted that the method for obtaining the power compensation coefficient

By corresponding to the i-th processing step is illustrated here only with processing chamber
B as an example. In practical applications, the other chambers with the same structure except

the reference chamber can be suitable for the method for obtaining the power compensation

coefficient B, corresponding to the i-th processing step.

[0088] At 102, the power compensation value of the present processing chamber relative to
the reference chamber is calculated according to the power compensation coefficient and the
power setting value of the lower RF power supply of the present processing chamber.

[0089] In some optional embodiments, step 102 can specifically include:

calculating the product of the power compensation coefficient and the power setting value as
the power compensation value.

[0090] At 103, the lower RF power supply 4 is controlled to output the power compensation
value.

[0091] In step 103, the power output by the lower RF power supply 4 can be the

compensated power value.

24-



[0092] For the plurality of processing steps, each time step 103 is performed until the current
processing step ends, and a next processing step is performed, I and Is corresponding to the
next processing step can be called from the parameter table, and the power compensation
coefficient corresponding to the next processing step can be calculated again. For the specific
execution processes, reference can be made to FIG. 8.

[0093] Step 102 and step 103 are used to calculate the power compensation value and
perform power compensation on the power setting value (i.e., Pix) output by the lower RF
power supply 4. Thus, the remaining power Pp utilized by the plasma 9 of the other chambers
with the same structure except the reference chamber can be consistent with the remaining
power Pp of the reference chamber to ensure that the RF bias voltages of different chambers
are consistent to achieve consistent processing results.

[0094] As another technical solution, as shown in FIG. 9, embodiments of the present
disclosure also provide a power control device 20 of the lower RF power supply in the
semiconductor processing equipment, which includes a calculation unit 21 and a control unit
22. The calculation unit 21 can be configured to, when the semiconductor processing begins
in the processing chamber, obtain the power compensation coefficient of the present
processing chamber relative to the reference chamber by using the predetermined power
compensation equation and according to the pre-obtained first RF circuit parameter set of the
reference chamber and the second RF circuit parameter set of the present processing chamber
that performs the semiconductor processing, and calculate the power compensation value of
the present processing chamber relative to the reference chamber according to the power
compensation coefficient and the power setting value of the lower RF power supply of the
present processing chamber.

[0095] The control unit 22 can be configured to control the lower RF power supply to output

the power compensation value.
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[0096] The reference chamber can be a determined chamber from the plurality of processing
chambers with the same structure. The first RF circuit parameter set of the reference chamber
can be a combination of the feature parameters of the lower electrode of the reference
chamber. The first RF circuit parameter set can include but is not limited to the current at the
output end of the lower matcher in the main path of the lower electrode RF circuit, the current
of the plasma sheath branch of the lower electrode RF circuit, the loss equivalent resistance
and the grounded equivalent resistance of the lower electrode RF circuit, and the lower
electrode-to-ground capacitance.

[0097] The present processing chamber can be processing chambers with the same structure
except the reference chamber. The second RF circuit parameter set of the present processing
chamber can include but is not limited to the loss equivalent resistance and the grounded
equivalent resistance of the lower RF circuit and the lower electrode-to-ground capacitance.
[0098] Taking the inductively coupled plasma equipment shown in FIG. 4A as an example,
as shown in FIG. 2B, capacitor C1 and capacitor C2 are both variable capacitors in the lower
matcher 3. The loss resistance of the lower matcher 3 and the contact resistance of the lower
electrode RF circuit as a whole can be considered as the loss equivalent resistance Ry, of the
lower electrode RF circuit. The loss equivalent resistance Rm can be connected in series in the
main path of the lower electrode RF circuit. The equivalent circuit part connected to the
output end of the main path can include two parallel branches. One of the branches can be a
lower electrode-to-ground branch. The lower electrode-to-ground branch can include a lower
electrode-to-ground capacitance C and an equivalent resistance R, when the lower electrode
is grounded. The other branch can be a plasma sheath branch. The plasma sheath branch can
include an equivalent inductance L, of an impedance real part Ry and an impedance
imaginary part of the plasma 9, and an equivalent capacitance Cs of an impedance real part R

and an impedance imaginary part of the plasma sheathr. Additionally, the current in the lower
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electrode-to-ground branch can be I, the current in the plasma sheath branch can be s, and
the current at the output end of the lower matcher 3 in the main path of the lower electrode
RF circuit can be 1.

[0099] It should be noted that whether for the reference chamber or other process chambers,
the inherent parameters such as the loss equivalent resistance Rm, the grounded equivalent
resistance Rg, and the lower electrode-to-ground capacitance C can remain unchanged when
performing the processing. The plasma sheath parameter of the lower electrode RF circuit
(e.g., the RF bias voltage and the current in the plasma sheath branch) can change with
different processing processes. The current I in the lower electrode-to-ground branch is made
of most of the current I (usually greater than 10 amperes). However, the current I in the
plasma sheath branch can be small (smaller than 1 ampere). Thus, the current I in the plasma
sheath branch can be regarded as a constant current. Since the remaining power P}, utilized by
the plasma 9 (also referred to as absorption power) is a product of the RF bias voltage and the
current s in the plasma sheath branch, the remaining power P, can also change with the
processing. Based on this, the lower electrode loss feature of different chambers can be
reflected by the inherent parameters and the plasma sheath parameters. The difference in the
remaining power P, between the other processing chambers and the reference chamber can be
compensated according to the lower electrode loss feature to allow different chambers to
have the same remaining power Pp. Thus, the RF bias voltages of different chambers can be
ensured to be consistent, and the processing results can be consistent.

[0100] In some optional embodiments, the above power compensation equation is:

_ 2(RmB + RgE XI 4~ ! N )X
[_ [s (2RmB + Y)]Y + Y\/]sz(szB + Y)z _4(RmB + RgB ljsz(RmB - RmA )_ ([A - IS )Z (RmA + Ru )_ (213Rm.4 + X)(IA - IS )]

By

[0101] Where /5 is the power compensation coefficient of the present processing chamber
(taking the processing chamber B in FIG. 6 as an example) relative to the reference chamber.

The first RF circuit parameter set can include Ia, Is, Rma, Rga, and X, where 14 is the current
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at the output end of the matcher in the main path of the lower electrode RF circuit. Is is the
current in the plasma sheath branch of the lower electrode RF circuit of the reference
chamber. Rina is the loss equivalent resistance of the lower electrode RF circuit of the
reference chamber; Rga is the grounded equivalent resistance of the lower electrode RF

circuit of the reference chamber. X is the impedance value corresponding to the lower

electrode-to-ground capacitance of the reference chamber, and X = , where o is the

A
angular frequency. Ca of the lower electrode-to-ground capacitance of the reference chamber.
[0102] The second RF circuit parameter set can include Rmp, Rgp, and Y. Rmp is the loss
equivalent resistance of the lower electrode RF circuit of the present processing chamber. Ry
is the grounded equivalent resistance of the lower electrode RF circuit of the present

processing chamber. Y is the impedance value corresponding to the lower electrode-to-

ground capacitance of the present processing chamber. Y = , where o is the angular

aC,
frequency. Cg of the lower electrode-to-ground capacitance of the present processing
chamber.
[0103] In some optional embodiments, taking the inductively coupled plasma equipment
shown in FIG. 4A as an example, the control unit 22 is also configured to activate the lower
RF power supply 4 of the processing chamber and apply the determined power value to the
lower electrode 8 through the matcher 3 to ensure that the plasma in the processing chamber
does not ignite.
[0104] Specifically, as shown in FIG. 4B, corresponding to each processing chamber
(including the reference chamber and the processing chamber), the lower RF power supply 4
of the processing chamber is activated (the upper RF power supply 1 is turned off). The

determined power value Piow is applied to the lower electrode 8 through matcher 3.
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[0105] The determined power value Piow can be low compared to the power value adopted by
normal processing. Thus, when the determined power value Piow is applied to the lower
electrode, when the lower matcher 3 is paired, the determined power value Pjow can be
consumed by the lower electrode-to-ground branch. Since the RF power supply 1 is turned
off, and the determined power value Piow is low, the power may not be sufficient to cause the
plasma in the processing chamber to ignite. Thus, the plasma load cannot be generated.
[0106] Based on this, as shown in FIG. 10, the power control device 20 further includes a
current detection unit 24, a voltage detection unit 23, and a capacitance detection unit 25. The
current detection unit 24 is arranged in the circuit between the output end of the matcher 3
and the lower electrode 8 and configured to detect the present current (i.e., lo) at the output
end side of the lower matcher 3 in the main path of the lower electrode RF circuit. The
voltage detection unit, for example, can be electrically connected to the RF electrode of the
lower electrode 8 and configured to detect the present bias voltage value of the lower
electrode 8 (i.e., Vo). The capacitance detection unit can be configured to detect the lower
electrode-to-ground capacitance (i.e., C) of the lower electrode 8.

[0107] Based on this, the calculation unit 21 can be further configured to calculate the loss
equivalent resistance Rm and the grounded equivalent resistance Ry of the lower electrode RF
circuit using the following equation and the present current lo, the present bias voltage value

Vo, and the lower electrode-to-ground capacitance C. The equations are as follows.

() e

R, =Lz _p

m 12 g
0
where, R, is the grounded equivalent resistance of the lower electrode RF circuit, R is the

loss equivalent resistance of the lower electrode RF circuit, Vo is the present bias voltage
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value, o is the present current, @ is the angular frequency, C is the lower electrode-to-ground
capacitance, and Pjow is the determined power value.

[0108] In some optional embodiments, the semiconductor processing can include a plurality
of processing steps. The power control device 20 can further include a writing unit. The
writing unit can be configured to write the pre-obtained I (the current at the output end side
of the lower matcher 3 in the main path of the lower electrode RF circuit) and Is (the current
in the plasma sheath branch) into the parameter table.

[0109] Optionally, IA and Is corresponding to the processing steps (Step) can be calculated
through the equation (7) of the above embodiments.

[0110] Based on this, taking processing chamber A as the reference chamber and processing
chamber B as the chamber that is performing the processing as an example, the calculation
unit 21 can be further configured to call Rma, Rga, Ca, RmB, R, and Cg. When processing
chamber B starts to perform the i-th processing step (i=1, 2, . . ., N), la; and Is;
corresponding to the i-th processing step can be called from the above parameter table. With

the above power compensation equation, and according to lai, Isi, Rma, Rga, Ca, RmB, Rep,

and Cg corresponding to the i-th processing step, the power compensation coefficient B of
processing chamber B corresponding to the i-th processing step.

[0111] In some optional embodiments, the calculation unit 21 can be configured to calculate
the product of the power compensation coefficient and the power setting value as the power
compensation value.

[0112] In the technical solution of the power control method and device of the lower RF
power supply in the semiconductor processing equipment of embodiments of the present
disclosure, when the processing chamber starts the semiconductor processing, with the pre-
determined power compensation equation and according to the pre-obtained first RF circuit

parameter set and the second RF circuit parameter set of the present processing chamber
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performing the semiconductor processing, the power compensation coefficient can be
obtained. According to the power compensation coefficient and the power setting value of the
lower RF power supply of the present processing chamber, the power compensation value
can be calculated. Then, the lower RF power supply can be controlled to output the power
compensation value. Thus, the difference in the power utilized by the plasma between the
other processing chambers except for the reference chamber and the reference chamber can
be compensated. Thus, the consistency in the bias voltage values generated on the wafers
between different chambers under the same processing recipe can be improved. Thus, the
processing result consistency of the different processing chambers can be improved.

[0113] As another technical solution, embodiments of the present disclosure further provide
semiconductor processing equipment. Taking the inductively coupled plasma equipment
shown in FIG. A as an example, the equipment includes processing chamber 11. A dielectric
window 6 is arranged at the top of processing chamber 11. An inductive coupling coil 5 is
arranged above the dielectric window 6. The inductive coupling coil 5 can be electrically
connected to the upper RF power supply 1 through the upper matcher 2. The upper RF power
supply 1 can apply the RF power to the inductive coupling coil 5 through the upper matcher 2
to excite the process gas in the processing chamber 11 to generate the plasma 9. Moreover,
the lower electrode 8 (e.g., the electrostatic chuck) can be arranged in the processing chamber
11 and configured to carry the wafer 7. The lower electrode 8 can be electrically connected to
the lower RF power supply 4 through the lower matcher 3. The lower RF power supply 4 can
be configured to apply the RF power to the lower electrode 8 to generate the RF bias voltage
on the wafer surface to accelerate the ions to etch the wafer.

[0114] The semiconductor processing equipment of embodiments of the present disclosure
can adopt the power control device of embodiments of the present disclosure. With the device,

the consistency in the bias voltage values generated on the wafers of different chambers
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under the same processing recipe can be improved. Thus, the processing result consistency of
the different processing chambers can be improved.

[0115] It can be noted that the above embodiments are merely exemplary embodiments used
to illustrate the principle of the present disclosure. However, the present disclosure is not
limited to this. For those skilled in the art, without departing from the spirit and essence of
the present disclosure, various variations and improvements can be made. These variations

and improvements are also within the scope of the present disclosure.
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CLAIMS

WHAT IS CLAIMED IS:

1. A power control method of a lower RF power supply of semiconductor
processing equipment comprising:

when a processing chamber starts semiconductor processing, with a predetermined

power compensation equation and according to a pre-obtained first RF circuit parameter set
of a reference chamber and a second RF circuit parameter set of a present processing
chamber performing the semiconductor processing, obtaining a power compensation
coefficient of the present processing chamber relative to the reference chamber;

according to the power compensation coefficient and a power setting value of the
lower RF power supply of the present processing chamber, calculating a power compensation
value of the present processing chamber relative to the reference chamber; and

controlling the lower RF power supply to output the power compensation value.

2. The power control method according to claim 1, wherein a power

compensation equation is:

_ ARy + R N~ 15)X
[_ [s (ZRmE + Y)]} + Y\/Isz(szE + Y)2 _4(RmB + RgEljSz(RmE - Rm.-{ )_ (IA - IS)Z(RWA + RgA )_ (ZISRmA + X)([A - [S )I

By

wherein:

[ is the power compensation coefficient of the present processing chamber
relative to the reference chamber;

the first RF circuit parameter set includes Ia, Is, Rma, Rga, and X;

Ia is a current at an output end of a matcher in a main path of a lower electrode
RF circuit of the reference chamber;

Is is a current in a plasma sheath branch of the lower electrode RF circuit of

the reference chamber;
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Rma is a loss equivalent resistance of the lower electrode RF circuit of the
reference chamber;

Rga is a grounded equivalent resistance of the lower electrode RF circuit of the
reference chamber;

X is an impedance value corresponding to a lower electrode-to-ground

capacitance of the reference chamber, and X = , @ being an angular frequency,

A
Ca being the lower electrode-to-ground capacitance of the reference chamber;
the second RF circuit parameter set includes Rmg, Rgg, and Y;
Rug is a loss equivalent resistance of a lower electrode RF circuit of the
present processing chamber;
Rgp is a grounded equivalent resistance of the lower electrode RF circuit of the
present processing chamber;

Y is an impedance value corresponding to a lower electrode-to-ground

capacitance of the present processing chamber, and Y = , @ being the angular

oLy
frequency, and Cg being a lower electrode-to-ground capacitance of the present

processing chamber.

3. The power control method according to claim 2, wherein acquisition methods

of the loss equivalent resistance and the grounded equivalent resistance of the lower electrode

RF circuit for each processing chamber include:
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turning on the lower RF power supply of the processing chamber to apply a
determined power value to the lower electrode through the matcher to ensure that a plasma in
the processing chamber does not ignite;

detecting a present current at an output end of the matcher in a main path in the lower
electrode RF circuit, a present bias voltage value of the lower electrode, and a lower
electrode-to-ground capacitance; and

using following equations to calculate the loss equivalent resistance and the grounded
equivalent resistance of the lower electrode RF circuit according to the present current, the

present bias voltage value, and the lower electrode-to-ground capacitance:

P

low
Rm - ]2 Rg
0 .
b

wherein:

R¢ is the grounded equivalent resistance of the lower electrode RF circuit;
R is the loss equivalent resistance of the lower electrode RF circuit;

Vo is the present bias voltage value;

Io is the present current;

o is the angular frequencys;

C is the lower electrode-to-ground capacitance; and

Piow is the determined power value.

4, The power control method according to claim 2, wherein the semiconductor
processing includes a plurality of processing steps;

the power control method further comprising:
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before performing the semiconductor processing, writing pre-obtained Ia and
Is corresponding to the processing steps into a parameter table;
calling Rma, Rga, Ca, Rup, Re, and Cg; and
when the processing chamber starts performing the semiconductor processing,
with the predetermined power compensation equation and according to the pre-
obtained first RF circuit parameter set of the reference chamber and the second RF
circuit parameter set of the present processing chamber performing the semiconductor
processing, obtaining the power compensation coefficient of the present processing
chamber relative to the reference chamber, including:
when the present processing chamber starts performing the processing
steps, calling I and Is corresponding to a current processing step from the
parameter table; and
with the power compensation equation and according to Ia, Is, Rma,

Rga, Ca, RuB, Rgp, and Cg, obtaining the power compensation coefficient.

5. The power control method according to claim 1, wherein according to the
power compensation coefficient and the power setting value of the lower RF power supply of
the present processing chamber, obtaining the power compensation value of the present
processing chamber relative to the reference chamber includes:

calculating a product of the power compensation coefficient and the power setting

value as the power compensation value.

6. A power control device of a lower RF power supply in semiconductor process

equipment comprising a calculation unit and a control unit, wherein:
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the calculation unit is configured to, when a processing chamber starts

semiconductor processing, adopt a predetermined power compensation equation, a pre-
obtained first RF circuit parameter set of a reference chamber, and a second RF circuit
parameter set of a present processing chamber performing the semiconductor processing,
obtain a power compensation coefficient of the present processing chamber relative to the
reference chamber, and according to the power compensation coefficient and a power setting
value of the lower RF power supply of the present processing chamber, and calculate a power
compensation value of the present processing chamber relative to the reference chamber; and

the control unit is configured to control the lower RF power supply to output the

power compensation value.

7. The power control device according to claim 6, wherein the power

compensation equation is:

= 2(RmB + RgB X[A - [x )X
[_ I (ZRmB + Y)]Y + Y\/[SZ(ZRWB + Y)z _4(RmE + Ry ll.VZ(RmB -R,, )_ ([A =1 )2 (Rm + Ry )_ (2[SRmA + X)([A =1 )I

By

wherein:

[ is the power compensation coefficient of the present processing chamber
relative to the reference chamber;

the first RF circuit parameter set includes Ia, Is, Rma, Rga, and X;

1A is a current at an output end of a matcher in a main path of a lower electrode
RF circuit;

Is is a current in a plasma sheath branch of the lower electrode RF circuit of
the reference chamber;

Rma is a loss equivalent resistance of the lower electrode RF circuit of the

reference chamber;
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Rga is a grounded equivalent resistance of the lower electrode RF circuit of the
reference chamber;

X is an impedance value corresponding to a lower electrode-to-ground

capacitance of the reference chamber, and X = , @ being an angular frequency,

A
Ca being the lower electrode-to-ground capacitance of the reference chamber;
the second RF circuit parameter set includes Rmp, Rgp, and Y;
Rmg is a loss equivalent resistance of a lower electrode RF circuit of the
present processing chamber;
Rgp is a grounded equivalent resistance of the lower electrode RF circuit of the
present processing chamber;

Y is an impedance value corresponding to a lower electrode-to-ground

capacitance of the present processing chamber, and Y = , @ being the angular

B
frequency, and Cg being a lower electrode-to-ground capacitance of the present

processing chamber.

8. The power control device according to claim 6, wherein the control unit is
further configured to turn on the lower RF power supply of the processing chamber to apply a
determined power value to the lower electrode through the matcher to ensure that a plasma in
the processing chamber does not ignite;

the power control device further comprising a current detection unit, a voltage
detection unit, and a capacitance detection unit, wherein the current detection unit is
configured to detect a present current at an output end of the matcher in a main path in the

lower electrode RF circuit, a present bias voltage value of the lower electrode;
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the voltage detection unit is configured to detect the present bias voltage value of the
lower electrode;

the capacitance detection unit is configured to detect a lower electrode-to-ground
capacitance; and

the calculation unit is further configured to use following equations to calculate the
loss equivalent resistance and the grounded equivalent resistance of the lower electrode RF
circuit according to the present current, the present bias voltage value, and the lower

electrode-to-ground capacitance:

P
low
R, = —]2 R,
0 .
B
wherein:

R, is the grounded equivalent resistance of the lower electrode RF circuit;
Rum is the loss equivalent resistance of the lower electrode RF circuit;

Vo is the present bias voltage value;

Io is the present current;

o is the angular frequency;

C is the lower electrode-to-ground capacitance; and

Piow is the determined power value.

9. The power control device according to claim 7, wherein the semiconductor

processing includes a plurality of processing steps;
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the power control device further comprising a writing unit, the writing unit is
configured to, before performing the semiconductor processing, write pre-obtained I and Is
corresponding to the processing steps into a parameter table; and

the calculation unit is further configured to call Rma, Rga, Ca, Rmp, Rgg, and Cg, when
the present processing chamber starts performing the processing steps, call 14 and Is
corresponding to a current processing step from the parameter table, and with the power
compensation equation and according to Ia, Is, Rma, Rga, Ca, RmB, R, and Cg, obtain the

power compensation coefficient.

10. The power control device according to claim 6, wherein the calculation unit is
configured to calculate a product of the power compensation coefficient and the power

setting value as the power compensation value.

11. Semiconductor processing equipment comprising a processing chamber, a
matcher, and a lower RF power supply, wherein a lower electrode is arranged in the
processing chamber, the lower electrode is electrically connected to the lower RF power
supply through the matcher, and the semiconductor processing equipment further includes the

power control device of any one of claims 6 to 10.
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