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SPECIFICATION 

 

Title of Invention: PLASMA PROCESSING APPARATUS AND ETCHING 

METHOD  

 5 

Technical Field 

[0001] 

The exemplary embodiment of the present disclosure relates to a plasma 

processing apparatus and an etching method. 

 10 

Background 

[0002] 

Patent Document 1 discloses a plasma processing apparatus including a 

mounting table arranged inside a chamber to mount a wafer, and an edge ring 

positioned to surround the wafer mounted on the mounting table, and performing 15 

plasma processing on the wafer.  In this plasma processing apparatus, a negative 

DC voltage is applied to the edge ring which is worn down by plasma exposure.  

In this manner, Patent Document 1 eliminates sheath distortion, and aims to make 

ions incident vertically on the front surface of the wafer. 

 20 

Prior Art Documents 

Patent Document 

[0003] 

Patent Document 1: Japanese Laid-open Patent Publication No. 2008-

227063 25 
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Summary 

Problems to Be Resolved by the Invention 

[0004] 

According to the present disclosure, a bias power voltage is appropriately 

controlled in plasma processing. 5 

 

Means for Solving the Problems 

[0005] 

Specifically, the present disclosure provides a plasma processing 

apparatus comprising: a plasma processing chamber; a substrate support 10 

arranged inside the plasma processing chamber, the substrate support including a 

lower electrode, an electrostatic chuck, and an edge ring disposed to surround a 

substrate mounted on the electrostatic chuck; an upper electrode arranged on an 

upper side of the substrate support; a source RF power supply configured to supply 

source RF power to the upper electrode or the lower electrode to generate plasma 15 

from a gas inside the plasma processing chamber; a bias power supply configured 

to supply bias power to the lower electrode; a DC power supply configured to apply 

a negative DC voltage to the edge ring; an RF filter electrically connected between 

the edge ring and the DC power supply, and including at least one variable passive 

element; and a controller configured to control the DC power supply and the 20 

variable passive element to adjust an incident angle of ions in the plasma with 

respect to an edge region of a substrate mounted on the electrostatic chuck, and 

configured to control a voltage of the bias power within a permissible range. 

 

Effect of the Invention 25 

[0006] 
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According to the present disclosure, the voltage of the bias power can be 

properly controlled in plasma processing. 

 

Brief Description of the Drawings 

[0007] 5 

FIG. 1 is a longitudinal sectional view schematically illustrating a 

configuration of an etching apparatus according to the present embodiment. 

FIG. 2 is a diagram illustrating a power system of the etching apparatus 

according to the present embodiment. 

FIG. 3A is a diagram illustrating a change in sheath shape and tilting of the 10 

ion incident direction due to edge ring consumption. 

FIG. 3B is a diagram illustrating changes in the sheath shape and tilting of 

the ion incident direction due to edge ring consumption. 

FIG. 4A is a diagram illustrating changes in the sheath shape and tilting of 

the ion incident direction. 15 

FIG. 4B is a diagram illustrating changes in the sheath shape and tilting of 

the ion incident direction. 

FIG. 5 is a diagram illustrating a relationship between a DC voltage from a 

DC power supply or impedance of a second RF filter and a tilt correction angle. 

FIG. 6 is a diagram illustrating a relationship between the DC voltage from 20 

the DC power supply or the impedance of the second RF filter and LF Vpp. 

FIG. 7 is a diagram illustrating a relationship among a thickness of the edge 

ring, the DC voltage from the DC power supply, the impedance of the second RF 

filter, and the LF Vpp. 

FIG. 8 is a diagram illustrating an example method for adjusting the DC 25 

voltage from the DC power supply and the impedance of the second RF filter. 
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FIG. 9 is a diagram illustrating another example method for adjusting the 

DC voltage from the DC power supply and the impedance of the second RF filter. 

FIG. 10 is a diagram illustrating yet another example method for adjusting 

the DC voltage from the DC power supply and the impedance of the second RF 

filter. 5 

FIG. 11 is a longitudinal sectional view illustrating a configuration of a 

connection portion according to another embodiment. 

FIG. 12 is a diagram for describing a sensor for LF Vpp control in the 

etching apparatus. 

FIG. 13 is a diagram illustrating a power system of an etching apparatus 10 

according to another embodiment. 

FIG. 14 is a longitudinal sectional view illustrating a configuration of a 

connection portion according to another embodiment. 

 

Detailed Description 15 

[0008] 

In the manufacturing process of semiconductor devices, plasma processing, 

such as etching, is performed on semiconductor wafers (hereinafter, referred to as 

“wafers”).  During plasma processing, plasma is generated by exciting a process 

gas, and the wafer is processed by the plasma. 20 

[0009] 

The plasma processing is performed using a plasma processing apparatus.  

The plasma processing apparatus generally includes a chamber, a stage, and a 

radio frequency (RF) power supply.  In one example, the RF power supply 

includes a source RF power supply and a bias RF power supply.  The source RF 25 

power supply provides source RF power to generate the plasma from the process 
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gas inside the chamber.  The bias RF power supply supplies bias RF power to 

attract ions to the wafer.  The stage is provided inside the chamber.  The stage 

includes a lower electrode and an electrostatic chuck.  In one example, an edge 

ring is arranged on the electrostatic chuck to surround the wafer mounted on the 

electrostatic chuck.  The edge ring is provided to improve uniformity of the plasma 5 

processing performed on the wafer. 

[0010] 

Over time during plasma processing, the edge ring is gradually worn down, 

and its thickness decreases. When the thickness of the edge ring decreases, the 

sheath shape changes above the edge ring and the edge region of the wafer.  10 

When the sheath shape changes, the ion incidence angle in the wafer's edge 

region tilts away from the vertical.  As a result, a recessed feature formed in the 

edge region of the wafer is tilted with respect to a thickness direction of the wafer. 

[0011] 

In order to form a recessed feature extending in the thickness direction of 15 

the wafer in the edge region of the wafer, it is necessary to adjust the tilt of the ion 

incidence angle by controlling a sheath shape above the edge ring and the wafer’s 

edge region.  Therefore, in order to control the sheath shape above the edge ring 

and the edge region of the wafer, for example, Patent Document 1 proposes a 

plasma processing apparatus configured to apply a negative DC voltage to the 20 

edge ring from a DC power supply. 

[0012] 

However, upon thorough examination, the inventor found that increasing 

the DC voltage to adjust the tilt of the ion incidence angle also increases the Vpp 

voltage of the bias RF power. However, conventionally, although the RF power is 25 

adjusted as a method for adjusting the voltage Vpp, the adjustment of the RF power 
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may have an influence on heat input to the wafer, or may have an influence on 

process performance. 

[0013] 

According to the technology of the present disclosure, the voltage of the 

bias power is appropriately controlled during plasma processing. 5 

[0014] 

Hereinafter, an etching apparatus serving as the plasma processing 

apparatus and an etching method according to the present embodiment will be 

described with reference to the drawings.  In addition, in the present specification 

and the drawings, the same reference numerals will be assigned to elements 10 

having substantially the same functional configurations, and thus, repeated 

description thereof will be omitted. 

[0015] 

<Etching Apparatus> 

First, the etching apparatus according to the present embodiment is 15 

described.  FIG. 1 is a longitudinal sectional view schematically illustrating the 

configuration of an etching apparatus 1.  FIG. 2 is a diagram illustrating the power 

supply system of the etching apparatus 1.  The etching apparatus 1 is a 

capacitively coupled etching apparatus.  In the etching apparatus 1, etching is 

performed on a wafer W, which serves as the substrate. 20 

[0016] 

As illustrated in FIG. 1, the etching apparatus 1 includes a plasma 

processing chamber 10 having a substantially cylindrical shape.  The plasma 

processing chamber 10 defines the boundary of a processing space S in which the 

plasma is generated.  The plasma processing chamber 10 is made of aluminum, 25 

for example.  The plasma processing chamber 10 is grounded. 
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[0017] 

A stage 11, which serves as a substrate support for mounting the wafer W, 

is accommodated inside the plasma processing chamber 10.  The stage 11 

includes a lower electrode 12, an electrostatic chuck 13, and an edge ring 14.  In 

addition, for example, an electrode plate (not illustrated) made of aluminum may 5 

be provided on the lower surface side of the lower electrode 12. 

[0018] 

The lower electrode 12 is made of a conductive material, for example, metal 

such as aluminum, and has a substantially disc-like shape. 

[0019] 10 

In addition, the stage 11 may include a temperature control module 

configured to control at least one of the electrostatic chuck 13, the edge ring 14, 

and the wafer W to have a desired temperature.  The temperature control module 

may include a heater, a flow path, or a combination thereof.  A temperature control 

medium, such as a refrigerant or a thermal gas, flows through the flow path. 15 

[0020] 

In one example, a flow path 15a is formed inside the lower electrode 12.  

The temperature control medium is supplied to the flow path 15a through an inlet 

pipe 15b from a chiller unit (not illustrated) provided outside the plasma processing 

chamber 10.  The temperature control medium supplied to the flow path 15a 20 

returns to the chiller unit through an outlet flow path 15c.  The temperature control 

medium, for example, a coolant such as cooling water is circulated inside the flow 

path 15a.  In this manner, the electrostatic chuck 13, the edge ring 14, and the 

wafer W may be cooled to a desired temperature. 

[0021] 25 

The electrostatic chuck 13 is installed on the lower electrode 12.  In one 
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example, the electrostatic chuck 13 is designed to hold both the wafer W and the 

edge ring 14 in place using electrostatic force.  In the electrostatic chuck 13, an 

upper surface in a central portion is formed higher than an upper surface of a 

peripheral edge portion. The central upper surface serves as the wafer mounting 

surface for placing the wafer W, and in one example, the peripheral edge surface 5 

of the electrostatic chuck 13 serves as the edge ring mounting surface for placing 

the edge ring 14. 

[0022] 

In one example, a first electrode 16a, used to hold the wafer W in place, is 

embedded in the central portion of the electrostatic chuck 13. A second electrode 10 

16b, used to hold the edge ring 14 in place, is embedded in the peripheral edge 

portion of the electrostatic chuck 13.  The electrostatic chuck 13 has a 

configuration in which the electrodes 16a and 16b are embedded between 

insulating materials. 

[0023] 15 

A DC voltage from a DC power supply (not illustrated) is applied to the first 

electrode 16a. The applied DC voltage generates an electrostatic force that holds 

the wafer W on the central upper surface of the electrostatic chuck 13.  Similarly, 

a DC voltage from the DC power supply (not illustrated) is applied to the second 

electrode 16b.  In one example, the applied DC voltage generates an electrostatic 20 

force that holds the edge ring 14 on the peripheral upper surface of the electrostatic 

chuck 13. 

[0024] 

In addition, in the present embodiment, the central portion of the 

electrostatic chuck 13 where the first electrode 16a is provided, and the peripheral 25 

edge portion where the second electrode 16b is provided, are integrally formed, 
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but the central portion and the peripheral portion may be separate components.  

In addition, both the first electrode 16a and the second electrode 16b may be 

unipolar or bipolar. 

[0025] 

In addition, in the present embodiment, the edge ring 14 is electrostatically 5 

held on the electrostatic chuck 13 by applying the DC voltage to the second 

electrode 16b, but a method for maintaining the edge ring 14 is not limited thereto.  

For example, the edge ring 14 may be secured using a suction sheet, or clamped 

in pace.  Alternatively, the edge ring 14 may be held in place by its own weight. 

[0026] 10 

The edge ring 14 is an annular member positioned around the wafer W 

mounted on the upper surface in the central portion of the electrostatic chuck 13.  

The edge ring 14 is provided to improve uniformity of etching.  For this reason, 

the edge ring 14 is made of a material appropriately selected based on the etching 

conditions, and may be made of Si or SiC, for example. 15 

[0027] 

The stage 11 configured as described above is secured to a support 

member 17 having a substantially cylindrical shape provided in a lower portion of 

the plasma processing chamber 10.  The support member 17 is made of an 

insulating material such as ceramic or quartz, for example. 20 

[0028] 

A shower head 20 is provided on the upper side of the stage 11 to face the 

stage 11.  The shower head 20 includes an electrode plate 21 arranged in contact 

with the processing space S, and an electrode support body 22 provided on an 

upper side of the electrode plate 21.  The electrode plate 21, together with the 25 

lower electrode 12, functions as a pair of upper and lower electrodes.  When a 



-10- 

 

 

source RF power supply 50 is electrically coupled to the lower electrode 12 as 

described later, the shower head 20 is connected to the ground potential.  In 

addition, the shower head 20 is supported on the ceiling of the plasma processing 

chamber 10 via an insulating shield member 23. 

[0029] 5 

Multiple gas outlets 21a are formed in the electrode plate 21 to supply 

process gas from the gas diffusion chamber 22a (described later) to the processing 

space S. For example, the electrode plate 21 is made of a conductor or 

semiconductor with low electrical resistivity and minimal Joule heating. 

[0030] 10 

The electrode support body 22 allows the electrode plate 21 to be easily 

attached and detached.  The electrode support body 22 is made of a conductive 

material, such as aluminum, with a plasma-resistant coating on its surface. This 

coating may be an anodized layer or a ceramic layer made of materials such as 

yttrium oxide.  The gas diffusion chamber 22a is formed inside the electrode 15 

support body 22.  A plurality of gas distribution holes 22b communicating with the 

gas outlet 21a are formed in the gas diffusion chamber 22a.  In addition, a gas 

introduction hole 22c connected to a gas supply pipe 33 (to be described later) is 

formed in the gas diffusion chamber 22a. 

[0031] 20 

In addition, a gas supply source group 30 for supplying the process gas to 

the gas diffusion chamber 22a is connected to the electrode support body 22 via a 

flow control device group 31, a valve group 32, the gas supply pipe 33, and the gas 

introduction hole 22c. 

[0032] 25 

The gas supply source group 30 includes a plurality of gas supply sources 
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required for etching.  The flow control device group 31 includes a plurality of flow 

controllers, and the valve group 32 includes a plurality of valves.  Each of the 

plurality of flow controllers of the flow control device group 31 is a mass flow 

controller or a pressure-controlled flow controller.  In the etching apparatus 1, the 

process gas from one or more gas supply sources selected from the gas supply 5 

source group 30 is supplied to the gas diffusion chamber 22a through the flow 

control device group 31, the valve group 32, the gas supply pipe 33, and the gas 

introduction hole 22c.  The process gas supplied to the gas diffusion chamber 22a 

is dispersed in a shower-like manner and supplied into the processing space S 

through the gas distribution hole 22b and the gas outlet 21a. 10 

[0033] 

At the lower portion of the plasma processing chamber 10, a baffle plate 40 

is provided between an inner wall of the plasma processing chamber 10 and the 

support member 17.  For example, the baffle plate 40 is formed by coating an 

aluminum material with ceramic such as yttrium oxide.  A plurality of through-holes 15 

are formed in the baffle plate 40.  The processing space S is connected with the 

exhaust port 41 via the baffle plate 40.  An exhaust device 42 such as a vacuum 

pump is connected to the exhaust port 41, and the inside of the processing space 

S is configured to be depressurized by the exhaust device 42. 

[0034] 20 

In addition, an inlet/outlet 43 of the wafer W is formed on a side wall of the 

plasma processing chamber 10, and the inlet/outlet 43 may be opened or closed 

by a gate valve 44. 

[0035] 

As illustrated in FIGS. 1 and 2, the etching apparatus 1 further includes the 25 

source RF power supply 50, the bias RF power supply 51, and a matching circuit 
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52.  The source RF power supply 50 and the bias RF power supply 51 are coupled 

to the lower electrode 12 through the matching circuit 52. 

[0036] 

The source RF power supply 50 generates source RF power HF for plasma 

generation, and supplies the source RF power HF to the lower electrode 12.  The 5 

source RF power HF has a frequency within a range of 27 MHz to 100 MHz, and 

the frequency is 40 MHz in one example.  The source RF power supply 50 is 

coupled to the lower electrode 12 through a first matching circuit 53 of the matching 

circuit 52.  The first matching circuit 53 is a circuit for matching an output 

impedance of the source RF power supply 50 and an input impedance of the lower 10 

electrode 12 side on a load side.  In addition, the source RF power supply 50 does 

not have to be electrically coupled to the lower electrode 12, and may be coupled 

to a shower head 20 which is the upper electrode, through the first matching circuit 

53.  In addition, instead of the source RF power supply 50, a pulse power supply 

configured to apply a pulse voltage other than the source RF power HF to the lower 15 

electrode 12 may be used.  This pulse power supply is similar to a pulse power 

supply used instead of the bias RF power supply 51 (to be described later). 

[0037] 

The bias RF power supply 51 generates the bias RF power LF for attracting 

the ions to the wafer W, and supplies the bias RF power LF to the lower electrode 20 

12.  The bias RF power LF has a frequency within a range of 400 kHz to 13.56 

MHz, and the frequency is 400 kHz in one example.  The bias RF power supply 

51 is coupled to the lower electrode 12 through a second matching circuit 54 of the 

matching circuit 52.  The second matching circuit 54 is a circuit for matching the 

output impedance of the bias RF power supply 51 and the input impedance of the 25 

lower electrode 12 side on the load side.  In addition, instead of the bias RF power 
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supply 51, a pulse power supply configured to apply a pulse voltage other than the 

bias RF power LF to the lower electrode 12 may be used.  Here, the pulse voltage 

is a periodically varying voltage with a pulse waveform.  The pulse power supply 

may be a DC power supply.  The pulse power supply may be configured so that 

the power supply itself applies the pulse voltage, or may be configured to have a 5 

device for pulsing the voltage on a downstream side.  In one example, the pulse 

voltage is applied to the lower electrode 12 to generate a negative potential on the 

wafer W.  The pulse voltage may be a square wave, a triangular wave, an impulse, 

or may have another waveform.  The frequency of the pulse voltage (pulse 

frequency) may be a frequency within a range of 100 kHz to 2 MHz.  In addition, 10 

the bias RF power LF or pulse voltage may be supplied or applied to the bias 

electrode provided within the electrostatic chuck 13. 

[0038] 

The etching apparatus 1 further includes a direct current (DC) power supply 

60, a switching unit 61, a first RF filter 62, and a second RF filter 63.  The DC 15 

power supply 60 is electrically connected to the edge ring 14 via the switching unit 

61, the second RF filter 63, and the first RF filter 62.  In addition, in the present 

embodiment, the DC power supply 60 is connected to the ground potential. 

[0039] 

The DC power supply 60 is a power supply that generates a negative DC 20 

voltage applied to the edge ring 14.  In addition, the DC power supply 60 is a 

variable DC power supply, and the level of the DC voltage may be adjusted. 

[0040] 

The switching unit 61 is configured to stop the application of the DC voltage 

from the DC power supply 60 to the edge ring 14.  In addition, a circuit 25 

configuration of the switching unit 61 may be appropriately designed by those 
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skilled in the art. 

[0041] 

The first RF filter 62 and the second RF filter 63 are filters that respectively 

attenuate the RF power.  For example, the first RF filter 62 attenuates the source 

RF power HF of 40 MHz from the source RF power supply 50.  For example, the 5 

second RF filter 63 attenuates the bias RF power LF of 400 kHz from the bias RF 

power supply 51. 

[0042] 

In one example, the second RF filter 63 is configured to have the variable 

impedance.  That is, the second RF filter 63 includes at least one variable passive 10 

element, allowing for adjustable impedance.  In the following description, the 

impedance of the second RF filter 63 and the impedance of the variable passive 

element are synonymous.  For example, the second variable passive element 

may be any one of a coil (inductor) or a condenser (capacitor).  In addition, without 

being limited to the coil or the condenser, any variable impedance element such as 15 

diodes may achieve the same function.  The number and positions of the variable 

passive elements may also be appropriately designed by those skilled in the art.  

In addition, the element itself does not need to be variable.  For example, a 

plurality of elements having fixed impedance values may be provided, and the 

impedance may be varied by using a switching circuit to change a combination of 20 

the elements having the fixed values.  In addition, the circuit configurations of both 

the second RF filter 63 and the first RF filter 62 may be appropriately designed by 

those skilled in the art. 

[0043] 

The etching apparatus 1 may further include a measuring device (not 25 

illustrated) for measuring a self-bias voltage of the edge ring 14 or a self-bias 
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voltage of the lower electrode 12 or the wafer W.  In addition, those skilled in the 

art may appropriately design a configuration of the measuring device. 

[0044] 

The etching apparatus 1 described above is provided with the controller 

100.  For example, the controller 100 is a computer equipped with a CPU, a 5 

memory, and the like, and includes a program storage unit (not illustrated).  The 

program storage stores a program that controls the etching process in the etching 

apparatus 1.  In addition, the program may be recorded on a computer-readable 

storage medium, and may be installed in the controller 100 from the storage 

medium.  In addition, the storage medium may be temporary or non-temporary. 10 

[0045] 

<Etching Method> 

Next, etching performed by using the etching apparatus 1 configured as 

described above will be described. 

[0046] 15 

First, the wafer W is introduced into the plasma processing chamber 10, 

and the wafer W is mounted on the electrostatic chuck 13. Then, a DC voltage is 

applied to the first electrode (16a) of the electrostatic chuck (13), causing the wafer 

(W) to be electrostatically attracted and held in place by Coulomb force.  In 

addition, after the wafer W is introduced, the plasma processing chamber 10 is 20 

internally depressurized to a desired vacuum level by the exhaust device 42. 

[0047] 

Next, the process gas is supplied to the processing space S from the gas 

supply source group 30 through the shower head 20.  In addition, the source RF 

power HF for generating the plasma is supplied to the lower electrode 12 by the 25 

source RF power supply 50, and the process gas is excited to generate the plasma.  
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In this case, bias RF power (LF) for ion acceleration may be supplied by the bias 

RF power supply (51).  Etching is performed on the wafer W by an action of the 

generated plasma. 

[0048] 

To conclude the etching process, first, the supply of the source RF power 5 

HF from the source RF power supply 50 and the supply of the process gas by the 

gas supply source group 30 are stopped.  In addition, when the bias RF power LF 

is supplied during the etching, the supply of the bias RF power LF is also stopped.  

Next, the supply of a heat transfer gas to a back surface of the wafer W is stopped, 

and the electrostatic chuck (13) releases its hold on the wafer (W). 10 

[0049] 

Thereafter, the wafer W is taken out from the plasma processing chamber 

10, and a series of etching operations on the wafer W are completed. 

[0050] 

In addition, in some cases of the etching, the plasma may be generated by 15 

using only the bias RF power LF from the bias RF power supply 51, without using 

the source RF power HF from the source RF power supply 50. 

[0051] 

<Tilt Angle Control Method> 

Next, a method for controlling a tilt angle in the etching described above 20 

will be described. The tilt angle refers to the inclination of a recessed feature formed 

by etching in the edge region of the wafer (W) relative to its thickness direction.  

The tilt angle is approximately equal to the incident angle of ions in the vertical 

direction at the wafer’s edge region. In the following description, the direction 

toward the wafer's center along its thickness will be referred to as the 'inner side,' 25 

while the direction outward along its thickness will be referred to as the 'outer side.' 
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[0052] 

FIGs. 3A and 3B illustrate changes in sheath shape and ion incident angle 

caused by edge ring wear.  The edge ring 14 indicated by a solid line in FIG. 3A 

represents the edge ring 14 in a state where there is no consumption.  The edge 

ring 14 indicated by a dotted line represents the edge ring 14 whose thickness is 5 

decreased due to the consumption.  In addition, a sheath SH indicated by a solid 

line in FIG. 3A represents the shape of the sheath SH when the edge ring 14 is not 

in a consumed state.  The sheath SH indicated by a dotted line represents the 

shape of the sheath SH when the edge ring 14 is in a consumed state.  In addition, 

an arrow in FIG. 3A represents the incident direction of the ions when the edge ring 10 

14 is in the consumed state. 

[0053] 

As illustrated in FIG. 3a, in one example, when the edge ring 14 is not in 

the consumed state, the shape of the sheath SH is maintained flat on the upper 

side of the wafer W and the edge ring 14. As a result, ions strike the wafer (W) in 15 

a vertical direction, nearly perpendicular to its surface.  Therefore, the tilt angle 

becomes zero degrees. 

[0054] 

Meanwhile, when the edge ring 14 is consumed and the thickness is 

reduced, the thickness of the sheath SH in the edge region of the wafer W and on 20 

the upper side of the edge ring 14 is reduced, and the shape of the sheath SH is 

changed to a convex downward shape.  As a result, the ion incidence angle at the 

wafer’s edge deviates from the vertical direction.  In the following description, 

when the incident direction of the ions is tilted toward the radially inner center side 

with respect to the vertical direction, a phenomenon in which the recessed feature 25 

formed by the etching is tilted toward the inner side will be referred to as inner tilt.  
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In FIG. 3b, the incident direction of the ions is tilted toward the inner side at an 

angle θ1, and the recessed feature is also tilted toward an inner side at the angle 

θ1.  A cause of the inner tilt is not limited to the consumption of the edge ring 14 

described above. For example, if the bias voltage of the edge ring 14 is lower than 

that of the wafer W, inner tilt can occur from the outset.  For example, in the initial 5 

state of the edge ring 14, in some cases, the tilt angle may be corrected by 

intentionally adjusting the tilt angle to the inner tilt, and by adjusting at least one of 

the DC voltage from the DC power supply 60 described later and the impedance 

of the second RF filter 63. 

[0055] 10 

In addition, as illustrated in FIGS. 4A and 4B, in some cases, with respect 

to the central region of the wafer W, the thickness of the sheath SH may increase 

in the edge region of the wafer W and on the upper side of the edge ring 14, and 

the shape of the sheath SH may become a convex upward shape.  For example, 

when the bias voltage generated in the edge ring 14 is high, the shape of the sheath 15 

SH may become a convex upward shape.  In FIG. 4A, an arrow indicates the 

incident direction of the ions.  In the following description, when the incident 

direction of the ions is tilted radially outward with respect to the vertical direction, a 

phenomenon in which the recessed feature formed by the etching is tilted toward 

the outer side will be referred to as outer tilt.  In FIG. 4B, the incident direction of 20 

the ions is tilted toward the outer side by an angle θ2, and the recessed feature is 

also tilted toward the outer side by the angle θ2. 

[0056] 

In the etching apparatus 1 of the present embodiment, the tilt angle is 

controlled.  Specifically, the tilt angle is controlled by controlling the incident angle 25 

of the ions by adjusting at least one of the DC voltage from the DC power supply 
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60 and the impedance of the second RF filter 63. 

[0057] 

[Adjustment of DC Voltage] 

First, adjustment of the DC voltage from the DC power supply 60 will be 

described.  In the DC power supply 60, the DC voltage applied to the edge ring 5 

14 is set to a negative value in which a sum of an absolute value of the self-bias 

voltage Vdc and a set value ΔV is an absolute value, that is, -(｜Vdc｜＋ΔV).  The 

self-bias voltage Vdc is a self-bias voltage of the wafer W, and is a self-bias voltage 

of the lower electrode 12 when at least some RF power is supplied and the DC 

voltage from the DC power supply 60 is not applied to the lower electrode 12.  The 10 

set value ΔV is provided by the controller 100. 

[0058] 

The controller 100 determines the set value ΔV using a predefined function 

or lookup table based on the edge ring's consumption, the reduction in its thickness 

from its initial value, and the estimated consumption derived from etching process 15 

conditions, such as processing time.  That is, the controller 100 determines the 

set value ΔV by inputting the edge ring's consumption and self-bias voltage into 

the function or by referencing the lookup table using these values. 

[0059] 

In determining the set value ΔV, the controller 100 may use a difference 20 

between an initial thickness of the edge ring 14 and the thickness of the edge ring 

14 actually measured by using a measuring device such as a laser measuring 

device or a camera, as the consumption amount of the edge ring 14.  In addition, 

the consumption amount of the edge ring 14 may be estimated from a change in 

the mass of the edge ring 14 which is measured by using a measuring device such 25 

as a mass meter.  Alternatively, the controller 100 may estimate the edge ring's 
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consumption from a specific parameter using a predefined function or lookup table 

to determine the set value ΔV.  The specific parameter may be any one of the self-

bias voltage Vdc, the voltage Vpp of the source RF power HF or the bias RF power 

LF, a load impedance, an electrical characteristic of the edge ring 14 or a periphery 

of the edge ring 14, and the like.  The electrical characteristic of the edge ring 14 5 

or the periphery of the edge ring 14 may be any one of a voltage, a current value, 

a resistance value including the edge ring 14, and the like at any location of the 

edge ring 14 or the periphery of the edge ring 14.  Another function or table is 

determined in advance to determine a relationship between a specific parameter 

and the consumption amount of the edge ring 14.  To estimate the edge ring's 14 10 

consumption, the etching apparatus 1 operates under predefined measurement 

conditions before actual etching or during maintenance. These conditions include 

the source RF power HF, bias RF power LF, processing space S pressure, and 

process gas flow rate.  The specific parameter is then obtained and entered into 

the function or used to reference the lookup table, determining the edge ring’s (14) 15 

consumption. 

[0060] 

In the etching apparatus 1, during the etching, that is, during a period in 

which at least some RF power from the source RF power HF and the bias RF power 

LF are supplied, a DC voltage is applied to the edge ring 14 from the DC power 20 

supply 60.  In this manner, the shape of the sheath in the edge ring 14 and on the 

upper side of the edge region of the wafer W is controlled.  The tilting in the 

incident direction of the ions on the edge region of the wafer W is reduced, and the 

tilt angle is controlled.  As a result, the recessed feature which is substantially 

parallel in the thickness direction of the wafer W is formed over the entire region of 25 

the wafer W. 
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[0061] 

More specifically, during etching, the self-bias voltage Vdc is measured by 

a measuring device (not illustrated).  In addition, a DC voltage is applied to the 

edge ring 14 from the DC power supply 60.  The applied DC voltage to the edge 

ring 14 is set to -(｜Vdc｜＋ΔV) as described above.  Here, ｜Vdc｜ represents 5 

the absolute value of the self-bias voltage Vdc measured just prior, while ΔV is a 

set value determined by the controller 100.  In this way, the DC voltage applied to 

the edge ring 14 is determined from the self-bias voltage Vdc measured during the 

etching.  In this way, even when there is a change in the self-bias voltage Vdc, the 

DC voltage generated by the DC power supply 60 is corrected, and the tilt angle is 10 

appropriately corrected. 

[0062] 

[Adjustment of Impedance] 

Next, the adjustment of the impedance in the second RF filter 63 will be 

described. 15 

[0063] 

The controller 100 determines the impedance of the second RF filter 63 

based on the edge ring's 14 consumption, similar to how it sets the DC voltage 

from the DC power supply 60, as described above.  By adjusting the impedance 

of the second RF filter 63, the controller 100 modifies the voltage generated in the 20 

edge ring 14. 

[0064] 

In the etching apparatus 1, during etching, the second RF filter 63 is 

controlled to the impedance set in the controller 100.  This regulates the sheath 

shape above the edge ring (14) and the upper portion of the wafer’s (W) edge 25 

region.  Accordingly, the tilting in the incident direction of the ions on the edge 
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region of the wafer W is reduced, and the tilt angle is controlled. 

[0065] 

[Adjustment of DC Voltage and Impedance] 

FIG. 5 is a diagram for describing a relationship between the DC voltage 

from the DC power supply 60 or the impedance of the second RF filter 63 and the 5 

correction angle of the tilt (hereinafter, referred to as a “tilt correction angle”).  The 

vertical axis in FIG. 5 represents the tilt correction angle, while the horizontal axis 

represents the DC voltage or the impedance.  As illustrated in FIG. 5, when the 

absolute value of the DC voltage from the DC power supply 60 is increased, the tilt 

correction angle increases.  In addition, the tilt correction angle also increases by 10 

increasing the impedance of the second RF filter 63.  In addition, in an example 

illustrated in FIG. 5, the tilt correction angle is increased by increasing the 

impedance, but depending on a configuration of the second RF filter 63, the tilt 

correction angle may be decreased by increasing the impedance. The relationship 

between impedance and the tilt correction angle is not fixed, as it depends on the 15 

design of the second RF filter 63.  Additionally, the resolution of tilt angle 

correction—whether by adjusting the DC voltage or impedance—depends on the 

performance of the DC power supply (60) and the second RF filter 63, respectively.  

The resolution of tilt angle correction refers to the amount of correction achieved 

per single adjustment of the DC voltage or impedance. 20 

[0066] 

The tilt angle is controlled by adjusting the DC voltage from the DC power 

supply 60 and/or the impedance of the second RF filter 63, depending on the 

wear/consumption of the edge ring 14.  For example, the tilt angle may be 

controlled by adjusting only the DC voltage from the DC power supply 60, or the tilt 25 

angle may be controlled by adjusting only the impedance of the second RF filter 
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63.  In addition, the tilt angle may be controlled by adjusting both the DC voltage 

from the DC power supply 60 and the impedance of the second RF filter 63. 

[0067] 

Specifically, as shown in FIGs. 3A and 3B, when the edge ring 14 wears 

down, the ion incidence angle tilts inward relative to the vertical direction, resulting 5 

in inner tilt.  Therefore, as illustrated in FIG. 5, when at least one of the absolute 

value of the DC voltage from the DC power supply 60 and the impedance of the 

second RF filter 63 is increased, the tilt correction angle increases.  In this way, 

an inward-tilted angle can be shifted outward, ultimately correcting the tilt angle to 

zero degrees. 10 

[0068] 

In addition, in the present embodiment, although at least one of the DC 

voltage from the DC power supply 60 and the impedance of the second RF filter 

63 is adjusted in accordance of the consumption amount of the edge ring 14, the 

timing of DC voltage or impedance adjustment is not restricted to this method.  For 15 

instance, the DC voltage or impedance can be adjusted based on the wafer's 

processing time.  Alternatively, for example, the timing for adjusting the DC 

voltage or the impedance may be determined by combining the processing time of 

the wafer W and the predetermined parameters, for example, such as radio 

frequency power. 20 

[0069] 

<Method for Controlling Voltage Vpp of Bias RF Power LF> 

Next, in the above-described etching, a method for controlling the voltage 

Vpp of the bias RF power LF (hereinafter, referred to as “LF Vpp” will be described. 

[0070] 25 

FIG. 6 is a diagram for describing a relationship between the DC voltage 
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from the DC power supply 60 or the impedance of the second RF filter 63 and LF 

Vpp.  The vertical axis in FIG. 6 represents the LF Vpp, while the horizontal axis 

represents the DC voltage or the impedance.  Through careful analysis, the 

inventor discovered the following.  As illustrated in FIG. 6, when the absolute 

value of the DC voltage from the DC power supply 60 is increased, the LF Vpp 5 

increases, but when the impedance of the second RF filter 63 is increased, the LF 

Vpp decreases.  That is, when the impedance of the second RF filter 63 is 

adjusted, the tilt angle may be controlled, and at the same time, the LF Vpp may 

be controlled.  Based on this finding, the LF Vpp is controlled. 

[0071] 10 

During the etching in the etching apparatus 1, for example, when the 

thickness of the edge ring 14 decreases in accordance with the consumption of the 

edge ring 14 as illustrated in FIG. 7A, the absolute value of the DC voltage from 

the DC power supply 60 is increased.  The DC voltage is determined based on 

controllability of the tilt angle.  When the absolute value of the DC voltage is 15 

increased in this way, the LF Vpp increases. 

[0072] 

Therefore, as illustrated in FIG. 7B, the DC voltage is increased, and the 

impedance of the second RF filter 63 is also increased.  When the impedance is 

increased in this way, the LF Vpp decreases due to the relationship illustrated in 20 

FIG. 6.  That is, an increase in the LF Vpp due to the adjustment of the DC voltage 

is offset by a decrease in the LF Vpp due to the adjustment of the impedance.  In 

this way, the LF Vpp may be controlled to fall within a stable or permissible range.  

In addition, the permissible range is set according to the specifications required for 

the etching process. 25 

[0073] 
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According to the present embodiment, the tilt angle may be controlled by 

adjusting the DC voltage from the DC power supply 60 and the impedance of the 

second RF filter 63, and in addition, the LF Vpp may be appropriately adjusted by 

adjusting the impedance.  That is, the LF Vpp control during the tilt angle control 

may be realized.  Furthermore, this control is achieved without modifying the 5 

apparatus configuration. 

[0074] 

In addition, as described above, in conventional methods, the LF Vpp is 

adjusted by adjusting the RF power.  Accordingly, the adjustment of the RF power 

may have an influence on heat input to the wafer, or may have an influence on 10 

process performance.  In contrast, according to the present embodiment, since 

the LF Vpp may be adjusted by causing the RF power to be constant, the influence 

on the heat input to the wafer or the process performance in the related art may be 

suppressed. 

[0075] 15 

In addition, in the present embodiment, as illustrated in FIG. 6, when the 

impedance of the second RF filter 63 is increased, the LF Vpp is decreased.  

However, depending on the circuit design of the second RF filter 63 or a 

measurement location of the LF Vpp, when the impedance is decreased, the LF 

Vpp may be decreased in some cases.  Therefore, in order to decrease the LF 20 

Vpp, it is not always necessary to increase the impedance of the second RF filter 

63, and the impedance may be adjusted depending on the circuit design of the 

second RF filter 63 or the measurement location of LF Vpp. 

[0076] 

<Method for Adjusting DC Voltage and Impedance> 25 

As described above, in the present embodiment, the tilt angle and the LF 



-26- 

 

 

Vpp are controlled by adjusting the DC voltage from the DC power supply 60 and 

the impedance of the second RF filter 63.  In this case, the adjustment of the DC 

voltage and the adjustment of the impedance may be optionally combined.  

Hereinafter, an example will be described. 

[0077] 5 

FIG. 8 illustrates an example method for adjusting the DC voltage from the 

DC power supply (60) and the impedance of the second RF filter 63.  In FIG. 8, 

absolute values V1, V2, V3, and V4 of the DC voltages increase in this order, and 

impedances Z1, Z2, Z3, and Z4 decrease in this order.  In addition, "Edge ring 

New" indicates a state where the edge ring 14 is new before being consumed, and 10 

"Edge ring Life Limit" indicates a state where the edge ring 14 reaches an end of a 

lifespan and needs to be replaced after being consumed. 

[0078] 

As shown in FIG. 8, as the edge ring 14 wears down, the absolute value of 

the DC voltage is adjusted from V1 to V3, while the impedance is changed from Z3 15 

to Z1.  In the present embodiment, the adjustment of the DC voltage and the 

adjustment of the impedance are simultaneously performed. 

[0079] 

As the edge ring (14) wears down, the ion incidence angle shifts toward an 

inner tilt. As shown in FIG. 5, increasing the absolute value of the DC voltage 20 

increases the tilt correction angle.  In this way, the inward tilt angle can be shifted 

outward, effectively correcting the tilt angle to zero degrees.  In addition, in this 

case, since the impedance is reduced, the tilt correction angle decreases.  

However, after the decrease in the tilt correction angle is considered, the absolute 

value of the DC voltage is changed so that the tilt angle becomes zero degrees. 25 

[0080] 
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As shown in FIG. 9, increasing the DC voltage raises LF Vpp. However, 

increasing the impedance lowers LF Vpp, allowing it to be controlled within a stable 

or permissible range.  In addition, the vertical axis in FIG. 9 represents the LF Vpp, 

and the horizontal axis represents the DC voltage or the impedance. 

[0081] 5 

As explained earlier, the DC voltage and impedance values are set to 

maintain a tilt angle of zero degrees while keeping LF Vpp within a stable or 

permissible range.  The tilt angle and the LF Vpp may be appropriately controlled. 

[0082] 

In addition, in the present embodiment, the DC voltage and the impedance 10 

are simultaneously changed and adjusted.  However, both of these may be 

individually adjusted.  A timing for adjusting the DC voltage and a timing for 

adjusting the impedance are set in any desired way.  For example, the impedance 

may be adjusted after the DC voltage is adjusted, or the impedance may be 

adjusted after the DC voltage is adjusted.  In any case, both the tilt angle and the 15 

LF Vpp are controlled. 

[0083] 

Additionally, in this embodiment, while both DC voltage and impedance are 

adjusted, it is also possible to control the tilt angle and LF Vpp by disabling the DC 

voltage output from the power supply (60) and adjusting only the impedance. 20 

[0084] 

Furthermore, in this embodiment, the impedance is adjusted in a single 

direction from Z3 to Z1, but it may also be increased or decreased, as shown in 

FIG. 10.  In addition, the vertical axis in FIG. 10 represents the DC voltage or the 

impedance, and the horizontal axis represents an apparatus operation time 25 

(process time).  In addition, in FIG. 10, a first arrow represents a behavior of the 
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DC voltage and the impedance when the first wafer W is etched, and a second 

arrow represents a behavior of the DC voltage and the impedance when the 

second wafer W is etched. 

[0085] 

Conventionally, when controlling the tilt angle, the impedance is adjusted in 5 

a single direction to increase the tilt correction angle.  In contrast, in this 

embodiment, when LF Vpp is controlled within a stable or permissible range, the 

impedance can be increased or decreased, as indicated by the bidirectional arrows 

in FIG. 10.  In other words, the impedance may be adjusted regardless of the 

consumption amount of the edge ring 14, and may be optionally adjusted within a 10 

range that does not affect the tilt angle control. LF Vpp increases with changes in 

DC voltage but can also fluctuate due to other factors.  Thus, by adjusting the 

impedance in response to LF Vpp fluctuations, LF Vpp can be consistently 

maintained within a stable or permissible range. 

[0086] 15 

Additionally, in this embodiment, the initial impedance is set to Z3, but this 

starting value can be freely adjusted.  As described above, in the present 

embodiment, the impedance may be increased or decreased, and the starting point 

may be freely selected. 

[0087] 20 

In this embodiment, the DC voltage and impedance are adjusted between 

the etching of one wafer (W) and the next. However, the timing of these 

adjustments is not restricted to this interval.  For example, when the etching time 

for one wafer W is long and the edge ring 14 is consumed during the etching, the 

DC voltage and the impedance may be adjusted during the etching. 25 

[0088] 
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<Another Embodiment> 

As previously described, the bias RF power (LF) supplied from the bias RF 

power supply (51) typically operates between 400 kHz and 13.56 MHz, but a 

frequency of 5 MHz or lower is preferred.  For high-aspect-ratio etching on the 

wafer (W), high ion energy is necessary to achieve vertical pattern profiles post-5 

etching.  Therefore, as a result of careful analysis, the present inventors found the 

followings.  Setting the bias RF power (LF) frequency to 5 MHz or lower enhances 

ion response to changes in the RF electric field, improving ion energy controllability. 

[0089] 

However, when the bias RF power (LF) frequency is reduced to 5 MHz or 10 

lower, the effectiveness of varying the impedance of the second RF filter (63) may 

decline.  That is, controllability of the tilt angle by adjusting the impedance of the 

second RF filter 63 may be degraded. For instance, as shown in FIG. 2, if the 

electrical connection between the edge ring 14 and the second RF filter 63 is non-

contact or capacitively coupled, adjusting the impedance of the second RF filter 63 15 

may not effectively control the tilt angle.  To address this, in this embodiment, the 

edge ring 14 and the second RF filter 63 are directly connected electrically. 

[0090] 

The edge ring 14 and the second RF filter 63 are electrically directly 

connected through the connection portion.  The edge ring 14 and the connection 20 

portion are in contact, and a DC current from the DC power supply 60 flows through 

the connection portion.  Hereinafter, an example of a structure of the connection 

portion (hereinafter, may be referred to as a “contact structure”) will be described. 

[0091] 

As illustrated in FIG. 11, a connection portion 200 as a conductor includes 25 

a conductive structure 201 and a conductive elastic member 202.  The conductive 
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structure 201 connects the edge ring 14 to the second RF filter 63 via the 

conductive elastic member 202.  Specifically, one end of the conductive structure 

201 is connected to the second RF filter 63.  The other end is exposed on an 

upper surface of the lower electrode 12, and is in contact with the conductive elastic 

member 202. 5 

[0092] 

For example, the conductive elastic member 202 is placed in the space 

between the lower electrode 12 and the edge ring 14, adjacent to the electrostatic 

chuck 13.  The conductive elastic member 202 makes contact with both the 

conductive structure 201 and a lower surface of the edge ring 14.  In addition, the 10 

conductive elastic member 202 is made of a conductor such as a metal, for 

example.  A configuration of the conductive elastic member 202 is not particularly 

limited, but, for example, a configuration illustrated in FIGS. 11A to 11F of Japanese 

Laid-open Patent Publication No. 2022-7865 is disclosed as an example.  In 

addition, an arrangement of the conductive elastic member 202 in a plan view is 15 

also not particularly limited, but, for example, an arrangement illustrated in FIGS. 

12A to 12C of Japanese Laid-open Patent Publication No. 2022-7865 is disclosed 

as an example. 

[0093] 

In this case, as illustrated in FIG. 11, the edge ring 14 and the second RF 20 

filter 63 may be directly connected electrically via the connection portion 200.  

This allows the bias RF power LF frequency to be set at 5 MHz or lower, improving 

ion energy controllability. Additionally, as mentioned earlier, the tilt angle can be 

precisely controlled by adjusting the impedance of the second RF filter (63), 

expanding its adjustment range. 25 

[0094] 
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In addition, a structure for contact with the edge ring 14 is not limited to the 

example illustrated in FIG. 11.  For example, the configuration illustrated in FIGS. 

13A to 13G of Japanese Laid-open Patent Publication No. 2022-7865 may be 

adopted.  Moreover, the relationship between the connection portion 200, the first 

RF filter 62, and the second RF filter 63 is not strictly defined. However, 5 

configurations shown in FIGS. 14A to 14C of Japanese Laid-Open Patent 

Publication No. 2022-7865 serve as examples. 

[0095] 

<Another Embodiment> 

In the above-described embodiment, the DC power supply 60 is connected 10 

to the edge ring 14 via the switching unit 61, the first RF filter 62, and the second 

RF filter 63, but the power supply system for applying the DC voltage to the edge 

ring 14 is not limited thereto.  For example, the DC power supply 60 may be 

electrically connected to the edge ring 14 via the switching unit 61, the second RF 

filter 63, the first RF filter 62, and the lower electrode 12.  In this case, the lower 15 

electrode 12 and the edge ring 14 are directly electrically coupled, and the self-bias 

voltage of the edge ring 14 becomes equal to the self-bias voltage of the lower 

electrode 12. 

[0096] 

When the lower electrode (12) and the edge ring (14) are directly electrically 20 

coupled, the sheath thickness on the edge ring (14) may become unadjustable due 

to capacitance effects from the rigid structure beneath it. As a result, an outer tilt 

state may arise even if no DC voltage is applied. To address this, the present 

disclosure proposes controlling the tilt angle by adjusting the DC voltage from the 

DC power supply (60) and the impedance of the second RF filter (63).  Therefore, 25 

the tilt angle may be adjusted to zero degrees by changing the tilt angle toward the 
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inner side. 

[0097] 

<Another Embodiment> 

In the above-described embodiment, the source RF power HF and the bias 

RF power supply 51 are used as the RF power supplies, but the number of the RF 5 

power supplies is not limited thereto.  For example, a single RF power supply may 

supply single-frequency RF power, or three RF power supplies may supply three-

frequency RF power. 

[0098] 

<Another Embodiment> 10 

In the previous embodiment, the impedance of the second RF filter 63 was 

adjustable. However, the impedance of the first RF filter 62 could also be made 

adjustable, or both RF filters 62 and 63 could have variable impedances.  In this 

case, the first RF filter 62 may attenuate the bias RF power LF, and the LF Vpp 

may be controlled by adjusting the impedance of the first RF filter 62.  Alternatively, 15 

when it is necessary to control the voltage Vpp of the source RF power HF 

(hereinafter, referred to as “HF Vpp”) together with the LF Vpp, the HF Vpp may be 

controlled by adjusting the impedance of the first RF filter 62, and the LF Vpp may 

be controlled by adjusting the impedance of the second RF filter 63. 

[0099] 20 

In addition, in the above-described embodiment, two RF filters 62 and 63 

are provided for the DC power supply 60, but the number of the RF filters is not 

limited thereto.  For example, two RF filters 62 and 63 may be integrated to 

provide one RF filter.  Alternatively, three or more RF filters may be provided. 

[0100] 25 

In addition, in the above-described embodiment, the second RF filter 63 
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(first RF filter 62) includes at least one variable passive element so that the 

impedance is variable, but a configuration for causing the impedance to be variable 

is not limited thereto.  For example, variable or fixed impedance RF filters 62 and 

63 may be connected to a device capable of varying the impedance of the RF filters 

62 and 63.  That is, the RF filters 62 and 63 having variable impedance may be 5 

configured by the RF filter and a device connected to the RF filter and capable of 

varying the impedance of the RF filter.  In addition, the RF filters 62 and 63 include 

at least one variable passive element so that the impedance is variable.  However, 

the variable passive element may be provided outside the RF filters 62 and 63 by 

using the impedance which is not variable. 10 

[0101] 

<Another Embodiment> 

In the above-described embodiment, the etching apparatus 1 may include 

a sensor for controlling the LF Vpp.  FIG. 12 is a diagram for describing the sensor 

for controlling the LF Vpp in the etching apparatus 1. 15 

[0102] 

As illustrated in FIG. 12, the etching apparatus 1 includes an in-chamber 

sensor 300, a matching circuit sensor 301, a DC power sensor 302, and a filter 

path sensor 303.  For each of the sensors 300, 301, 302, and 303, a sensor is 

used depending on a measurement target.  For example, a voltage sensor, a 20 

contact sensor, a non-contact sensor, an optical sensor, and the like are used. 

[0103] 

As an example, the in-chamber sensor 300 may measure the LF Vpp inside 

the plasma processing chamber 10.  In addition, as an example, the in-chamber 

sensor 300 may measure/collect information on the LF Vpp inside the plasma 25 

processing chamber 10, such as a voltage, a current (magnetic field), power, 
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system load parameters (including the impedance, forward power, and reflected 

power).  From the information on the LF Vpp, the LF Vpp may be calculated and 

estimated.  The in-chamber sensor 300 may be provided at any location inside 

the plasma processing chamber 10, and for example, may be provided inside a 

path connecting the matching circuit 52 and the plasma processing chamber 10, 5 

inside a pipe for supplying the RF power, inside the electrostatic chuck 13, or the 

like.  In addition, the in-chamber sensor 300 may be provided outside the plasma 

processing chamber 10.  Information measured/collected by the in-chamber 

sensor 300 is transmitted to the controller 100. 

[0104] 10 

As an example, the matching circuit sensor 301 may measure the LF Vpp 

inside the matching circuit 52.  In addition, as an example, the matching circuit 

sensor 301 may measure/collect information on the LF Vpp inside the matching 

circuit 52, for example, a voltage and system load parameters (including the 

impedance, forward power, and reflected power).  From the information on the LF 15 

Vpp, the LF Vpp may be calculated and estimated.  The matching circuit sensor 

301 may be provided at any position inside the matching circuit 52, and for example, 

may be provided inside the first matching circuit 53, inside the second matching 

circuit 54, at an outlet of the matching circuits 53 and 54.  In addition, the matching 

circuit sensor 301 may be provided outside the matching circuit 52.  Information 20 

measured/collected by the matching circuit sensor 301 is output to the controller 

100. 

[0105] 

As an example, the DC power sensor 302 may measure information on the 

LF Vpp in the DC power supply 60, for example, a DC voltage (output voltage), a 25 

DC current (output current), a radio frequency noise voltage, a radio frequency 
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noise current, and the like from the DC power supply 60.  From the information on 

the LF Vpp, the LF Vpp may be calculated and estimated.  The DC power sensor 

302 is provided inside or outside the DC power supply 60.  Information 

measured/collected by the DC power sensor 302 is output to the controller 100. 

[0106] 5 

As an example, the filter path sensor 303 may measure information on the 

LF Vpp inside the filter path, for example, the voltage, the current (magnetic field), 

and the like.  From the information on the LF Vpp, the LF Vpp may be calculated 

and estimated.  The filter path sensor 303 may be provided at any position inside 

the filter path, for example, may be provided inside the path between the RF filters 10 

62 and 63 and the edge ring 14.  In addition, the filter path sensor 303 may be 

provided inside the RF filters 62 and 63.  Information measured/collected by the 

filter path sensor 303 is output to the controller 100. 

[0107] 

The controller 100 collects and processes information output from the in-15 

chamber sensor 300, the matching circuit sensor 301, the DC power sensor 302, 

and the filter path sensor 303, and outputs an instruction for the second RF filter 

63.  Specifically, when input information is information on the LF Vpp, the 

controller 100 calculates the LF Vpp from the information.  Based on the 

measured LF Vpp or the calculated LF Vpp, the controller 100 calculates the 20 

impedance of the variable passive element of the second RF filter 63.  The 

calculated impedance is output to the second RF filter 63 to control the second RF 

filter 63. 

[0108] 

In addition, in the present embodiment, the controller 100 is provided in the 25 

etching apparatus 1, but may be arranged in any way.  For example, the controller 
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100 may be provided separately from the etching apparatus 1 as a concentrating 

device.  In addition, the controller 100 may be provided integrally with the second 

RF filter 63 or the variable passive element of the second RF filter 63, or may be 

separately provided after being divided into a plurality of the controllers. 

[0109] 5 

According to the present embodiment, the impedance of the second RF 

filter 63 may be automatically adjusted, based on information output from the in-

chamber sensor 300, the matching circuit sensor 301, the DC power sensor 302, 

and the filter path sensor 303. 

[0110] 10 

In addition, in the present embodiment, the in-chamber sensor 300, the 

matching circuit sensor 301, the DC power sensor 302, and the filter path sensor 

303 are provided, but types and the numbers of the sensors are not limited thereto.  

Any sensor that measures the LF Vpp or information on the LF Vpp may be used. 

[0111] 15 

Alternatively, the same sensor may be installed at each portion (for example, 

sensors 300 to 303) to estimate or measure the information on the source RF 

power HF (for example, the load information or the HF Vpp).  The information may 

be output to the controller 100, and may be used to control the impedance of RF 

filters 62 and 63.  In addition, various sensors may be installed at any locations, 20 

depending on a measurement target.  In addition, the information on the source 

RF power HF may be used to control the LF Vpp. 

[0112] 

In addition, in the present embodiment, the in-chamber sensor 300, the 

matching circuit sensor 301, the DC power sensor 302, and the filter path sensor 25 

303 are not essential, and any one of these may be omitted, or all of these may be 
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omitted.  When all of these sensors are omitted, an operator may manually set 

the impedance of the second RF filter 63.  Alternatively, after setting the initial 

impedance, the operator may set the impedance in accordance with a time during 

which the controller 100 supplies the RF power. 

[0113] 5 

<Another Embodiment> 

[0114] 

The etching apparatus 1 of the above-described embodiment may include 

a first variable passive element 64 and a second variable passive element 65 as 

illustrated in FIG. 13, instead of the DC power supply 60, the switching unit 61, the 10 

first RF filter 62, and the second RF filter 63.  That is, the etching apparatus 1 

does not include the DC power supply 60, and does not apply the negative DC 

voltage to the edge ring 14.  The first variable passive element 64 and the second 

variable passive element 65 are arranged in this order from the edge ring 14 side.  

The second variable passive element 65 is connected to the ground potential.  15 

That is, the second variable passive element 65 is not connected to each of the 

source RF power supply 50 and the bias RF power supply 51. 

[0115] 

In one example, at least one of the first variable passive element 64 and 

the second variable passive element 65 is configured to have the variable 20 

impedance.  For example, the first variable passive element 64 and the second 

variable passive element 65 may be any of a coil (inductor) or a condenser 

(capacitor).  In addition, without being limited to the coil or the condenser, any 

variable impedance element such as an element of diode may achieve the same 

function.  The number and positions of the first variable passive element 64 and 25 

the second variable passive element 65 may be appropriately designed by those 
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skilled in the art.  In addition, the element itself does not need to be variable.  For 

example, a plurality of elements having fixed impedance values may be provided, 

and the impedance may be varied by using a switching circuit to change a 

combination of the elements having the fixed values.  In addition, each circuit 

configuration of the first variable passive element 64 and the second variable 5 

passive element 65 may be appropriately designed by those skilled in the art. 

[0116] 

A relationship between the impedance of the first variable passive element 

64 and the impedance of the second variable passive element 65 and the LF Vpp 

is the same as a relationship between the impedance of the second RF filter 63 10 

and the LF Vpp illustrated in FIG. 6.  That is, when the impedance of the variable 

passive elements 64 and 65 is increased, the LF Vpp is decreased.  The LF Vpp 

may be controlled by adjusting the impedance of at least one of the first variable 

passive element 64 and the second variable passive element 65.  In addition, 

when the impedance of the variable passive elements 64 and 65 is decreased 15 

depending on the circuit design of the variable passive elements 64 and 65 or the 

measurement location of the LF Vpp, the LF Vpp may be decreased in some cases.  

The impedance may be adjusted, depending on the circuit design of the variable 

passive elements 64 and 65 or the measurement location of the LF Vpp. 

[0117] 20 

Here, the LF Vpp may vary due to factors other than variations in the DC 

voltage described above.  For example, when an electromagnet is provided on 

the upper surface of the plasma processing chamber 10 and a magnetic field is 

formed in the processing space 10s, the LF Vpp may vary due to the magnetic field.  

Therefore, when the LF Vpp secondarily varies in this way, the LF Vpp may be 25 

controlled to fall within a constant or allowable range by adjusting the impedance 
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of at least one of the variable passive elements 64 and 65 as in the present 

embodiment. 

[0118] 

For example, in some cases, any control target value of the LF Vpp may be 

set, and an adjustment function related to a process such as the RF power may 5 

not be varied.  For example, when the RF power is adjusted, the adjustment of 

the RF power may have an influence on heat input to the wafer, or may have an 

influence on process performance.  In this case, the LF Vpp may be controlled to 

a control target value by adjusting the impedance of at least one of the variable 

passive elements 64 and 65 as in the present embodiment. 10 

[0119] 

In addition, the LF Vpp may be controlled by adjusting the impedance of at 

least one of the variable passive elements 64 and 65.  Therefore, the voltage of 

the edge ring 14 which is the connection point of the variable passive elements 64 

and 65 may be adjusted.  As a result, the consumption amount of the edge ring 15 

14 may be controlled by the voltage. 

[0120] 

In addition, in the present embodiment, although the LF Vpp is controlled 

by adjusting the impedance of at least one of the variable passive elements 64 and 

65, the tilt angle may also be controlled.  The method for controlling the tilt angle 20 

by adjusting the impedance of the variable passive elements 64 and 65 is similar 

to the method for controlling the tilt angle by adjusting the impedance of the second 

RF filter 63 described above. 

[0121] 

In addition, in the present embodiment, although the variable passive 25 

elements 64 and 65 control the LF Vpp by adjusting the impedance, the variable 
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passive elements 64 and 65 may be configured to control the HF Vpp.  Here, the 

HF Vpp may vary due to various factors.  For example, when a pulse power supply 

configured to apply a pulse voltage other than the bias RF power LF to the lower 

electrode 12 is used instead of the bias RF power supply 51, the HF Vpp is likely 

to vary.  In this case, the HF Vpp may be controlled to fall within a constant or 5 

allowable range by adjusting the impedance of at least one of the variable passive 

elements 64 and 65. 

[0122] 

In addition, in the present embodiment, the edge ring 14 and the variable 

passive elements 64 and 65 may be electrically connected.  For example, the 10 

edge ring 14 and the variable passive elements 64 and 65 may be connected by 

non-contact or capacitive coupling.  Alternatively, for example, as illustrated in FIG. 

14, the edge ring 14 and the variable passive elements 64 and 65 may be 

electrically directly connected by the connection portion 200.  The configuration of 

the connection portion 200 is the same as the configuration of the connection 15 

portion 200 illustrated in FIG. 11.  In addition, when the edge ring 14 and the 

variable passive elements 64 and 65 are electrically directly connected, even when 

the frequency of the bias RF power LF is low, an advantageous effect of 

maintaining controllability of LF Vpp may be achieved. 

[0123] 20 

In addition, in the present embodiment, although the variable passive 

elements 64 and 65 are electrically connected to the edge ring 14, the connection 

location of the variable passive elements 64 and 65 is not limited thereto.  For 

example, the variable passive elements 64 and 65 may be electrically connected 

to the lower electrode 12, a conductive component forming the lower electrode 12, 25 

a transmission path for the RF power, a circuit inside the matching circuit 52, and 
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a pulse power supply or the like used instead of the source RF power supply 50 or 

the bias RF power supply 51. 

[0124] 

In addition, in the present embodiment, although two variable passive 

elements 64 and 65 are provided, the number of the variable passive elements is 5 

not limited thereto.  For example, only one of the variable passive elements 64 

and 65 may be provided.  When the second variable passive element 65 is 

omitted, the first variable passive element 64 is connected to ground potential.  In 

addition, when the first variable passive element 64 is omitted, the second variable 

passive element 65 is connected to ground potential.  In this case, the impedance 10 

of the second variable passive element 65 is configured to be variable.  However, 

a function or a circuit provided when the impedance of the first variable passive 

element 64 is fixed may be incorporated into the second variable passive element 

65. 

[0125] 15 

<Another Embodiment> 

In the above-described embodiment, the LF Vpp is controlled by adjusting 

the impedance of the second RF filter 63, and the LF Vpp or the HF Vpp is 

controlled by adjusting the impedance of at least one of the variable passive 

elements 64 and 65, but the control target is not limited to the Vpp.  For example, 20 

the power or the current may be controlled as the control target. 

[0126] 

<Another Embodiment> 

Although the etching apparatus 1 of the above-described embodiment is a 

capacitively coupled etching apparatus, the etching apparatus to which the present 25 

disclosure is applied is not limited thereto.  For example, the etching apparatus 



-42- 

 

 

may be an inductively coupled etching apparatus. 

[0127] 

The disclosed embodiments should be considered as illustrative and not 

restrictive in all respects.  The above-described embodiments may be omitted, 

substituted, or modified in various forms without departing from the scope and the 5 

concept of the appended claims.  For example, configuration elements of the 

above-described embodiments may be optionally combined.  From the optionally 

combined elements, the operations and the advantageous effects of the respective 

configuration elements related to the combination are naturally achieved, and from 

the description of the present specification, other operations and other 10 

advantageous effects are clearly achieved by those skilled in the art. 

[0128] 

In addition, the advantageous effects described in the present specification 

are merely illustrative or exemplary, and are not limited.  That is, the technology 

according to the present disclosure may achieve other advantageous effects that 15 

are obvious to those skilled in the art from the description of the present 

specification, together with the above-described advantageous effects or instead 

of the above-described advantageous effects. 

[0129] 

In addition, the following configuration examples also fall within the 20 

technical scope of the present disclosure. 

(1) 

A plasma processing apparatus comprising: 

a plasma processing chamber; 
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a substrate support arranged inside the plasma processing chamber, the 

substrate support including a lower electrode, an electrostatic chuck, and an edge 

ring disposed to surround a substrate mounted on the electrostatic chuck; 

an upper electrode arranged on an upper side of the substrate support; 

a source RF power supply configured to supply source RF power to the 5 

upper electrode or the lower electrode to generate plasma from a gas inside the 

plasma processing chamber; 

a bias power supply configured to supply bias power to the lower electrode; 

a DC power supply configured to apply a negative DC voltage to the edge 

ring; 10 

an RF filter electrically connected between the edge ring and the DC power 

supply, and including at least one variable passive element; and 

a controller configured to control the DC power supply and the variable 

passive element to adjust an incident angle of ions in the plasma with respect to 

an edge region of a substrate mounted on the electrostatic chuck, and configured 15 

to control a voltage of the bias power within a permissible range. 

(2) 

The plasma processing apparatus of (1), further comprising: 

at least one conductor configured to be in contact with the edge ring, 

wherein the DC power supply is configured to apply a negative DC voltage 20 

to the edge ring via the at least one conductor, and the RF filter is electrically 

connected between the at least one conductor and the DC power supply. 

(3) 

The plasma processing apparatus of (1) or (2), wherein the controller is 

configured to simultaneously adjust the DC voltage of the DC power supply and 25 

the impedance of the variable passive element. 
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(4) 

The plasma processing apparatus of (1) or (2), wherein the controller is 

configured to individually adjust the DC voltage of the DC power supply and the 

impedance of the variable passive element. 

(5) 5 

The plasma processing apparatus of any one of (1) to (4), wherein the 

controller is configured to control the incident angle of the ions by adjusting the DC 

voltage of the DC power supply. 

(6) 

The plasma processing apparatus of any one of (1) to (5), wherein the 10 

controller is configured to control the voltage of the bias power within the 

permissible range by adjusting the increase or decrease in impedance of the 

variable passive element. 

(7) 

The plasma processing apparatus of any one of (1) to (6), further 15 

comprising: 

a sensor for configured to measure the voltage of the bias power or 

information related to the voltage of the bias power, 

wherein the controller controls the variable passive element based on the 

measurement result of the sensor. 20 

(8) 

A plasma processing apparatus comprising: 

a plasma processing chamber; 

a substrate support arranged inside the plasma processing chamber, the 

substrate support including an electrostatic chuck and an edge ring disposed to 25 

surround a substrate mounted on the electrostatic chuck; 
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an RF power supply configured to generate RF power for plasma 

generation from a gas inside the plasma processing chamber; 

at least one variable passive element; and 

a controller configured to control a voltage of the RF power by controlling 

the variable passive element. 5 

(9) 

The plasma processing apparatus of (8), wherein the at least one variable 

passive element is electrically coupled to the edge ring. 

(10) 

The plasma processing apparatus of (9), further comprising: 10 

at least one conductor in contact with the edge ring, 

wherein the at least one variable passive element is electrically coupled to 

the edge ring via the at least one conductor. 

(11) 

An etching method using a plasma processing apparatus, the plasma 15 

processing apparatus including a plasma processing chamber, a substrate support 

disposed inside the plasma processing chamber, the substrate support including 

an electrostatic chuck and an edge ring arranged to surround a substrate mounted 

on the electrostatic chuck, an RF power supply configured to generate RF power 

for plasma generation from a gas inside the plasma processing chamber, and at 20 

least one variable passive element, the etching method comprising: 

(a) mounting the substrate on the electrostatic chuck; 

(b) generating plasma from the gas inside the plasma processing chamber 

by using the RF power; 

(c) etching the substrate using the generated plasma; and 25 

(d) controlling a voltage of the RF power by controlling the at least one 
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variable passive element. 

 

Description of Reference Numerals 

[0130] 

1: etching apparatus 5 

10: plasma processing chamber 

11: stage 

12: lower electrode 

13: electrostatic chuck 

14: edge ring 10 

21: electrode plate 

50: source RF power supply 

51: bias RF power supply 

60: DC power supply 

62: first RF filter 15 

63: second RF filter 

100: controller 

W: wafer 
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CLAIMS 

 

[Claim 1] 

A plasma processing apparatus comprising: 

a plasma processing chamber; 5 

a substrate support arranged inside the plasma processing chamber, the 

substrate support including a lower electrode, an electrostatic chuck, and an edge 

ring disposed to surround a substrate mounted on the electrostatic chuck; 

an upper electrode arranged on an upper side of the substrate support; 

a source RF power supply configured to supply source RF power to the 10 

upper electrode or the lower electrode to generate plasma from a gas inside the 

plasma processing chamber; 

a bias power supply configured to supply bias power to the lower electrode; 

a DC power supply configured to apply a negative DC voltage to the edge 

ring; 15 

an RF filter electrically connected between the edge ring and the DC power 

supply, and including at least one variable passive element; and 

a controller configured to control the DC power supply and the variable 

passive element to adjust an incident angle of ions in the plasma with respect to 

an edge region of a substrate mounted on the electrostatic chuck, and configured 20 

to control a voltage of the bias power within a permissible range. 

 

[Claim 2] 

The plasma processing apparatus of claim 1, further comprising: 

at least one conductor configured to be in contact with the edge ring, 25 
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wherein the DC power supply is configured to apply a negative DC voltage 

to the edge ring via the at least one conductor, and the RF filter is electrically 

connected between the at least one conductor and the DC power supply. 

 

[Claim 3] 5 

The plasma processing apparatus of claim 1 or 2, wherein the controller is 

configured to simultaneously adjust the DC voltage of the DC power supply and 

the impedance of the variable passive element. 

 

[Claim 4] 10 

The plasma processing apparatus of claim 1 or 2, wherein the controller is 

configured to individually adjust the DC voltage of the DC power supply and the 

impedance of the variable passive element. 

 

[Claim 5] 15 

The plasma processing apparatus of claim 1 or 2, wherein the controller is 

configured to control the incident angle of the ions by adjusting the DC voltage of 

the DC power supply. 

 

[Claim 6] 20 

The plasma processing apparatus of claim 1 or 2, wherein the controller is 

configured to control the voltage of the bias power within the permissible range by 

adjusting the increase or decrease in impedance of the variable passive element. 

 

[Claim 7] 25 

The plasma processing apparatus of claim 1 or 2, further comprising: 
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a sensor for configured to measure the voltage of the bias power or 

information related to the voltage of the bias power, 

wherein the controller controls the variable passive element based on the 

measurement result of the sensor. 

 5 

[Claim 8] 

A plasma processing apparatus comprising: 

a plasma processing chamber; 

a substrate support arranged inside the plasma processing chamber, the 

substrate support including an electrostatic chuck and an edge ring disposed to 10 

surround a substrate mounted on the electrostatic chuck; 

an RF power supply configured to generate RF power for plasma 

generation from a gas inside the plasma processing chamber; 

at least one variable passive element; and 

a controller configured to control a voltage of the RF power by controlling 15 

the variable passive element. 

 

[Claim 9] 

The plasma processing apparatus of claim 8, wherein the at least one 

variable passive element is electrically coupled to the edge ring. 20 

 

[Claim 10] 

The plasma processing apparatus of claim 9, further comprising: 

at least one conductor in contact with the edge ring, 

wherein the at least one variable passive element is electrically coupled to 25 

the edge ring via the at least one conductor. 
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[Claim 11] 

An etching method using a plasma processing apparatus, the plasma 

processing apparatus including a plasma processing chamber, a substrate support 

disposed inside the plasma processing chamber, the substrate support including 5 

an electrostatic chuck and an edge ring arranged to surround a substrate mounted 

on the electrostatic chuck, an RF power supply configured to generate RF power 

for plasma generation from a gas inside the plasma processing chamber, and at 

least one variable passive element, the etching method comprising: 

(a) mounting the substrate on the electrostatic chuck; 10 

(b) generating plasma from the gas inside the plasma processing chamber 

by using the RF power; 

(c) etching the substrate using the generated plasma; and 

(d) controlling a voltage of the RF power by controlling the at least one 

variable passive element. 15 

  


