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PLASMA PROCESSING APPARATUS AND GAS SUPPLY METHOD

Technical Field

The present disclosure relates to a plasma processing

apparatus and a gas supply method.

Background

Japanese Laid-open Patent Publication No. 2009-117477
discloses a substrate processing apparatus including a shower
head having a first gas inlet that introduces a gas iInto a
center region in a chamber, a second gas inlet that introduces
a gas into an edge region in the chamber, and a third gas
inlet that introduces a gas into a region on the outer side
relative to the second gas inlet. Further, Japanese Laid-
open Patent Publication No. 2009-117477 discloses that the
first gas 1inlet and the second gas 1inlet introduce a
processing gas into the chamber. Further, Japanese Laid-open
Patent Publication No. 2009-117477 discloses that the third
gas inlet switches between a processing gas and an additional
gas using a switching valve and introduces the processing gas

or the additional gas into the chamber.

Summary

In an aspect, the present disclosure provides a plasma
processing apparatus and a gas supply method for controlling

in-plane uniformity of plasma processing.
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The plasma processing apparatus comprises: a plasma
processing chamber having a substrate support configured to
support a substrate; a shower head having a plurality of gas
inlets configured to introduce a gas into respective regions
in the plasma processing chamber; a gas supply configured to
supply a gas to the plurality of gas inlets; a plasma
generator configured to generate a plasma of the gas; and a
controller configured to control at least the gas supply,
wherein the gas supply includes: a gas unit configured to
supply a common gas to the plurality of gas inlets; and an
injection unit configured to supply an injection gas to the
selected gas inlet among the plurality of gas inlets, and the
controller controls the injection unit so that two or more
types of injection gases are supplied to two different ones

of the plurality of gas inlets.

Brief Description of the Drawings

FIG. 1 illustrates an illustrative diagram illustrating
a configuration example of a capacitively coupled plasma
processing apparatus.

FIG. 2 1llustrates an example of a configuration diagram
of a gas supply.

FIG. 3 1s a diagram illustrating an example of a result
of substrate processing using a plasma processing apparatus
having a gas supply.

FIG. 4 1s a diagram illustrating an example of a
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substrate processing result.

FIG. 5 illustrates an example of a graph of a normalized
etch rate.

FIG. 6 i1llustrates an example of a schematic diagram of

a time chart illustrating an etching process.

Detailed Description

Hereinafter, various exemplary embodiments will be
described in detail with reference to the drawings. Further,
in the respective figures, the same or equivalent portions
are denoted by the same reference signs.

Hereinafter, a configuration example of a plasma
processing system will be described. FIG. 1 illustrates an
example of a diagram i1llustrating a configuration example of
a capacitively coupled plasma processing apparatus.

The plasma processing system includes a capacitively
coupled plasma processing apparatus 1 and a controller 2. The
capacitively coupled plasma processing apparatus 1 includes
a plasma processing chamber 10, a gas supply 20, a power
supply 30, and an exhaust system 40. Further, the plasma
processing apparatus 1 includes a substrate support 11 and a
gas inlet. The gas inlet is configured to introduce at least
one processing gas into the plasma processing chamber 10. The
gas inlet includes a shower head 13. The substrate support
11 i1s disposed in the plasma processing chamber 10. The

shower head 13 i1s disposed above the substrate support 11.



10

15

20

25

In an embodiment, the shower head 13 constitutes at least a
portion of a ceiling of the plasma processing chamber 10. The
plasma processing chamber 10 includes a plasma processing
space 10s defined by the shower head 13, a sidewall 10a of
the plasma processing chamber 10, and the substrate support
11. The plasma processing chamber 10 includes at least one
gas supply port for supplying the at least one processing gas
to the plasma processing space 10s, and at least one gas
exhaust port for exhausting a gas from the plasma processing
space. The plasma processing chamber 10 is grounded. The
shower head 13 and the substrate support 11 are electrically
insulated from a housing of the plasma processing chamber 10.

The substrate support 11 includes a body 111 and a ring
assembly 112. The body 111 includes a central region 1lla
for supporting a substrate W, and an annular region 111b for
supporting the ring assembly 112. A wafer is an example of
the substrate W. The annular region 111b of the body 111
surrounds the central region 11la of the body 111 in plan
view. The substrate W is disposed on the central region 1lla
of the body 111, and the ring assembly 112 is disposed on the
annular region 111b of the body 111 to surround the substrate
W on the central region 1l1lla of the body 111. Accordingly,
the central region 1l1la is also called a substrate support
surface for supporting the substrate W, and the annular region
111b is also called a ring support surface for supporting the

ring assembly 112.
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In an embodiment, the body 111 includes a base 1110 and
an electrostatic chuck 1111. The base 1110 includes a
conductive member. The conductive member of the base 1110
may function as a lower electrode. The electrostatic chuck
1111 i1s disposed on the base 1110. The electrostatic chuck
1111 includes a ceramic member 111la, and an electrostatic
electrode 1111b disposed in the ceramic member 1l11la. The
ceramic member 1111a includes the central region 11la. In an
embodiment, the ceramic member 1111a also includes the annular
region 111b. Further, another member surrounding the
electrostatic chuck 1111, such as an annular electrostatic
chuck or an annular insulating member, may include the annular
region 111b. In this case, the ring assembly 112 may be
disposed on the annular electrostatic chuck or the annular
insulating member, or may be disposed on both the
electrostatic chuck 1111 and the annular insulating member.
Further, at least one RF/DC electrode connected to a radio
frequency (RF) power supply 31 and/or a direct current (DC)
power supply 32 to be described below may be disposed in the
ceramic member 1l11la. In this case, the at least one RF/DC
electrode functions as the lower electrode. When a bias RF
signal and/or DC signal to be described below is supplied to
the at least one RF/DC electrode, the RF/DC electrode is also
called a bias electrode. Further, the conductive member of
the base 1110 and the at Ileast one RF/DC electrode may

function as a plurality of lower electrodes. Further, the
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electrostatic electrode 1111b may function as the lower
electrode. Accordingly, the substrate support 11 includes at
least one lower electrode.

The ring assembly 112 includes one or a plurality of
annular members. In an embodiment, the one or plurality
annular members includes one or a plurality of edge rings and
at least one cover ring. The edge ring i1s formed of a
conductive material or an insulating material, and the cover
ring is formed of an insulating material.

Further, the substrate support 11 may include a
temperature control module configured to adjust at least one
of the electrostatic chuck 1111, the ring assembly 112, and
the substrate to a target temperature. The temperature
control module may include a heater, a heat transfer medium,
flow paths 1110a, or a combination thereof. A heat transfer
fluid such as a brine or a gas flows through the flow paths
1110a. In an embodiment, the flow paths 1110a are formed in
the base 1110, and one or a plurality of heaters are disposed
in the ceramic member 111la of the electrostatic chuck 1111.
Further, the substrate support 11 may also include a heat
transfer gas supply configured to supply a heat transfer gas
to a gap between a back surface of the substrate W and the
central region 1l1la.

The shower head 13 is configured to iIntroduce the at
least one processing gas from the gas supply 20 into the

plasma processing space 10s. The shower head 13 includes at
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least one gas supply port 13a (13al to 13a3), at least one
gas diffusion chamber 13b (13bl to 13b3), and a plurality of
gas inlets 13c (13cl to 13c3). A processing gas supplied to
the gas supply port 13a passes through the gas diffusion
chamber 13b and is introduced into the plasma processing space
10s from the plurality of gas introduction ports 13c.

Further, the shower head 13 illustrated in FIG. 1
includes a gas inlet 51, a gas inlet 52, and a gas inlet 53.
The gas inlet 51 introduces a gas into a central region (a
center region) of the substrate W in the plasma processing
chamber 10. The gas inlet 52 iIntroduces a gas iInto an outer
region (an intermediate region) relative to the gas inlet 51.
The gas inlet 53 introduces a gas into an outer region (an
edge region) relative to the gas inlet 52. The gas inlet 51,
the gas 1iInlet 52, and the gas inlet 53 are disposed
concentrically.

The gas diffusion chamber 13b includes a gas diffusion
chamber 13bl, a gas diffusion chamber 13b2, and a gas
diffusion chamber 13b3.

The gas supply port 13al and a plurality of gas
introduction ports 13cl are connected to the gas diffusion
chamber 13bl so that a gas can flow therethrough. The gas
inlet 51 includes the gas supply port 13al, the gas diffusion
chamber 13bl, and the plurality of gas introduction ports
13cl. Further, the gas supply port 13a2 and a plurality of

gas iIntroduction ports 13c2 are connected to the gas diffusion
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chamber 13b2 so that a gas can flow therethrough. The gas
inlet 52 includes the gas supply port 13a2, the gas diffusion
chamber 13b2, and the plurality of gas introduction ports
13c2. Further, the gas supply port 13a3 and a plurality of
gas introduction ports 13c3 are connected to the gas diffusion
chamber 13b3 so that a gas can flow therethrough. The gas
inlet 53 includes the gas supply port 13a3, the gas diffusion
chamber 13b3, and the plurality of gas introduction ports
13c3.

Further, the shower head 13 includes at least one upper
electrode. Further, the gas inlet may iInclude one or a
plurality of side gas injectors (SGIs) mounted to one or a
plurality of openings formed in the side wall 10a, in addition
to the shower head 13.

The gas supply 20 may include at least one gas source
21 and at least one flow rate controller 22. In an embodiment,
the gas supply 20 is configured to supply the at least one
processing gas from each corresponding gas source 21 to the
shower head 13 via each corresponding flow rate controller 22.
Each flow rate controller 22 may include, for example, a mass
flow rate controller or a pressure-controlled flow rate
controller. Further, the gas supply 20 may include one or
more flow rate modulation devices that modulate or pulse a
flow rate of the at least one processing gas.

The power supply 30 includes an RF power supply 31

coupled to the plasma processing chamber 10 via at least one
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impedance matching circuit. The RF power supply 31 1is
configured to supply at least one RF signal (RF power) to the
at least one lower electrode and/or the at least one upper
electrode. Accordingly, plasma is formed from the at least
one processing gas supplied to the plasma processing space
10s. This makes it possible for the RF power supply 31 to
function as at least a portion of a plasma generator
configured to generate a plasma from one or more processing
gases in the plasma processing chamber 10. Further, when the
bias RF signal is supplied to the at least one lower electrode,
a bias potential is generated in the substrate W, and 1ion
components in the formed plasma can be drawn iInto the
substrate W.

In an embodiment, the RF power supply 31 includes a
first RF generator 3la and a second RF generator 31b. The
first RF generator 3la is configured to be connected to the
at least one lower electrode and/or the at least one upper
electrode via at least one impedance matching circuit and
generate a source RF signal (source RF power) for plasma
generation. In an embodiment, the source RF signal has a
frequency In a range of 10 MHz to 150 MHz. 1In an embodiment,
the first RF generator 3la may be configured to generate a
plurality of source RF signals having different frequencies.
The one or plurality of generated source RF signals are
supplied to the at least one lower electrode and/or the at

least one upper electrode.
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The second RF generator 31b 1is configured to be
connected to the at least one lower electrode via at least
one Impedance matching circuit and generate a bias RF signal
(bias RF power). A frequency of the bias RF signal may be
the same as or different from the frequency of the source RF
signal. In an embodiment, the bias RF signal has a lower
frequency than the source RF signal. In an embodiment, the
bias RF signal has a frequency iIn a range from 100 kHz to 60
MHz. In an embodiment, the second RF generator 31b may be
configured to generate a plurality of bias RF signals having
different frequencies. The one or a plurality of generated
bias RF signals are supplied to the at least one lower
electrode. Further, in various embodiments, at least one of
the source RF signal and the bias RF signal may be pulsed.

The power supply 30 may also include a DC power supply
32 coupled to the plasma processing chamber 10. The DC power
supply 32 includes a first DC generator 32a and a second DC
generator 32b. In an embodiment, the first DC generator 32a
is connected to the at least one lower electrode and is
configured to generate a first DC signal. The generated first
bias DC signal is applied to the at least one lower electrode.
In an embodiment, the second DC generator 32b is connected to
the at least one upper electrode and is configured to generate
a second DC signal. The generated second DC signal is applied
to the at least one upper electrode.

In various embodiments, at least one of the first and

-10-
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second DC signals may be pulsed. In this case, a sequence of
voltage pulses is applied to the at least one lower electrode
and/or to the at least one upper electrode. The voltage pulse
may have a rectangular pulse waveform, a trapezoidal pulse
waveform, a triangular pulse waveform, or a combination
thereof. In an embodiment, a waveform generator for
generating the sequence of voltage pulses from a DC signal is
connected between the first DC generator 32a and at least one
lower electrode. Accordingly, the first DC generator 32a and
the waveform generator constitute a voltage pulse generator.
When the second DC generator 32b and the waveform generator
constitute the voltage pulse generator, the voltage pulse
generator is connected to the at least one upper electrode.
The voltage pulse may have a positive polarity or may have a
negative polarity. Further, the sequence of voltage pulses
may include one or a plurality of positive voltage pulses and
one or a plurality of negative voltage pulses in one period.
Further, the first and second DC generators 32a and 32b may
be additionally installed in the RF power supply 31, and the
first DC generator 32a may be installed instead of the second
RF generator 31b.

The exhaust system 40 may be connected to, for example,
a gas outlet 10e 1installed at a bottom of the plasma
processing chamber 10. The exhaust system 40 may include a
pressure adjustment valve and a vacuum pump. Pressure in the

plasma processing space 10s i1s adjusted by the pressure

-11-
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adjustment valve. The wvacuum pump may

include a turbo

molecular pump, a dry pump, or a combination thereof.

The controller

2 processes computer-executable

instructions for causing the plasma processing apparatus 1 to

execute various processes described i1n the present disclosure.

The controller 2 may be configured to control respective

elements of the plasma processing apparatus 1 so that the

plasma processing apparatus 1 executes various processes

described herein. In an embodiment,

controller 2 may be

a part or all of the

included i1In the plasma processing

apparatus 1. The controller 2 may include a processor 2al, a

storage 2a2, and a communication

interface 2a3. The

controller 2 is realized by, for example, a computer 2a. The

processor 2al may be configured to read a program from the

storage 2a2 and execute the read program to perform various

control operations. This program may be stored in the storage

2a2 in advance, or may be acquired via a medium when necessary.

The acquired program is stored in the storage 2a2, read from

the storage 2a2 by the processor 2al,

and executed by the

processor 2al. The medium may be various storage media

readable by the computer 2a, or may be a communication line

connected to the communication interface 2a3. The processor

2al may be a central processing unit (CPU).

The storage 2a2

may include a random access memory (RAM), a read only memory

(ROM), a hard disk drive (HDD), a solid state drive (SSD), or

a combination thereof.

The communication

-12-

interface 2a3 may



10

15

20

25

communicate with the plasma processing apparatus 1 via a
communication line such as a local area network (LAN).

Next, the gas supply 20 will be described with reference
to FIG. 2. FIG. 2 illustrates an example of a configuration
diagram of the gas supply 20.

The gas supply 20 includes the gas source 21, a gas unit
210 including a flow rate controller 22 (213 and 223), an
injection unit 220, a flow splitter 230, and a valve 240.

The gas source 21 includes a plurality of gas sources
2la to 2le. In the following description, the plasma
processing apparatus 1 is a plasma etching apparatus that
etches an Si02 film formed on the substrate W, the gas source
2l1a supplies an 0> gas, the gas source 21b supplies an NF3
gas, the gas source 21c supplies a CHxF> gas, the gas source
21d supplies a CsFs gas, and the gas source 21le supplies a CsFe
gas.

The gas unit 210 is supplied with each gas from the gas
source 21 (21la to 21le), selects a gas to be supplied to the
flow splitter 230, and adjusts a flow rate of the selected
gas.

Specifically, the gas unit 210 includes a valve 211, a
valve 212, a flow rate controller 213, a valve 214, a gas
flow path 301 (30l1la to 30l1le), and a gas flow path (302).

The gas flow path 301 (30l1a to 30le) are installed for
each gas type of the gas source 21. In the example illustrated

in FIG. 2, five systems of the gas flow path 301 (30la to

-13-
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301e) are installed to correspond to the gas types of the gas
source 21. The upstream sides of the respective gas flow
paths 301 (30l1la to 30le) are connected to the respective gas
sources 21 (2la to 21e). The valve 211, the valve 212, the
flow rate controller 213 (22), and the valve 214 are installed
in the gas flow paths 301 (30la to 30l1le) in order from the
gas source 21 side. The downstream sides of the gas flow
paths 301 (30la to 30l1le) merge and connect to the gas flow
path 302. Further, the downstream side of the gas flow path
302 is connected to the flow splitter 230.

The valve 211 is an opening and closing valve for opening
or closing the gas flow path 301. The valves 212 and 214 are
opening and closing valves that are used when a gas to be
supplied to the flow splitter 230 is selected. The valve 212
is installed on the upstream side of the flow rate controller
213, and the valve 214 is installed on the downstream side of
the flow rate controller 213. For the flow rate controller
213, for example, a mass flow rate controller or a pressure-
controlled flow rate controller may be used.

With this configuration, the controller 2 may control
the opening and closing of the valve 212 and the valve 214 to
select the gas to be supplied to the flow splitter 230.
Further, the controller 2 may control the flow rate controller
213 to adjust a flow rate of the selected gas. The gas which
is selected by the gas unit 210 and whose flow rate has been

adjusted by the gas unit 210 (a mixed gas when a plurality of

-14-
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gases are selected) i1s supplied to the flow splitter 230.
Further, in the following description, the gas supplied from
the gas unit 210 to the flow splitter 230 i1s also called a
common gas (or a main gas).

The fTlow splitter 230 distributes and supplies the
common gas supplied from the gas unit 210 (the gas flow path
302) to gas flow paths 303 (303C, 303M, and 303E).

The gas flow paths 303 (303C, 303M, and 303E) are
installed for the respective divided gas inlets of the shower
head 13. In the example illustrated in FIG. 2, the shower
head 13 includes the gas inlet divided iInto three portions
(the gas inlet 51, the gas inlet 52, and the gas inlet 53),
and three systems of gas flow paths 303 (303C, 303M, and 303E))
are installed to correspond to the number of gas inlets. The
valve 240 is installed in the gas flow paths 303 (303C, 303M,
and 303E). The valve 240 is an opening and closing valve for
opening or closing the gas flow path 303. Further, the
downstream side of the gas flow path 302 is connected to the
gas supply port 13a of the shower head 13.

That i1s, the downstream side of the gas flow path 303C
iIs connected to the gas supply port 13al. The downstream side
of the gas flow path 303M is connected to the gas supply port
13a2. The downstream side of the gas flow path 303E 1is
connected to the gas supply port 13a3.

With this configuration, the common gas distributed from

the flow splitter 230 is supplied to the gas supply ports 13al

-15-
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to 13a3 of the shower head 13 via the gas flow path 303.

Accordingly, the common gas whose flow rate has been
adjusted, which i1s selected in the gas unit 210, is introduced
into the center region, the intermediate region, and the edge
region In the plasma processing chamber 10 from the gas inlet
51, the gas inlet 52, and the gas inlet 53.

The i1njection unit 220 is supplied with the respective
gases from the gas source 21 (2la to 2le), independently
selects the gases (injection gases) supplied to the gas flow
path 303C (the gas supply port 13al), the gas flow path 303M
(the gas supply port 13a2), and the gas flow path 303E (the
gas supply port 13a3), and adjusts a flow rate of the selected
gas.

Specifically, the injection unit 220 includes a valve
221, a valve 222, a flow rate controller 223, a valve 224, a
gas flow path 304 (304a to 304e), and a gas flow path (305
(305C, 305M, 305E)).

The gas flow path 304 (304a to 304e) is installed for
each gas type of the gas source 21. In the example illustrated
in FIG. 2, five systems of gas flow path 304 (304a to 304e)
are installed to correspond to the gas types of the gas source
21. An upstream side of the gas flow path 304 (304a to 304e)
iIs connected to the gas flow path 301 (30la to 30le) between
the valve 211 and the valve 212. The valve 221 is installed
in the gas flow path 304 (304a to 304e).

Further, the gas flow path 304 (304a to 304e) i1s branched

-16-
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into three to correspond to the number of gas flow paths 303
(303C, 303M, and 303E) (in other words, the number of divided
gas inlets) on the downstream side of the valve 221. The gas
flow path 304a is branched into a gas flow path 304aC, a gas
flow path 304aM, and a gas flow path 304aE. The valve 222,
the flow rate controller 223 (22), and the valve 224 are
installed in the branched gas flow paths 304aC, 304aM, and
304aE in order from the valve 221 side.

Similarly, each of the gas flow paths 304b to 304e is
branched into three on the downstream side of the valve 221,
and in each of the branched gas flow paths, the valve 222,
the fTlow rate controller 223 (22), and the valve 224 are
installed in order from the valve 221 side.

A downstream side of the gas flow path 304aC merges with
a gas flow path 304bC branched from the gas flow path 304b,
a gas flow path 304cC branched from the gas flow path 304c,
a gas flow path 304dC branched from the gas flow path 304d,
and a gas fTlow path 304eC branched from the gas flow path
304e, and connects to the gas flow path 305C. A downstream
side of the gas flow path 305C is connected to the gas flow
path 303C between the flow splitter 230 and the valve 240.

Similarly, a downstream side of the gas flow path 304aM
merges with a gas flow path branched from the gas flow path
304b, a gas flow path branched from the gas flow path 304c,
a gas flow path branched from the gas flow path 304d, and a
gas flow path branched from the gas flow path 304e, and

-17-
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connects to the gas flow path 305M. A downstream side of the
gas flow path 305M is connected to the gas flow path 303M
between the flow splitter 230 and the valve 240. Further, a
downstream side of the gas flow path 304aE merges with a gas
flow path branched from the gas flow path 304b, a gas flow
path branched from the gas flow path 304c, a gas flow path
branched from the gas flow path 304d, and a gas flow path
branched from the gas flow path 304e, and connects to the gas
flow path 305E. A downstream side of the gas flow path 305E
iIs connected to the gas flow path 303E between the Tflow
splitter 230 and the valve 240.

The valve 221 is an opening and closing valve for opening
or closing the gas flow path 304. The valves 222 and 224 are
opening and closing valves that are used when the gases
(injection gases) supplied to the gas flow path 303C (the gas
supply port 13al), the gas flow path 303M (the gas supply port
13a2), and the gas flow path 303E (the gas supply port 13a3)
are independently selected, the valve 222 is installed on the
upstream side of the flow rate controller 223, and the valve
224 is installed on the downstream side of the flow rate
controller 223. For the flow rate controller 223, for example,
a mass flow rate controller or a pressure-controlled flow rate
controller may be used. Further, the flow rate controllers
223 are installed to correspond to the number (15 in FIG. 2)
obtained by multiplying the number (five iIn FIG. 2) of the

types of gases supplied to the injection unit 220 by the

-18-
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number of gas flow paths 303 (in other words, the number of
divided gas inlets, which is three in FIG. 2).

With such a configuration, the controller 2 may control
the opening and closing of the valve 222 and the valve 224 to
independently select the gases (injection gases) supplied to
the gas flow path 303C (the gas supply port 13al), the gas
flow path 303M (the gas supply port 13a2), and the gas flow
path 303E (the gas supply port 13a3). Further, the controller
2 may control the flow rate controller 223 to adjust a flow
rate of the selected gas. Further, a gas (a mixed gas when a
plurality of gases are selected) which has been selected for
each of the gas inlets 51 to 53 and whose flow rate has been
adjusted in the injection unit 220 is supplied to the gas flow
paths 303C, 303M, and 303E corresponding to the respective
gas inlets 51 to 53. That is, a gas can be individually
injected into the gas flowing through the gas flow paths 303C,
303M, and 303E. Further, in the following description, the
gas injected into the common gas flowing through the gas flow
paths 303 (303C, 303M, and 303E) from the injection portion
220 is also referred to as an iInjection gas.

Further, a case iIn which the number of types of gas
supplied by the gas source 21 is five (the gas sources 2la to
21e) iIn the gas supply 20 illustrated in FIG. 2 has been
described, the present disclosure is not limited thereto, and
the number may be two or more. For example, when the SiO:

film 1s etched, some of gases CFs, C4Fe, CsFs, C3Fs, CH2F2, CHF3,
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NF3, HBr, Cl>, N2, 0>, CO, CO2, Ar, and Kr can be used as gases
that are supplied by the gas source 21.

Further, a case In which the gas inlet of the shower
head 13 illustrated in FIGS. 1 and 2 is divided into three
gas inlets (the gas inlets 51 to 53) has been described, but
the present disclosure is not limited thereto, and the gas
inlet may be divided into two or more gas inlets. Further, a
case iIn which the number (five iIn FIG. 2) of systems of the
gas flow path 301 (30l1la to 30l1le) in the gas unit 210 is equal
to the number (five iIn FIG. 2) of systems of the gas flow
path 304 (304a to 304e) in the injection unit 220 has been
described, but the present disclosure is not limited thereto
and the numbers may be different. That is, some of the types
of gases supplied to the gas unit 210 by the gas source 21
may be supplied to the injection unit 220. That is, in the
injection unit 220, the gas flow path 304 corresponding to
the type of gas that is used only as the common gas may not
be installed. This makes it possible to reduce the number of
parts of the flow rate controller 223 and the like.

FIG. 3 1s a schematic diagram illustrating in-plane
uniformity control of substrate processing using the plasma
processing apparatus 1 including the gas supply 20. 1In FIG.
3, the substrate W supported by the substrate support 11 is
illustrated, and positions of the gas inlets 51 to 53 of the
shower head 13 disposed to face the substrate W are indicated

by double-dotted lines.

-20-
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The controller 2 controls the injection unit 220, for
example, so that a first injection gas is introduced into the
plasma processing space 10s from the gas i1nlet 51, and a
second iInjection gas is introduced into the plasma processing
space 10s from the gas inlet 52. Further, In the example
illustrated in FIG. 3, an injection gas is not introduced from
the gas i1nlet 53. Further, in this control, a common gas is
introduced into the plasma processing space 10s from the gas
inlets 51 to 53 by controlling the gas unit 210. An example
of a distribution of the fTirst iInjection gas on a front
surface of the substrate W is indicated by a solid line.
Further, an example of a distribution of the second iInjection
gas on the front surface of the substrate W is indicated by
a dashed line.

Thus, the gas supply 20 can inject any amount of gas
into any place (the gas inlets 51 to 53). This makes it
possible to expand controllability of in-plane uniformity in
substrate processing and widen a process window.

Next, an example of a result of substrate processing
using the plasma processing apparatus 1 including the gas
supply 20 will be described with reference to FIGS. 4 and 5.
FIG. 4 is a diagram illustrating the example of the result of
substrate processing using the plasma processing apparatus 1
including the gas supply 20. Here, the gas source 21 supplied
an 02 gas, a CHxF> gas, a CsFs gas, and a CsFs gas, and the

plasma processing apparatus 1 performed plasma etching
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processing on the Si0O> film formed on the substrate W.

In a row indicated by “Main CxHyFz”, “On” indicates that
the CHxF> gas i1s supplied to the gas inlets 51 to 53 from the
gas unit 210 through the flow splitter 230. 1In a row indicated
by Main 02, “On” indicates that the 02 gas i1s supplied to the
gas inlets 51 to 53 from the gas unit 210 through the flow
splitter 230. That i1s, (a) to (F) iIn FIG. 4 show that the
CH2F> gas and the 02 gas are supplied as common gases.

A row indicated by “Inj. C4F8” shows that the C4Fg gas
is supplied to a selected gas inlet among the gas inlets 51
to 53 from the injection unit 220. A row indicated by “Inj.
C4AF6” shows that the CsFs gas is supplied to a selected gas
inlet among the gas inlets 51 to 53 from the iInjection unit
220. Further, ™“C” indicates that the injection gas 1is
injected into the gas inlet 51 (the gas flow path 303C). “M”
indicates that the injection gas iIs iInjected iInto the gas
inlet 52 (the gas flow path 303M). “E” indicates that the
injection gas is injected into the gas inlet 53 (the gas flow
path 303E). That is, (b) to (f) in FIG. 4 show that the CsFs
gas and the CsFs gas are supplied as injection gases. Further,
(a) in FIG. 4 shows that only the common gas is supplied
without the injection gas being used.

Specifically, in (b), CsFs gas and CsFe gas were supplied
as iInjection gases to the gas i1nlet 51 (the gas flow path
3030C). In (c), the CsFs gas and CsFs gas were supplied as
injection gases to the gas inlet 52 (the gas flow path 303M).
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In (d), the CsFs gas and CsFs gas were supplied as injection
gases to the gas inlet 53 (the gas flow path 303E). 1In (e),
the CsFs gas was supplied as the injection gas to the gas inlet
51 (the gas flow path 303C), and the CsFs gas was supplied as
the injection gas to the gas inlet 53 (the gas flow path 303E).
In (), the CsFs gas was supplied as the injection gas to the
gas inlet 52 (the gas flow path 303M), and the Cs4Fs gas was
supplied as the injection gas to the gas inlet 53 (the gas
flow path 303E).

Further, iIn FIG. 4, upper ones of graphs at two upper
and lower stages show an etch rate. Further, in this graph,
a horizontal axis represents a position [mm] in a radial
direction of the substrate W, and 0 [mm] represents a center
of the substrate W. A vertical axis represents the etch rate.
Here, it is shown that the etch rate is higher in an upward
direction.

In FIG. 4, the lower graphs of the graphs at the two
upper and lower stages show, using a solid line, an etch rate
normalized by setting the etch rate in (a), In which the
injection gas is not used, to 1. Further, a result of
normalized (a) is indicated by a dashed line. That is, the
lower graphs show changes in the etch rate due to use of the
injection gas with respect to a case in which the injection
gas is not used. Further, in this graph, a horizontal axis
represents a position in a radial direction of the substrate

W, and O [mm] represents a center of the substrate W. A
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vertical axis represents the etch rate. Here, 1t Is shown
that the etch rate is higher in an upward direction.

FIG. 5 1illustrates an example of a graph obtained
superimposing a graph (a lower graph) of the etch rate
normalized by setting the etch rate in (a) of FIG. 4, in which
the 1injection gas is not used, to 1, on one graph, and
enlarging a vertical axis. (d) in FIG. 4 i1s indicated by a
dashed-dotted line, (e) iIn FIG. 4 1s indicated by a solid
line, and (F) in FIG. 4 is indicated by a dashed line.

The plasma processing apparatus 1 including the gas
supply 20 can supply two types of injection gases (a CsFs gas
and a C4F6 gas) to the same gas inlet, as i1llustrated in (b)
to (d) in FIG. 4. Further, the plasma processing apparatus 1
including the gas supply 20 may supply the two types of
injection gases (the CsFs gas and the C4F6 gas) to different
gas inlets, as illustrated in (e) to (F) in FIG. 4. In other
words, the type and flow rate of the injection gas supplied
to the gas inlet can be made different for each gas inlet.

Further, as illustrated in (d) to (f) of FIG. 4 and FIG.
5, a position at which the normalized etch rate decreases is
changed when the gas inlet to which the CsFs gas is supplied
is changed. When the C4Fs gas is supplied to the gas inlet 51
(the gas flow path 303C), the normalized etch rate decreases
in a center region of the substrate W (see a solid arrow in
FIG. 5). When the CsFs gas is supplied to the gas inlet 52

(the gas flow path 303M), the normalized etch rate decreases
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in an intermediate region of the substrate W (see a dashed

arrow in FIG. 5). When the C4Fs gas is supplied to the gas

inlet 53 (the gas flow path 303E),

the normalized etch rate

decreases in an edge region of the substrate W (see a dashed-

dotted arrow in FIG. 5).

Thus, In the plasma processing apparatus 1 including the

gas supply 20, it i1s possible to switch between positions of

the gas inlets to which the C4Fs

gas 1is supplied. As

illustrated In FIG. 5, change is performed from a state 1in

which the Cs4Fs gas is supplied to the gas inlet 53 (the gas

flow path 303E) (see (d) in FIG. 4)

to a state iIn which the

CsFs gas i1s supplied to the gas inlet 51 (the gas flow path

303C) (see (e) in FIG. 4) or a state in which the CsFs gas 1is

supplied to the gas inlet 52 (the gas flow path 303M) (see

(F) in FIG. 4). This makes it possible to finely adjust in-

plane uniformity or controllability

of the etch rate.

In plasma etching processing illustrated in FIGS. 4 and

5, the CHxF> gas supplied as the common gas i1s used for etching,

and the Cs4Fs gas used as an example of the injection gas serves

to reduce the etch rate. Therefore, the CsFs gas can reduce

bowing of a concave portion, such as a hole, when a pattern

of the concave portion is formed in

the substrate W.

Next, an etching process in which two or more steps are

performed in multiple cycles In the plasma etching processing

will be described. FIG. 6 illustrates an example of a

schematic diagram of a time chart

25—

illustrating the etching
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process.

In the etching process illustrated In FIG. 6, a first
step S1 (for example, a protective film deposition step) and
a second step S2 (for example, an etching step) are repeated
in several cycles.

In the first step S1, for example, the Ffirst injection
gas 1s supplied to the gas inlet 51 (the gas flow path 303C)
and the gas inlet 53 (the gas flow path 303E), and the second
injection gas is supplied to the gas inlet 53 (the gas flow
path 303E). Further, a flow rate of the first iInjection gas
supplied to the gas inlet 53 (the gas flow path 303E) 1is
smaller than a flow rate of the first injection gas supplied
to the gas inlet 51 (the gas flow path 303C).

In the second step S2, for example, the first injection
gas i1s supplied to the gas inlet 51 (the gas flow path 303C)
and the gas inlet 52 (the gas flow path 303M), and the second
injection gas is supplied to the gas inlet 51 (the gas flow
path 303C) and the gas inlet 52 (the gas flow path 303M).
Further, a flow rate of the first injection gas supplied to
gas inlet 51 (the gas flow path 303C) is smaller than a flow
rate of the Tirst injection gas supplied to the gas inlet 52
(the gas flow path 303M). Further, a flow rate of the second
injection gas supplied to the gas inlet 52 (the gas flow path
303M) is smaller than a flow rate of the second iInjection gas
supplied to the gas inlet 51 (the gas flow path 303C).

Thus, 1In the plasma processing apparatus 1 including the
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gas supply 20, i1t is possible to switch, for each step,
between the gas types and flow rates of the iInjection gas
supplied to the respective gas inlets 51 to 53 from the
injection unit 220 and perform control.

Further, the injection unit 220 supplies the iInjection
gas to the gas flow path 303 (303C, 303M, and 303E) closer to
the shower head 13, which is on the downstream side of the
flow splitter 230 of the common gas. This makes it possible
to improve responsiveness of switching of the gas supplied to
the plasma processing space 10s from the gas inlets 51 to 53.

For example, a step of supplying the CsFs gas illustrated
in (d) of FIG. 4 to the gas inlet 53 (the gas flow path 303E),
and a step of supplying the Cs4Fs gas illustrated in (e) of
FIG. 4 to the gas inlet 51 (the gas flow path 303C) are
switched at a high speed, and a plurality of cycles are
repeated. This makes i1t possible to suppress bowing of a
concave portion formed in the center region of the substrate
W while maintaining a shape of a concave portion formed in
the edge region of the substrate W.

The embodiment and the like of the plasma processing
system have been described above, but the present disclosure
is not limited to the embodiment and the like, and various
modifications and changes can be made without departing from

the gist of the present disclosure described in the claims.
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1. A plasma processing apparatus comprising:

a plasma processing chamber having a substrate support
configured to support a substrate;

a shower head having a plurality of gas inlets
configured to introduce a gas iInto respective regions in the
plasma processing chamber;

a gas supply configured to supply a gas to the plurality
of gas inlets;

a plasma generator configured to generate a plasma of
the gas; and

a controller configured to control at least the gas
supply,

wherein the gas supply includes:

a gas unit configured to supply a common gas to the
plurality of gas inlets; and

an injection unit configured to supply an injection gas
to the selected gas inlet among the plurality of gas inlets,
and

the controller controls the injection unit so that two
or more types of injection gases are supplied to two different

ones of the plurality of gas inlets.
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2. The plasma processing apparatus of claim 1, wherein the
injection unit is configured to be able to select a type of

injection gas for each gas inlet.

3. The plasma processing apparatus of claim 1 or 2, wherein
the iInjection unit is configured to be able to adjust a flow

rate of the injection gas for each gas inlet.

4. The plasma processing apparatus of any one of claims 1
to 3,

wherein the controller

repeats a first step and a second step to perform plasma
processing on the substrate, and

switches at least one of a gas type and a flow rate of
the injection gas supplied to each gas inlet in the first step

and the second step.

5. The plasma processing apparatus of any one of claims 1
to 3,

wherein the gas supply includes a flow splitter
configured to distribute the common gas supplied from the gas
unit and supply the common gas to the plurality of gas inlets,
and

the injection unit 1s configured to be connected to gas
flow paths installed corresponding to the plurality of

respective gas inlets of the shower head, which is downstream

-20-



10

15

of the flow splitter, and inject the injection gas into the

common gas distributed by the flow splitter.

6. A gas supply method for a plasma processing apparatus
including a plasma processing chamber having a substrate
support configured to support a substrate, a shower head
having a plurality of gas inlets configured to introduce a
gas into respective regions in the plasma processing chamber,
a gas supply configured to supply a gas to the plurality of
gas inlets, and a plasma generator configured to generate a
plasma of the gas, the gas supply method comprising:

supplying a common gas to the plurality of gas inlets;
and

supplying two or more types of iInjection gases to two

different ones of the plurality of gas inlets.
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