wo 20097104919 A2 |10 0K OO0 YOO O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

. -

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number

(43) International Publication Date \:;___,/‘
27 August 2009 (27.08.2009) PCT WO 2009/104919 A2
(51) International Patent Classification: (74) Agents: KIM, Inhan et al;; P & K International Patent
HO1L 21/20 (2006.01) Office, 6F. Iheung Bldg., 1490-25, Seocho-dong, Seo-

ho- 137-070 (KR).

(21) International Application Number: cho-gu, Seoul 137-070 (KR)
PCT/KR2009/000811 (81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(22) International Filing Date: AO. AT, AU, AZ BA, BB, BG, BH. BR. BW, BY, BZ,
20 February 2009 (20.02.2009) CA, CH. CN. CO, CR, CU, CZ, DE, DK, DM, DO, DZ,

(25) Filing Language: English EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
) HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KZ,

(26) Publication Language: English LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME, MG,
(30) Priority Data: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
10-2008-0016142 OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG, SK,

22 February 2008 (22.02.2008) KR SL, SM, ST, SV, SY, TJ], TM, TN, TR, TT, TZ, UA, UG,

US,UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): EU- . .
GENE TECHNOLOGY CO., LTD. [KMKR], 209-3 (84) De51gnated States (unless otherwise indicated, fO}" every
Chugye-ri, Yangji-myeon, Cheoin-gu, Yongin-si, kind of regional protection available): ARIPO (BW, GH,

Gyeonggi-do 449-824 (KR). GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

(72) Inventor; and TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

(75) Inventor/Applicant (for US only): YANG, Il-Kwang ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

[KR/KR]; 603-104 Sanyang Maeul Prugio Apt., 691, Sin- MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR),

gal-dong, Giheung-gu, Yongin-si, Gyeonggi-do 446-588 OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,
(KR). MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: APPARATUS AND METHOD FOR PROCESSING SUBSTRATE

(57) Abstract: A substrate processing apparatus in-

[Fig. 8] f:ludes a chamber defining a creation space where rad-
icals are created and a process space where a process

50 is carried out with respect to a substrate, a first supply

member configured to supply a first source gas into

- the creation space, an upper plasma source configured
to generate an electric field in the creation space to
create the radicals from the first source gas, a second

Z - supply member configured to supply a second source
o gas into the process space, and a lower plasma source
- contigured to generate an electric field in the process
L PRe s, space. The upper plasma source includes a first seg-
g090c 0 5 . ment and a second segment configured to wrap a side
/ $03000 s o 50O ~e O ‘o ° U ° o ° o of the chamber. The first and second segments are al-
50 m éo ‘,5 ¢ P/P 0.y ® o 9 9 q o m o o t?lrnatgly disposed in the vertical direction of the
| Lo d amber.
$9489000440p000007280¢ o
(\?O\QO@‘)\@\Q\O\Q‘G\O/Q’OOﬁﬁfgo 0d
v v N N \Q O .. o 'o’/ 7
\ P e e
) o
kel -
=]




WO 2009/104919 A2 I 0000 OO N0 ERE A A AR A

Published:

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2009/104919 PCT/KR2009/000811

Description

APPARATUS AND METHOD FOR PROCESSING SUBSTRATE

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Technical Field

The present invention relates to an apparatus and method for processing a substrate,
and, more particularly, to an apparatus and method for processing a substrate using
plasma.

Background Art

A semiconductor device has a plurality of layers on a silicon substrate. The layers are
deposited on the substrate through a deposition process. The deposition process has
several important issues, which are important in evaluating deposited films and
selecting a deposition method.

One of the important issues is quality of the deposited films. The quality includes
composition, contamination level, defect density, and mechanical and electrical
properties. The composition of films may change depending upon deposition
conditions, which is very important in obtaining a specific composition.

Another important issue is uniform thickness over a wafer. In particular, the
thickness of a film deposited at the top of a nonplanar pattern having a step is very
important. Whether the thickness of the deposited film is uniform or not may be de-
termined by a step coverage defined as a value obtained by dividing the minimum
thickness of the film deposited at the step part by the thickness of the film deposited at
the top of the pattern.

Another issue related to the deposition is space filling, which includes gap filling to
fill gaps defined between metal lines with an insulation film including an oxide film.
The gaps are provided to physically and electrically insulate the metal lines.

Among the above-described issues, the uniformity is one of the important issues
related to the deposition process. A nonuniform film causes high electrical resistance

on the metal lines, which increases a possibility of mechanical breakage.
Disclosure of Invention

Technical Problem

It is an object of the present invention to provide an apparatus and method for
processing a substrate that is capable of securing process uniformity.

It is another object of the present invention to provide an apparatus and method for
processing a substrate that is capable of securing excellent step coverage.

Other objects of the invention will become more apparent from the following

detailed description of the present invention and the accompanying drawings.

Technical Solution
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In accordance with one aspect of the present invention, a substrate processing
apparatus includes a chamber defining a creation space where radicals are created and
a process space where a process is carried out with respect to a substrate, a first supply
member configured to supply a first source gas into the creation space, an upper
plasma source configured to generate an electric field in the creation space to create the
radicals from the first source gas, a second supply member configured to supply a
second source gas into the process space, and a lower plasma source configured to
generate an electric field in the process space.

The substrate processing apparatus may further include a first power source
connected to the upper plasma source for supplying a first electric current to the upper
plasma source and a second power source connected to the lower plasma source for
supplying a second electric current to the lower plasma source.

The upper plasma source may include a first segment and a second segment
configured to wrap a side of the chamber, and the first and second segments may be al-
ternately disposed in the vertical direction of the chamber.

The substrate processing apparatus may further include a support member installed in
the chamber. The second supply member may include a spray plate disposed generally
in parallel to the substrate placed on the support plate such that an inner space of the
chamber is partitioned into the creation space and the process space by the spray plate.

The substrate processing apparatus may further include a second supply line
connected to the spray plate for supplying the second source gas to the spray plate. The
spray plate may have first spray holes communicatively connected between the
creation space and the process space for spraying the first source gas, supplied to the
creation space, into the process space, and second spray holes connected to the second
supply line for spraying the second source gas into the process space.

The substrate processing apparatus may further include a support member installed in
the chamber. The first supply member may include a diffusion plate installed at a
ceiling of the chamber opposite to the creation space such that the diffusion plate is
disposed generally in parallel to the substrate placed on the support member. A buffer
space may be defined between the diffusion plate and the ceiling of the chamber for
allowing the first source gas to be supplied thereinto.

The substrate processing apparatus may further include a support member installed in
the chamber. The second supply member may include a first spray plate disposed
generally in parallel to the substrate placed on the support member, a second spray
plate disposed below the first spray plate such that the second spray plate is spaced
apart from the first spray plate, and a connection line configured to interconnect a
space above the first spray plate and a space below the second spray plate. The creation

space may be defined above the first spray plate, and the process space is defined
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below the second spray plate.
The second supply member may have a supply nozzle disposed between the first and

second spray plates, such that a lower end of the supply nozzle corresponds to a center
of the substrate placed on the support member, for supplying the second source gas
downward.

In accordance with another aspect of the present invention, a substrate processing
method includes supplying a first source gas toward a creation space defined in a
chamber, generating an electric field in the creation space to create radicals from the
first source gas and supplying the created radicals into a process space defined in the
chamber, supplying a second source gas into the process space, and generating an
electric field in the process space.

The electric fields generated in the creation space and the process space may be

different from each other.

Advantageous Effects

According to the present invention, it is possible to secure excellent step coverage.
Brief Description of Drawings

The accompanying drawings, which are included to provide a further understanding
of the invention and are incorporated in and constitute a part of this application, il-
lustrate embodiment(s) of the invention and together with the description serve to
explain the principle of the invention. In the drawings:

FIG. 1 is a view schematically illustrating a substrate processing apparatus according
to an embodiment of the present invention;

FIG. 2 is a view illustrating the bottom of a spray plate of FIG. 1;

FIG. 3 is a view illustrating a diffusion plate of FIG. 1;

FIG. 4 is a view schematically illustrating a substrate processing apparatus according
to another embodiment of the present invention;

FIG. 5 is a view illustrating a spray plate of FIG. 4;

FIG. 6 is a view schematically illustrating a substrate processing apparatus according
to another embodiment of the present invention; and

FIG. 7 is a view schematically illustrating a substrate processing apparatus according
to a further embodiment of the present invention.

FIG. 8 is a view illustrating a lower spray plate of FIG. 7.
Best Mode for Carrying out the Invention

Hereinafter, exemplary embodiments of the present invention will be described in
more detail with reference to the accompanying drawings, i.e., FIGS. 1 to 8. Em-
bodiments of the present invention may be modified in various forms, and therefore,

the scope of the present invention should not be interpreted to be limited by em-
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bodiments which will be described in the following. The embodiments are provided to
more clearly describe the present invention to a person having ordinary skill in the art
to which the present invention pertains. Consequently, the shape of constituent
elements illustrated in the drawings may be exaggerated for a more clear description.

Meanwhile, an inductively coupled plasma (ICP) type plasma process will be
described hereinafter as an example, although the present invention is applicable to
various plasma processes. Also, a substrate will be described hereinafter as an
example, although the present invention is applicable to various objects to be
processed.

FIG. 1 is a view schematically illustrating a substrate processing apparatus according
to an embodiment of the present invention. FIG. 2 is a view illustrating the bottom of a
spray plate of FIG. 1, and FIG. 3 is a view illustrating a diffusion plate of FIG. 1.

The substrate processing apparatus includes a chamber 10 defining a process space
where a process is carried out with respect to a substrate W. The chamber 10 includes a
lower chamber 12 open at the top thereof and an upper chamber 14 configured to close
the open top of the lower chamber 12. In the lower chamber 12, a process is carried out
with respect to the substrate W. In the upper chamber 14, radicals are generated from a
first source gas, which will be described hereinafter.

In the lower chamber 12 is installed a support plate 20. The substrate W is placed on
the support plate 20. The substrate W is introduced into the lower chamber 12 through
an inlet port 12a formed at one side of the lower chamber 12. The introduced substrate
W is placed on the support plate 20. The support plate 20 may be an electrostatic chuck
(E-chuck). Also, helium (He) of a predetermined pressure may be sprayed to the rear
of the substrate W to accurately control the temperature of the substrate W placed on
the support plate 20. The helium exhibits very high thermal conductivity.

At the bottom of the lower chamber 12 is formed an exhaust port 12¢. A process gas
and reaction by-product are discharged to the outside through an exhaust line 12d
connected to the exhaust port 12¢c. On the exhaust line 12d is installed a pump 12e to
forcibly discharge the reaction by-product. Meanwhile, it is possible to reduce the
internal pressure of the chamber 10 to a predetermined degree of vacuum through the
exhaust port 12c. At the sidewall of the lower chamber 12 is installed a gate valve 12b
to open and close the inlet port 12a through which the substrate W is introduced into or
removed from the lower chamber 12.

As shown in FIGS. 1 and 2, a spray plate 40 is installed at the ceiling of the upper
chamber 14 opposite to the process space. The spray plate 40 is disposed generally in
parallel to the substrate W placed on the support plate 20. The spray plate 40 is spaced
a predetermined distance from the ceiling of the upper chamber 14 such that a buffer

space is defined between the spray plate 40 and the ceiling of the upper chamber 14. At
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the ceiling of the upper chamber 14 is formed a supply hole 16a. The supply hole 16a
is connected to a first supply line 17a. The first supply line 17a supplies a first source
gas. The first source gas is supplied into the buffer space through the supply hole 16a.
The first source gas supplied into the buffer space is sprayed into the process space
through spray holes 42a and 42b formed at the spray plate 40. The first supply line 17a
is opened and closed by a valve 17b.

Plasma sources 16 and 18 are installed at the outer circumference of the upper
chamber 14. The plasma sources 16 and 18 are disposed in such a manner that the
plasma sources 16 and 18 wrap the side of the upper chamber 14. The plasma sources
16 and 18 include a first segment 16 and a second segment 18. The first and second
segments 16 and 18 are connected to a radio frequency (RF) generator. Between the
first and second segments 16 and 18 and the RF generator is connected a matching unit
19 for impedance matching. The first and second segments 16 and 18 are alternately
disposed from the upper end of the upper chamber 14 to the lower end of the upper
chamber 14 such that a more uniform electric field is generated in the upper chamber
14.

Radio-frequency current generated from the RF generator is supplied to the first and
second segments 16 and 18. The first and second segments 16 and 18 convert the
radio-frequency current into a magnetic field, and create radicals from the first source
gas supplied into the chamber 10. The first source gas includes nitrous oxide (N,O) or
ammonia (NH;).

The substrate processing apparatus further includes a supply unit 30. The supply unit
30 includes a supply nozzle 32 installed below the spray plate 40, a second supply line
34 connected to the supply nozzle 32, and a valve 34a configured to open and close the
second supply line 34. As shown in FIG. 1, the supply nozzle 32 is installed below the
spray plate 40, such that the lower end of the supply nozzle 32 faces the center of the
substrate W placed on the support plate 20, for supplying a second source gas toward
the center of the substrate W. The second supply line 34 is connected to the supply
nozzle 32 for supplying the second source gas to the supply nozzle 32. The second
source gas includes a silicon-containing gas, such as silane (SiH,).

As shown in FIGS. 1 and 3, the substrate processing apparatus further includes a
diffusion plate 50 installed at the upper end of the lower chamber 12. The diffusion
plate 50 is disposed generally in parallel to the substrate W placed on the support plate
20, and is located below the supply nozzle 32. Above the diffusion plate 50, radicals
are created from a first source gas. The created radicals are diffused below the
diffusion plate 50 through diffusion holes 52 formed at the diffusion plate 50. Also, the
supply nozzle 32 sprays a second source gas above the diffusion plate 50. The sprayed

second source gas reacts with the radicals, and, at the same time, is diffused below the
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diffusion plate 50 through the diffusion holes 52 formed at the diffusion plate 50.

Hereinafter, a substrate processing method according to an embodiment of the
present invention will be described in detail with reference to FIGS. 1 to 3. A first
source gas, supplied through the first supply line 17a, is supplied into the buffer space
defined between the ceiling of the upper chamber 14 and the spray plate 40, and is then
supplied into the process space through the spray holes 42a and 42b. The first and
second segments 16 and 18, installed at the side of the upper chamber 14, convert
radio-frequency current, supplied from the outside, into a magnetic field, and create
radicals from the first source gas supplied into the process space. On the other hand,
the supply nozzle 32 supplies a second source gas above the diffusion plate 50. The
sprayed second source gas reacts with the radicals, and, at the same time, is diffused
below the diffusion plate 50 through the diffusion holes 52, formed at the diffusion
plate 50, to deposit a film on the substrate W.

FIG. 4 is a view schematically illustrating a substrate processing apparatus according
to another embodiment of the present invention, and FIG. 5 is a view illustrating a
spray plate of FIG. 4. Hereinafter, only components of this embodiment distinguished
from the previous embodiment shown in FIG. 1 will be described, and the description
of omitted components will be understood from the description previously made with
reference to FIG. 1.

The supply unit 30 further includes a spray plate 32 disposed above the support plate
20. The spray plate 32 is disposed generally in parallel to the substrate W placed on the
support plate 20. The spray plate 32 partitions the process space into a first process
space defined above the spray plate 32 and a second process space defined below the
spray plate 32. As shown in FIGS. 4 and 5, the spray plate 32 includes first spray holes
32a and second spray holes 32b. The first and second spray holes 32a and 32b are
arranged concentrically about the center of the spray plate 32. Also, the first and
second spray holes 32a and 32b are alternately disposed from the center of the spray
plate 32 to the edge of the spray plate 32.

The first spray holes 32a are communicatively connected to a second supply line 34.
The second supply line 34 supplies a second source gas to the first spray holes 32a.
The second source gas is supplied into the second process space through the first spray
holes 32a. The second spray holes 32b are formed through the spray plate 32 such that
the first and second process spaces communicate with each other through the second
spray holes 32b.

Hereinafter, a substrate processing method according to an embodiment of the
present invention will be described in detail with reference to FIGS. 4 and 5. A first
source gas, supplied through the first supply line 17a, is supplied into the first process
space defined above the spray plate 32. The first and second segments 16 and 18,
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installed at the side of the upper chamber 14, convert radio-frequency current, supplied
from the outside, into a magnetic field, and create radicals from the first source gas
supplied into the process space. The created radicals are supplied into the second
process space through the second spray holes 32b of the spray plate 32. On the other
hand, the second supply line 34 supplies a second source gas to the first spray holes
32a. The second source gas is supplied into the second process space (defined above
the substrate W) through the first spray holes 32a. In the second process space, the
second source gas reacts with the radicals to deposit a film on the substrate W.

FIG. 6 is a view schematically illustrating a substrate processing apparatus according
to another embodiment of the present invention. Hereinafter, only components of this
embodiment distinguished from the previous embodiment shown in FIGS. 4 and 5 will
be described, and the description of omitted components will be understood from the
description previously made with reference to FIGS. 4 and 5.

The plasma sources include upper plasma sources 16a and 18a configured to
surround the first process space and lower plasma sources 16b and 18b configured to
surround the second process space. The upper plasma sources 16a and 18a and the
lower plasma sources 16b and 18b are connected to different radio frequency (RF)
generators, respectively. Between the upper plasma sources 16a and 18a and the corre-
sponding RF generator and between the lower plasma sources 16b and 18b and the cor-
responding RF generator are connected matching units 19a and 19b for impedance
matching, respectively.

Also, the upper plasma sources 16a and 18a include a first upper segment 16a and a
second upper segment 18a. The lower plasma sources 16b and 18b include a first lower
segment 16b and a second lower segment 18b. The first upper segment 16a and the
second upper segment 18a are alternately disposed from the upper end of the upper
chamber 14 to the height corresponding to the top of the spray plate 32. The first lower
segment 16b and the second lower segment 18b are alternately disposed from the
height corresponding to the bottom of the spray plate 32 to the lower end of the upper
chamber 14. Consequently, it is possible to generate different electric fields or the
same electric field above and below the spray plate 32 (for example, intensity or
density of the electric field) and thus to control a process rate (for example,
uniformity).

Radio-frequency current supplied to the upper plasma sources 16a and 18a from the
corresponding RF generator is supplied to the first upper segment 16a and the second
upper segment 18a. The first upper segment 16a and the second upper segment 18a
convert the radio-frequency current into a magnetic field, and create radicals from the
first source gas supplied into the first process space. The created radicals are supplied

into the second process space through the second spray holes 23b of the spray plate 32.
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Radio-frequency current supplied to the lower plasma sources 16b and 18b from the
corresponding RF generator is supplied to the first lower segment 16b and the second
lower segment 18b. The first lower segment 16b and the second lower segment 18b
convert the radio-frequency current into a magnetic field. Consequently, the radicals,
supplied into the second process space, and a second source gas react with each other
to deposit a film on the substrate W.

FIG. 7 is a view schematically illustrating a substrate processing apparatus according
to a further embodiment of the present invention, and FIG. 8 is a view illustrating a
lower spray plate of FIG. 7. Hereinafter, only components of this embodiment dis-
tinguished from the previous embodiment shown in FIG. 1 will be described, and the
description of omitted components will be understood from the description previously
made with reference to FIG. 1.

As shown in FIG. 7, a diffusion plate 40 is installed at the ceiling of the upper
chamber 14 opposite to the process space. The diffusion plate 40 is disposed generally
in parallel to the substrate W placed on the support plate 20. The diffusion plate 40 is
spaced a predetermined distance from the ceiling of the upper chamber 14 such that a
buffer space is defined between the diffusion plate 40 and the ceiling of the upper
chamber 14. A first source gas, supplied into the buffer space, is diffused into the
process space through diffusion holes 42 formed at the diffusion plate 40.

The supply unit 30 further includes first and second spray plates 54 and 50. The first
spray plate 54 is disposed generally in parallel to the substrate W placed on the support
plate 20. The second spray plate 50 is disposed below the first spray plate 54 such that
the second spray plate 50 is spaced apart from the first spray plate 54. The process
space is partitioned into a first process space defined above the first spray plate 54 and
a second process space defined below the second spray plate 50.

As shown in FIGS. 7 and 8, the supply unit 30 further includes connection lines 56
configured to communicatively interconnect the first and second process spaces. The
upper end of each connection line 56 is connected to the first spray plate 54, and the
lower end of each connection line 56 is connected to the second spray plate 50. Also, a
plurality of spray holes 52 are formed at the second spray plate 50. The spray holes 52
communicate with a space defined between the first spray plate 54 and the second
spray plate 50.

Also, as shown in FIG. 7, the supply nozzle 32 is disposed in the space defined
between the first spray plate 54 and the second spray plate 50. The lower end of the
supply nozzle 32 is disposed, such that the lower end of the supply nozzle 32 faces the
center of the substrate W placed on the support plate 20, and therefore, the lower end
of the supply nozzle 32 is directed to the center of the substrate W, for supplying a

second source gas to the top of the second spray plate 50. Consequently, the second
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source gas is supplied into the second process space through the spray holes 52.

The plasma sources include upper plasma sources 16a and 18a configured to
surround the first process space and lower plasma sources 16b and 18b configured to
surround the second process space. The upper plasma sources 16a and 18a and the
lower plasma sources 16b and 18b are connected to different radio frequency (RF)
generators, respectively. Between the upper plasma sources 16a and 18a and the corre-
sponding RF generator and between the lower plasma sources 16b and 18b and the cor-
responding RF generator are connected matching units 19a and 19b for impedance
matching, respectively.

Also, the upper plasma sources 16a and 18a include a first upper segment 16a and a
second upper segment 18a. The lower plasma sources 16b and 18b include a first lower
segment 16b and a second lower segment 18b. The first upper segment 16a and the
second upper segment 18a are alternately disposed from the upper end of the upper
chamber 14 to the height corresponding to the top of the first spray plate 54. The first
lower segment 16b and the second lower segment 18b are alternately disposed from
the height corresponding to the bottom of the second spray plate 50 to the lower end of
the upper chamber 14. Consequently, it is possible to generate different electric fields
or the same electric field above the first spray plate 54 and below the second spray
plate 50 (for example, intensity or density of the electric field) and thus to control a
process rate (for example, uniformity).

Radio-frequency current supplied to the upper plasma sources 16a and 18a from the
corresponding RF generator is supplied to the first upper segment 16a and the second
upper segment 18a. The first upper segment 16a and the second upper segment 18a
convert the radio-frequency current into a magnetic field, and create radicals from the
first source gas supplied into the first process space. The created radicals are supplied
into the second process space through the spray holes 52 of the second spray plate 50.

Radio-frequency current supplied to the lower plasma sources 16b and 18b from the
corresponding RF generator is supplied to the first lower segment 16b and the second
lower segment 18b. The first lower segment 16b and the second lower segment 18b
convert the radio-frequency current into a magnetic field. Consequently, the radicals,
supplied into the second process space, and a second source gas react with each other
to deposit a film on the substrate W.

Meanwhile, the substrate processing apparatus further includes a cleaning unit 60 to
clean the interior of the chamber 10. The cleaning unit 60 includes a third supply line
62 connected to the first supply line 17a and a generation chamber 64 configured to
generate cleaning plasma from a cleaning gas supplied from the outside. The cleaning
plasma generated in the generation chamber 64 is supplied into the chamber 10 via the

third supply line 62 and the first supply line 17a to clean the interior of the chamber 10.
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The cleaning gas includes nitrogen trifluoride (NF;) or argon (Ar).
[61] It will be apparent to those skilled in the art that various modifications and variations

can be made in the present invention without departing from the spirit or scope of the
inventions. Thus, it is intended that the present invention covers the modifications and
variations of this invention provided they come within the scope of the appended

claims and their equivalents.
Industrial Applicability

[62] Apparent from the above description, it is possible to secure excellent step coverage.

Consequently, the present invention has industrial applicability.
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Claims

A substrate processing apparatus comprising:

a chamber defining a creation space where radicals are created and a process
space where a process is carried out with respect to a substrate;

a first supply member configured to supply a first source gas into the creation
space;

an upper plasma source configured to generate an electric field in the creation
space to create the radicals from the first source gas;

a second supply member configured to supply a second source gas into the
process space; and

a lower plasma source configured to generate an electric field in the process
space.

The substrate processing apparatus according to claim 1, further comprising:

a first power source connected to the upper plasma source for supplying a first
electric current to the upper plasma source; and

a second power source connected to the lower plasma source for supplying a
second electric current to the lower plasma source.

The substrate processing apparatus according to claim 1 or 2, wherein

the upper plasma source comprises a first segment and a second segment
configured to wrap a side of the chamber, and

the first and second segments are alternately disposed in a vertical direction of
the chamber.

The substrate processing apparatus according to claim 1 or 2, further comprising:
a support member installed in the chamber, wherein

the second supply member comprises a spray plate disposed generally in parallel
to the substrate placed on the support plate such that an inner space of the
chamber is partitioned into the creation space and the process space by the spray
plate.

The substrate processing apparatus according to claim 4, further comprising:

a second supply line connected to the spray plate for supplying the second source
gas to the spray plate, wherein

the spray plate has

first spray holes communicatively connected between the creation space and the
process space for spraying the first source gas, supplied to the creation space,
into the process space, and

second spray holes connected to the second supply line for spraying the second

source gas into the process space.
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The substrate processing apparatus according to claim 1 or 2, further comprising:
a support member installed in the chamber, wherein

the first supply member comprises a diffusion plate installed at a ceiling of the
chamber opposite to the creation space such that the diffusion plate is disposed
generally in parallel to the substrate placed on the support member, and

a buffer space is defined between the diffusion plate and the ceiling of the
chamber for allowing the first source gas to be supplied thereinto.

The substrate processing apparatus according to claim 1 or 2, further comprising:
a support member installed in the chamber, wherein

the second supply member comprises:

a first spray plate disposed generally in parallel to the substrate placed on the
support member;

a second spray plate disposed below the first spray plate such that the second
spray plate is spaced apart from the first spray plate; and

a connection line configured to interconnect a space above the first spray plate
and a space below the second spray plate, and

the creation space is defined above the first spray plate, and the process space is
defined below the second spray plate.

The substrate processing apparatus according to claim 7, wherein the second
supply member has a supply nozzle disposed between the first and second spray
plates, such that a lower end of the supply nozzle corresponds to a center of the
substrate placed on the support member, for supplying the second source gas
downward.

A substrate processing method comprising:

supplying a first source gas toward a creation space defined in a chamber;
generating an electric field in the creation space to create radicals from the first
source gas and supplying the created radicals into a process space defined in the
chamber;

supplying a second source gas into the process space; and

generating an electric field in the process space.

The substrate processing method according to claim 9, wherein the electric fields
generated in the creation space and the process space are different from each

other.
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