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(57) The presentinvention provides an apparatus for
treating a substrate. The apparatus for treating a sub-

strate may comprise: a process treatment part which pro- - 5440
vides a treatment space where a substrate is treated;
and a plasma source which generates plasma from proc-

[FIG. 2]

ess gas, wherein: the plasma source includes an antenna 6620 P77 L i

which has a coil wound in multiple turns, and a power N o :B -
application unit which applies high-frequency power to ;% b/ B0 540
the coil; a first ground line is connected to one end of the 6500 ge0 @ 2 :{%}—éﬂ:

coil and a second ground line is connected to the other SNl 5462

end of the coil; and the power application unit is connect- L7

ed to the coil so as to apply high-frequency power directly
to the coil at a position between one end and the other
end of the coil.
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Description
[Technical Field]

[0001] The present invention relates to a substrate
processing apparatus and a substrate processing meth-
od, and more particularly to a substrate processing ap-
paratus and a substrate processing method that process
a substrate by using plasma.

[Background Art]

[0002] Plasma is an ionized gas state composed of
ions, radicals, electrons, and the like. Plasma is gener-
ated by very high temperatures, strong electric fields, or
RF Electromagnetic Fields. The semiconductor device
manufacturing process includes an ashing or etching
process that removes a thin film on a substrate by using
plasma. The ashing or etching process is performed by
ion and radical particles contained in the plasma colliding
or reacting with a film on the substrate.

[0003] Among these plasma devices, Inductively Cou-
pled Plasma (ICP) devices convert the source material
into plasma by using an induced electric field induced by
a coil-shaped antenna. The ICP devices are divided into
single-output antennas and multi-output antennas based
on the number of output terminals in which a power
source is connected to an antenna, and are divided into
single-coil antennas and multi-coil antennas based on
the number of coils provided in the antenna.

[0004] The ICP device with a single output antenna
structure may control the strength of the magnetic field,
but it is difficult to control the distribution of the magnetic
field in the space where the substrate is processed. As
aresult, it is problematic to control the distribution of the
plasma in the processing space to ensure the uniformity
of the process.

[0005] Furthermore, the ICP device having a plurality
of coil antenna structures and having an output terminal
connected to each coil may control the distribution of
plasma by independently adjusting the magnetic field
generated by each coil. However, a separate device ca-
pable of controlling the plurality of output terminals is re-
quired. This causes the problem of structural complexity
of the plasma device.

[Technical Problem]

[0006] An object of the present invention is to provide
asubstrate processing apparatus and substrate process-
ing method capable of efficiently adjusting the intensity
of plasma generated from a plasma source.

[0007] Anotherobjectof the presentinvention is to pro-
vide a substrate processing apparatus and substrate
processing method capable of efficiently distributing the
distribution of plasma generated from a plasma source.
[0008] Anotherobjectof the presentinvention is to pro-
vide a substrate processing apparatus and substrate

10

15

20

25

30

35

40

45

50

55

processing method that provide an antenna having a sin-
gle output terminal and consist of a single coil.

[0009] The problem to be solved by the present inven-
tion is not limited to the above-mentioned problems, and
the problems not mentioned will be clearly understood
by those skilled in the art from the present specification
and the accompanying drawings.

[Technical Solution]

[0010] An exemplary embodiment of the present in-
vention provides an apparatus for processing a sub-
strate, the apparatus including: a process processing unit
providing a processing space in which a substrate is proc-
essed; and a plasma source for generating plasma from
process gas, in which the plasma source includes: an
antenna including a coil wound with a plurality of turns;
and a power application unit for applying high frequency
power to the coil, and a first ground line is connected to
one end of the coil, a second ground line is connected
to the other end of the coil, and the power application
unitis connected to the coil to apply high frequency power
directly to the coil at a location between the one end of
the coil and the other end of the coil.

[0011] According to the exemplary embodiment, the
first ground line or the second ground line may be pro-
vided with a capacitor.

[0012] According to the exemplary embodiment, the
capacitor may be a variable capacitor, the apparatus may
further include a controller controlling the capacitor, and
the controller may control the capacitor to adjust a ratio
of power distributed to the first ground line and the second
ground line by changing capacitance of the capacitor.
[0013] According to the exemplary embodiment, the
apparatus may further include a plasma chamber having
a generating space in which the plasma is generated
above the process processing unit, in which the antenna
may include the coil wound around the plasma chamber
with a plurality of turns on an external portion of the plas-
ma chamber, and the coil may be wound around the plas-
ma chamber with an odd number of turns.

[0014] According to the exemplary embodiment, the
coil may be provided in a circular shape when viewed
from above, and the one end of the coil and the other
end of the coil may be provided in an overlapping position
when viewed from above.

[0015] According to the exemplary embodiment, the
power application unit may include a power source gen-
erating the high frequency power and a power line deliv-
ering the high frequency power generated by the power
source, the power line may be connected at an interme-
diate position between the one end of the coil and the
other end of the coil, and when viewed from above, a
virtual straight line connecting a first ground terminal in
which the first ground line may be connected to the coil
and the power application terminal in which the power
line is connected to the coil passes through a center of
the coil.
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[0016] According to the exemplary embodiment, the
antenna may be located above the process processing
unit, and may be provided in a spiral shape on a plane.
[0017] According to the exemplary embodiment, a vir-
tual straight line connecting one end of the coil to the
other end of the coil may pass through a center of the coil.
[0018] According to the exemplary embodiment, the
power application unit may include a power source gen-
erating the high frequency power and a power line deliv-
ering the high frequency power generated by the power
source, and the power line may be connected between
one end of the coil and the other end of the coil.

[0019] According to the exemplary embodiment, the
antenna may be located to face a support unit supporting
a substrate in the processing space, when viewed from
above.

[0020] According to the exemplary embodiment, the
capacitor may be provided as a fixed capacitor.

[0021] Another exemplary embodiment of the present
invention provides a method of processing a substrate,
the method including: generating plasma from process
gas by applying a high frequency current directly to a coil
through a power application terminal located between
one end and the other end of the coil wound with a plu-
rality of turns, in which the high frequency current is di-
vided into a first current from the power application ter-
minal toward the one end of the coil and a second current
from the power application terminal toward the other end
of the coil, and a distribution ratio of the first current and
the second current is determined by a capacitor provided
at one end of the coil or at the other end of the coil.
[0022] Accordingtothe exemplary embodiment, a cur-
rent ratio of the first current and the second current may
be adjusted by changing capacitance of the capacitor.
[0023] According to the exemplary embodiment, the
coil may be wound around the plasma chamber with an
odd number of turns and wrapped around the plasma
chamber on an external portion of the plasma chamber
having a generating space in which the plasma is gen-
erated, and be provided in a circular shape when viewed
from above, the one end of the coil and the other end of
the coil may be provided in an overlapping position, when
viewed from above, and the power application terminal
may be located in an intermediate position between the
one end of the coil and the other end of the coil

[0024] According to the exemplary embodiment, when
viewed from above, a half region based on an arbitrary
straight line passing through a center of a substrate may
have a plasma density of a first magnitude, and the re-
maining region of the half region may have a plasma
density of a second magnitude.

[0025] According to the exemplary embodiment, the
coil may be provided in a spiral shape in a plane, and a
virtual straight line connecting the one end of the coil with
the other end of the coil may pass through a center of
the coil.

[0026] According to the exemplary embodiment, a lo-
cation where the power application terminal is connected
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to the coil may be changed.

[0027] According to the exemplary embodiment, in a
region opposite the one end of the coil from the power
application terminal, a plasma density of a first magnitude
may be formed from the first current, and in a region
opposite the other end of the coil from the power appli-
cation terminal, a plasma density of a second magnitude
may be formed from the second current.

[Advantageous Effects]

[0028] According to the exemplary embodiment of the
present invention, it is possible to efficiently adjust the
intensity of the plasma generated from the plasma
source.

[0029] Furthermore, according to the exemplary em-
bodiment of the present invention, it is possible to effi-
ciently distribute the plasma generated by the plasma
source.

[0030] Furthermore, according to the exemplary em-
bodiment ofthe presentinvention, it is possible to provide
an antenna including a single coil with a single output
terminal.

[0031] The effect of the present invention is not limited
to the foregoing effects, and the not-mentioned effects
will be clearly understood by those skilled in the art from
the present specification and the accompanying draw-
ings.

[Description of Drawings]
[0032]

FIG. 1 is a diagram schematically illustrating a sub-
strate processing apparatus according to an exem-
plary embodiment of the present invention.

FIG. 2 is a diagram schematically illustrating a proc-
ess chamber performing a plasma treatment proc-
ess among process chambers of the substrate
processing apparatus of FIG. 1 according to the ex-
emplary embodiment.

FIG. 3 is a diagram schematically illustrating a plas-
ma source of FIG. 2.

FIG. 4 is a diagram schematically illustrating the
plasma source of FIG. 2 from a top view.

FIG. 5 is a diagram schematically illustrating the
plasma source of FIG. 2 from a bottom view.

FIG. 6 is a diagram schematically illustrating a proc-
ess chamber performs a plasma treatment process
among the process chambers of the substrate
processing apparatus of FIG. 1 according to another
exemplary embodiment.

FIG.7is a perspective view schematically illustrating
the plasma source of FIG. 6.

FIG. 8 is a diagram schematically illustrating a mag-
netic field distribution inside the chamber according
to a value of a capacitor of FIG. 6.



5 EP 4 435 831 A1 6

[Best Mode]

[0033] Hereinafter, an exemplary embodiment of the
present invention will be described in more detail with
reference to the accompanying drawings. An exemplary
embodiment of the present invention may be modified in
various forms, and the scope of the present invention
should not be construed as being limited by the exem-
plary embodiment described below. The present exem-
plary embodimentis provided to more completely explain
the presentinvention to those skilled in the art. Therefore,
the shapes of components in the drawings are exagger-
ated to emphasize a clearer description.

[0034] Hereinafter, an exemplary embodiment of the
present invention will be described in detail with refer-
ence to FIGS. 1 to 8.

[0035] FIG. 1 is a diagram schematically illustrating a
substrate processing apparatus of the present invention.
Referring to FIG. 1, a substrate processing apparatus 1
includes an Equipment Front End Module (EFEM) 20 and
a processing module 30. The EFEM 20 and the process-
ing module 30 are disposed in one direction.

[0036] The equipment front end module 20 includes a
load port 10 and a transfer frame 220. The load port 200
is disposed at the front of the equipment front end module
20 in a first direction 2. The load port 10 includes a plu-
rality of support parts 202. Each support part 202 is ar-
ranged in a row in a second direction 4, on which a sub-
strate W to be provided to the process and a carrier C
(for example, cassette, or FOUP) in which the completely
processed substrate W is accommodated are seated. In
the carrier C, the substrate W to be provided to the proc-
ess and the substrate W that has been completely proc-
essed are accommodated. The transfer frame 220 is dis-
posed between the load port 200 and the processing
module 30. The transfer frame 220 includes a first trans-
fer robot 222 disposed therein and transferring the sub-
strate W between the load port 200 and the processing
module 30. The first transfer robot 222 moves along a
transfer rail 224 provided in the second direction 4 to
transfer the substrate W between the carrier C and the
processing module 30.

[0037] The processing module30 includes a load lock
chamber 300, a transfer chamber 400, and a process
chamber 500.

[0038] The load lock chamber 300 is disposed to be
adjacent to the transfer frame 220. In one example, the
load lock chamber 300 may be disposed between the
transfer chamber 400 and the equipment front end mod-
ule 20. The load lock chamber 300 provides a waiting
area for substrates W to be provided to the process be-
fore they are transferred to the process chamber 500, or
for substrates W that have completed process process-
ing before they are transferred to the equipment frontend
module 20.

[0039] The transfer chamber 400 is disposed to be ad-
jacent to the load lock chamber 300. The transfer cham-
ber 400 has a polygonal body when viewed from above.
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In one example, the transfer chamber 400 may have a
pentagonal body when viewed from above. On the outer
side of the body, a load lock chamber 300 and a plurality
of process chambers 500 are disposed along the circum-
stance of the body. A passage (not illustrated) through
which the substrate W enters and exists is formed on
each sidewall of the body, and the passage connects the
transfer chamber 50 and the load lock chamber 300 or
the process chambers 500. Each passage is provided
with a door (not illustrated) which opens/closes the pas-
sage to seal the interior.

[0040] In the interior space of the transfer chamber
400, a second transfer robot 420 is arranged to transfer
the substrate W between the load lock chamber 300 and
the process chamber 500. The second transfer robot 420
transfers the unprocessed substrate W waiting in the load
lock chamber 300 to the process chamber 500, or trans-
fers the processed substrate W to the load lock chamber
300. Then, the substrate W is transferred between the
process chambers 500 to sequentially provide the sub-
strate W to the plurality of process chambers 500. In one
example, asillustrated in FIG. 1, when the transfer cham-
ber 400 has a pentagonal body, each load lock chamber
300is disposed on the sidewall adjacent to the equipment
front end module 20, and the process chambers 500 are
sequentially disposed on the remaining sidewalls. The
shape of the transfer chamber 400 is not limited to, and
may be provided in various forms depending on the proc-
ess module required.

[0041] The process chambers 500 are disposed along
the circumference of the transfer chamber 400. The plu-
rality of process chambers 500 may be provided. Within
each process chamber 500, a process processing is per-
formed on the substrate W. The process chamber 500
receives the substrate W from the second transfer robot
420, processes the substrate W, and provides the proc-
essed substrate W to the second transfer robot 420. The
process processing performed in the respective process
chambers 500 may be different from each other.

[0042] The controller 40 may control the substrate
processing apparatus 1. The controller 40 may include
a process controller formed of a microprocessor (com-
puter) that executes the control of the substrate process-
ing apparatus 1, a user interface formed of a keyboard
in which an operator performs a command input opera-
tion or the like in order to manage the substrate process-
ing apparatus 1, a display for visualizing and displaying
an operation situation of the substrate processing appa-
ratus 1, and the like, and a storage unit storing a control
program for executing the process executed in the sub-
strate processing apparatus 1 under the control of the
process controller or a program, that is, a treating recipe,
for executing the process in each component according
to various data and treating conditions. Further, the user
interface and the storage unit may be connected to the
process controller. The treating recipe may be stored in
a storage medium in the storage unit, and the storage
medium may be a hard disk, and may also be a portable
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disk, such as a CD-ROM or a DVD, or a semiconductor
memory, such as a flash memory.

[0043] The controller 30 may control the substrate
processing apparatus 1 so as to perform a substrate
processing method described below. For example, the
controller 40 may control the configurations provided to
the process chamber 500 to perform the substrate
processing method described below.

[0044] FIG.2is adiagram schematically illustrating the
process chamber performing a plasma treatment proc-
ess among the process chambers of the substrate
processing apparatus of FIG. 1 according to the exem-
plary embodiment. Hereinafter, a process chamber 500
performing a plasma treatment process is described in
detail.

[0045] Referring to FIG. 2, the process chamber 500
performs a predetermined process on the substrate W
by using plasma. In one example, a thin film on the sub-
strate W may be etched or ashed. The thin film may be
various types of films, such as a polysilicon film, an oxide
film, or a silicon nitride film. Optionally, the thin film may
be a natural oxide film or a chemically generated oxide
film.

[0046] The process chamber 500 may include a proc-
ess processing unit 520, a plasma generation unit 540,
a diffusion unit 560, and an exhaust unit 580.

[0047] The process processing unit 520 provides a
processing space 5200 where the substrate W is placed
and where processing is performed on the substrate W.
The plasma generation unit 540, which is described later,
generates plasma by discharging process gas, and sup-
plies the generated plasma to the processing space 5200
of the process processing unit 520. Process gas that re-
mains inside the process processing unit 520 and/or re-
action by-products generated in the process of process-
ing the substrate W are discharged to the outside of the
process chamber 500 through the exhaust unit 580,
which will be described later. This allows the pressure
within the process processing section 520 to be main-
tained at a set pressure.

[0048] The process processing unit 520 may include
a housing 5220, a support unit 5240, an exhaust baffle
5260, and a baffle 5280.

[0049] The interior of the housing 5220 may be provid-
ed with a processing space 5200 for performing a sub-
strate processing process. An outer wall of the housing
5220 may be provided as a conductor. In one example,
the outer wall of the housing 5220 may be provided of a
metal material including aluminum. The housing 5220
may be open at the top, and an opening (not illustrated)
may be formed in the side wall. The substrate W enters
and exits the interior of the housing 110 through the open-
ing. The opening (not illustrated) may be opened and
closed by an opening/closing member, such as a door
(not illustrated). Additionally, an exhaust hole 5222 is
formed in a bottom surface of the housing 5220.

[0050] The exhaust hole 5222 allows process gases
and/or byproducts flowing within the processing space
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5200 to be exhausted to the outside of the processing
space 5200. The exhaust hole 5222 may be connected
with the configurations including the exhaust unit 580 de-
scribed later.

[0051] The support unit 5240 supports the substrate
W in the processing space 5200. The support unit 5240
may include a support plate 5242 and a support shaft
5244. The support plate 5242 may be connected to an
external power source. The support plate 5242 may gen-
erate static electricity by power applied from the external
power source. The electrostatic force of the generated
static electricity may hold the substrate W to the support
unit 5240.

[0052] The support shaft 5244 may move a target ob-
ject. For example, the support shaft 5244 may move the
substrate W in an upward or downward direction. In one
example, the support shaft 5244 may be coupled with
the support plate 5244 and may raise and lower the sup-
port plate 5242 to move the substrate W up and down.
[0053] The exhaust baffle 5260 uniformly exhausts
plasma from the processing space 5200 for each region.
When viewed from above, the exhaust baffle 300 has an
annular ring shape. The exhaust baffle 5260 may be po-
sitioned between the inner wall of the housing 5220 and
the support unit 5240 within the processing space 5200.
A plurality of exhaust holes 5262 is formed in the exhaust
baffle 5260. The exhaust holes 5262 may be provided to
face in an upward or downward direction. The exhaust
holes 5262 may be provided as holes extending from a
top end to a bottom end of the exhaust baffle 5260. The
exhaust holes 5262 may be arranged to be spaced apart
from each other along the circumferential direction of the
exhaust baffle 5260.

[0054] The baffle 5280 may be disposed between the
process processing unit 520 and the plasma generation
unit 540. Further, the baffle 5280 may be disposed be-
tween the process processing unit 520 and the diffusion
unit 560. Further, the baffle 5280 may be disposed be-
tween the support unit 5240 and the diffusion unit 560.
The baffle 5280 may be disposed above the support unit
5240. In one example, the baffle 5280 may be disposed
on the upper end of the process processing unit 520.
[0055] The baffle 5280 may uniformly deliver plasma
generated by the plasma generation unit 540 into the
processing space 5200. Baffle holes 5282 may be formed
in the baffle 5280. The baffle holes 5282 may be provided
in a plurality. The baffle holes 5282 may be spaced apart
from each other. The baffle holes 5282 may penetrate
the battle 5280 from the top end to the bottom end. The
baffle holes 5282 may function as passageways for plas-
ma generated in the plasma generation unit 540 to flow
into the processing space 5200.

[0056] The baffle 5280 may have a plate shape. The
baffle 5280 may have a disk shape when viewed from
above. When viewed in cross-section, the baffle 5280
may have a height of its top surface that increases from
an edge region to a center region. In one example, the
baffle 5280 may have a shape such that its top surface



9 EP 4 435 831 A1 10

slopes upwardly from the edge region to the centerregion
when viewed in cross-section.

[0057] Accordingly, plasma generated by the plasma
generation unit 540 may flow along the sloped cross-
section of the baffle 5280 to the edge region of the
processing space 5200. Unlike the examples described
above, the cross-section of the baffle 5280 may not be
provided to be sloped. In one example, the baffle 5280
may be provided in the shape of a disk having a prede-
termined thickness.

[0058] The plasma generation unit 540 may generate
plasma by excitation of process gas supplied from the
gas supply unit 5440, which will be described later, and
supply the generated plasma into the processing space
5200.

[0059] The plasma generation unit 540 may be located
above the process processing unit 520. The plasma gen-
eration unit 540 may be located above the housing 5220
and the diffusion section 560 which will be described lat-
er. The process processing unit 520, the diffusion unit
560, and the plasma generation unit 540 may be posi-
tioned sequentially from the ground along the third direc-
tion 6 perpendicular to both the first direction 2 and the
second direction 4.

[0060] The plasma generation unit 540 may include a
plasma chamber 5420, a gas supply unit 5440, and a
plasma source 6000.

[0061] The plasma chamber 5420 may have a shape
with an open upper surface and an open lower surface.
For example, the plasma chamber 5420 may have a cy-
lindrical shape with an open top surface and an open
bottom surface. Openings may be formed in the top end
and the bottom end of the plasma chamber 5420. The
plasma chamber 5420 may have a plasma generation
space 5422. The plasma chamber 5420 may be provided
with a material including aluminum oxide (Al,O3).
[0062] The top surface of the plasma chamber 5420
may be sealed by a gas supply port 5424. The gas supply
port 5424 may be connected to a gas supply unit 5440,
which will be described later. Process gas may be sup-
plied to the plasma generation space 5422 through the
gas supply port 5424. The process gas supplied to the
plasma generation space 5422 may be uniformly distrib-
uted through the baffle holes 5282 into the processing
space 5200.

[0063] The gas supply unit 5440 may supply the proc-
ess gas. The gas supply unit 5440 may be connected to
the gas supply port 5424. For example, the process gas
may include fluorine and/or hydrogen.

[0064] FIG. 3 is a diagram schematically illustrating a
plasma source of FIG. 2. FIG. 4 is a diagram schemati-
cally illustrating the plasma source of FIG. 2 from a top
view. FIG. 5 is a diagram schematically illustrating the
plasma source of FIG. 2 from a bottom view. Hereinafter,
a plasma source for the exemplary embodiment of the
present invention will be described in detail with refer-
ence to FIGS. 2 to 5.

[0065] The plasma source 6000 excites the process
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gas supplied by the gas supply unit 5440 to a plasma
state. The plasma source 6000 described in the exem-
plary embodiment of the present invention may be an
Inductively Coupled Plasma (ICP) source. The plasma
source 6000 may include an antenna 6200, a power ap-
plication unit 6400, a first ground line 6620, a second
ground line 6640, and a capacitor 6800.

[0066] The antenna 6200 may be anICP antenna. The
antenna 6200 may have a substantially circular shape
when viewed from above. The antenna 6200 may have
a coil wound with a plurality of turns. The antenna 6200
may be provided to wrap around the plasma chamber
5420 on an external portion of the plasma chamber 5420.
The antenna 6200 may wrap around the plasma chamber
5420 in a region corresponding to the plasma generation
space 5422. In one example, the antenna 6200 may have
a coil wound a plurality of turns of the plasma chamber
5420 on an external portion of the plasma chamber 5420.
The coil may receive high frequency power from the pow-
er source 6420, which will be described later, to induce
a magnetic field in the plasma chamber 5420. Accord-
ingly, the process gas supplied to the plasma generation
space 5422 may be excited into plasma.

[0067] The coils configuring the antenna 6200 may be
wound around the plasma chamber 5420 an odd number
of turns. In one example, as illustrated in FIG. 3, the coil
configuring the antenna 6200 may wind around the plas-
ma chamber 5420 five times.

[0068] As illustrated in FIGS. 4 and 5, the coil may be
provided in a circular shape when viewed from above.
When viewed from above, one end of the coil and the
other end of the coil may be provided in an overlapping
position. One end of the coil may be provided at a height
corresponding to an upper region of the plasma chamber
5420, as viewed from a right cross-sectional view of the
plasma chamber 5420. The other end of the coil may be
provided at a height corresponding to a lower region of
the plasma chamber 5420, as viewed from a right cross-
sectional view of the plasma chamber 5420. One end of
the coil is connected to the first ground line 6620, which
will be described later. The point where one end of the
coil and the first ground line 6620 are connected may
function as a first ground terminal 6001. The other end
of the coil is connected to the second ground line 6640,
which will be described later. The point where the other
end of the coil is connected to the second ground line
6640 may function as a second ground terminal 6002.
[0069] The power application unit 6400 may include a
power source 6420, a power line 6440, and a matcher
6460. The power source 6420 generates power. The
power source 6420 may be a high frequency power
source. For example, the power source 6420 may gen-
erate high frequency power. The power source 6420 may
apply power to the antenna 6200 through the power line
6440, which will be described later. The power source
6420 may apply high frequency current to the antenna
6200 through the power line 6440. The high frequency
current applied to the antenna 6200 may form an induced
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electric field in the plasma generation space 5422. The
process gas supplied into the plasma generation space
5422 may obtain the energy required for ionization from
the induced electric field and be converted to a plasma
state.

[0070] The powerline 6440 may deliver high frequency
power generated by the power source 6420 to the an-
tenna 6200. One end of the power line 6440 may be
connected to the power source 6420. The other end of
the power line 6440 may be connected between the one
end and the other end of the coil. For example, the other
end of the power line 6440 may be connected to a mid-
point between the one end and the other end of the coil
configuring the antenna 6200. The midpoint between the
one end of the coil and the other end may function as a
power application terminal 6003 that applies high fre-
quency current to the antenna 6200. The high frequency
current supplied through the power line 6440 may be
distributed toward one end of the coil and the other end
of the coil. The high frequency current supplied through
the power line 6440 may be distributed to one end of the
coil and the other end of the coil, with respectto the power
application terminal 6003 connected to a midpoint of the
coil.

[0071] The matcher 6460 may perform matching on
high frequency power applied to the antenna 6200 from
the power source 6420. The matcher 6460 may be con-
nected to an output terminal of the power source 6420
to match output impedance and input impedance of the
power source 6420. In one example, the matcher 6460
may be connected on the power line 6440 between the
power source 6420 and the antenna 6200.

[0072] The firstground line 6620 may be connected to
the antenna 6200. The first ground line 6620 may be
connected to one end of the coil configuring the antenna
6200. The point where one end of the coil and the first
ground line 6620 are connected may function as a first
ground terminal 6001. Accordingly, one end of the caoil
may be connected to the first ground line 6620 and
grounded.

[0073] Thesecondground line 6640 may be connected
to the antenna 6200. The second ground line 6640 may
be connected to the other end of the coil configuring the
antenna 6200. The point where the other end of the coill
is connected to the second ground line 6640 may function
as a second ground terminal 6002. Accordingly, the other
end of the coil may be connected to the second ground
line 6640 and grounded.

[0074] The first ground terminal 6001 and the second
ground terminal 6002 may be provided at an overlapping
position when viewed from above. The first ground ter-
minal 6001 and the power application terminal 6003 may
be positioned opposite each other with respect to the
plasma chamber 5420. The second ground terminal 6002
and the power application terminal 6003 may be posi-
tioned opposite each other with respect to the plasma
chamber 5420. A virtual straight line L1 connecting the
first ground terminal 6001 and the power application ter-

10

15

20

25

30

35

40

45

50

55

minal 6003 may pass through the center C of the antenna
6200. Additionally, the virtual straight line L1 connecting
the first ground terminal 6001 and the power application
terminal 6003 may pass through the center C of the coil.
[0075] Hereinafter, the upper portion of the virtual
straight line L1 connecting the first ground terminal 6001
and the power application terminal 6003 in the region
where the coil is wound around the plasma chamber
6420, as viewed from above, is defined as an upper re-
gion A. Further, the lower portion of the virtual straight
line L1 connecting the first ground terminal 6001 and the
power application terminal 6003 in the region where the
coil is wound around the plasma chamber 5420, as
viewed from above, is defined as a lower region B.
[0076] The capacitor 6800 may be a variable element.
The capacitor 6800 may be provided in any one of the
first ground line 6620 and the second ground line 6640.
The capacitor 6800 according to the exemplary embod-
iment may be provided as a variable capacitor with
changing capacitance. However, the present invention
is not limited thereto, and the capacitor 6800 according
to the exemplary embodiment may be provided as a fixed
capacitor with fixed capacitance. If the capacitor 6800 is
provided as a fixed capacitor, the capacitor 6800 may be
provided as a capacitor of various capacitance depend-
ing on the type of process and the requirements of the
process. However, for ease of explanation, hereinafter,
the presentinvention will be described based on the case
where the capacitor 6800 is provided as a variable ca-
pacitor 6800 as an example.

[0077] The capacitor 6800 may determine a distribu-
tion ratio of the high frequency current distributed to one
end of the coil and the other end of the coil for the high
frequency current supplied from the power application
terminal 6003. The capacitor 6800 may change the ca-
pacitance thereof to change the distribution ratio of the
high frequency current distributed to one end of the coil
and the other end of the coil. In one example, the mag-
nitude of the first current applied to one end of the coil
from the power application terminal 6003 and the mag-
nitude of the second current applied to the other end of
the coil from the power application terminal 6003 may be
determined by the capacitance of the capacitor 6800.
[0078] According to the exemplary embodiment of the
present invention, when viewing the plasma chamber
5420 in a right cross-sectional view, the number of coils
wound in the lower region B in the upper region of the
plasma chamber 5420 may be greater than the number
of coils wound in the upper region A. Accordingly, in the
upper region of the plasma chamber 5420, the density
of the plasma formed in the lower region B may be ad-
justed to be relatively greater than the density of the plas-
ma formed in the upper region A, with respect to the pow-
er application terminal 6003, as illustrated in FIG. 4. Fur-
ther, with respect to the power application terminal 6003,
as illustrated in FIG. 5, in the lower region of the plasma
chamber 5420, the density of the plasma formed in the
upper region A may be relatively greater than the density
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of the plasma formed in the lower region B. Accordingly,
by winding the coil around the plasma chamber 5420 with
an odd number of turns, the density of plasma formation
may be finely adjusted by varying the density of plasma
formed in the upper region A and the lower region B de-
pending on the regions of the plasma chamber 5420 in
the upward and downward directions.

[0079] Also, as illustrated in FIG. 3, the capacitor 6800
may be provided on the second ground line 6640. How-
ever, the present invention is not limited thereto, and the
capacitor 6800 may also be provided on the first ground
line 6620. Hereinafter, for ease of description, the present
invention will be described based on the case where the
capacitor 6800 is provided on the second ground line
6640 as an example.

[0080] When the capacitance of the capacitor 6800 is
changed from a first magnitude to a second magnitude
that is less than the first magnitude, the second current
distributed from the power application terminal 6003 to
the second ground terminal 6002 may be relatively low.
Also, when the capacitance of the capacitor 6800 is
changed from a third magnitude to a fourth magnitude
that is greater than the third magnitude, the second cur-
rent distributed from the power application terminal 6003
to the second ground terminal 6002 may be relatively
large. Accordingly, the ratio of the first current distributed
from the power application terminal 6003 to the first
ground terminal 6001 and the second current distributed
from the power application terminal 6003 to the second
ground terminal 6002 may be changed. By changing the
ratio of the currents distributed to the one end and the
other end of the coil, the magnitude of the electric field
formed along the up and down direction of the plasma
chamber 5420 may be changed. Accordingly, the density
and/orthe magnitude ofthe plasma generated in the plas-
ma generation space 5422 may be changed.

[0081] Referring again to FIG. 2, the diffusion unit 560
may diffuse the plasma generated in the plasma gener-
ation unit 540 into the processing space 5200. The dif-
fusion unit 560 may include a diffusion chamber 5620.
The diffusion chamber 5620 includes a plasma diffusion
space 5622 for diffusing the plasma generated in the
plasma chamber 5420. The plasma generated in the
plasma generation unit 540 may be diffused as it passes
through the plasma diffusion space 5622. The plasma
entering the plasma diffusion space 5622 may be uni-
formly distributed through the baffle 5280 and into the
processing space 5200.

[0082] The diffusion chamber 5620 may be located be-
low the plasma chamber 5420. The diffusion chamber
5620 may be located between the housing 5220 and the
plasma chamber 5420. The housing 5220, the diffusion
chamber 5620, and the plasma chamber 5420 may be
positioned sequentially from the ground along the third
direction 6. The inner circumferential surface of the dif-
fusion chamber 5620 may be provided as a non-conduc-
tor. In one example, the inner circumferential surface of
the diffusion chamber 5620 may be provided with a ma-

10

15

20

25

30

35

40

45

50

55

terial including quartz.

[0083] The exhaustunit580 may exhaustprocess gas-
es and impurities inside the processing unit 520 to the
outside. The exhaust unit 580 may exhaust impurities,
particles, and the like generated during the process of
processing the substrate W to the outside of the process
chamber 500. The exhaust unit 580 may exhaust process
gas supplied into the processing space 5200 to the out-
side of the process chamber 500. The exhaust unit 580
may include an exhaust line 5820 and a pressure reduc-
ing member 5840. The exhaust line 5820 may be con-
nected to the exhaust holes 5222 formed in the bottom
surface of the housing 5220. The exhaust line 5820 may
be connected with the pressure reducing member 5840
to provide pressure reduction.

[0084] The pressure reducing member 5840 may pro-
vide negative pressure to the processing space 5200.
The pressure reducing member 5840 may discharge
plasma, impurities, particles, and the like that remain in
the processing space 5200 to the outside of the housing
5220. Additionally, the pressure reducing member 5840
may provide negative pressure to maintain the pressure
in the processing space 5200 at a predetermined pres-
sure. The pressure reducing member 123 may be a
pump. However, the pressure reducing member 5840 is
not limited thereto, and may be provided with various
variations of known devices that provide negative pres-
sure.

[0085] Hereinafter, a substrate processing method ac-
cording to an exemplary embodiment of the present in-
vention will be described in detail. The substrate process-
ing method described below may be performed by the
process chamber 500 described above. Further, the con-
troller 40 may control configurations of the process cham-
ber 500 such that the process chamber 500 may perform
the substrate processing method described below. For
example, the controller 40 may generate control signals
to control at least one of the power source 6420 and the
capacitor 6800 to enable the configurations of the proc-
ess chamber 500 to perform the substrate processing
method described below.

[0086] A substrate processing method according to an
exemplary embodiment of the present invention may in-
clude a substrate loading operation S10, a substrate
processing operation S20, and a substrate unloading op-
eration S30. The substrate loading operation S10 is an
operation for loading the substrate W into the process
chamber 500. In the substrate loading operation S10, the
substrate W enters and exits the interior of the housing
5220 through an opening (not illustrated) formed in a lat-
eral wall of the housing 5220. The substrate W entering
the interior of the housing 520 may be seated on the
supportunit5240. The substrate W seated on the support
unit 5240 may be fixedly supported on the support unit
5240 by electrostatic forces.

[0087] The substrate processing operation S20 is an
operation of performing predetermined processing on the
substrate W loaded into the process chamber 500 by
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using plasma. In one example, the substrate processing
operation S20 may include etching or ashing a thin film
on the substrate W. Inthe substrate processing operation
S20, plasma is generated in the plasma generation unit
540. For example, in the substrate processing operation
S20, process gas may be supplied to the plasma gener-
ation space 5422 by the gas supply unit 5440 and a high
frequency current may be applied to the antenna 6200.
The high frequency current applied to the antenna 6200
may generate a magnetic field in the plasma generation
space 5422. The magnetic field formed in the plasma
generation space 5422 may excite the process gas flow-
ing through the plasma generation space 5422.

[0088] In the substrate processing operation S20, a
high frequency current may be applied directly to the coil
through the power application terminal 6003 connected
between one end and the other end of the coil configuring
the antenna 6200. In the exemplary embodiment of the
present invention, the power application terminal 6003
may be connected at an intermediate location between
one end of the coil and the other end of the coil. The high
frequency current applied from the power application ter-
minal 6003 connected to the coil may be distributed as
a first current toward one end of the coil and a second
current toward the other end of the coil. In other words,
the high frequency current supplied from the power ap-
plication terminal 6003 may be distributed as a first cur-
rent toward the first ground terminal 6001 and a second
current toward the second ground terminal 6002 with re-
spect to the power application terminal 6003.

[0089] The distribution ratio of the first current and the
second current may be determined by the capacitor 6800
connected to the first ground line 6620 or the second
ground line 6640. In one example, the capacitor 6800
may be connected to the second ground line 6640. When
the capacitance of the capacitor 6800 is changed from a
first magnitude to a second magnitude that is smaller
than the first magnitude, the magnitude of the second
current toward the other end of the coil may decrease.
Conversely, when the capacitance of the capacitor 6800
is changed from a third magnitude to a fourth magnitude
that is larger than the third magnitude, the magnitude of
the second current toward the other end of the coil may
increase. As a result, the ratio of the first current toward
one end of the coil to the second current toward the other
end of the coil may be changed. This may change the
magnitude of the electric field formed along the up and
down direction of the plasma chamber5420. Accordingly,
the density and/or the magnitude of the plasma generat-
ed in the plasma generation space 5422 may be
changed.

[0090] Further, the coil configuring the antenna 6200
according to the exemplary embodiment of the present
invention may be wound an odd number of times around
the plasma chamber 5420 from the external side of the
plasmachamber 5420. Further, the one end and the other
end of the coil configuring the antenna 6200 according
to the exemplary embodiment of the present invention
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may be positioned to overlap when viewed from above.
[0091] Accordingly, with respect to the power applica-
tion terminal 6003, in the upper region of the plasma
chamber 5420, a plasma density of a first magnitude
formed in the upper region A may be relatively smaller
than a plasma density of a second magnitude formed in
the lower region B. Further, with respect to the power
application terminal 6003, in the lower region of the plas-
ma chamber 5420, a plasma density of a third magnitude
formed in the upperregion A may be relatively larger than
a plasma density of a fourth magnitude formed in the
lower region B. Accordingly, the density of plasma for-
mation may be fine-tuned by varying the density of plas-
ma formed in the upper region A and the density of plas-
ma formed in the lower region B depending on the region
inthe up and down direction of the plasma chamber 5420.
[0092] The substrate unloading operation S30 is an
operation of unloading the substrate W that has been
processed in the substrate processing operation S20 is
unloaded to the outside of the process chamber 500. In
the substrate unloading operation S30, the substrate W
is unloaded to the outside of the housing 5220 through
an opening (not illustrated) formed in a lateral wall of the
housing 5220.

[0093] FIG. 6 is a diagram schematically illustrating a
process chamber performs a plasma treatment process
among the process chambers of the substrate process-
ing apparatus of FIG. 1 according to another exemplary
embodiment. The substrate processing apparatus ac-
cording to the exemplary embodiment of the present in-
vention described hereinafter is provided similarly to the
substrate processing apparatus described with reference
to FIGS. 1 to 5 with the exception of the process chamber
500, so that the descriptions of the redundant contents
will be omitted. Hereinafter, a substrate processing ap-
paratus according to another exemplary embodiment of
the present invention will be described in detail with ref-
erence to FIG. 6.

[0094] The process chamber 500 according to the ex-
emplary embodiment of the present invention performs
a predetermined process on the substrate W by using
plasma. In one example, a thin film on the substrate W
may be etched or ashed. The thin film may be various
types of films, such as a polysilicon film, an oxide film, or
a silicon nitride film. Optionally, the thin film may be a
natural oxide film or a chemically generated oxide film.
[0095] The process chamber 500 may include a hous-
ing 5220, a window unit 5230, a support unit 5240, a gas
supply unit 5250, an exhaust unit 5800, and a plasma
source 6000.

[0096] The housing 5220 may have a processing
space 5200 where the substrate W is processed and an
upper space 6100. The housing 5220 may be provided
of a metal material. The housing 5220 may be provided
of a material including aluminum. The housing 5220 may
be grounded. The housing 5220 may include a lower
body 5224 and an upper body 5226.

[0097] The lower body 5224 may have a space with
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an open top surface therein. In one example, the lower
body 5224 may have the shape of a barrel with an open
top. The lower body 5224 may be combined with a win-
dow unit 5230, which will be described later, to have a
processing space 5200 therein. The lower body 5224
and the window unit 5230 may be combined with each
otherto be defined as a process processing unit providing
the processing space 5200 for processing the substrate
W.

[0098] The upper body 5226 may have a space with
an open bottom therein. For example, the upper body
5226 may have the shape of a barrel with an open bottom.
The upper body 5226 may be combined with the window
unit 5230, which will be described later, to have an upper
space 6100 therein. An opening (not illustrated) may be
formed in a lateral of the lower body 5224. The substrate
W enters and exits the interior of the housing 110 through
the opening. The opening (notillustrated) may be opened
and closed by an opening/closing member, such as a
door (not illustrated).

[0099] The window unit 520 may be disposed above
the lower body 5224. The window unit 5230 may cover
an open top surface of the lower body 5224. The window
unit 5230 may be combined with the lower body 5120 to
form the processing space 5200. The window unit 5230
may be disposed on a lower portion of the upper body
5226 to cover an open bottom side of the upper body
5226. The window unit 5230 may be combined with the
upper body 5226 to form the upper space 6100.

[0100] The upper space 6100 may be provided above
the processing space 5200. The processing space 5200
may function as a space where the substrate W is sup-
ported by the support unit 5240, which will be described
later, and where the substrate W is processed. The upper
space 6100 may function as a space in which the plasma
source 6000, which will be described later, is disposed.
[0101] The window unit 5230 may be provided in a
plate shape. The window unit 5230 may seal the process-
ing space 5200. The window unit 5220 may include a
dielectric substance window. An opening may be formed
in the window unit 5230. In one example, an opening may
be formed in the center of the window unit 5230. In the
opening formed in the window unit 5230, a gas supply
nozzle 5254, which will be described later, may be in-
stalled. The gas supply nozzle installed in the window
unit 5230 may be detachably provided.

[0102] The support unit 5240 supports the substrate
W in the processing space 5200. The support unit 5240
may include a supportplate 5242. The support plate 5242
may be provided as an electrostatic chuck. In one exam-
ple, the support plate 5242 may be connected to an ex-
ternal power source. The support plate 5242 may gen-
erate static electricity by power applied from the external
power source. The electrostatic force of the generated
static electricity may hold the substrate W to the support
unit 5240. The support plate 5242 may be located while
being spaced apart from the housing 5220 by a connec-
tion member 5246. The connection member 5246 may
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connect the housing 5220 and the support plate 5242.
The connecting member 5246 may be installed between
an inner wall of the housing 5220 and the support plate
5242,

[0103] The gas supply unit 5250 may supply process
gas to the processing space 5200. The process gas sup-
plied by the gas supply unit 5250 to the processing space
5200 may include fluorine and/or hydrogen. However,
the present invention is not limited thereto, and the type
of process gas supplied by the gas supply unit 5250 to
the processing space 5200 may be variously modified to
any known process gas.

[0104] The gas supply unit 5250 may include a gas
supply source 5252 and a gas supply nozzle 5254. The
gas supply source 5252 may store process gas, or may
deliver process gas to the gas supply nozzle 5254. The
gas supply nozzle 5254 supplies process gas to the
processing space 5200. The gas supply nozzle 5254 may
supply process gas received from the gas supply source
5252 to the processing space 5200. The gas supply noz-
zle 5254 may be installed on the window unit 5230. In
one example, the gas supply nozzle 5254 may be in-
stalled in an opening formed in the center of the window
unit 5230.

[0105] The exhaust baffle 5260 uniformly exhausts
plasma from the processing space 5200 for each region.
When viewed from above, the exhaust baffle 300 has an
annular ring shape. The exhaust baffle 5260 may be po-
sitioned between the inner wall of the housing 5220 and
the support plate 5242 within the processing space 5200.
[0106] A plurality of exhaust holes 5262 is formed in
the exhaust baffle 5260. The exhaust holes 5262 may
be provided to face in an upward or downward direction.
The exhaust holes 5262 may be provided as holes ex-
tending from a top end to a bottom end of the exhaust
baffle 5260. The exhaust holes 5262 may be arranged
to be spaced apart from each other along the circumfer-
ential direction of the exhaust baffle 5260.

[0107] The exhaust unit 5800 may exhaust process
gases and impurities inside the processing space 5200
to the outside. The exhaust unit 5800 may exhaust im-
purities and particles generated in the process of
processing the substrate W to the outside of the process
chamber 500. The exhaust unit 5800 may exhaust proc-
ess gas supplied into the processing space 5200 to the
outside of the process chamber 500. The exhaust unit
5800 may include an exhaust line 5820 and a pressure
reducing member 5840. The exhaust line 5820 may be
connected to the exhaust holes 5222 formed in the bot-
tom surface of the housing 5220. The exhaust line 5820
may be connected to an exhaust hole 5222 formed in a
bottom surface of the housing 5220. The exhaust line
5820 may be connected with the pressure reducing mem-
ber 5840 to provide pressure reduction.

[0108] The pressure reducing member 5840 may pro-
vide negative pressure to the processing space 5200.
The pressure reducing member 5840 may discharge
plasma, impurities, particles, and the like that remain in
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the processing space 5200 to the outside of the housing
5220. Additionally, the pressure reducing member 5840
may provide negative pressure to maintain the pressure
in the processing space 5200 at a predetermined pres-
sure. The pressure reducing member 123 may be a
pump. However, the pressure reducing member 5840 is
not limited thereto, and may be provided with various
variations of known devices that provide negative pres-
sure.

[0109] FIG. 7 is a perspective view schematically illus-
trating the plasma source of FIG. 6. Hereinafter, a plasma
source according to the exemplary embodiment of the
present invention will be described in detail with refer-
ence to FIGS. 6 and 7.

[0110] The plasma source 6000 excites process gas
supplied from the gas supply unit 5250 to a plasma state.
In one example, the plasma source 6000 may excite proc-
ess gas supplied to the processing space 5200 to gen-
erate plasma in the processing space 5200. The plasma
source 6000 described in the exemplary embodiment of
the present invention may be an Inductively Coupled
Plasma (ICP) source. The plasma source 6000 may in-
clude an antenna 6200, a power application unit 6400, a
first ground line 6620, a second ground line 6640, and a
capacitor 6800.

[0111] The antenna 6200 may be provided as an In-
ductively Coupled Plasma (ICP) antenna. The antenna
6200 may be located at the top of the process processing
unit where the lower body 5224 and the window unit 5230
are combined with each other to provide the processing
space 5200 for processing the substrate W. In one ex-
ample, the antenna 6200 may be located in the upper
space 6100. Additionally, the antenna 6200 may be lo-
cated on a plane within the upper space 6100. The an-
tenna 6200 may be provided in a spiral shape, when
viewed from above. The antenna 6200 may be positioned
to face the support unit 5240 when viewed from above.
The antenna 6200 may be provided in a position opposite
the substrate W supported on the support unit 5240 in
the processing space 5200, when viewed from above.
The antenna 6200, according to the exemplary embod-
iment of the present invention, may have a single output
terminal.

[0112] The antenna 6200 may have a coil wound with
a plurality of turns. The coil may receive high frequency
power from the power source 6420, which will be de-
scribed later, to induce a magnetic field in the processing
space 5200. Accordingly, process gas supplied to the
processing space 5200 may be excited into plasma.
[0113] One end of the coil and the other end of the coil
may be positioned opposite each other when viewed from
above. In one example, a virtual straight line L1 connect-
ing one end of the coil to the other end of the coil may
pass through a center C of the antenna 6200. The virtual
straight line L1 connecting one end of the coil to the other
end of the coil may pass through the center C wound
multiple times.

[0114] One end of the coil is connected to the first
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ground line 6620, which will be described later. The point
where one end of the coil and the first ground line 6620
are connected may function as a first ground terminal
6001. The otherend of the coil is connected to the second
ground line 6640, which will be described later. The point
where the other end of the coil is connected to the second
ground line 6640 may function as a second ground ter-
minal 6002. The virtual straight line L 1 connecting the
first ground terminal 6001 connected to one end of the
coil and the second ground terminal 6002 connected to
the other end of the coil may pass through the center C
of the coil wound multiple times.

[0115] The power application unit 6400 may include a
power source 6420, a power line 6440, and a matcher
6460. The power source 6420 generates power. The
power source 6420 may be a high frequency power
source. For example, the power source 6420 may gen-
erate high frequency power. The power source 6420 may
apply power to the antenna 6200 through the power line
6440, which will be described later. The power source
6420 may apply high frequency current to the antenna
6200 through the power line 6440. The high frequency
current applied to the antenna 6200 may form an induced
electric field in the plasma generation space 5422. The
process gas supplied into the plasma generation space
5422 may obtain the energy required for ionization from
the induced electric field and be converted to a plasma
state.

[0116] The powerline 6440 may deliver high frequency
power generated by the power source 6420 to the an-
tenna 6200. One end of the power line 6440 may be
connected to the power source 6420. The other end of
the power line 6440 may be connected between the one
end and the other end of the coil. The point where the
coil is connected to the power line may function as a
power application terminal 6003 that applies high fre-
quency current to the antenna 6200. The high frequency
current supplied through the power line 6440 may be
distributed toward one end of the coil and the other end
of the coil. The high frequency current supplied through
the power line 6440 may be distributed to one end of the
coil and the other end of the coil, with respect to the power
application terminal 6003.

[0117] The matcher 6460 may perform matching on
high frequency power applied to the antenna 6200 from
the power source 6420. The matcher 6460 may be con-
nected to an output terminal of the power source 6420
to match output impedance and input impedance of the
power source 6420. In one example, the matcher 6460
may be connected on the power line 6440 between the
power source 6420 and the antenna 6200.

[0118] The first ground line 6620 may be connected to
the antenna 6200. The first ground line 6620 may be
connected to one end of the coil configuring the antenna
6200. The point where one end of the coil and the first
ground line 6620 are connected may function as a first
ground terminal 6001. Accordingly, one end of the coil
may be connected to the first ground line 6620 and
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grounded.

[0119] Thesecondground line 6640 may be connected
to the antenna 6200. The second ground line 6640 may
be connected to the other end of the coil configuring the
antenna 6200. The point where the other end of the coill
is connected to the second ground line 6640 may function
as a second ground terminal 6002. Accordingly, the other
end of the coil may be connected to the second ground
line 6640 and grounded.

[0120] The first ground terminal 6001 and the second
ground terminal 6002 may be provided in positions op-
posite each other when viewed from above. Accordingly,
the virtual straight line L1 connecting the first ground ter-
minal 6001 and the second ground terminal 6002 may
pass through the center C of the coil.

[0121] The capacitor 6800 may be a variable element.
The capacitor 6800 may be provided in any one of the
first ground line 6620 and the second ground line 6640.
The capacitor 6800 according to the exemplary embod-
iment may be provided as a variable capacitor with
changing capacitance. However, the present invention
is not limited thereto, and the capacitor 6800 according
to the exemplary embodiment may be provided as a fixed
capacitor with fixed capacitance. If the capacitor 6800 is
provided as a fixed capacitor, the capacitor 6800 may be
provided as a capacitor of various capacitance depend-
ing on the type of process and the requirements of the
process. However, for ease of explanation, hereinafter,
the presentinvention will be described based on the case
where the capacitor 6800 is provided as a variable ca-
pacitor 6800 as an example.

[0122] The capacitor 6800 may determine a distribu-
tion ratio of the high frequency current distributed to one
end of the coil and the other end of the coil for the high
frequency current supplied from the power application
terminal 6003. The capacitor 6800 may change the ca-
pacitance thereof to change the distribution ratio of the
high frequency current distributed to one end of the coil
and the other end of the coil. In one example, the mag-
nitude of the first current applied to one end of the coil
from the power application terminal 6003 and the mag-
nitude of the second current applied to the other end of
the coil from the power application terminal 6003 may be
determined by the capacitance of the capacitor 6800.
[0123] Asillustratedin FIG. 7, the capacitor 6800 may
be provided on the second ground line 6640. However,
the present invention is not limited thereto, and the ca-
pacitor 6800 may also be connected to the first ground
line 6620. When the capacitance of the capacitor 6800
is changed from a first magnitude to a second magnitude
that is less than the first magnitude, the second current
distributed from the power application terminal 6003 to
the second ground terminal 6002 may be relatively low.
[0124] Also, when the capacitance of the capacitor
6800 is changed from a third magnitude to a fourth mag-
nitude thatis greater than the third magnitude, the second
current distributed from the power application terminal
6003 to the second ground terminal 6002 may be rela-
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tively large. Accordingly, the ratio of the first current dis-
tributed from the power application terminal 6003 to the
first ground terminal 6001 and the second current distrib-
uted from the power application terminal 6003 to the sec-
ond ground terminal 6002 may be changed.

[0125] FIG. 8 is a diagram schematically illustrating a
magnetic field distribution inside the chamber according
to a value of a capacitor of FIG. 6. Referring to FIG. 8,
capacitance of the capacitor 6800 may have a first mag-
nitude of 10 pF, a second magnitude of 100 pF, and a
third magnitude of 500 pF. When the capacitance of the
capacitor 6800 is changed from the first magnitude to the
third magnitude, the magnitude of the second current dis-
tributed from the power application terminal 6003 to the
second ground terminal 6002 increases. Accordingly, the
magnitude of the magnetic field generated from the sec-
ond current supplied to the second ground terminal 6002
from the power application terminal 6003 increases. In
one example, the coil from the power application terminal
6003 to the second ground terminal 6002 may be posi-
tioned opposite the center region of the processing space
5200. Accordingly, when the capacitance of the capacitor
6800 is changed from the first magnitude to the third mag-
nitude, magnetic field strength in the central region of the
processing space 5200 may be formed large.

[0126] Also, when the capacitance of the capacitor
6800 is changed from the third magnitude to the first mag-
nitude, the magnitude of the second current distributed
from the power application terminal 6003 to the second
ground terminal 6002 decreases. Accordingly, the mag-
nitude of the current distributed to the first current is rel-
atively increased. Accordingly, the magnitude ofthe mag-
netic field generated by the second current supplied from
the power application terminal 6003 to the second ground
terminal 6002 decreases. Further, the magnitude of the
magneticfield generated by the first current supplied from
the power application terminal 6003 to the first ground
terminal 6001 increases. Accordingly, when the capaci-
tance of the capacitor 6800 is changed from the third
magnitude to the first magnitude, magnetic field intensity
in the edge region may be formed greater than that in
the center region of the processing space 5200. Accord-
ingly, the capacitance of the capacitor 6800 may be var-
ied based on process requirements, thereby changing
the density and/or the magnitude of the plasma generat-
ed within the processing space 5200. Furthermore, ac-
cording to the exemplary embodiment of the present in-
vention, by connecting the power application terminal
6800 to a specific point between one end and the other
end of the coil, the distribution points of the first current
and the second current distributed with respect to the
power application terminal 6800 may be determined.
Thus, the density of the plasma may be easily controlled
according to process requirements.

[0127] Hereinafter, a substrate processing method ac-
cording to an exemplary embodiment of the present in-
vention described with reference to FIGS. 6 to 8 will be
described in detail. The substrate processing method de-
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scribed below may be performed by the process chamber
500 described above. Further, the controller 40 may con-
trol configurations of the process chamber 500 such that
the process chamber 500 may perform the substrate
processing method described below. For example, the
controller 40 may generate control signals to control at
least one of the power source 6420 and the capacitor
6800 to enable the configurations of the process chamber
500 to perform the substrate processing method de-
scribed below.

[0128] A substrate processing method according to an
exemplary embodiment of the present invention may in-
clude a substrate loading operation S10, a substrate
processing operation S20, and a substrate unloading op-
eration S30. The substrate loading operation S10 is an
operation for loading the substrate W into the process
chamber 500. In the substrate loading operation S10, the
substrate W enters and exits the interior of the housing
5220 through an opening (not illustrated) formed in a lat-
eral wall of the housing 5220. The substrate W entering
the interior of the housing 520 may be seated on the
supportunit5240. The substrate W seated on the support
unit 5240 may be fixedly supported on the support unit
5240 by electrostatic forces.

[0129] The substrate processing operation S20 is an
operation of performing predetermined processingonthe
substrate W loaded into the process chamber 500 by
using plasma. In one example, the substrate processing
operation S20 may include etching or ashing a thin film
on the substrate W. Inthe substrate processing operation
S20, plasma is generated in the processing space 5200.
For example, in the substrate processing operation S20,
process gas may be supplied to the processing space
5200 by the gas supply unit 5250 and high frequency
current may be applied to the antenna 6200. The high
frequency current applied to the antenna 6200 may gen-
erate a magnetic field in the processing space 5200. The
magnetic field formed in the processing space 5200 may
excite process gas flowing through the processing space
5200.

[0130] In the substrate processing operation S20, a
high frequency current may be applied directly to the coil
through the power application terminal 6003 connected
between one end and the other end of the coil configuring
the antenna 6200. In the exemplary embodiment of the
present invention, the power application terminal 6003
may be connected between one end of the coil and the
other end of the coil. The high frequency current applied
from the power application terminal 6003 connected to
the coil may be distributed as a first current toward one
end of the coil and a second current toward the other end
of the coil. In other words, the high frequency current
supplied from the power application terminal 6003 may
be distributed as a first current toward the first ground
terminal 6001 and a second current toward the second
ground terminal 6002 with respect to the power applica-
tion terminal 6003.

[0131] Aregion of the processing space 5200 opposite
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one end of the coil from the power application terminal
6003 may have a plasma density of a first magnitude
from the first current. A region of the processing space
5200 opposite the other end of the coil from the power
application terminal 6003 may have a plasma density of
a second magnitude from the second current.

[0132] The distribution ratio of the first current and the
second current may be determined by the capacitor 6800
connected to the first ground line 6620 or the second
ground line 6640. In one example, the capacitor 6800
may be connected to the second ground line 6640. How-
ever, the present invention is not limited thereto, and the
capacitor 6800 may also be connected to the first ground
line 6620. When the capacitance of the capacitor 6800
is changed from the first magnitude to the second mag-
nitude that is smaller than the first magnitude, the mag-
nitude of the second current distributed from the power
application terminal 6003 to the second ground terminal
6002 decreases. Accordingly, the magnitude of the cur-
rent distributed to the first current is relatively increased.
Accordingly, the magnitude of the magnetic field gener-
ated by the second current supplied from the power ap-
plication terminal 6003 to the second ground terminal
6002 decreases. Further, the magnitude of the magnetic
field generated by the first current supplied from the pow-
er application terminal 6003 to the first ground terminal
6001 increases. Accordingly, the region of the processing
space 5200 opposite the one end of the coil from the
power application terminal 6003 may have the plasma
density of the first magnitude. In addition, the region of
the processing space 5200 opposite the other end of the
coil from the power application terminal 6003 may have
the plasma density of the second magnitude that is small-
er than the first magnitude. When the capacitance of the
capacitor 6800 is changed from the third magnitude to
the first magnitude, the magnetic field and the plasma
density in the edge region may be formed to be greater
than in the center region of the processing space 5200.
[0133] Conversely, when the capacitance of the ca-
pacitor 6800 is changed from the third magnitude to the
fourth magnitude that is greater than the third magnitude,
the magnitude of the second current distributed from the
power application terminal 6003 to the second ground
terminal 6002 is increased. Accordingly, the magnitude
of the magnetic field generated from the second current
supplied to the second ground terminal 6002 from the
power application terminal 6003 also increases. In one
example, the coil from the power application terminal
6003 to the second ground terminal 6002 may be posi-
tioned opposite the center region of the processing space
5200. Accordingly, when the capacitance of the capacitor
6800 is changed from the first magnitude to the third mag-
nitude, magnetic field strength in the central region of the
processing space 5200 may be formed large.

[0134] Accordingly, the capacitance of the capacitor
6800 may be varied based on process requirements,
thereby changing the density and/or the magnitude of
the plasma generated within the processing space 5200.
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Furthermore, according to the exemplary embodiment of
the present invention, by connecting the power applica-
tion terminal 6800 to a specific point between one end
and the other end of the coil, the distribution points of the
first current and the second current distributed with re-
spect to the power application terminal 6800 may be de-
termined. Thus, the density of the plasma may be easily
controlled according to process requirements.

[0135] The foregoing detailed description illustrates
the present invention. Further, the above content illus-
trates and describes the exemplary embodiment of the
presentinvention, and the presentinvention may be used
in various other combinations, modifications, and envi-
ronments. Thatis, the foregoing content may be modified
or corrected within the scope of the concept of the inven-
tion disclosed in the present specification, the scope
equivalent to that of the invention, and/or the scope of
the skill or knowledge in the art. The foregoing exemplary
embodiment describes the best state for implementing
the technical spirit of the present invention, and various
changes required in the specific application field and use
of the present invention are possible. Accordingly, the
detailed description of the invention above is notintended
to limit the invention to the disclosed exemplary embod-
iment. Further, the accompanying claims should be con-
strued to include other exemplary embodiments as well.

Claims

1. An apparatus for processing a substrate, the appa-
ratus comprising:

a process processing unit providing a process-
ing space in which a substrate is processed; and
a plasma source for generating plasma from
process gas,

wherein the plasma source includes:

an antenna including a coil wound with a
plurality of turns; and

a power application unit for applying high
frequency power to the coil, and

afirst ground line is connected to one end of the
coil,

a second ground line is connected to the other
end of the coil, and

the power application unit is connected to the
coil to apply high frequency power directly to the
coil at a location between the one end of the coil
and the other end of the caoil.

2. The apparatus of claim 1, wherein the first ground
line or the second ground line are provided with a

capacitor.

3. The apparatus of claim 2, wherein the capacitor is a
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variable capacitor,

the apparatus further comprises a controller
controlling the capacitor, and

the controller controls the capacitor to adjust a
ratio of power distributed to the first ground line
and the second ground line by changing capac-
itance of the capacitor.

4. The apparatus of claim 3, further comprising:

a plasma chamber having a generating space
in which the plasma is generated above the
process processing unit,

wherein the antenna includes the coil wound
around the plasma chamber with a plurality of
turns on an external portion of the plasma cham-
ber, and

the coil is wound around the plasma chamber
with an odd number of turns.

5. The apparatus of claim 4, wherein the coil is provided
in a circular shape when viewed from above, and
the one end of the coil and the other end of the coil
are provided in an overlapping position when viewed
from above.

6. The apparatus of claim 5, wherein the power appli-
cation unit includes a power source generating the
high frequency power and a power line delivering
the high frequency power generated by the power
source,

the power line is connected at an intermediate
position between the one end of the coil and the
other end of the coil, and

when viewed from above, a virtual straight line
connecting a first ground terminal in which the
first ground line is connected to the coil and the
power application terminal in which the power
line is connected to the coil passes through a
center of the coil.

7. The apparatus of claim 3, wherein the antenna is
located above the process processing unit, and is
provided in a spiral shape on a plane.

8. The apparatus of claim 7, wherein a virtual straight
line connecting one end of the coil to the other end
of the coil passes through a center of the coil.

9. The apparatus of claim 8, wherein the power appli-
cation unit includes a power source generating the
high frequency power and a power line delivering
the high frequency power generated by the power
source, and
the power line is connected between one end of the
coil and the other end of the coil.



10.

1.

12.

13.

14.

15.

16.

17.

27

The apparatus of claim 9, wherein the antenna is
located to face a support unit supporting a substrate
in the processing space, when viewed from above.

The apparatus of claim 2, wherein the capacitor is
provided as a fixed capacitor.

A method of processing a substrate, the method
comprising:

generating plasma from process gas by apply-
ing a high frequency current directly to a coil
through a power application terminal located be-
tween one end and the other end of the coil
wound with a plurality of turns,

wherein the high frequency current is divided
into a first current from the power application
terminal toward the one end of the coil and a
second current from the power application ter-
minal toward the other end of the coil, and a
distribution ratio of the first current and the sec-
ond current is determined by a capacitor provid-
ed at one end of the coil or at the other end of
the coil.

The method of claim 12, wherein a current ratio of
the first current and the second current is adjusted
by changing capacitance of the capacitor.

The method of claim 13, wherein the coil is wound
around the plasma chamber with an odd number of
turns and wrapped around the plasma chamber on
an external portion of the plasma chamber having a
generating space in which the plasma is generated,
and is provided in a circular shape when viewed from
above,

the one end of the coil and the other end of the
coil are provided in an overlapping position,
when viewed from above, and

the power application terminal is located in an
intermediate position between the one end of
the coil and the other end of the caoil.

The method of claim 14, wherein when viewed from
above, a half region based on an arbitrary straight
line passing through a center of a substrate has a
plasma density of a first magnitude, and the remain-
ing region of the half region has a plasma density of
a second magnitude.

The method of claim 13, wherein the coil is provided
in a spiral shape in a plane, and a virtual straight line
connecting the one end of the coil with the other end
of the coil passes through a center of the coil.

The method of claim 16, wherein a location where
the power application terminal is connected to the
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coil is changed.

. The method of claim 17, wherein in a region opposite

the one end of the coil from the power application
terminal, a plasma density of a first magnitude is
formed from the first current, and in a region opposite
the other end of the coil from the power application
terminal, a plasma density of a second magnitude is
formed from the second current.
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[FIG. 4]
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