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SUBSTRATE CLEANING CHAMBER, A
SUBSTRATE PROCESSING SYSTEM
INCLUDING THE SAME, AND A METHOD
OF PROCESSING A SUBSTRATE USING THE
SUBSTRATE PROCESSING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This U.S. non-provisional patent application
claims priority under 35 US.C. § 119 to Korean Patent
Application No. 10-2022-0164886, filed on Nov. 30, 2022,
in the Korean Intellectual Property Office, the entire contents
of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] The present disclosure relates to a substrate clean-
ing chamber, a substrate processing system including the
same and a method of processing a substrate using the
substrate processing system, and more particularly, to a
substrate cleaning chamber capable of removing a foreign
material on a substrate and of preventing contamination, a
substrate processing system including the same and a
method of processing a substrate using the substrate pro-
cessing system.

[0003] A semiconductor device may be manufactured by
various processes. For example, the semiconductor device
may be manufactured by a photolithography process, an
etching process, a deposition process, and a plating process.
In the photolithography process for manufacturing the semi-
conductor device, a wetting process of applying liquid (e.g.,
a developing solution) onto a wafer may be performed. In
addition, a drying process of removing the liquid, applied on
the wafer, from the wafer may be performed. Various
methods may be used to apply the liquid onto the wafer
and/or to remove the liquid from the wafer.

SUMMARY

[0004] Embodiments of the inventive concepts may pro-
vide a substrate cleaning chamber capable of cleaning a
substrate coated with a photoresist material including a
metal, a substrate processing system including the same, and
a method of processing a substrate using the substrate
processing system.

[0005] Embodiments of the inventive concepts may also
provide a substrate cleaning chamber capable of removing a
foreign material on a substrate, a substrate processing sys-
tem including the same, and a method of processing a
substrate using the substrate processing system.

[0006] Embodiments of the inventive concepts may fur-
ther provide a substrate cleaning chamber capable of pre-
venting contamination of a substrate, a substrate processing
system including the same, and a method of processing a
substrate using the substrate processing system.

[0007] In an aspect, a method of processing a substrate
may include wetting a substrate, supplying a supercritical
fluid onto the wetted substrate to dry the substrate, and
cleaning the dried substrate. The cleaning of the substrate
may include supplying a cleaning solution onto a top surface
of the substrate, and supplying a cleaning solution onto a
bottom surface of the substrate.

[0008] In an aspect, a method of processing a substrate
may include wetting a substrate, drying the wetted substrate,
cleaning the dried substrate, and heat-treating the cleaned

May 30, 2024

substrate. The wetting of the substrate may include dispos-
ing the substrate into a wet chamber, supplying a developing
solution onto the substrate disposed in the wet chamber, and
supplying a wetting solution onto the substrate after the
supplying of the developing solution. The drying of the
substrate may include supplying a supercritical fluid onto the
substrate supplied with the wetting solution.

[0009] In an aspect, a substrate processing system may
include a wet chamber, a drying chamber configured to dry
a substrate, which has passed through the wet chamber, by
using a supercritical fluid, and a substrate cleaning chamber
configured to supply a cleaning solution to a substrate which
has passed through the drying chamber. The substrate clean-
ing chamber may include a cleaning chamber housing, an
upper cleaning nozzle configured to supply the cleaning
solution toward a top surface of a substrate disposed in the
cleaning chamber housing, and a lower cleaning nozzle
configured to supply the cleaning solution toward a bottom
surface of a substrate disposed in the cleaning chamber
housing.

[0010] In an aspect, a substrate cleaning chamber may
include a cleaning chamber housing providing a cleaning
space, a support pin located in the cleaning chamber housing
and configured to support a substrate, an upper cleaning
nozzle located above the support pin, and a lower cleaning
nozzle located under a substrate disposed on the support pin.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a schematic view illustrating a substrate
processing system according to some embodiments of the
inventive concepts

[0012] FIG. 2 is a cross-sectional view illustrating a wet
chamber according to some embodiments of the inventive
concepts.

[0013] FIG. 3 is a cross-sectional view illustrating a dry-
ing chamber according to some embodiments of the inven-
tive concepts.

[0014] FIG. 4 is a schematic view illustrating a supercriti-
cal fluid supply unit according to some embodiments of the
inventive concepts.

[0015] FIG. 5 is a cross-sectional view illustrating a sub-
strate cleaning chamber according to some embodiments of
the inventive concepts.

[0016] FIG. 6 is an enlarged cross-sectional view of a
region ‘X’ of FIG. §

[0017] FIG. 7 is an enlarged plan view illustrating a
portion of a substrate cleaning chamber according to some
embodiments of the inventive concepts.

[0018] FIG. 8 is a flow chart illustrating a method of
processing a substrate according to some embodiments of
the inventive concepts

[0019] FIGS. 9 to 17 are views illustrating the method of
processing a substrate in the flow chart of FIG. 8.

DETAILED DESCRIPTION

[0020] Hereinafter, embodiments of the inventive con-
cepts will be described in detail with reference to the
accompanying drawings. The same reference numerals or
the same reference designators may denote the same com-
ponents or elements throughout the specification.

[0021] FIG. 1 is a schematic view illustrating a substrate
processing system according to some embodiments of the
inventive concepts.
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[0022] Referring to FIG. 1, a substrate processing system
P may be provided. The substrate processing system P may
be an apparatus for processing a substrate in a semiconduc-
tor manufacturing process. More particularly, the substrate
processing system P may be an apparatus for performing a
wetting process, a drying process and a cleaning process on
a substrate. In other words, the substrate processing system
P may be configured to wet a substrate by supplying or
spraying liquid onto the substrate and/or may be configured
to dry and clean the substrate by removing liquid on the
substrate from the substrate. For example, the substrate
processing system P may be configured to supply or spray a
developing solution onto a substrate on which an extreme
ultraviolet (EUV) exposure process was performed. In addi-
tion, the substrate processing system P may be configured to
dry the developing solution on the substrate. The term
‘substrate’ used in the present specification may mean any
suitable substrate, such as a semiconductor wafer. The
semiconductor wafer may include, but not limited to, a
silicon (Si) wafer. The substrate processing system P may
include a loading port LP, a wet chamber B, a developing
solution supply unit FS1, a wetting solution supply unit FS2,
a first transfer unit TU1, a second transfer unit TU2, a drying
chamber A, a substrate cleaning chamber D, a cleaning
solution supply unit FS3, a bake chamber K, a supercritical
fluid supply unit 3, and a control unit C

[0023] The loading port LP may be a port on which a
substrate is loaded. For example, a substrate on which
various semiconductor manufacturing processes were per-
formed may be loaded on the loading port LP. A plurality of
loading ports LP may be provided. A plurality of substrates
may be loaded on each of the plurality of loading ports LP.
However, a single loading port LP will be mainly described
hereinafter for ease of explanation.

[0024] The wet chamber B may be a chamber for per-
forming a wetting process on a substrate. The wet chamber
B may provide a space in which the wetting process is
performed. When a substrate is disposed in the wet chamber
B, liquid such as various chemicals and/or water may be
coated onto the substrate. The coating of the liquid may be
performed by various methods. For example, the liquid may
be supplied or sprayed onto a rotating substrate, and thus the
liquid may be uniformly distributed on the substrate by
centrifugal force. The wet chamber B will be described later
in more detail with reference to FIG. 2.

[0025] The developing solution supply unit FS1 may be
configured to supply a fluid into the wet chamber B. To
achieve this, the developing solution supply unit FS1 may
include a fluid tank and a pump. The fluid supplied into the
wet chamber B by the developing solution supply unit FS1
may be referred to as a developing solution. The developing
solution may include various chemicals and/or water. More
particularly, the developing solution may include propylene
glycol methyl ether acetate (PGMEA) and acetic acid.
Depending upon the photoresist, alternatives or additions to
PGMEA could be used such as PGME, 2-butanone, 2-hep-
tanone, 2-butanol, 2-heptanol, ethyl acetate, cyclohexyl
acetate, methyl laurate, diisobutyl ketone, 4-methyl-2-pen-
tanol, or dibutyl oxalate. A carboxylic acid such as acetic
acid mentioned above can be used, or other carboxylic acids
such as formic acid, oxalic acid or 2-ethylhexanoic acid
could be used, and in addition or in place of the carboxylic
acid, other polar solvents such as diols, glycol ethers,
monohydroxyl alcohols, polyhydroxyl compounds, glycol
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ethers and/or pyrrolidones could be used, depending upon
the photoresist. If acetic acid is used, a concentration of the
acetic acid in the developing solution may range from about
1 wt % to about 3 wt %, but embodiments of the inventive
concepts are not limited thereto. This will be described later
in more detail.

[0026] The wetting solution supply unit FS2 may be
configured to supply a fluid into the wet chamber B. To
achieve this, the wetting solution supply unit FS2 may
include a fluid tank and a pump. The fluid supplied into the
wet chamber B by the wetting solution supply unit FS2 may
be referred to as a wetting solution. The wetting solution
may include various chemicals and/or water. More particu-
larly, the wetting solution may include propylene glycol
methyl ether acetate (PGMEA). This will be described later
in more detail.

[0027] The first transfer unit TU1 may be configured to
transfer a substrate not contaminated by a foreign material.
For example, the first transfer unit TU1 may transfer a
substrate loaded on the loading port LP into the wet chamber
B. In addition, the first transfer unit TUl may take a
substrate out of the substrate cleaning chamber D and then
may transfer the substrate into the bake chamber K. To
achieve this, the first transfer unit TU1 may include an
actuator (e.g., a motor).

[0028] The second transfer unit TU2 may be distinguished
from the first transfer unit TU1. The second transfer unit
TU2 may be configured to transfer a substrate contaminated
by a foreign material. For example, the second transfer unit
TU2 may take a substrate out of the wet chamber B and then
may transfer the substrate into the drying chamber A. In
addition, the second transfer unit TU2 may take a substrate
out of the drying chamber A and then may transfer the
substrate into the substrate cleaning chamber D. To achieve
this, the second transfer unit TU2 may include an actuator
(e.g., a motor).

[0029] The drying chamber A may be a chamber for
drying a substrate. For example, the drying chamber A may
be configured to dry and/or clean a substrate which has
passed through the wet chamber B. In other words, the
drying chamber A may remove liquid from a substrate
coated with the developing solution and/or the wetting
solution in the wet chamber B. The drying chamber A may
provide a space in which the drying process is performed.
The drying chamber A may be provided in plurality. For
example, two drying chambers A may be provided. The two
drying chambers A may be provided to face each other.
However, hereinafter, a single drying chamber A will be
mainly described for the purpose of ease and convenience in
explanation.

[0030] The substrate cleaning chamber D may be config-
ured to clean a substrate. More particularly, the substrate
cleaning chamber D may clean a substrate which has passed
through the drying chamber A. The substrate cleaning cham-
ber D may be configured to supply or spray a cleaning
solution on a substrate. This will be described later in more
detail.

[0031] The cleaning solution supply unit FS3 may be
configured to supply the cleaning solution into the substrate
cleaning chamber D. To achieve this, the cleaning solution
supply unit FS3 may include a fluid tank and a pump. The
cleaning solution may include various chemicals and/or
water. More particularly, the cleaning solution may include
propylene glycol methyl ether acetate (PGMEA) and acetic
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acid. A concentration of the acetic acid of the cleaning
solution may range from about 20 wt % to about 50 wt %,
but embodiments of the inventive concepts are not limited
thereto. This will be described later in more detail.

[0032] The bake chamber K may be configured to heat-
treat a substrate. More particularly, the bake chamber K may
heat-treat a substrate which has passed through the substrate
cleaning chamber D. The heat treatment process by the bake
chamber K may be referred to as a bake process.

[0033] The supercritical fluid supply unit 3 may be con-
figured to supply a fluid into the drying chamber A. More
particularly, the supercritical fluid supply unit 3 may be
configured to supply a supercritical fluid supplied or injected
into the drying chamber A. For example, the supercritical
fluid supply unit 3 may supply carbon dioxide (CO,) in a
supercritical fluid (SCF) state into the drying chamber A.
The supply unit 3 may also be configured to supply near
critical fluids, as well as supercritical or near critical fluids
other than CO, such as H,O or alcohols such as methanol or
ethanol, or combinations such as methanol modified super-
critical CO,, ethanol modified supercritical CO,, etc. The
supercritical fluid supply unit 3 will be described later in
more detail with reference to FIG. 4.

[0034] The control unit C may control the wet chamber B
and the drying chamber A. For example, the control unit C
may control the supercritical fluid supply unit 3 to adjust the
degree of drying of a substrate. More particularly, the control
unit C may control the flow rate of a fluid supplied into the
drying chamber A.

[0035] FIG. 2 is a cross-sectional view illustrating a wet
chamber according to some embodiments of the inventive
concepts.

[0036] Referring to FIG. 2, the wet chamber B may
include a wet chamber housing 71, a wetting stage 73, a
wetting nozzle 75, a rotation shaft 77, and a first bowl BW1.
[0037] The wet chamber housing 71 may provide a wet-
ting space 71/4. The wetting process may be performed on a
substrate in a state in which the substrate is disposed in the
wetting space 714.

[0038] The wetting stage 73 may be located in the wet
chamber housing 71. The wetting stage 73 may be config-
ured to support a substrate. In other words, a substrate
inserted in the wet chamber housing 71 may be disposed on
the wetting stage 73. The wetting stage 73 may be config-
ured to rotate a substrate.

[0039] The wetting nozzle 75 may be spaced upward from
the wetting stage 73. The wetting nozzle 75 may be con-
nected to the developing solution supply unit FS1 and the
wetting solution supply unit FS2. The wetting nozzle 75 may
be supplied with the fluid from each of the developing
solution supply unit FS1 and the wetting solution supply unit
FS2 and may supply or spray the fluid toward the wetting
stage 73.

[0040] The rotation shaft 77 may be configured to rotate
the wetting stage 73 in response to a control signal of the
control unit C. A substrate on the wetting stage 73 may be
rotated by the rotation shaft 77.

[0041] The first bowl BW1 may surround the wetting
stage 73. The first bowl BW1 may collect a fluid escaping or
scattered from the wetting stage 73.

[0042] FIG. 3 is a cross-sectional view illustrating a dry-
ing chamber according to some embodiments of the inven-
tive concepts.
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[0043] Referring to FIG. 3, the drying chamber A may be
configured to dry a substrate. More particularly, liquid on a
substrate may be removed from the substrate in the drying
chamber A. A substrate wetted in the wet chamber B (see
FIG. 2) may be dried in the drying chamber A. The drying
chamber A may include a drying chamber housing 9, a
drying heater HT, a drying chuck 4, a blocking plate 2, a
chamber driving unit MA, and an exhaust tank ET.

[0044] The drying chamber housing 9 may provide a
drying space 9%. The drying chamber housing 9 may include
a lower housing 91 and an upper housing 93. The lower
housing 91 may be spaced downward from the upper
chamber 93. The drying space 9% may be provided between
the lower housing 91 and the upper housing 93. The lower
housing 91 may be vertically movable. For example, the
lower housing 91 may be moved upward by the chamber
driving unit MA and thus may be coupled to the upper
housing 93. The lower housing 91 and the upper housing 93
may be coupled to each other to isolate the drying space 9%
from the outside. An upper inlet Ul may be provided at the
upper housing 93. The upper inlet UI may be connected to
the supercritical fluid supply unit 3. The supercritical fluid
may be supplied from the supercritical fluid supply unit 3
into the drying space 9/ through the upper inlet Ul. A lower
outlet LE may be provided at the lower housing 91. The
lower outlet LE may be connected to the exhaust tank ET. A
fluid may be exhausted to the outside of the drying chamber
housing 9 through the lower outlet LE.

[0045] The drying heater HT may be coupled to the drying
chamber housing 9. The drying heater HT may be configured
to heat the drying space 9%. The supercritical fluid supplied
in the drying space 9% may be maintained in a supercritical
state by heating of the drying heater HT.

[0046] The drying chuck 4 may be connected to the upper
housing 93. The drying chuck 4 may be spaced downward
from the upper housing 93. A substrate may be disposed or
placed on the drying chuck 4. In other words, the drying
chuck 4 may support the substrate.

[0047] The blocking plate 2 may be connected to the lower
housing 91. The blocking plate 2 may be spaced upward
from the lower outlet LE by a certain distance. The blocking
plate 2 may block the flowing of a fluid. The chamber
driving unit MA may be connected to the lower housing 91.
The chamber driving unit MA may be configured to verti-
cally move the lower housing 91. By the chamber driving
unit MA, the lower housing 91 may be coupled to the upper
housing 93 or may be separated from the upper housing 93.
To achieve this, the chamber driving unit MA may include
an actuator (e.g., a motor). The exhaust tank ET may be
connected to the lower outlet LE. The fluid exhausted
through the lower outlet LE may move to the exhaust tank
ET.

[0048] FIG. 4 is a schematic view illustrating a supercriti-
cal fluid supply unit according to some embodiments of the
inventive concepts.

[0049] Referring to FIG. 4, the supercritical fluid supply
unit 3 may include a drying fluid supply source 31, a drying
fluid line 37, a supply filter 32, a first valve 381, a condenser
33, a pump 34, a second valve 382, a tank 35, a heater 36,
and a third valve 383.

[0050] The drying fluid supply source 31 may be config-
ured to supply a drying fluid. More particularly, the drying
fluid supply source 31 may store and supply a gaseous fluid
to be formed into the supercritical fluid. In the case in which
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the drying fluid is a CO, supercritical fluid, the drying fluid
supply source 31 may store gaseous CO,. A temperature of
the gaseous CO, supplied by the drying fluid supply source
31 may range from about 10° C. to about 30° C. In addition,
a pressure of the gaseous CO, supplied by the drying fluid
supply source 31 may range from about 4 MPa to about 6
MPa. The drying fluid supplied from the drying fluid supply
source 31 may move along the drying fluid line 37.

[0051] The drying fluid line 37 may provide a path for
supplying the drying fluid from the drying fluid supply
source 31 into the drying chamber A. The supply filter 32
may be located on the drying fluid line 37. The supply filter
32 may filter a foreign material in the drying fluid. The first
valve 381 may open/close a flow path between the supply
filter 32 and the condenser 33 to control movement of the
drying fluid.

[0052] The condenser 33 may cool the gaseous CO,
supplied from the drying fluid supply source 31. Thus, the
gaseous CO, may be liquefied in the condenser 33. For
example, a temperature of the CO, liquefied in the condenser
33 may range from about 0° C. to about 6° C. In addition,
a pressure of the CO, liquefied in the condenser 33 may
range from about 4 MPa to about 6 MPa.

[0053] The pump 34 may be configured to increase the
pressure of the drying fluid liquefied through the condenser
33. For example, the pressure of the CO, liquefied in the
condenser 33 may become in a range of about 15 MPa to
about 25 MPa by the pump 34. In addition, the temperature
of the CO, liquefied in the condenser 33 may become in a
range of about 15° C. to about 25° C. while passing through
the pump 34. The second valve 382 may open/close a flow
path between the pump 34 and the tank 35 to control
movement of the drying fluid. The tank 35 may store the
drying fluid compressed by the pump 34.

[0054] The heater 36 may be configured to heat the drying
fluid moving along the drying fluid line 37. More particu-
larly, the heater 36 may heat the CO, in a liquid state, which
is compressed by the pump 34. Thus, the CO, in the liquid
state may become in a supercritical state. The CO, in the
supercritical state, which is formed by the heating of the
heater 36, may be in a high-temperature and high-pressure
state. For example, a temperature of the CO, in the super-
critical state through the heater 36 may range from about 60°
C. to about 90° C. In addition, a pressure of the CO, in the
supercritical state through the heater 36 may range from
about 15 MPa to about 25 MPa. The third valve 383 may
control movement of the CO, in the supercritical state
through the heater 36. The CO, in the supercritical state may
be supplied or injected into the drying chamber A through
the third valve 383.

[0055] FIG. 5 is a cross-sectional view illustrating a sub-
strate cleaning chamber according to some embodiments of
the inventive concepts, FIG. 6 is an enlarged cross-sectional
view of a region ‘X’ of FIG. 5, and FIG. 7 is an enlarged plan
view illustrating a portion of a substrate cleaning chamber
according to some embodiments of the inventive concepts.
[0056] Referring to FIGS. 5 to 7, the substrate cleaning
chamber D may include a cleaning chamber housing 52, a
cleaning stage 55, a substrate rotation unit 59, a support pin
57, a cleaning unit 51, a lower cleaning nozzle 53, a gas
nozzle 58, and a second bowl BW2.

[0057] The cleaning chamber housing 52 may provide a
cleaning space 52/. A cleaning process may be performed on
a substrate in the cleaning space 524. More particularly, a
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process of removing a foreign material (e.g., a metal, etc.) on
a substrate may be performed in the cleaning space 524.

[0058] The cleaning stage 55 may be located in the
cleaning chamber housing 52. The cleaning stage 55 may
have a circular plate shape as shown in FIG. 7, but embodi-
ments of the inventive concepts are not limited thereto. The
cleaning stage 55 may be configured to be rotated by the
substrate rotation unit 59

[0059] The substrate rotation unit 59 may support the
cleaning stage 55. The substrate rotation unit 59 may extend
in a first direction D1. The substrate rotation unit 59 may be
configured to rotate the cleaning stage 55.

[0060] The support pin 57 may be located on the cleaning
stage 55. The support pin 57 may be provided in plurality.
As shown in FIG. 7, the plurality of support pins 57 may be
arranged in a circumferential direction. A distance dsl
between two support pins, farthest from each other, of the
plurality of support pins 57 may be about 290 mm or more.
More particularly, the distance ds1 between the two support
pins, farthest from each other, of the plurality of support pins
57 may be about 295 mm or more. Hereinafter, a single
support pin 57 will be mainly described for the purpose of
ease and convenience in explanation.

[0061] The cleaning unit 51 may be configured to supply
or spray a cleaning solution toward the cleaning stage 55.
The cleaning unit 51 may be connected to the cleaning
solution supply unit FS3. The cleaning unit 51 may include
an upper cleaning nozzle 511, a nozzle connection member
513, and an upper nozzle moving unit 515

[0062] The upper cleaning nozzle 511 may be located
above the support pin 57. The upper cleaning nozzle 511
may supply or spray the cleaning solution toward a substrate
W disposed on the cleaning stage 55. More particularly, the
upper cleaning nozzle 511 may supply or spray the cleaning
solution toward a top surface Wu of the substrate W.

[0063] The nozzle connection member 513 may support
the upper cleaning nozzle 511. The nozzle connection mem-
ber 513 may extend in a horizontal direction. The cleaning
solution supplied from the cleaning solution supply unit FS3
may move along the nozzle connection member 513 and
then may be supplied or sprayed through the upper cleaning
nozzle 511.

[0064] The upper nozzle moving unit 515 may be config-
ured to move the nozzle connection member 513 and/or the
upper cleaning nozzle 511. For example, the upper nozzle
moving unit 515 may move the upper cleaning nozzle 511 in
a horizontal direction on the cleaning stage 55. More par-
ticularly, the upper nozzle moving unit 515 may rotate the
nozzle connection member 513 to move the upper cleaning
nozzle 511 in the horizontal direction on the cleaning stage
55. To achieve this, the upper nozzle moving unit 515 may
include an actuator (e.g., a motor).

[0065] The lower cleaning nozzle 53 may be located under
the substrate W disposed on the support pin 57. The lower
cleaning nozzle 53 may be connected to the cleaning solu-
tion supply unit FS3. The lower cleaning nozzle 53 may
supply or spray the cleaning solution toward the substrate W.
More particularly, the lower cleaning nozzle 53 may supply
or spray the cleaning solution toward a bottom surface Wb
of the substrate W. The lower cleaning nozzle 53 may be
provided in plurality. The plurality of lower cleaning nozzles
53 may be arranged in the circumferential direction as
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shown in FIG. 7. Hereinafter, a single lower cleaning nozzle
53 will be mainly described for the purpose of ease and
convenience in explanation.

[0066] The gas nozzle 58 may be located under the
substrate W disposed on the support pin 57. The gas nozzle
58 may supply or jet a gas toward the substrate W. More
particularly, the gas nozzle 58 may supply or jet the gas
toward the bottom surface Wb of the substrate W.

[0067] The gas nozzle 58 may be located outside the lower
cleaning nozzle 53. The gas nozzle 58 may be provided in
plurality. The plurality of gas nozzles 58 may be arranged in
the circumferential direction as shown in FIG. 7. Hereinaf-
ter, a single gas nozzle 58 will be mainly described for the
purpose of ease and convenience in explanation.

[0068] The second bowl BW2 may surround the cleaning
stage 55. The second bowl BW2 may collect a fluid escaping
or scattered from the cleaning stage 55.

[0069] FIG. 8 is a flow chart illustrating a method of
processing a substrate according to some embodiments of
the inventive concepts.

[0070] Referring to FIG. 8, a method of processing a
substrate (S) may be provided. The method of processing a
substrate (S) may be a method of processing a substrate
using the substrate processing system P (see FIG. 1)
described with reference to FIGS. 1 to 7. The method of
processing a substrate (S) may include coating a photoresist
material on a substrate (S1), pre-cleaning the substrate (S2),
exposing the substrate (S3), wetting the substrate (S4),
drying the substrate (S5), cleaning the substrate (S6), and
heat-treating the substrate (S7). Hereinafter, the method of
processing a substrate (S) in FIG. 8 will be described in more
detail with reference to FIGS. 9 to 17.

[0071] FIGS. 9 to 17 are views illustrating the method of
processing a substrate in the flow chart of FIG. 8.

[0072] Referring to FIG. 8, the coating of the photoresist
material on the substrate (S1) may include coating the
photoresist material including a metal on the substrate. The
metal can be a metal oxide nanoparticle or metal organic
cluster/metal oxide ligand cluster in the deposited photore-
sist material, where the metal can be e.g., Hf, Zr, Ti, Sn, Zn
or In. The photoresist material may be coated on the
substrate by at least one of various methods. For example,
the photoresist material may be supplied (e.g., dip coated,
spin coated, spray coated, etc.) onto a stationary or rotating
substrate, so as to provide the photoresist material uniformly
coated on the substrate. The pre-cleaning of the substrate
(S2) may include cleaning the substrate coated with the
photoresist material. The exposing of the substrate (S3) may
include exposing the substrate coated with the photoresist
material.

[0073] Referring to FIGS. 9, 10 and 8, the wetting of the
substrate (S4) may include disposing or placing a substrate
W in the wet chamber B by the first transfer unit TU1. In this
process, the substrate W may have the photoresist material
coated thereon. The substrate W may be disposed on the
wetting stage 73.

[0074] Referring to FIGS. 10 and 8, the wetting of the
substrate (S4) may include supplying or spraying a devel-
oping solution FL onto the substrate W disposed in the wet
chamber B. The developing solution FL supplied from the
developing solution supply unit FS1 may be supplied or
sprayed onto the substrate W through the wetting nozzle 75.
The developing solution FL. may include propylene glycol
methyl ether acetate (PGMEA) and acetic acid as described
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above, but embodiments of the inventive concepts are not
limited thereto. In this process, the substrate W may be
rotated. In other words, the wetting stage 73 may be rotated
by the rotation shaft 77 to rotate the substrate W. Thus, the
developing solution FL supplied on the substrate W may be
spread on a top surface of the substrate W.

[0075] Referring to FIGS. 11 and 8, the wetting of the
substrate (S4) may further include supplying or spraying a
wetting solution WL onto the substrate W disposed in the
wet chamber B. The supplying of the wetting solution WL
may be performed after the supplying of the developing
solution FL is completed.

[0076] The wetting solution WL supplied from the wetting
solution supply unit FS2 may be supplied or sprayed onto
the substrate W through the wetting nozzle 75. The wetting
solution WL may be distinguished from the developing
solution FL. In other words, the wetting solution WL and the
developing solution FL. may be different materials. For
example, the wetting solution WL may include propylene
glycol methyl ether acetate (PGMEA) as described above,
but embodiments of the inventive concepts are not limited
thereto. In this process, the substrate W may be rotated. In
other words, the wetting stage 73 may be rotated by the
rotation shaft 77 to rotate the substrate W. Thus, the wetting
solution WL supplied on the substrate W may be spread on
the top surface of the substrate W.

[0077] Referring to FIGS. 12 and 8, the drying of the
substrate (S5) may include transferring the substrate W into
the drying chamber A by the second transfer unit TU2. In
this process, the substrate W may have the wetting solution
coated thereon. In addition, metal particles may remain on
the substrate W.

[0078] Referring to FIGS. 13 and 8, the drying of the
substrate (S5) may include supplying a supercritical fluid
SCF onto the substrate W. The supercritical fluid SCF
supplied from the supercritical fluid supply unit 3 may be
supplied or sprayed onto the substrate W disposed on the
drying chuck 4. The wetting solution coated on the substrate
W may be removed from the substrate W by the supercritical
fluid SCF. In this process, some of the metal particles
existing on the substrate W may be removed from the
substrate W. However, the others of the metal particles
existing on the substrate W may continuously remain on the
substrate W.

[0079] Referring to FIGS. 14 and 8, the cleaning of the
substrate (S6) may include transferring the substrate W into
the substrate cleaning chamber D by the second transfer unit
TU2. In this process, some of the metal particles may remain
on the substrate W.

[0080] Referring to FIGS. 15, 16 and 8, the cleaning of the
substrate (S6) may include disposing or placing the substrate
W on the support pin 57. The substrate W may be supported
by the support pin 57. The substrate W disposed on the
support pin 57 may be spaced upward from the cleaning
stage 55. Thus, a bottom surface Wb of the substrate W may
be exposed.

[0081] The cleaning of the substrate (S6) may include
supplying or spraying a cleaning solution CL onto a top
surface Wu of the substrate W. The upper cleaning nozzle
511 may be disposed on an edge region of the substrate W.
The upper cleaning nozzle 511 may supply or spray the
cleaning solution CL onto the edge region of the substrate W.
In this process, the substrate W may be rotated. Thus, the
cleaning solution CL supplied on the top surface Wu of the
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substrate W may escape outside the substrate W. As a result,
the metal particles remaining on the edge region of the top
surface Wu of the substrate W may be removed.

[0082] The cleaning of the substrate (S6) may include
supplying or spraying the cleaning solution CL onto the
bottom surface Wb of the substrate W. The lower cleaning
nozzle 53 may supply or spray the cleaning solution CL onto
the bottom surface Wb of the substrate W.

[0083] In this process, the substrate W may be rotated.
Thus, the cleaning solution CL supplied on the bottom
surface Wb of the substrate W may escape outside the
substrate W. As a result, the metal particles remaining on the
bottom surface Wb of the substrate W may be removed.
[0084] In some embodiments, a gas UG may be supplied
or jetted onto the bottom surface Wb of the substrate W.
More particularly, the gas UG may be supplied or jetted onto
the bottom surface Wb of the substrate W through the gas
nozzle 58. Thus, the cleaning solution CL supplied on the
bottom surface Wb of the substrate W may not drop down-
ward but may laterally move outside the substrate W.
[0085] Referring to FIGS. 17 and 8, the heat-treating of
the substrate (S7) may include transferring the substrate W
into the bake chamber K by the first transfer unit TU1. In this
process, a metal material may not exist on the substrate W.
In other words, the metal on the substrate W may be
removed in the substrate cleaning chamber D, and thus a
foreign material (e.g., the metal, etc.) may not exist on the
substrate W. The bake chamber K may heat the substrate W.
[0086] According to the substrate cleaning chamber, the
substrate processing system including the same and the
method of processing a substrate using the same in the
embodiments of the inventive concepts, the substrate coated
with the photoresist material including the metal may be
cleaned. Even though the drying process using the super-
critical fluid is performed, the photoresist material including
the metal may not be removed from the substrate. Thus, after
the drying process using the supercritical fluid, the cleaning
solution may be supplied in the substrate cleaning chamber
to remove the metal particles remaining on the substrate,
from the substrate.

[0087] According to the substrate cleaning chamber, the
substrate processing system including the same and the
method of processing a substrate using the same in the
embodiments of the inventive concepts, a foreign material
existing on the edge region, a side surface and/or the bottom
surface of the substrate may be removed from the substrate.
In other words, the cleaning solution may be supplied to the
top surface and the bottom surface of the substrate to clean
the substrate.

[0088] According to the substrate cleaning chamber, the
substrate processing system including the same and the
method of processing a substrate using the same in the
embodiments of the inventive concepts, the developing
solution including the acetic acid may be supplied onto the
substrate in the wet chamber. Thus, the developing process
may be smoothly performed on the substrate coated with the
photoresist material including the metal.

[0089] According to the substrate cleaning chamber, the
substrate processing system including the same and the
method of processing a substrate using the same in the
embodiments of the inventive concepts, the wetting solution
may be additionally supplied onto the substrate in the wet
chamber after the supplying of the developing solution. The
wetting solution may be a fluid of which a kind is different
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from that of the developing solution. For example, the
wetting solution may include a fluid having excellent sub-
stitution with the supercritical fluid. Thus, the drying process
using the supercritical fluid may be smoothly performed.
[0090] According to the substrate cleaning chamber, the
substrate processing system including the same and the
method of processing a substrate using the same in the
embodiments of the inventive concepts, it is possible to
prevent a substrate from being contaminated by a transfer
unit. More particularly, the substrate processing system may
have the transfer unit for transferring a substrate in a section
in which a contaminated substrate is moved and the transfer
unit for transferring a substrate in a section in which a
cleaned substrate is moved, which are different from each
other. Thus, it is possible to prevent a cleaned substrate from
being contaminated by metal particles stuck on a transfer
unit while the cleaned substrate is transferred by the transfer
unit which has transferred a substrate contaminated by the
metal particles.

[0091] According to the substrate cleaning chamber, the
substrate processing system including the same and the
method of processing a substrate using the same in the
inventive concepts, the substrate coated with the photoresist
material including the metal may be cleaned.

[0092] According to the substrate cleaning chamber, the
substrate processing system including the same and the
method of processing a substrate using the same in the
inventive concepts, a foreign material on the substrate may
be removed.

[0093] According to the substrate cleaning chamber, the
substrate processing system including the same and the
method of processing a substrate using the same in the
inventive concepts, contamination of the substrate may be
prevented.

[0094] While the embodiments of the inventive concepts
have been particularly shown and described, it will be
understood by one of ordinary skill in the art that variations
in form and detail may be made therein without departing
from the spirit and scope of the attached claims.

1. A method of processing a substrate, the method com-
prising:

wetting a substrate;

supplying a supercritical fluid onto the wetted substrate to

dry the substrate; and

cleaning the dried substrate,

wherein the cleaning of the substrate comprises:

supplying a cleaning solution onto a top surface of the

substrate; and

supplying a cleaning solution onto a bottom surface of the

substrate.

2. The method of claim 1, wherein the cleaning solution
supplied onto the top surface of the substrate includes
propylene glycol methyl ether acetate (PGMEA) and acetic
acid.

3. The method of claim 2, wherein a concentration of the
acetic acid of the cleaning solution supplied onto the top
surface of the substrate ranges from 20 wt % to 50 wt %.

4. The method of claim 1, wherein the wetting of the
substrate comprises:

supplying a developing solution onto the substrate dis-

posed in a wet chamber; and

supplying a wetting solution different from the developing

solution onto the substrate after the supplying of the
developing solution.
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5. The method of claim 1, wherein the supplying of the
cleaning solution onto the top surface of the substrate
comprises: supplying the cleaning solution onto an edge
region of the top surface through an upper cleaning nozzle
located above the top surface.

6. The method of claim 1, wherein the cleaning of the
substrate comprises: rotating the substrate.

7. The method of claim 1, further comprising:

coating a photoresist material on the substrate before the

wetting of the substrate; and

exposing the substrate coated with the photoresist mate-

rial,

wherein the photoresist material includes a metal.

8. The method of claim 7, further comprising:

pre-cleaning the substrate after the coating of the photo-

resist material on the substrate and before the exposing
of the substrate.

9. A method of processing a substrate, the method com-
prising:

wetting a substrate,

drying the wetted substrate;

cleaning the dried substrate; and

heat-treating the cleaned substrate,

wherein the wetting of the substrate comprises:

disposing the substrate into a wet chamber,

supplying a developing solution onto the substrate dis-

posed in the wet chamber; and

supplying a wetting solution onto the substrate after the

supplying of the developing solution,

wherein the drying of the substrate comprises: supplying

a supercritical fluid onto the substrate supplied with the
wetting solution.

10. The method of claim 9, wherein the developing
solution includes propylene glycol methyl ether acetate
(PGMEA) and acetic acid, and

wherein the wetting solution includes PGMEA.

11. The method of claim 10, wherein a concentration of
the acetic acid of the developing solution ranges from 1 wt
% to 3 wt %.

12. The method of claim 9, wherein the cleaning of the
dried substrate comprises: supplying a cleaning solution
onto the substrate,

wherein the cleaning solution supplied onto the substrate

includes PGMEA and acetic acid, and

wherein a concentration of the acetic acid of the cleaning

solution supplied onto the substrate ranges from 20 wt
% to 50 wt %.

13. The method of claim 12, wherein the supplying of the
cleaning solution onto the substrate comprises:

supplying the cleaning solution onto a top surface of the

substrate; and

supplying the cleaning solution onto a bottom surface of

the substrate.

14. The method of claim 9, wherein the drying of the
substrate comprises:
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transferring the substrate into a drying chamber by a first
transfer unit, and
wherein the heat-treating of the substrate comprises:

transferring the substrate into a bake chamber by a
second transfer unit different from the first transfer
unit.

15. A substrate processing system comprising:

a wet chamber;

a drying chamber configured to dry a substrate, which has
passed through the wet chamber, by using a supercriti-
cal fluid; and

a substrate cleaning chamber configured to supply a
cleaning solution to a substrate which has passed
through the drying chamber,

wherein the substrate cleaning chamber comprises:

a cleaning chamber housing;

an upper cleaning nozzle configured to supply the clean-
ing solution toward a top surface of a substrate dis-
posed in the cleaning chamber housing; and

a lower cleaning nozzle configured to supply the cleaning
solution toward a bottom surface of a substrate dis-
posed in the cleaning chamber housing.

16. The substrate processing system of claim 15, wherein
the substrate cleaning chamber further comprises: a plurality
of support pins located in the cleaning chamber housing and
configured to support a substrate, and

wherein the support pins are arranged in a circumferential
direction.

17. The substrate processing system of claim 15, further

comprising:

a first transfer unit configured to transfer a substrate from
the wet chamber into the drying chamber; and

a second transfer unit configured to transfer a substrate
from the substrate cleaning chamber.

18. The substrate processing system of claim 15, wherein

the drying chamber comprises:

a drying chamber housing providing a drying space; and

a drying chuck disposed in the drying chamber housing.

19. The substrate processing system of claim 18, further
comprising:

a supercritical fluid supply unit connected to the drying
chamber housing to supply the supercritical fluid into
the drying space,

wherein the supercritical fluid supply unit comprises: a
condenser, a pump, and a heater.

20. The substrate processing system of claim 15, further

comprising:

a cleaning solution supply unit connected to the upper
cleaning nozzle and to the lower cleaning nozzle to
supply the cleaning solution,

wherein the cleaning solution supply unit is configured to
supply PGMEA and acetic acid.

21-25. (canceled)



