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SUBSTRATE PROCESSING METHOD AND SUBSTRATE PROCESSING APPARATUS
CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority based on
Japanese Patent Application No. 2018-105632 filed on May 31,
2018 and Japanese Patent Application No. 2018-234735 filed on
December 14, 2018, and the entire contents of which are

incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present application relates to a substrate
processing method and a substrate processing apparatus for
processing substrates. Examples of substrates to be processed
include substrates, such as semiconductor wafers, substrates
for liquid crystal display devices, substrates for FPDs (flat
panel displays) such as organic EL (electroluminescence)
displaydevices, etc., substrates foroptical disks, substrates
for magnetic disks, substrates for magneto-optical disks,
substrates for photomasks, ceramic substrates, substrates for

solar cells, etc.

2. Description of the Related Art
[0003] In amanufacturing process of semiconductor devices,
a cleaning step is executed in order to remove various types

of contaminants attached on a substrate, a residue of a
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processing liquid or a resist, etc., used in a prior step and
various particles, etc., (they may be hereinafter referred to
collectively as “removal object”).

[0004] In the cleaning step, in general, a cleaning liquid
such as deionized water (DIW), etc., is supplied to a substrate,
thereby removing a removal object by physical actions of the
cleaning liquid, or a chemical liquid which chemically reacts
with the removal object is supplied to a substrate, thereby
chemically removing the removal object.

[0005] However, withprogressbeingmade inmakingapattern,
with projections and recesses, which is formed on a substrate
finer and more complex, it is not easy to remove a removal object
by using a cleaning liquid or a chemical liquid, while damage
to the pattern with projections and recesses is suppressed.
[0006] Thus, a method has been proposed where a processing
liguid, containing a solute and a solvent having volatility,
is supplied to an upper surface of a substrate, the processing
liquid is solidified or cured to form a processing film and,
thereafter, the processing film is dissolved and removed in
United States Patent Application Publication No. 2014/041685.
[0007] With themethod described above, when the processing
liquidissolidifiedor curedtoformaprocessingfilm, a removal
object is pulled away from a pattern with projections and
recesses. Then, the removal object which has been pulled away

therefrom is held in the processing film. Next, a dissolution
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processing liquid is supplied to the upper surface of the
substrate. Thereby, since the processing film is dissolved
on the substrate and removed, the removal object is removed
from the upper surface of the substrate, together with a

dissolved matter of the processing film.

SUMMARY OF THE INVENTION

[0008] However, with the method disclosed in United States
Patent Application Publication No. 2014/041685, a processing
filmisdissolvedonasubstrate and, therefore, a removal object
may fall off from the processing film on the substrate and the
thus fallen removal object may be reattached to the pattern
with projections and recesses. Thus, there is a risk that the
removal object maynotbeefficientlyremoved fromthe substrate.
[0009] Thus, anobject of thepresent inventionistoprovide
a substrate processing method and a substrate processing
apparatus which are capable of efficiently removing a removal
object present on a pattern, with projections and recesses,
which is formed on a substrate.

[0010] A preferred embodiment of the present invention
provides a substrate processing method including a processing
liquid supplying step of supplying a processing liquid to a
patterned surface of a substrate having the patterned surface
with projections and recesses, a processing film forming step

of solidifying or curing the processing liquid supplied to the



10

15

20

25

patterned surface to form, so as to follow the projections and
the recesses of the patterned surface, a processing film which
holds a removal object present on the patterned surface, and
a removing step of supplying a peeling liquid to the patterned
surface to peel the processing film from the patterned surface
together with the removal object, thereby removing the
processing film from the substrate, while such a state is kept
that the removal object is held by the processing film.
[0011] According to the above-described method, the
processing film is formed so as to follow the projections and
the recesses of the patterned surface. Therefore, it is
possible to reduce a film thickness of the processing film in
theentirepatternedsurface. Consequently, thepeelingliquid
easilypassesthroughtheprocessingfilmintheentirepatterned
surface and also easily reaches an interface between the
processing film and the patterned surface.

[0012] Further, the processing film is reduced in film
thickness to reduce the strength of the processing film.
Therefore, the processing film is easily split due to energy
received fromthepeelingliquid flowingonthepatternedsurface
and made into film fragments. Consequently, thepeelingliquid
is able to smoothly reach an interface between the processing
film and the patterned surface from among the split film
fragments.

[0013] The peeling liquid is made to smoothly reach an
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interface between the processing filmand the patterned surface
in the entire patterned surface, thus making it possible to
efficiently peel a removal object from the patterned surface
together with the processing film. As a result, the removal
object can be efficiently removed from the substrate.
[0014] Inthe preferredembodiment of the present invention,
the processing film forming step includes a step of forming
the processing film such that a film thickness of the processing
film becomes thinner than a height of the projections and the
recesses of the patterned surface in a thickness direction of
the substrate. Therefore, it is possible to reduce a distance
between a front surface of the processing film and the patterned
surface in the thickness direction of the substrate.
Consequently, the peeling liquid can be made to smoothly reach
an interface between the patterned surface and the processing
film. As a result, it is possible to more efficiently peel
a removal object from the patterned surface together with the
processing film.

[0015] Inthe preferred embodiment of the present invention,
the processing film forming step includes a step of forming
the processing film such that, in the interior of a recessed
portion of the patterned surface, the front surface of the
processing film is positioned further on the side of a bottom
portion of the recessedportion than a topportion of aprojected

portion adjacent to the recessed portion. Therefore, in the
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processing film forming step, the processing filmcanbe reduced
in £film thickness in the interior of the recessed portion as
compared with a case in which the processing film is formed
so as to fill up an entirety of the interior of the recessed
portion. Consequently, the peeling liquid can be made to
smoothly reach an interface between the bottom portion of the
recessed portion on the patterned surface and the processing
film. As a result, it is possible to more efficiently peel
a removal object from the patterned surface together with the
processing film.

[0016] Inthe preferred embodiment of the present invention,
the processing film forming step includes a step of forming
the processing film such that the processing film covers the
removal object. Thereby, since the contact area of the
processing film and the removal object can be increased, a
holding force that the processing film holds the removal object
can be improved. It is, therefore, possible to reduce removal
objectswhich fall off fromthe processing film. Consequently,
most of the removal objects can be removed from a substrate
together with the processing film. Therefore, while
reattachment of a removal object to the substrate is suppressed,
the removal object can be efficiently eliminated outside the
substrate.

[0017] Inthe preferred embodiment of the present invention,

the processing film forming step includes a step of forming



10

15

20

25

the processing film such that adhesion of the processing film
tothe removal object becomes larger than adhesionof the removal
object to the patterned surface. Therefore, when the
processing film is peeled by the peeling liquid from the
patterned surface, it ispossible to reduce the number of removal
objects remaining on the patterned surface without being peeled
away from the patterned surface. Consequently, most of the
removal objects can be removed from the substrate together with
the processing film and the removal objects can be efficiently
eliminated outside the substrate.

[0018] Inthe preferred embodiment of the present invention,
the removing step includes a penetrating hole forming step of
dissolving partially the processing film by the peeling liquid
to form a penetrating hole on the processing film. Therefore,
the peeling liquid is able to smoothly reach the vicinity of
an interface between the processing film and the patterned
surface via the penetrating hole. Consequently, the peeling
liquid is made to act on an interface between the processing
film and the substrate, thus making it possible to efficiently
peel the processing film from the substrate.

[0019] On the other hand, although the processing film is
partially dissolved by the peeling liquid for forming the
penetrating hole, a remaining portion thereof can be kept in
a solid state. Consequently, it is possible to peel from the

patterned surface the processing film on which the penetrating
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hole is formed and the removal object is held. As a result,
the removal object canbe efficiently removed from the patterned
surface together with the processing film.

[0020] Inthe preferredembodiment of the present invention,
the removing step includes a peeling liquid entry step of
entering the peeling liquid between the processing film and
the patterned surface via the penetrating hole. Therefore,
the peeling liquid is made to act on an interface between the
processing film and the substrate, thus making it possible to
more efficiently peel the processing film from the patterned
surface.

[0021] Inthe preferred embodiment of the present invention,
the processing liquid has a solute having a first component
and a second component which is lower insolubility inthepeeling
liquid than the first component and a solvent which dissolves
the solute. Then, the processing film forming step includes
a step of forming the processing film which has a first solid
formed by the first component and a second solid formed by the
second component.

[0022] With the present method, the first component is
higher in solubility in the peeling liquid than the second
component. Therefore, the first solid formed by the first
component is more easily dissolved in the peeling liquid than
the second solid formed by the second component.

[0023] Therefore, the peeling liquid is used to dissolve
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the first solid, thus making it possible to reliably form the
penetrating hole and also to keep the second solid in a solid
statewithout dissolving the second solid in the peeling liquid.

Therefore, in a state where the removal object is held by the
secondsolid, thepeelingliquidcanbemade toactonaninterface
between the second solid and the substrate. As a result, it
is possible to smoothly peel the processing film from the
patternedsurfaceandalsoefficiently remove the removal object
from the patterned surface together with the processing film.

[0024] Inthepreferred embodiment of the present invention,

the second component contains at least any one of novolac,

polyhydroxystyrene, polystyrene, apolyacrylicacidderivative,
a polymaleic acid derivative, polycarbonate, a polyvinyl

alcohol derivative, a polmethacrylic acid derivative and a
copolymer of a combination thereof.

[0025] Inthe preferred embodiment of the present invention,

the first component is a crack promoting component, and the
crack promoting component containsg hydrocarbon, and a hydroxy
group and/or a carbonyl group.

[0026] Inthe preferred embodiment of the present invention,

the first component is expressed at least by any one of the
following (B-1), (B-2) and (B-3).

[0027] (B-1) is a compound which contains 1 to 6 of

constituent units expressed by Chemical Formula 1 given below

and in which each of the constituent units is bonded by a 1inking
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group L.
[0028]

[Chemical Formula 1]

C-/EOH ]"m
1’\£ R1 ] Ny

[0029] Here, L, is selected at least from a single bond
and any one of C;.4 alkylenes, Cy; is a hydrocarbon ring of Cs.3o,
R; is each independently C;.s alkyl, np; is 1, 2 or 3, and np;:
is 0, 1, 2, 3 or 4.

[0030] (B-2) is a compound expressed by Chemical Formula
2 given below.

[0031]

[Chemical Formula 2]

R Ras
HO—J|" Lz —[’ Lz }—FQH
M2
Ry, Ras
[0032] Here, Rzi1, Raz, Rz3 and Ryy are each independently

hydrogen or C;.s alkyl, L,; and Ly, are each independently Ci_.zo
alkylene, Ci.;9 cycloalkylene, C;.4 alkenylene, C,.4, alkynylene
or Cs.z0 arylene. These groups may be substituted by C;.s alkyl
or hydroxyl, and np, is 0, 1 or 2.

[0033] (B-3) is apolymer which contains a constituent unit
expressed by Chemical Formula 3 given below and has the weight

average molecular weight (Mw) of 500 to 10,000.
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[0034]

[Chemical Formula 3]

Ros
COOH
[0035] Rys is -H, -CH; or —-COOH.
[0036] Inthe preferredembodiment of the present invention,

o

the solubility of the second component in 5.0 mass % ammonia
water is less than 100 ppm and the solubility of the first
component in 5.0 mass % ammonia water is 100 ppm or more.
[0037] Inthe preferredembodiment of the present invention,
as compared with an entire mass of the processing liquid, the
mass of the second component is 0.1 to 50 mass %.

[0038] Inthe preferred embodiment of the present invention,
the second component is 150 to 500,000 in weight average
molecular weight (Mw) .

[0039] Inthe preferred embodiment of the present invention,
the substrate processing method further includes a substrate
rotating step of holding the substrate horizontally to rotate
the substrate around a vertical axis which passes through a
central portion of the substrate. Then, the substrate rotating
step includes a first rotating step of rotating the substrate

at a first speed until formation of the processing film from

the start of supplying the processing liquid to the patterned
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surface and a second rotating step of rotating the substrate
at a second speed faster than the first speed by accelerating
rotation of the substrate until formation of the processing
film after the first rotating step.

[0040] According to the above-described method, until
formation of the processing film from the start of supplying
the processing liquid to the patterned surface, the substrate
is rotated at the first speed which is a relatively low speed.
Therefore, before the processing liquid is shaken off due to
a centrifugal force and completely reduced in quantity thereof
on the patterned surface, the processing liquid enters into
arecessedportiononthepatternedsurfaceduetoitsownweight.
Then, until formation of the processing film after the first
rotating step, the substrate is rotated at an accelerated speed
to eliminate the processing liquid from the patterned surface
of the substrate. It is, therefore, possible to form a
sufficientlythinprocessingfilminastatewheretheprocessing
liquid has entered into a recessed portion on the patterned
surface due to its own weight.

[0041] Another embodiment of the present invention
provides that a substrate processing apparatus which includes
a processing liquid supplying unit which supplies a processing
liquidtoapatternedsurfaceona substratehavingthepatterned
surface with projections and recesses, a solid forming unit

whichsolidifiesorcurestheprocessingliquid, apeelingliquid
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supplying unit which supplies a peeling liquid to the patterned
surface and a controller which controls the processing liquid
supplying unit, the solid forming unit and the peeling liquid
supplying unit.

[0042] Then, the controller is programmed to execute a
processing liquid supplying step of supplying the processing
liquid fromtheprocessingliquidsupplyingunit tothepatterned
surface, aprocessing film forming step of solidifyingor curing
the processing liquid supplied to the patterned surface by the
solid forming unit to form, so as to follow the projections
and the recesses of the patterned surface, a processing film
which holds a removal object present on the patterned surface,
and a removing stepof supplyingapeelingliquidtothepatterned
surface from the peeling liquid supplying unit to peel the
processing film from the patterned surface together with the
removal object, thereby removing the processing film from the
substrate while such a state is kept that the removal object
is held by the processing film.

[0043] Accordingtotheabove-describedconfiguration, the
processing film is formed so as to follow the projections and
the recesses of the patterned surface. Therefore, the
processing film can be reduced in film thickness in the entire
patternedsurface. Consequently, thepeelingliquidcaneasily
pass through the processing filmin the entire patterned surface

and also easily reach an interface between the processing film
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and the patterned surface.

[0044] Further, the processing film is reduced in film
thickness to reduce the strength of the processing film.
Therefore, duetoenergyreceived fromthepeelingliquidflowing
on the patterned surface, the processing film is easily split
into £ilm fragments. Consequently, the peeling liquid is able
to smoothly reach an interface between the processing £film and
the patterned surface from among the split film fragments.
[0045] The peeling liquid is made to smoothly reach an
interface between the processing filmand the patterned surface
in the entire patterned surface, thus making it possible to
efficiently peel a removal object from the patterned surface
together with the processing film. As a result, the removal
object can be efficiently removed from the substrate.
[0046] In another embodiment of the present invention, the
controller is programmed to form the processing film, in the
processing film forming step, such that the film thickness of
the processing film becomes thinner than the height of the
projections and the recesses of the patterned surface in the
thickness direction of the substrate. Therefore, it is
possible to reduce a distance between the front surface of the
processing film and the patterned surface in the thickness
direction of the substrate. Consequently, the peeling liquid
can be made to smoothly reach an interface between the patterned

surfaceandtheprocessingfilm. Asaresult, theremoval object
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can be more efficiently peeled from the patterned surface
together with the processing film.

[0047] In another embodiment of the present invention, the
controller is programmed to form the processing film, in the
processing film forming step, such that, in the interior of
a recessed portion of the patterned surface, the front surface
of the processing film is positioned further on the side of
a bottom portion of the recessed portion than a top portion
of a projected portion adjacent to the recessed portion.
Therefore, in the processing film forming step, the processing
film can be reduced in film thickness in the interior of the
recessed portion as compared with a case in which the processing
film is formed so as to fill up an entirety of the interior
of the recessed portion. Consequently, the peeling liquid can
bemade to smoothly reach an interface between the bottomportion
of the recessed portion of the patterned surface and the
processing film. As a result, the removal object can be more
efficiently peeled from the patterned surface together with
the processing film.

[0048] In another embodiment of the present invention, the
controller is programmed to form the processing film, in the
processing film forming step, such that the processing film
can cover the removal object. Thereby, since the contact area
of the processing film and the removal object can be increased,

aholding force that theprocessingfilmholds the removal object



10

15

20

25

16

can be improved. It is, therefore, possible to reduce removal
objects falling off from the processing film. Consequently,
most of the removal objects can be removed from the substrate
together with the processing film. It is possible to
efficientlyeliminate the removal object outside the substrate,
while reattachment of the removal object to the substrate is
suppressed.

[0049] In another embodiment of the present invention, the
controller is programmed to form the processing film, in the
processing film forming step, such that adhesion of the
processing film to the removal object becomes larger than
adhesion of the removal object to the patterned surface.
Therefore, it ispossible toreduce the number of removal objects
remaining on the patterned surface without being peeled away
from the patterned surface when the processing film is peeled
by the peeling liquid from the patterned surface. Consequently,
most of the removal objects can be removed from the substrate
together with the processing film to efficiently eliminate the
removal object outside the substrate.

[0050] In another embodiment of the present invention, the
controller is programmed to execute, in the removing step, a
penetrating hole forming step of partially dissolving the
processing film by the peeling liquid to form a penetrating
hole on the processing film. Therefore, the peeling liquid

is able to reach an interface between the processing film and
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the patterned surface via the penetrating hole. The peeling
liquid is, therefore, made to act on an interface between the
processing film and the substrate, thus making it possible to
efficiently peel the processing film from the substrate.
[0051] On the other hand, although the processing film is
partially dissolved by the peeling liquid for formation of the
penetrating hole, a remaining portion thereof is kept ina solid
state. Consequently, the processing film on which the
penetrating hole is formed and also the removal object is held
can be peeled from the patterned surface. As a result, the
removal object can be efficiently removed from the patterned
surface together with the processing film.

[0052] In another embodiment of the present invention, the
controller is programmed to execute, in the removing step, a
peeling liquid entry step of entering the peeling liquid between
theprocessingfilmandthepatterned surfaceviathepenetrating
hole. Therefore, the peeling liquid is made to act on an
interface between the processing film and the substrate, thus
making it possible tomore efficiently peel the processing film
from a pattern with projections and recesses.

[0053] In another embodiment of the present invention, the
processing liquid has a first component and a second component
which is lower in solubility in the peeling liquid than the
first component andasolvent whichdissolves the first component

and the second component. Then, the controller is programmed
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toexecute, intheprocessingfilmforming step, astepof forming
the processing film which has a first solid formed by the first
component and a second solid formed by the second component.
[0054] Accordingtotheabove-describedconfiguration, the
first component is higher in solubility in the peeling liquid
than the second component. Therefore, the first solid formed
by the first component is more easily dissolved in the peeling
liquid than the second solid formed by the second component.
[0055] Therefore, while the peeling liquid is used to
dissolve the first solid thus making it possible to reliably
form the penetrating hole, the second solid can be maintained
in a solid state without dissolving the second solid in the
peeling liquid. Therefore, in a state where a removal object
is held by the second solid, the peeling liquid can be made
toactonaninterfacebetweenthe second solidandthe substrate.
Asaresult, while theprocessing filmfromthe patterned surface
is peeled smoothly, it is possible to efficiently remove the
removal object from the patterned surface together with the
processing film.

[0056] In another preferred embodiment of the present
invention, the second component contains at least any one of
novolac, polyhydroxystyrene, polystyrene, a polyacrylic acid
derivative, a polymaleic acid derivative, polycarbonate, a
polyvinyl alcohol derivative, apolmethacrylicacidderivative

and a copolymer of a combination thereof.
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[0057] In another preferred embodiment of the present
invention, the first component is a crack promoting component,
and the crack promoting component contains hydrocarbon, and
a hydroxy group and/or a carbonyl group.

[0058] In another preferred embodiment of the present
invention, the first component is expressed at least by any
one of (B-1), (B-2) and (B-3) given below.

[0059] (B-1) is a compound which contains 1 to 6 of
constituent units expressed by Chemical Formula 4 and in which
each of the constituent units is bonded by a linking group L;.
[0060]

[Chemical Formula 4]

C/[o|-| I
y1\{ Ry ] Ny

[0061] Here, L; is selected at least from a single bond
and any one of C;.¢ alkylenes, Cy; is a hydrocarbon ring of Cs.3p,
R; is each independently C;.s alkyl, np is 1, 2 or 3, and npi:
is 0, 1, 2, 3 or 4.

[0062] (B-2) is a compound which is expressed by Chemical
Formula 5.

[0063]

[Chemical Formula 5]
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[0064] Here, Ry1, Rzs, Ry and Ry, are each independently
hydrogen or C;.s alkyl, L,; and L,, are each independently Cj.zo
alkylene, Cj.;0 cycloalkylene, C,., alkenylene, C,., alkynylene
or Cs.20 arylene. These groups may be substituted by C;.5 alkyl
or hydroxyl, and np, is 0, 1 or 2.

[0065] (B-3) is apolymer which contains a constituent unit
expressed by Chemical Formula 6 and has the weight average
molecular weight (Mw) of 500 to 10,000.

[0066]

[Chemical Formula 6]

RZS
COOH
[0067] Rys is -H, -CH; or -COOH.
[0068] In another preferred embodiment of the present

[

invention, the solubility of the second component in 5.0 mass %
ammonia water is less than 100 ppm, and the solubility of the
first component in 5.0 mass % ammonia water is 100 ppm or more.
[0069] In another preferred embodiment of the present
invention, as compared with an entire mass of the processing

[}

liquid, the mass of the second component is 0.1 to 50 mass %.
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[0070] In another preferred embodiment of the present
invention, the second component is 150 to 500,000 in weight
average molecular weight (Mw) .

[0071] In another embodiment of the present invention, the
substrate processing apparatus further includes a substrate
holding unit which holds the substrate horizontally and a
substrate rotating unit which rotates the substrate around a
vertical axispassingthroughacentral portionof the substrate.
Then, the controller is programmed to execute a first rotating
step of rotating the substrate held by the substrate holding
unit at a first speed by the substrate rotating unit until
formation of the processing film from the start of supplying
the processing liquid to the patterned surface, and a second
rotating step of rotating the substrate at a second speed faster
than the first speed by accelerating rotation of the substrate
by the substrate rotatingunit until formation of the processing
film after the first rotating step.

[0072] According to the above-described configuration,
until formation of the processing film from the start of
supplying the processing liquid to the patterned surface, the
substrate is rotated at the first speed which is a relatively
low speed. Therefore, before the processing liquid is shaken
off duetoacentrifugal forceandcompletely reduced inquantity
thereof on the patterned surface, the processing liquid enters

into a recessed portion of the patterned surface due to its
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own weight. Then, after the first rotating step, the substrate
is rotated at an accelerated speed until formation of the
processing film to eliminate the processing liquid from the
patterned surface on the substrate. Therefore, it is possible
to form a sufficiently thin processing film in a state where
the processing liquid has entered into a recessed portion of
the patterned surface due to its own weight.

[0073] The above and other elements, features, steps,
characteristics and advantages of the present invention will
become more apparent from the following detailed description
of the preferred embodiments with reference to the attached

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0074] Fig. 1 is a schematic plan view which shows a layout
of a substrate processing apparatus according to a preferred
embodiment of the present invention.

[0075] Fig. 2 is a schematic partial sectional view which
shows a brief configuration of a processing unit included in
the substrate processing apparatus.

[0076] Fig. 3 is a block diagram which shows an electrical
configuration of a main portion in the substrate processing
apparatus.

[0077] Fig. 4 is a flowchart for describing one example

of substrate processing by the processing unit.
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[0078] Fig. 5Aisaschematicviewfordescribingconditions
of a processing liquid supplying step (Step S5) in the substrate
processing.

[0079] Fig. 5Bisaschematicviewfordescribingconditions
of a spin off step (Step S6) in the substrate processing.
[0080] Fig. 5Cisaschematicviewfordescribingconditions
of a heating step (Step S7) in the substrate processing.
[0081] Fig. 5Disaschematicviewfordescribingconditions
of a buffering step (Step S8) in the substrate processing.
[0082] Fig. 5Eisaschematicviewfordescribingconditions
of a removing step (Step S9) in the substrate processing.
[0083] Fig. 5Fisaschematicviewfordescribingconditions
of a second rinsing step (Step S10) in the substrate processing.
[0084] Fig. 5Gisaschematicview fordescribingconditions
of a second organic solvent supplying step (Step S11) in the
substrate processing.

[0085] Fig. 5Hisaschematicviewfordescribingconditions
of a spin drying step (Step S12) in the substrate processing.
[0086] Fig. 6 is a schematic sectional view for describing
one example of a structure of a patterned surface of a substrate
which is processed by the substrate processing apparatus.
[0087] Fig. 7A is a schematic sectional view for describing
conditions in the vicinity of the patterned surface after the
processing liquid supplying step (Step S5).

[0088] Fig. 7B is a schematic sectional view for describing
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conditions in the vicinity of the patterned surface after the
spin off step (Step S6).

[0089] Fig. 7Cis a schematic sectional view for describing
conditions in the vicinity of the patterned surface while
execution of the removing step (Step S9) is in progress.
[0090] Fig. 8Ais a schematic sectional view for describing
conditions inside the processing film after the heating step
(Step S7).

[0091] Fig. 8Bis a schematic sectional view for describing
conditions inside the processing film while execution of the
removing step (Step S9) is in progress.

[0092] Fig. 8Cis a schematic sectional view for describing
conditions inside the processing film while execution of the

removing step (Step S9) is in progress.

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0093] Fig. 1 is a schematic plan view which shows a layout
of a substrate processing apparatus 1 according to a preferred
embodiment of the present invention.

[0094] The substrate processing apparatus 1 is a single
substrate processing type apparatus that processes a substrate
W such as a silicon wafer, etc., one at a time. In the present
preferredembodiment, the substrateWisadisk-shapedsubstrate.
A fine pattern 160 with projections and recesses (uneven

pattern) (refer to Fig. 6 to be described later) is formed on
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the front surface (main surface) of the substrate W.

[0095] The substrate processing apparatus 1 includes a
plurality of processing units 2 for processing a substrate W
with a fluid, load ports LP on which carriers C that house a
plurality of the substrates W to be processed by the processing
units 2 are placed, transfer robots IR and CR which transfer
the substrates W between the load ports LP and the processing
units 2 and a controller 3 which controls the substrate
processing apparatus 1.

[0096] The transfer robot IR transfers the substrates W
between the carriers C and the transfer robot CR. The transfer
robot CR transfers the substrates W between the transfer robot
IR and the processing units 2. The plurality of processing
units 2 have, for example, the same configuration. Although
the details will be described later, a processing fluid which
is supplied to the substrate W inside the processing unit 2
includes a chemical liquid, arinse liquid, aprocessing liquid,
a peeling liquid, a heating medium, an inert gas, etc.
[0097] Each of the processing units 2 is provided with a
chamber 4 and a processing cup 7 which is disposed in the
interior of the chamber 4 and executes processing to the
substrate W inside the processing cup 7. On the chamber 4,
there is formed an inlet/outlet (not shown) for carrying in
and carrying out substrates W by the transfer robot CR. The

chamber 4 is provided with a shutter unit (not shown) for
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opening/closing the inlet/outlet.

[0098] Fig. 2 1is a schematic view for describing an
configuration example of the processingunit 2. The processing
unit 2 includes a spin chuck 5, a facing member 6, a processing
cup 7, a first moving nozzle 8, a second moving nozzle 9, a
third moving nozzle 10, a central nozzle 11 and a lower surface
nozzle 12.

[0099] The spin chuck 5 rotates a substrate W around a
rotational axis Al (around a vertical axis), while holding the
substrate Whorizontally. The rotational axis Al is a vertical
axis which passes through a central portion of the substrate
W. The spin chuck 5 includes a plurality of chuck pins 20,
a spin base 21, a rotating shaft 22 and a spin motor 23.
[0100] The spin base 21 is formed in a disk shape oriented
along a horizontal direction. A plurality of chuck pins 20
which grip a peripheral edge of the substrate W are disposed
on an upper surface of the spin base 21 at interval in a
circumferential direction of the spin base 21. A substrate
holding unit which holds the substrate W horizontally are
configured with the spin base 21 and the plurality of chuck
pins 20. The substrate holdingunit is also called a substrate
holder.

[0101] The rotatingshaft 22 extends inaverticaldirection
along the rotational axis Al. An upper end portion of the

rotating shaft 22 is coupled to a lower surface center of the
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spin base 21. The spin motor 23 applies a rotating force to
the rotating shaft 22. The rotating shaft 22 is rotated by
the spinmotor 23, so that the spinbase 21 is rotated. Thereby,
a substrate W is rotated around the rotational axis Al. The
spin motor 23 is an example of the substrate rotatingunit which
rotates a substrate W around the rotational axis Al.

[0102] The facing member 6 faces a substrate W held by the
spin chuck 5 from above. The facing member 6 is formed in a
disk shape having substantially the same diameter as or a
diameter larger than that of the substrateW. The facing member
6 has a facing surface 6a which faces an upper surface (main
surfaceontheupper side) of the substrateW. The facingsurface
6a is disposed substantially along a horizontal surface above
from the spin chuck 5.

[0103] A hollow shaft 60 is fixed to the facing member 6
at an opposite side to the facing surface 6a. A communicating
hole 6b which penetrates vertically through the facing member
6 and is in communication with an internal space 60a of the
hollow shaft 60 is formed at a portion of the facing member
6 overlapping with the rotational axis Al in a plan view.
[0104] The facing member 6 blocks an atmosphere inside a
space between the facing surface 6a and the upper surface of
the substrateWfromanatmosphere outside the space. The facing
member 6 is thus also called a blocking plate.

[0105] The processing unit 2 further includes a facing
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member elevating/lowering unit 61 that drives elevation and
lowering of the facing member 6. The facing member
elevating/loweringunit 61 is capable of positioning the facing
member 6 at any position (height) from a lower position to an
upper position. The lower position is a position within a
movable range of the facing member 6 at which the facing surface
6a is positioned most proximate to a substrate W. The upper
position is a position within the movable range of the facing
member 6 at which the facing surface 6a is separated farthest
from the substrate W.

[0106] The facing member elevating/lowering unit 61
includes, for example, a ball-screw mechanism (not shown)
mounted to a supporting member (not shown) that supports the
hollow shaft 60 and an electric motor (not shown) that applies
a driving force to the ball-screwmechanism. The facing member
elevating/loweringunit 61 isalsocalleda facingmember lifter
(blocking plate lifter).

[0107] The processing cup 7 is housed inside the chamber
4 (refer to Fig. 1). The processing cup 7 includes a plurality
of guards 71 that receive a liquid splashed outside from a
substrate W held by the spin chuck 5, a plurality of cups 72
that receive a liquid guided downward by the plurality of guards
71, and a circular-cylindrical outer wall member 73 that
surrounds the plurality of guards 71 and the plurality of cups

72.
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[0108] In the present preferred embodiment, there is shown
an example which has two guards 71 (a first guard 71A and a
second guard 71B) and two cups 72 (a first cup 72A and a second
cup 72B) .

[0109] Each of the first cup 72A and the second cup 72B
has an annular groove shape which is opened upward.

[0110] The first guard 71A is disposed so as to surround
the spin base 21. The second guard 71B is disposed so as to
surround the spin base 21 outer side in a rotational radius
direction of a substrate W from the first guard 71A.

[0111] Each of the first guard 71A and the second guard
71B is formed substantially in a circular cylindrical shape,
and an upper end portion of each of the guards 71 is inclined
inward toward the spin base 21.

[0112] The first cup 72A receives a liquid guided downward
by the first guard 71A. The second cup 72B is formed integrally
with the first guard 71A and receives a liquid guided downward
by the second guard 71B.

[0113] The processing unit 2 includes a guard
elevating/loweringunit 74 whichelevates and lowers separately
the first guard 71A and the second guard 71B. The guard
elevating/lowering unit 74 elevates and lowers the first guard
71A between a lower position and an upper position. The guard
elevating/lowering unit 74 elevates and lowers the second guard

71B between a lower position and an upper position.
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[0114] When the first guard 71A and the second guard 71B
are both positioned at the upper position, a liquid splashed
from a substrate W is received by the first guard 71A. When
the first guard 71A is positioned at the lower position and
the second guard 71B is positioned at the upper position, a
liguid splashed from a substrate W is received by the second
guard 71B.

[0115] The guard elevating/lowering unit 74 includes, for
example, a first ball-screw mechanism (not shown) coupled to
the first guard 71A, a first motor (not shown) which applies
a driving force to the first ball screw mechanism, a second
ball-screw mechanism (not shown) coupled to the second guard
71B, and a second motor (not shown) which applies a driving
force to the second ball-screw mechanism. The guard
elevating/lowering unit 74 is also called a guard lifter.
[0116] The first moving nozzle 8 is an example of the
chemical liquid supplying unit which supplies (discharges) a
chemical liquid to an upper surface of a substrate W held by
the spin chuck 5.

[0117] The first movingnozzle 8 ismovedby the first nozzle
moving unit 36 in a horizontal direction and in a vertical
direction. The first moving nozzle 8 is capable of moving
betweenacenterpositionandahomeposition (retreatposition) .
When positioned at the center position, the first moving nozzle

8 faces a rotation center of an upper surface on a substrate
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W. The rotation center of the upper surface of the substrate
W is a position of intersection of the rotational axis Al on
the upper surface of the substrate W.

[0118] When positioned at the home position, the first
moving nozzle 8 does not face the upper surface of the substrate
W and is positioned outside the processing cup 7 in a plan view.
The first moving nozzle 8 moves in the vertical direction and
is thereby capable of moving close to the upper surface of the
substrate W and retreating upward from the upper surface of
the substrate W.

[0119] The firstnozzlemovingunit 36 includes, for example,
a pivoting shaft (not shown) along the vertical direction, an
arm (not shown) whichiscoupledtothepivotingshaft andextends
horizontally andapivoting shaft drivingunit (not shown) which
elevates, lowers and pivots the pivoting shaft.

[0120] The pivoting shaft driving unit pivots the pivoting
shaft around a vertical pivoting axis, thereby swinging the
arm. The pivoting shaft driving unit elevates and lowers the
pivoting shaft along the vertical direction, thereby moving
the arm up and down. The first moving nozzle 8 is fixed to
the arm. The first moving nozzle 8 moves in the horizontal
direction and in the vertical direction, depending on swinging
and elevation/lowering of the arm.

[0121] The first moving nozzle 8 is connected to a chemical

liquidpiping40whichguidesachemical l1iquid. Whenachemical



10

15

20

25

32

liquid valve 50 interposed in the chemical liquid piping 40

is opened, the chemical liquid is continuously discharged
downward from the first moving nozzle 8.

[0122] The chemical liquiddischarged fromthe first moving
nozzle 8 is a liquid which contains at least any one of, for
example, sulfuric acid, acetic acid, nitric acid, hydrochloric
acid, hydrofluoricacid, ammonia water, hydrogen peroxide water,
an organic acid (for example, citric acid and oxalic acid),

an organic alkali (for example, TMAH: tetramethylammonium
hydroxide, etc.), a surfactant, and a corrosion inhibitor. As

examples of the chemical liquid of their mixture, SPM solution

(sulfuric acid/hydrogen peroxide mixture), SCl1 solution
(ammonia-hydrogen peroxide mixture), etc., can be cited.
[0123] The second moving nozzle 9 is an example of the

processing liquid supplying unit which supplies (discharges)
a processing liquid to an upper surface of a substrate W held
by the spin chuck 5.

[0124] The second moving nozzle 9 is moved by the second
nozzle moving unit 37 in the horizontal direction and in the
vertical direction. The second moving nozzle 9 is capable of
moving between a center position and a home position (retreat
position). When positioned at the center position, the second
moving nozzle 9 faces the rotation center of the upper surface
of the substrate W.

[0125] When positioned at the home position, the second
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moving nozzle 9 does not face the upper surface of the substrate
W and is positioned outside the processing cup 7 in a plan view.

The second moving nozzle 9 moves in the vertical direction and
is thereby capable of moving close to the upper surface of the
substrate W and retreating upward from the upper surface of
the substrate W.

[0126] The second nozzle moving unit 37 has the same
configuration as the first nozzle moving unit 36. That is,

the second nozzle moving unit 37 includes, for example, a
pivotingshaft (not shown) orientedalongthevertical direction,
an arm (not shown) which is coupled to the pivoting shaft and
the second moving nozzle 9 and extends horizontally, and a
pivoting shaft driving unit (not shown) that elevates, lowers

and pivots the pivoting shaft.

[0127] The second moving nozzle 9 is connected to a
processing liquid piping 41 that guides a processing liquid.

When a processing liquid valve 51 interposed in the processing
ligquidpiping 41 isopened, theprocessingliquidiscontinuously
discharged downward from the second moving nozzle 9.

[0128] The processing liquid discharged from the second
movingnozzle 9 contains a solute and a solvent. The processing
liquidis solidifiedor curedat least by partial volatilization
(evaporation) of the solvent. The processing liquid is

solidified or cured on a substrate W to form a processing film

which holds a removal object such as particles present on the
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substrate W.

[0129] Here, “solidification” refers, for example, to
hardening of the solute due to forces acting between molecules
or between atoms, etc., in association with volatilization
(evaporation) of the solvent. “Curing” refers, for example,
to hardening of the solute due to a chemical change such as
polymerization and crosslinking. “Solidification or curing”
thus expresses “hardening” of the solute due to various causes.
[0130] The first component and the second component are
contained in the solute in the processing liquid discharged
from the second moving nozzle 9. A quantity (contained amount)
of the first component contained in the processing liquid is
smaller than a quantity (contained amount) of the second
component contained in the processing liquid.

[0131] The first component and the second component are,
for example, synthetic resins which are mutually different in
properties. The solvent contained in the processing liquid
discharged from the second moving nozzle 9 may be any liquid
whichwill dissolvethe first component and the second component .
[0132] Asexamplesof the syntheticresinusedasthe solute,
acrylic resins, phenol resins, epoxy resins, melamine resins,
urea resins, unsaturated polyester resins, alkyd resins,
polyurethane, polyimide, polyethylene, polypropylene,
polyvinyl chloride, polystyrene, polyvinyl acetate,

polytetrafluorocethylene, acrylonitrile-butadiene-styrene
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resins, acrylonitrile-styrene resins, polyamide, polyacetal,

polycarbonate, polyvinyl alcohol, modifiedpolyphenyleneether,
polybutylene terephthalate, polyethylene terephthalate,

polyphenylene sulfide, polysulfone, polyether ether ketone,

polyamide-imide, etc., can be cited.

[0133] As solventswhichwill dissolve the syntheticresin,

IPA, PGEE (propylene glycol monoethyl ether), PGMEA (propylene
glycol monomethyl ether 2-acetate), EL(ethyl lactate), etc.,

can be cited.

[0134] The third moving nozzle 10 is an example of the
peeling liquid supplying unit which supplies (discharges) a
peeling liquid to an upper surface of a substrate W held by
the spin chuck 5. In the present preferred embodiment, it is
also an example of the buffer ligquid supplying unit which
supplies (discharges) a buffer liquid to an upper surface of

a substrate W held by the spin chuck 5.

[0135] The third moving nozzle 10 is moved by the third
nozzle moving unit 38 in the horizontal direction and in the
vertical direction. The third moving nozzle 10 is capable of

moving between a center position and a home position (retreat

position) .

[0136] When positioned at the center position, the third
moving nozzle 10 faces the rotation center of the upper surface

of the substrate W. When positioned at the home position, the

third moving nozzle 10 does not face the upper surface of the
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substrate W and is positioned outside the processing cup 7 in
a plan view. The third moving nozzle 10 moves in the vertical
direction and is thereby capable of moving close to the upper
surface of the substrate W and retreating upward from the upper
surface of the substrate W.

[0137] The third nozzle moving unit 38 has the same
configuration as the first nozzle moving unit 36. That is,
the thirdnozzlemovingunit 38 includes, for example, apivoting
shaft (not shown) oriented along the vertical direction, an
arm (not shown) which is coupled to the pivoting shaft and the
third moving nozzle 10 and extends horizontally and a pivoting
shaft drivingunit (not shown) whichelevates, lowers andpivots
the pivoting shaft.

[0138] The third moving nozzle 10 is connected to an upper
peeling liquid piping 42 which guides a peeling liquid to the
third moving nozzle 10. When an upper peeling liquid wvalve
52 interposed in the upper peeling liquid piping 42 is opened,
the peeling liquid is continuously discharged downward from
a discharge port of the third moving nozzle 10.

[0139] The third moving nozzle 10 is also connected to an
upper buffer liquid piping 43 which guides a buffer liquid to
the third moving nozzle 10. When an upper buffer liquid valve
53 interposed in the upper buffer liquid piping 43 is opened,
the buffer liquid is continuously discharged downward from the

discharge port of the third moving nozzle 10.
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[0140] The peeling liquid is a 1liquid for peeling a
processing film on the substrate W from the upper surface of
the substrate W. As the peeling liquid, there is used a 1liquid
that will dissolve more easily the first component contained
in the solute of the processing liquid than the second component
contained in the solute of the processing ligquid. In other
words, as the peeling liquid, there is used a liquid in which
the solubility (degree of solubility) of the first component
in the peeling liquid is higher than the solubility (degree
of solubility) of the second component in the peeling liquid.
Thepeelingliquidispreferablyaliquidwhichhascompatibility
(mixable) with the solvent contained in the processing liquid.
[0141] The peeling liquid is, for example a water-based
peeling liquid. Asexamplesof thewater-basedpeelingliquid,
DIW, carbonated water, electrolyzed ion water, hydrogen water,
ozone water, aqueous hydrochloric acid solution of dilute
concentrations (for example, approximately 10 ppm to 100 ppm) ,
aqueous alkaline solution, etc., can be cited. As examples
of the agqueous alkaline solution, SC1 solution, agqueous ammonia
solution, aqueous solution of a quaternary ammonium hydroxide
such as TMAH, aqueous choline solution, etc., can be cited.
[0142] A buffer liquid is a liquid for buffering peeling
actions of a peeling liquid on a processing film. The buffer
liquid is supplied to the processing film before supply of the

peeling liquid, thus making it possible to avoid actions of
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the peeling liquid with high concentrations on a part of the
processing film. The buffer liquid is supplied to the
processing film before supply of the peeling liquid, and the
peeling liquid canbeuniformly applied to the entire processing
film.

[0143] As examples of the buffer liquid, DIW, carbonated
water, electrolyzed ion water, aqueous hydrochloric acid
solution of dilute concentrations (for example, approximately
10 ppm to 100 ppm) , ammonia water of dilute concentrations (for
example, approximately lppmtol00ppm), reducedwater (hydrogen
water), etc., can be cited.

[0144] The central nozzle 11 is housed in the internal space
60a of the hollow shaft 60 of the facing member 6. A discharge
port 1lla formed at the leading end of the central nozzle 11
faces a central region on an upper surface of a substrate W
from above. The central region on the upper surface of the
substrate W is a region which includes a rotation center of
the substrate W on the upper surface of the substrate W.
[0145] The central nozzle 11 includes a plurality of tubes
(a first tube 31, a second tube 32 and a third tube 33) which
discharge a fluid downward and a tubular casing 30 which
surrounds the plurality of tubes. The plurality of tubes and
the casing 30 extend in an up/down direction oriented along
the rotational axis Al. The discharge port 1la of the central

nozzle 11 also serves as a discharge port of the first tube
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31, also serves as a discharge port of the second tube 32 and
also serves as a discharge port of the third tube 33.
[0146] The first tube 31 is an example of a rinse liquid
supplyingunit which supplies a rinse liquid to an upper surface
of a substrate W. The second tube 32 is an example of a gas
supplying unit which supplies a gas between an upper surface
of a substrate W and the facing surface 6a of the facing member
6. The third tube 33 is an example of an organic solvent
supplying unit which supplies an organic solvent such as IPA
to an upper surface of a substrate W.

[0147] The first tube 31 is connected to an upper rinse
liquid piping 44 which guides a rinse liquid to the first tube
31. When an upper rinse liquid valve 54 interposed in the upper
rinse liquid piping 44 is opened, the rinse 1liquid 1is
continuously discharged to the central region on the upper
surface of the substrate W fromthe first tube 31 (central nozzle
11) .

[0148] As examples of the rinse liquid, DIW, carbonated
water, electrolyzed ion water, agqueous hydrochloric acid
solution of dilute concentrations (for example, approximately
1 ppm to 100 ppm) , ammonia water of dilute concentrations (for
example, approximatelylppmtol00ppm), reducedwater (hydrogen
water), etc., canbe cited. That is, as the rinse liquid, there
can be used a liquid similar to the buffer liquid. The rinse

liquid is a liquid similar to the buffer liquid and, therefore,
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thefirst tube3lisalsoanexampleof thebufferliquidsupplying
unit.

[0149] The second tube 32 is connected to a gas piping 45
which guides a gas to the second tube 32. When a gas valve
55 interposedinthegaspiping45 isopened, agas iscontinuously

discharged downward from the second tube 32 (central nozzle

11) .
[0150] The gas discharged from the second tube 32 is an
inert gas, for example, nitrogen gas (N,), etc. The gas

discharged from the second tube 32 may be air. The inert gas
is not restricted to nitrogen gas and is a gas which is inert
to an upper surface of a substrate W and a pattern formed on
the upper surface of the substrate W. As examples of the inert
gas, other than nitrogen gas, noble gas such as argon can be
cited.

[0151] The third tube 33 is connected to an organic solvent
piping 46 which guides an organic solvent to the third tube
33. When an organic solvent valve 56 interposed in the organic
solvent piping 46 is opened, the organic solvent is continuously
discharged to the central region on the upper surface of the
substrate W from the third tube 33 (central nozzle 11).
[0152] The organic solvent discharged from the third tube
33 is a residue removing liquid for removing residue remaining
on the upper surface of the substrate W after removal of a

processing film by a peeling liquid. It is preferable that
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the organic solvent discharged from the third tube 33 has
compatibility with a processing liquid and a rinse liquid.
[0153] As examples of the organic solvent discharged from
the third tube 33, a liquid which contains at least any one
of IPA, HFE (hydrofluoroether), methanol, ethanol, acetone and
trans-1,2-dichloroethylene, etc., can be cited.

[0154] Further, the organic solvent discharged from the
thirdtube 33 isnotnecessarilymadeupof onlyasingle component
but may be a 1liquid which is mixed with other components. The
organic solvent discharged from the third tube 33 may be, for
example, a liquid mixture of IPA and DIW or may be a liquid
mixture of IPA and HFE.

[0155] The lower surface nozzle 12 is inserted into a
penetrating hole 21a which is opened at an upper surface central
portion of the spin base 21. A discharge port 12a of the lower
surface nozzle 12 is exposed from an upper surface of the spin
base 21. The discharge port 12a of the lower surface nozzle
12 faces a central region on a lower surface of a substrate
W from below. The central region on the lower surface of the
substrate W is a region which includes the rotation center of
the substrate W on the lower surface of the substrate W.
[0156] One end of a common piping 80 which commonly guides
a rinse liquid, a peeling liquid and a heating medium to the
lower surfacenozzle 12 is connected to the lower surface nozzle

12. Alowerrinseliquidpiping 81l whichguides the rinseliquid
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to the common piping 80, a lower peeling liquid piping 82 which
guides the peeling liquid to the common piping 80 and a heating
medium piping 83 which guides the heating medium to the common
piping 80 are connected to the other end of the common piping
80.

[0157] When a lower rinse liquid valve 86 interposed in
the lower rinse liquid piping 81 is opened, the rinse liquid
is continuously discharged to the central region on the lower
surface of the substrate W from the lower surface nozzle 12.
When a lower peeling liquid valve 87 interposed in the lower
peeling liquid piping 82 is opened, the peeling liquid is
continuously discharged to the central region on the lower
surface of the substrate W from the lower surface nozzle 12.
When a heating medium valve 88 interposed in the heating medium
piping 83 is opened, the heating medium is continuously
discharged to the central region on the lower surface of the
substrate W from the lower surface nozzle 12.

[0158] The lower surface nozzle 12 is an example of a lower
rinse liquid supplying unit which supplies a rinse liquid to
a lower surface of a substrate W. The liquid which is used
astherinseliquidcanbeusedasabuffer liquidand, therefore,
the lower surface nozzle 12 is also an example of a lower buffer
liquid supplying unit.

[0159] Further, the lower surface nozzle 12 is an example

of alowerpeeling liquidsupplyingunit which suppliesapeeling
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liguid to a lower surface of a substrate W. Further, the lower
surface nozzle 12 is an example of a heating medium supplying
unit which supplies a heating medium for heating a substrate
W to the substrate W. The lower surface nozzle 12 is also a
substrate heating unit which heats the substrate W.

[0160] The heatingmediumdischarged fromthe lower surface
nozzle 12 is, for example, high temperature DIW (for example,
60°C to 80°C), the temperature of which is higher than a room
temperature and lower thanaboilingpoint of a solvent contained
in a processing liquid. The heating medium discharged from
the lower surface nozzle 12 is not restricted to the high
temperature DIW but may be a high temperature gas such as high
temperature inert gas or high temperature air (for example,
60°C to 80°C), the temperature of which is higher than a room
temperature and lower thanaboilingpoint of a solvent contained
in a processing liquid.

[0161] Fig.3isablockdiagramfordescribinganelectrical
configuration of a main portion of the substrate processing
apparatus 1. The controller 3 includes a microcomputer and
controls control objects included in the substrate processing
apparatus 1 in accordance with a predetermined control program.
[0162] Specifically, the controller 3 includes a processor
(CPU) 3A and a memory 3B that stores control programs. The
controller 3 is configured so as to execute various types of

control for substrate processing by control programs executed
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by the processor 3A.

[0163] The controller 3 is programmed to control, in
particular, the transfer robots IR, CR, the spin motor 23, the
first nozzle moving unit 36, the second nozzle moving unit 37,
the third nozzle moving wunit 38, the facing member
elevating/lowering unit 61, the guard elevating/lowering unit
74, the chemical liquid valve 50, the processing liquid valve
51, the upper peeling liquid valve 52, the upper buffer liquid
valve 53, the upper rinse liquid valve 54, the gas valve 55,
the organic solvent valve 56, the lower rinse liquid valve 86,
the lower peeling liquid valve 87 and the heating medium valve
88.

[0164] Fig. 4 is a flowchart for describing one example
of the substrate processing by the substrate processing
apparatus 1. Fig. 4 shows the processing which is realized
mainly by execution of a program by the controller 3. Fig.
5AtoFig. SHare each a schematic view for describing conditions
of each step of the substrate processing.

[0165] In the substrate processing by the substrate
processing apparatus 1, for example, as shown in Fig. 4, a
substrate carry-in step (Step S1), a chemical liquid supplying
step (Step S2), a first rinsing step (Step S3), a first organic
solvent supplying step (Step S4), aprocessing liquid supplying
step (Step S5), a spin off step (Step S6), a heating step (Step

S7), a buffering step (Step S8), a removing step (Step S9),
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a second rinsing step (Step S10), a second organic solvent
supplying step (Step S11), a spin drying step (Step S12) and
a substrate carry-out step (Step S13) areexecutedinthisorder.
[0166] An unprocessed substrate W is, first, carried from
a carrier C into a processing unit 2 by the transfer robots
IR, CR (refer to Fig. 1) and transferred to the spin chuck 5
(Step S1). Thereby, the substrate W is held horizontally by
the spin chuck 5 (a substrate holding step). The holding of
the substrate W by the spin chuck 5 is continued until the spin
drying step (Step S12) ends. When the substrate W is carried
in, the facing member 6 retreats at the upper position.
[0167] Next, after the transfer robot CR has retreated
outside the processing unit 2, the chemical liquid supplying
step (Step S2) is started. Specifically, the spin motor 23
rotates the spin base 21. Thereby, the substrate W held
horizontally is rotated (the substrate rotating step). Then,
the guard elevating/lowering unit 74 moves the first guard 71A
and the second guard 71B to the upper position.

[0168] Then, the first nozzle moving unit 36 allows the
first moving nozzle 8 to move to a processing position. The
processingpositionof the first movingnozzle 8is, for example,
acentralposition. Thechemical liquidvalve50isthenopened.
Thereby, a chemical liquid is supplied (discharged) from the
first moving nozzle 8 to a central region on the upper surface

of the substrate W in a rotating state. In the chemical liquid



10

15

20

25

46

supplying step, the substrate W is rotated at a predetermined
chemical liquid rotational speed, for example, 800 rpm.
[0169] The chemical liquid supplied to the upper surface
of the substrate W spreads radially by being subjected to a
centrifugal force and extends across the entire upper surface
of the substrateW. Thereby, the upper surface of the substrate
Wisprocessedbythechemical 1iquid. Dischargeof the chemical
liguid from the first moving nozzle 8 continues for a
predetermined time, for example, 30 seconds.

[0170] Next, the first rinsing step (Step S3) is started.
In the first rinsing step, the chemical liquid on the substrate
W is washed away with a rinse liquid.

[0171] Specifically, the chemical liquidvalve 50 isclosed.
Thereby, supply of the chemical liquid to the substrate W is
stopped. Then, the first nozzle moving unit 36 moves the first
moving nozzle 8 to the home position. Then, the facing member
elevating/lowering unit 61 allows the facing member 6 to move
to the processing position between the upper position and the
lower position. When the facing member 6 is positioned at the
processing position, a distance between the upper surface of
the substrate W and the facing surface 6a is, for example, 30
mm. Inthe first rinsing step, the positions of the first guard
71A and the second guard 71B are kept at the upper position.
[0172] Then, the upper rinse liquid valve 54 is opened.

Thereby, arinseliquidis supplied (discharged) fromthe central
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nozzle 11 toward the central region on the upper surface of
the substrate Win the rotating state. Further, the lower rinse
liquidvalve 86 isopened. Thereby, therinseliquidissupplied
(discharged) fromthe lower surfacenozzle 12 toward the central
region on the lower surface of the substrate W in the rotating
state. In the first rinsing step, the substrate W is rotated
at a predetermined first rinse rotational speed, for example,
800 rpm.

[0173] The rinse liquid supplied to the upper surface of
the substrate W from the central nozzle 11 spreads radially
by being subjected to a centrifugal force and extends across
the entire upper surface of the substrate W. Thereby, the
chemical liquid on the upper surface of the substrate W is washed
away outside the substrate W.

[0174] The rinse liquid supplied to the lower surface of
the substrate W fromthe lower surfacenozzle 12 spreads radially
by being subjected to a centrifugal force and extends across
the entire lower surface of the substrate W. Even where the
chemical liquid splashed from the substrate W by the chemical
liguid supplying step is attached to the lower surface thereof,
the chemical liquid attached to the lower surface is washed
awaywiththerinse liquidsupplied fromthe lower surfacenozzle
12. Discharge of the rinse liquid from the central nozzle 11
and the lower surface nozzle 12 continues for a predetermined

time, for example, 30 seconds.
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[0175] Next, the first organic solvent supplyingstep (Step
S4) is started. In the first organic solvent supplying step,
the rinse liquid on the substrate W is replaced with an organic
solvent.

[0176] Specifically, the upper rinse liquid valve 54 and
the lower rinse liquid valve 86 are closed. Thereby, supply
of the rinse liquid to the upper surface and the lower surface
of the substrate W is stopped. Then, in a state where the guard
elevating/lowering unit 74 keeps the second guard 71B at the
upper position, the first guard 71Aismoved to the lower position.
The facing member 6 is kept at the processing position.
[0177] In the first organic solvent supplying step, the
substrate Wis rotated at a predetermined first organic solvent
rotational speed, for example, 300 rpm to 1500 rpm. It is not
necessary to rotate the substrate W at a fixed rotational speed
in the first organic solvent supplying step. For example, the
spin motor 23 may rotate the substrate W at 300 rpm at the start
of supplying an organic solvent and may accelerate rotation
of the substrate Wuntil the rotational speed of the substrate
W reaches 1500 rpm, while supplying the organic solvent to the
substrate W.

[0178] Then, the organic solvent valve 56 1is opened.
Thereby, the organic solvent is supplied (discharged) from the
central nozzle 11 toward the central region on the upper surface

of the substrate W in the rotating state.
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[0179] The organic solvent supplied fromthe central nozzle
11 to the upper surface of the substrate W spreads radially
by being subjected to a centrifugal force and extends across
the entire upper surface of the substrateW. Thereby, the rinse
liquid on the substrate W is replaced with the organic solvent.
Discharge of the organic solvent from the central nozzle 11
continues for a predetermined time, for example, 10 seconds.
[0180] Next, the processing liquid supplying step (Step
S5) 1s started. Specifically, the organic solvent valve 56
is closed. Thereby, supply of the organic solvent to the
substrate W is stopped. Then, the facing member
elevating/lowering unit 61 moves the facing member 6 to the
upper position. Then, the guard elevating/lowering unit 74
moves the first guard 71A to the upper position. In the
processing liquid supplying step, the substrate W is rotated
at a predetermined first rotational speed, for example, several
dozen (tens) of rpm to 200 rpm (first rotating step) .

[0181] Then, as shown in Fig. 5A, the second nozzle moving
unit 37 moves the second moving nozzle 9 to the processing
position. The processing position of the second moving nozzle
9 ig, for example, the central position. Then, the processing
liquid valve 51 is opened. Thereby, the processing liquid is
supplied (discharged) from the second moving nozzle 9 toward
the central region on the upper surface of the substrate W in

the rotating state (the processing liquid supplying step, the
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processing liquid discharging step). Thereby, the organic
solvent on the substrateWis replacedwiththe processingliquid
to forma liquid film of the processing liquid on the substrate
W (a processing liquid film 101) (the processing liquid film
forming step) . Supply of the processing liquid from the second
movingnozzle 9 continues for apredetermined time, for example,
2 to 4 seconds.

[0182] Next, the processing film forming step (Step S6 and
Step S7) is executed. In the processing film forming step,
the processing liquid on the substrate W is solidified or cured
to form a processing film 100 (refer to Fig. 5C) on the upper
surface of the substrate W.

[0183] In the processing film forming step, a spin off step
(film thinning step) (Step S6) is executed until formation of
the processing film 100 (refer to Fig. 5C). 1In the spin off
step, the processing liquid valve 51 is first closed. Thereby,
as shown in Fig. 5B, supply of the processing liquid to the
substrate W is stopped. Then, the second moving nozzle 9 is
moved to the home position by the second nozzle moving unit
37.

[0184] In the spin off step, in a state where supply of
the processing liquid to the upper surface of the substrate
W is stopped, the processing liquid is partially eliminated
from the upper surface of the substrate W due to a centrifugal

force such that a thickness of the processing liquid f£ilm 101
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on the substrate W becomes an appropriate thickness. 1In the
spin off step, the facing member 6, the first guard 71A and
the second guard 71B are kept at the upper position.

[0185] In the spin off step, the spin motor 23 accelerates
rotation of the substrate W to change the rotational speed of
the substrate W to a predetermined second rotational speed
(second rotating step). The second rotational speed is, for
example, 1000 rpm to 1500 rpm. In the spin off step, the
rotational speed of the substrate Wmay be kept fixed in a range
withinl000rpmto 1500 rpmor may be changed, whenever necessary,
within a range of 1000 rpm to 1500 rpm in the middle of the
spinoff step. Thespinoff step isexecuted for apredetermined
time, for example, 30 seconds.

[0186] In the processing film forming step, there is
executed the heating step (Step S7) in which the substrate W
is heated after the spin off step. In the heating step, in
order to partially volatilize (evaporate) a solvent of the
processing liquid on the substrate W, the processing liquid
film 101 (refer to Fig. 5B) on the substrate W is heated.
[0187] Referring to Fig. 5C, specifically, the facing
member elevating/lowering unit 61 moves the facing member 6
toaproximity position between the upper position and the lower
position. The proximity position may be the lower position.
The proximity position is such a position that a distance from

the upper surface of the substrate W to the facing surface 6a
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is, for example, 1 mm. In the heating step, the first guard
71A and the second guard 71B are kept at the upper position.
[0188] Then, the gas valve 55 is opened. Thereby, a gas
is supplied to a space between the upper surface of the substrate
W (the upper surface of the processing liquid f£ilm 101) and
the facing surface 6a of the facing member 6 from the central
nozzle 11 (the gas supplying step). Thereby, evaporation of
the solvent in the processing liquid £ilm 101 is promoted (the
solvent evaporating step, the solvent evaporation promoting
step) . Therefore, time necessary for forming the processing
film 100 can be reduced. The central nozzle 11 functions as
an evaporating unit (an evaporation promoting unit) for
evaporating the solvent in the processing liquid.

[0189] Then, the heating medium wvalve 88 is opened.
Thereby, a heating medium is supplied (discharged) from the
lower surface nozzle 12 toward the central region on the lower
surface of the substrate W in the rotating state (the heating
medium supplying step, the heating medium discharging step) .
The heating medium supplied from the lower surface nozzle 12
to the lower surface of the substrate W spreads radially by
being subjected to a centrifugal force and extends across the
entire lower surface of the substrate W. Supply of the heating
medium to the substrate W continues for a predetermined time,
for example, 60 seconds. In the heating step, the substrate

W is rotated at a predetermined heating rotational speed, for
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example, 1000 rpm.

[0190] The heating medium is supplied to the lower surface
of the substrate W, so that the processing liquid £ilm 101 on
the substrate W is heated via the substrate W. Thereby,
evaporation of the solvent in the processing ligquid f£ilm 101
is promoted (the solvent evaporating step, the solvent
evaporation promoting step). Therefore, time necessary for
forming the processing film 100 can be reduced. The lower
surface nozzle 12 functions as an evaporating unit (an
evaporation promoting unit) for evaporating the solvent in the
processing liquid.

[0191] The spin off step and the heating step are executed,
so that the processing liquid is solidified or cured to form
the processing £ilm 100 on the substrateW. Asdescribed above,
the substrate rotating unit (the spin motor 23) and the lower
surface nozzle 12 are included in a solid forming unit which
gsolidifies and cures the processing liquid to form a solid (the
processing film 100). It is noted that the thickness of the
processing film 100 is much thinner than the thickness of the
substrate W. However, in Fig. 5C, for convenience of
description, thethicknessof theprocessingfilm100isdepicted
in an exaggerated manner (so as to be similar to the thickness
of the substrate W) (The same will also apply to Fig. 5D and
Fig. 5E).

[0192] In the heating step, it 1is preferable that the
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substrate W is heated such that a temperature of the processing
liquid on the substrate W is lower than a boiling point of the
solvent. Theprocessingliquidisheatedat atemperature lower
than a boiling point of the solvent, so that the solvent can
be made to remain appropriately in the processing film 100.
Thereby, the peeling liquid is made to conform with the
processing £ilm 100 more easily in the subsequent removing step
(Step S9) by interaction of the solvent remaining in the
processing £ilm 100 with the peeling liquid than a case in which
no solvent remains in the processing £ilm 100. Therefore, the
processing £film100 ismade easilypeelableby thepeelingliquid.
[0193] The heating medium splashed outside the substrate
W due to a centrifugal force is received by the first guard
71A. There is a case in which the heating medium received by
the first guard 71A may be splashed back from the first guard
71A. However, since the facing member 6 is kept close to the
upper surface of the substrate W, the upper surface of the
substrate W can be protected from the heating medium splashed
back from the first guard 71A. Consequently, since it is
possible to suppress attachment of the heating medium to an
upper surfaceof theprocessingfilm100, occurrenceof particles
resulting from the heating medium splashed back from the first
guard 71A can be suppressed.

[0194] Further, a gas is supplied from the central nozzle

11 to form a gas stream F which moves from the central region
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on the upper surface of the substrate W toward a peripheral
edge of the upper surface of the substrate W at a space between
the facing surface 6a of the facingmember 6 and the upper surface
of the substrateW. ThegasstreamFwhichmoves fromthe central
region on the upper surface of the substrate W toward the
peripheral edge of the upper surface of the substrateWis formed,
so that the heating medium splashed back from the first guard
71A canbepushedback towardthe first guard 71A. Consequently,
it is possible to further suppress attachment of the heating
medium to the upper surface of the processing film 100.
[0195] Next, the buffering step (Step S8) is executed.
Specifically, the heating medium valve 88 is closed. Thereby,
supply of theheatingmediumto the lower surface of the substrate
Wis stopped. Then, thegasvalve55isclosed. Thereby, supply
of a gas to a space between the facing surface 6a of the facing
member 6 and the upper surface of the substrate W is stopped.
[0196] Then, the facing member elevating/lowering unit 61
moves the facing member 6 to the upper position. Then, as shown
in Fig. 5D, the third nozzle moving unit 38 moves the third
moving nozzle 10 to a processing position. The processing
position of the third moving nozzle 10 is, for example, the
central position. In the buffering step, the substrate W is
rotated at a predetermined buffering rotational speed, for
example, 800 rpm.

[0197] Then, the upper buffer liquid valve 53 is opened.
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Thereby, abuffer liquidis supplied (discharged) fromthe third
moving nozzle 10 toward the central region on the upper surface
of the substrate W in the rotating state (the buffer liquid
supplying step, the buffer liquid discharging step). The
buffer liquid supplied to the upper surface of the substrate
W spreads across the entire upper surface of the substrate W
due to a centrifugal force. Supply of the buffer liquid to
the upper surface of the substrate W continues for a
predetermined time, for example, 60 seconds.

[0198] In a case where the peeling liquid which is supplied
to the substrate W in the next removing step (Step S9) is high
in concentration, in particular, at the start of supplying the
peeling liquid, the peeling liquid may act locally on the upper
surface of the substrateW. Thus, thebuffer liquidis supplied
to the upper surface of the substrate W before supply of the
peeling liquid, thus making it possible to buffer actions of
the peeling liquid on the processing £film 100. It is, thereby,
possible to avoid acting locally on the peeling liquid on the
upper surface of the substrate W. Thus, the peeling liquid
can be uniformly applied to the entire upper surface of the
substrate W.

[0199] Next, the removing step (Step S9) is executed. In
the removing step, the substrate Wis rotated at a predetermined
removing rotational speed, for example, 800 rpm.

[0200] Then, the upper buffer liquid valve 53 is closed.
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Thereby, supply of the buffer liquid to the upper surface of
the substrate W is stopped. Then, as shown in Fig. 5E, the
upper peeling liquid valve 52 is opened. Thereby, the peeling
ligquid is supplied (discharged) from the third moving nozzle
10 towardthe central regionon the upper surface of the substrate
W in the rotating state (the upper peeling liquid supplying
step, the upper peeling liquid discharging step). The peeling
liquid supplied to the upper surface of the substrate W spreads
across the entire upper surface of the substrate W due to a
centrifugal force. Supply of the peeling liquid to the upper
surface of the substrate W continues for a predetermined time,
for example, 60 seconds.

[0201] The peeling liquid is supplied to the upper surface
of the substrate W, so that the processing film 100 is peeled
from the upper surface of the substrate W. When peeled from
the upper surface of the substrate W, the processing film 100
is split into film fragments. Then, the split film fragments
of the processing film 100 are subjected to a centrifugal force
due to rotation of the substrate W and eliminated outside the
substrate W, together with the peeling ligquid. Thereby, a
removal object is removed from the upper surface of the substrate
W together with the processing film 100.

[0202] Here, there is a case in which the processing liquid
suppliedtotheupper surface of the substrateWinthe processing

liquid supplying step (Step S5) shown in Fig. 5A may follow
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a peripheral edge of the substrate W to reach the lower surface
of the substrateW. There is alsoa case inwhich the processing
liguid splashed from the substrate W may be splashed back from
thefirstguard71Atoattachonthe lower surfaceof the substrate
W. Even in these cases, as shown in Fig. 5C, in the heating
step (Step S7), aheatingmediumis supplied to the lower surface
of the substrate W. It is, thus, possible to eliminate the
processing liquid from the lower surface of the substrate W
due to a flow of the heating medium.

[0203] There is also a case in which the processing liquid
attachedtothe lower surface of the substrateWmaybesolidified
or cured to form a solid due to the processing liquid supplying
step (Step S5). Even in this case, as shown in Fig. 5E, while
the peeling liquid is supplied to the upper surface of the
substrate W in the removing step (Step S9), the lower peeling
liquid valve 87 is opened to supply (discharge) the peeling
liguid from the lower surface nozzle 12 to the lower surface
of the substrate W, thus making it possible to peel the solid
from the lower surface of the substrate W (the lower peeling
liquid supplying step, the lower peeling liquid discharging
step) .

[0204] Further, as shown in Fig. 5D, while the buffer liquid
is supplied to the upper surface of the substrate W in the
buffering step (Step S8), the lower rinse liquid valve 86 is

opened to supply (discharge) the rinse liquid as the buffer
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liguid from the lower surface nozzle 12 to the lower surface
of the substrate W. Thereby, it is possible to buffer actions
of the peeling liquid supplied to the lower surface of the
substrate W (the lower buffer liquid supplying step, the lower
buffer liquid discharging step) .

[0205] Next, the secondrinsingstep (StepS10) is executed.
Specifically, the upper peeling liquid valve 52 and the lower
peeling liquid valve 87 are closed. Thereby, supply of the
peeling liquid to the upper surface and the lower surface of
the substrate Wis stopped. Then, the third nozzle moving unit
38 moves the third moving nozzle 10 to the home position. Then,
as shown in Fig. 5F, the facing member elevating/lowering unit
61 moves the facing member 6 to the processing position. In
the second rinsing step, the substrate W is rotated for a
predetermined second rinse rotational speed, for example, 800
rpm. The first guard 71A and the second guard 71B are kept
at the upper position.

[0206] Then, the upper rinse liquid valve 54 is opened.
Thereby, the rinse liquid is supplied (discharged) from the
central nozzle 11 to the central region on the upper surface
of the substrate W in the rotating state (the second upper rinse
liquidsupplyingstep, the secondupper rinse liquiddischarging
step) . The rinse liquid supplied to the upper surface of the
substrate W spreads radially by being subjected toa centrifugal

force and extends across the entire upper surface of the
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substrate W. Thereby, the peeling liquid attached to the upper
surface of the substrate W is washed away with the rinse liquid.
[0207] Then, the lower rinse liquid valve 86 is opened.
Thereby, the rinse liquid is supplied (discharged) from the
lower surface nozzle 12 toward the central region on the lower
surface of the substrate W in the rotating state (the second
lower rinse liquid supplying step, the second lower rinse liquid
discharging step). Thereby, the peeling liquid attached to
the lower surface of the substrate W is washed away with the
rinse liquid. Supply of the rinse liquid to the upper surface
and the lower surface of the substrate W continues for a
predetermined time, for example, 35 seconds.

[0208] Next, the second organic solvent supplying step
(Step S11) is executed. Specifically, as shown in Fig. 5G, the
guard elevating/lowering unit 74 moves the first guard 71A to
the lower position. Then, the facing member 6 is kept at the
processing position. In the second organic solvent supplying
step, the substrate W is rotated at a predetermined second
organic solvent rotational speed, for example, 300 rpm.
[02009] Then, the upper rinse liquid valve 54 and the lower
rinse liquid valve 86 are closed. Thereby, supply of the rinse
liquid totheupper surfaceandthe lower surface of the substrate
W is stopped. Then, as shown in Fig. 5G, the organic solvent
valve 56 is opened. Thereby, the organic solvent is supplied

(discharged) fromthe centralnozzlell towardthecentral region
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on the upper surface of the substrate W in the rotating state
(the second organic solvent supplying step, the second organic
solvent discharging step, the residue removing liquid supplying
step) . Supply of the organic solvent to the upper surface of
the substrate Wcontinues for a predetermined time, for example,
30 seconds.

[0210] The organic solvent supplied to the upper surface
of the substrate W spreads radially by being subjected to a
centrifugal force and extends across the entire upper surface
of the substrate W. Thereby, the rinse liquid on the upper
surface of the substrate Wis replacedwith the organic solvent.
The organic solvent supplied to the upper surface of the
substrateWis removed froma peripheral edge of theupper surface
of the substrateWafterdissolution of residue of the processing
film 100 remaining on the upper surface of the substrate W (the
residue removing step) .

[0211] Next, the spin drying step (Step S12) is executed.
Specifically, the organic solvent valve 56 is closed. Thereby,
supply of the organic solvent to the upper surface of the
substrate W is stopped. Then, as shown in Fig. 5H, the facing
member elevating/lowering unit 61 moves the facing member 6
to a drying position lower than the processing position. When
the facing member 6 is positioned at the drying position, a
distance between the facing surface 6a of the facing member

6 and the upper surface of the substrate W is, for example,
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1.5 mm. Then, the gas valve 55 is opened. Thereby, a gas is
supplied to a space between the upper surface of the substrate
W and the facing surface 6a of the facing member 6.

[0212] Then, the spin motor 23 accelerates rotation of the
substrate W to rotate the substrate W at a high speed. The
substrate W is rotated at a drying speed, for example, 1500
rpm in the spin drying step. The spin drying step is executed
for a predetermined time, for example, 30 seconds. Thereby,
a great centrifugal force is applied to the organic solvent
on the substrate W, so that the organic solvent on the substrate
W is scattered around the substrate W. In the spindrying step,
a gas is supplied to a space between the upper surface of the
substrate W and the facing surface 6a of the facing member 6
to promote evaporation of the organic solvent.

[0213] Then, the spin motor 23 stops rotation of the
substrate W. The guard elevating/lowering unit 74 moves the
first guard 71A and the second guard 71B to the lower position.
The gas valve 55 is closed. The facing member
elevating/lowering unit 61 moves the facing member 6 to the
upper position.

[0214] The transfer robot CR enters into the processing
unit 2, lifts up a processed substrate W from the chuck pin
20 of the spin chuck 5 and carries it outside the processing
unit 2 (Step S13). The substrate W is transferred from the

transfer robot CR to the transfer robot IR and housed in a carrier
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C by the transfer robot IR.

[0215] As shown in Fig. 6, the fine pattern 160 with
projections and recesses is formed on the upper surface of the
substrate W in which the substrate processing is executed. The
pattern 160 with projections and recesses includes a fine
projected structure body 161 formed on the upper surface of
the substrate W and a recessed portion (groove) 162 formed
between adjacent structure bodies 161.

[0216] The surface of the pattern 160 with projections and
recesses, that is, the surface 16la of the structure body 161
(projected portion) and the surface of the recessed portion
162 form an patterned surface 165 with projections and recesses
(uneven patterned surface). The surface 161a of the structure
body 161 is configured with a leading end surface 161b (top
portion) and a side surface 161c, and the surface of the recessed
portion 162 is configured with a bottom surface 162a (bottom
portion). In a case where the structure body 161 is tubular,
a recessed portion is to be formed in the interior thereof.
[0217] The structure body 161 may include an insulator film
or may include a conductor film. The structure body 161 may
be a stacked layer in which a plurality of films are stacked.
[0218] The pattern 160 with projections and recesses is
a fine pattern with an aspect ratio of 3 or more. The uneven
pattern 160 is, for example, 10 to 50 in aspect ratio. The

structure body 161 may be approximatelyl0 nm to 45 nm in width
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L1l and may be approximately 10 nm to several micrometers in
interval L2 between the structure bodies 161. The structure
body 161 may be, for example, approximately 50 nm to 5 um in
height (patternheight T1l). The patternheight Tl is a distance
between the leading end surface 161b of the structure body 161
and the bottom surface 162a (bottom portion) of the recessed
portion 162.

[0219] Next, with reference to Fig. 7A to Fig. 7C, a
description will be given of conditions under which the
processing £ilm 100 is formed on the patterned surface 165 and
conditions under which the processing film 100 is peeled from
the patterned surface 165. Fig. 7A shows conditions of the
substrate W in the vicinity of the patterned surface 165 after
the processing liquid supplying step (Step S5). Fig. 7B shows
conditions of the substrate W in the vicinity of the patterned
surface 165 after the spin off step (Step S6). Fig. 7C shows
conditions of the substrate W in the vicinity of the patterned
surface 165 while execution of the removing step (Step S9) is
in progress.

[0220] In the processing liquid supplying step (Step S5)
which is executed before the spin off step, the substrate W
is rotated at the first rotational speed which is a relatively
low speed (the first rotating step). Therefore, as shown in
Fig. 7A, before the processing liquid is shaken off from the

patterned surface 165, the processing liquid enters into a
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recessed portion 162 of the pattern 160 with projections and
recesses due to its own weight and the recessed portion 162
is filled with the processing liquid (the processing liquid
filling step).

[0221] In the spin off step, the substrate W is rotated
at the second rotational speed which is faster than the first
rotational speed (the second rotating step). Therefore, in
a state where the processing liquid has fully entered into a
bottom portion of the recessed portion 162 of the pattern 160
with projections and recesses, the processing liquid film 101
on the substrate Wis thinned. When the processing liquid film
101 is thinned, the solvent undergoes volatilization
(evaporation), so that, as shown in Fig. 7B, the processing
liquid film 101 is changed into a thin semi-solid state film
106 which extends following (along) the pattern 160 with
projections and recesses. Then, in the heating step (Step S7),
the semi-solid state £ilm 106 (the processing liquid £ilm 101)
is heated, by which the solvent inside the semi-solid state
film 106 (processing liquid film 101) undergoes further
volatilization (evaporation), thereby formation of the
processing film 100 (the processing film forming step) is
completed.

[0222] The processing £ilm 100 covers a removal object 103
present on the front surface (that is, the patterned surface

165) of thepatternleOwithprojections and recesses. Adhesion
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of the processing £film 100 to the removal object 103 is larger
than adhesion of the removal object 103 to the pattern 160
with projections and recesses. Therefore, the processing film
100 is able to firmly hold the removal object 103.

[0223] The film thickness D of the processing film 100 is
thinner than the pattern height Tl in the thickness direction
T of the substrate W. The film thickness D of a portion of
the processing film 100 which follows the bottom surface 162a
of the recessed portion 162 and the leading end surface 161b
of the structure body 161 is a width of the processing film
100 in the thickness direction T of the substrate W. The film
thickness D of a portion of the processing £ilm 100 which follows
the side surface 161c of the structure body 161 is a width of
the processing film 100 of the substrate W in a direction
orthogonal to the thickness direction T. In a recessed portion
162, the surface (upper surface) of the processing film 100
is positioned further on the side of the bottom surface 162a
than the leading end surface 161b (top portion) of the structure
body 161 (projected portion) adjacent to the recessed portion
162.

[0224] Then, with reference to Fig. 7C, a peeling liquid
is supplied to the patterned surface 165 of the substrate W
in the removing step, so that the peeling liquid penetrates
through the processing £ilm 100 to act on an interface between

the processing film 100 and the patterned surface 165. The
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processing film 100 is split into film fragments 105 due to
energy received fromthe peeling liquid flowing on the substrate
W. The film fragments 105 of the processing £ilm 100 are peeled
from the patterned surface 165, in a state where the removal
object 103 is held, due to actions of the peeling liquid (the
processing film splitting step, the peeling step). Then, the
removal object 103 is pushed outside the substrate W together
with the processing film 100 in a state of being held by the
processing film 100 and removed from the substrate W.
[0225] Next, with reference to Fig. 8A to Fig. 8C, a
description will be given of conditions in the interior of the
processing £ilm 100 when the processing £ilm 100 is peeled from
the substrateW. Fig. 8Ashowsconditions inside theprocessing
film 100 after the heating step (Step S7) and before the start
of the buffering step (Step S8). Fig. 8B and Fig. 8C show
conditions inside the processing film 100 while execution of
the removing step (Step S9) is in progress.

[0226] As shown in Fig. 8A, the processing film 100 formed
by heating the substrate W has a first solid 110 formed by the
first component which is contained in the solute of the
processing liquid and a second solid 111 formed by the second
component which is contained in the solute of the processing
liquid.

[0227] With reference to Fig. 8B, the peeling liquid is

supplied to the upper surface of the substrate W in the removing
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step, so that the first solid 110 formed by the first component
higher in solubility in the peeling liquid than the second
component is mainly dissolved. Thereby, a penetrating hole
102 is formed at a portion of the processing film 100 at which
the first solid 110 is locally present (the penetrating hole
forming step). The penetrating hole 102 is likely to be formed
in particular at a portion of the processing film 100 in which
the first solid 110 extends in the thickness direction. The
penetrating hole 102 is, for example, several nanometers in
diameter in a plan view.

[0228] Thepeelingliquiddissolvesnot onlythe first solid
110 but also the second solid 111. However, since the second
component is lower in solubility in the peeling liquid than
the first component, the second solid 111 in the vicinity of
the front surface is only slightly dissolved by the peeling
ligquid.

[0229] Therefore, the peeling liquid which has reached the
vicinity of the patterned surface 165 via the penetrating hole
102 slightly dissolves a portion of the second solid 111 in
the vicinity of the patterned surface 165. Thereby, as shown
in an enlarged view of Fig. 8B, while gradually dissolving the
second solid 111 in the vicinity of the patterned surface 165,
the peeling liquid enters into a gap Gl between the processing
film 100 and the patterned surface 165 (the peeling liquid entry

step) .
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[0230] Then, for example, with a peripheral edge of the
penetrating hole 102 given as a starting point, the processing
film 100 is split into the film fragments 105. As shown in
Fig. 8C, the film fragment 105 of the processing film 100 is
peeled from the patterned surface 165, in a state where the
removal object 103 is held.

[0231] There can be found a case in which the peeling liquid
hardly dissolves the second solid 111. Even in this case, the
peeling liquid enters into the narrow gap G between the
processing f£ilm 100 and the upper surface of the substrate W,
so that the processing film 100 is peeled from the substrate
W.

[0232] According to the present preferred embodiment, in
the processing film forming step (Step S6 and Step S7), the
processing £ilm 100 is formed so as to follow the uneven pattern
160 with projections and recesses (the patterned surface 165
withprojections and recesses) which forms the patterned surface
165. Therefore, the processing film 100 can be reduced in film
thickness Din the entire patterned surface 165. Consequently,
the peeling liquid can easily pass through the processing film
100 in the entire patterned surface 165 and easily reach an
interface between the processing film 100 and the patterned
surface 165.

[0233] Further, the processing £ilm 100 is reduced in film

thickness D to reduce the strength of the processing £film 100.
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Therefore, the processing film 100 is easily split into the
filmfragments 105 due toenergy received fromthe peeling liquid
flowing on the patterned surface 165. Consequently, the
peeling liquid is able to smoothly reach an interface between
the processing £i1lm 100 and the patterned surface 165 from among
the split film fragments 105.

[0234] The peeling liquid is made to smoothly reach an
interface between the processing film 100 and the patterned
surface 165 in the entire patterned surface 165, thus making
it possible to efficiently peel a removal object 103 from the
patterned surface 165 together with the processing film 100.
As a result, the removal object 103 can be efficiently removed
from the substrate W.

[0235] Further, according to the present preferred
embodiment, the film thickness D of the processing film 100
formed in the processing film forming step is thinner than the
height of the projections and the recesses of the patterned
surface 165 (pattern height T1l)in the thickness direction T
of the substrate W. Therefore, it is possible to reduce a
distance between the surface of the processing film 100 and
the patterned surface 165 in the thickness direction T.
Consequently, the peeling liquid can be made to smoothly reach
aninterfacebetweenthepatternedsurfacelé5andtheprocessing
film 100. As a result, it is possible to more efficiently peel

the removal object 103 from the patterned surface 165 together
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with the processing film 100.

[0236] According to the present preferred embodiment, in
the processing film forming step, the processing film 100 is
formed such that, in the interior of a recessed portion 162,
the front surface of the processing film 100 is positioned
further on the side of the bottom surface 162a (bottom portion)
of the recessed portion 162 than the top portion of the structure
body 161 (projected portion) adjacent to the recessed portion
162. Therefore, in the processing film forming step, the film
thickness D of the processing £film 100 (a distance between the
bottom surface 162a and the surface of the processing £ilm 100)
in the interior of the recessed portion 162 can be reduced as
compared with a case in which the processing £ilm 100 is formed
so as to fill up an entire interior of the recessed portion
162. Consequently, the peeling liquid can be made to smoothly
reach an interface between the bottom surface 162a of the
recessed portion 162 of the patterned surface 165 and the
processing film 100. As a result, it is possible to more
efficiently remove a removal object 103 from the pattern 160
with projections and recesses, together with the processing
film 100.

[0237] According to the present preferred embodiment, in
the processing film forming step, the processing film 100 is
formed so as to cover the removal object 103. Thereby, the

contact area of the processing £film 100 and the removal object
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103 can be increased, so that a holding force that the processing
film100holds the removal object 103 canbe improved. Therefore,
it is possible to reduce removal objects 103 falling off from
the processing film 100. Consequently, most of the removal
objects 103 can be removed from a substrate W together with
the processing film 100 to eliminate the removal object 103
efficiently outside the substrate W, while reattachment of the
removal object 103 to the substrate W is suppressed.

[0238] According to the present preferred embodiment, in
the processing film forming step, the processing film 100 is
formed such that adhesion of the processing film 100 to the
removal object 103 can be larger than adhesion of the removal
object 103 to the substrate W. Therefore, when the processing
film 100 is peeled by the peeling liquid from the patterned
surface 165, it is possible to reduce the number of the removal
objects 103 remaining on the patterned surface 165 without being
peeled away from the patterned surface 165. Consequently, most
of the removal objects 103 can be removed from the substrate
Wtogether with the processing film100 toefficientlyeliminate
the removal object 103 outside the substrate W.

[0239] According to the present preferred embodiment, in
the removing step (Step S9), the first solid 110 is dissolved
by the peeling liquid, that is, the processing film 100 is
partially dissolved to form a penetrating hole 102 in the

processing film 100 (the penetrating hole forming step).
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[0240] Therefore, the peeling liquid is able to smoothly
reach an interface between the processing film 100 and the
patterned surface 165 +via the penetrating hole 102.
Consequently, the peeling liquid is made to act on an interface
between the processing £ilm 100 and the patterned surface 165,
thus making it possible to efficiently peel the removal object
103 from the patterned surface 165 together with the processing
film 100.

[0241] On the other hand, although the processing £ilm 100
is partially dissolved by the peeling liquid for formation of
the penetrating hole 102, a remaining portion of the processing
film 100 (the second solid 111) is kept in a solid state.
Consequently, the processing film 100 which forms the
penetrating hole 102 and also holds the removal object 103 can
be peeled from the patterned surface 165. As a result, it is
possible to efficiently remove the removal object 103 from the
patterned surface 165 together with the processing film 100.
[0242] According to the present preferred embodiment, in
the removing step, the peeling liquid enters between the
processing film 100 and the patterned surface 165 via the
penetrating hole 102 (the peeling 1liquid entry step).
Therefore, the peeling liquid is made to act on an interface
between the processing £ilm 100 and the patterned surface 165,
thus making it possible tomore efficiently peel the processing

film 100 from the patterned surface 165.
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[0243] According to the present preferred embodiment, the
processing £film 100 formed in the processing film forming step
has the first solid 110 formed by the first component and the
second solid 111 formed by the second component. The first
component is higher in solubility in the peeling liquid than
the second component and, therefore, the first solid 110 is
more easily dissolved in the peeling liquid than the second
solid 111.

[0244] Therefore, while the peeling liquid is used to
dissolve the first solid 110 and reliably form the penetrating
hole 102, the second solid 111 can be kept in a solid state
with the secondsolid 111 hardlydissolvedinthepeelingliquid.
Consequently, the peeling liquid can be made to act on an
interface between the second solid 111 and the patterned surface
165, in a state where a removal object 103 is held by the second
solid 111.

[0245] As a result, it is possible to smoothly peel the
removal object 103 from the patterned surface 165 together with
the processing £film 100 and also efficiently remove the removal
object 103 from the patterned surface 165 together with the
processing film 100.

[0246] According to the present preferred embodiment, the
substrate W is rotated at a first speed until a predetermined
timing before formation of the processing film 100 from the

start of supplyingtheprocessingliquidtothepatternedsurface
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165 (first rotating step). That is, the substrate W is rotated
at the first speedwhichisarelativelylowspeeduntil formation
of the processing film 100 from the start of supplying the
processing liquid to the patterned surface 165. Therefore,
before the processing liquid is shaken off due to a centrifugal
forceandcompletelyreducedinquantityof theprocessingliquid
on the patterned surface 165, the processing liquid enters into
the recessed portion 162 of the uneven pattern 160 due to its
own weight.

[0247] Then, until formation of the processing film 100
after the first rotating step, rotation of the substrate W is
accelerated and the substrate W is rotated at a second speed
faster than the first speed (second rotating step). The
processing liquid is, thereby, eliminated from the patterned
surface 165 of the substrate W. Therefore, it is possible to
form the processing film 100 which is sufficiently thin in a
state where the processing 1liquid has already entered into the
recessed portion 162 of the uneven pattern 160 due to its own
weight.

[0248] The present invention shall not be limited to the
embodiments so far described but may be executed by still other
embodiments.

[0249] For example, such substrate processing that the
chemical liquid supplying step (Step S2), the first rinsing

step (Step S3) and the first organic solvent supplying step
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(Step S4) areomittedmay be executed by the substrate processing
apparatus 1.

[0250] Further, with regard to the substrate processing
of the above-described embodiments, in the processing film
forming step (Step S6 and Step S7), the substrate W is heated
by a heating medium to evaporate the solvent of the processing
liquid. However, the substrate W may be heated not only by
supply of the heating mediumbut also, for example, by a heater,
etc., (not shown) housed inside the spin base 21 or the facing
member 6. In this case, the heater functions as a substrate
heating unit and an evaporating unit (an evaporation promoting
unit) .

[0251] Further, formation of the processing film 100 does
not necessarily entail heating of the substrate W. That is,
in the spin off step (Step S6), in a case where the solvent
undergoes sufficient volatilization (evaporation) to attain
formation of the processing film 100, no subsequent heating
step (Step S7) may be executed. 1In particular, in a case where
the solvent canbemade toremaininthe interiorof theprocessing
film 100, the solvent can be easily evaporated up to a desired
extent without heating the substrate W.

[0252] Further, in each of the above-described substrate
processing, the buffering step (Step S8) may also be omitted.
[0253] Further, in each of the above-described substrate

processing, the contained amount of the second component in
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the processing liquid is larger than the contained amount of
the first component in the processing liquid. Therefore, a
portion of the processing film 100 which is dissolved by the
peeling liquid can be reduced as compared with a configuration
in which the contained amount of the second component in the
processing liquid is smaller than the contained amount of the
first component in the processing liquid. Therefore, it 1is
possible to reduce the removal object 103 detached from the
processing film 100 in association with partial dissolution
of the processing £film 100. Consequently, the removal object
103 can be substantially removed from the upper surface of the
substrate W, together with the processing film 100. It is,
thus, possible to suppress reattachment of the removal object
103 tothe substrateWandalsoefficientlyeliminate the removal
object 103 outside the substrate W.

[0254] However, unlike the above-described embodiment, the
containedamount of the second component intheprocessingliquid
may be lower than the contained amount of the first component
in the processing liquid. In this case, a portion of the
processing film 100 which is dissolved by the peeling liquid
can be increased as compared with a configuration in which the
containedamount of the second component intheprocessingliquid
is larger than the contained amount of the first component in
the processing liquid. Therefore, the processing £ilm 100 can

be split into relatively small film fragments 105. Since the
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processingfilml00issplitintorelativelysmall filmfragments
105, the film fragments 105 are likely to be lifted by being
subjected to a force froma flow of the peeling liquid and easily
removed outside a substrate Wby the flow of the peeling liquid.
Consequently, it 1s possible to efficiently remove the
processing film 100 from the substrate W.

[0255] Further, in each of the above-described preferred
embodiments, each of the components (the first component and
the second component) of the solute contained in the processing
liquid is a synthetic resin. However, each of the components
of the solute may not be necessarily a synthetic resin. Any
components can be used as long as they may be dissolved by the
solvent contained in the processing liquid and the first
component is higher than the second component in solubility
by the peeling liquid. If so, each of the components of the
solute may be, for example, a metal or a salt.

[0256] Further, as the peeling liquid, an organic solvent
such as IPA, etc., can be used. Even in this case, as the first
component and the second component contained in the solute of
the processing liquid, there can be used a resin similar to
that inwhich a water-basedpeeling liquid is used as the peeling
liquid.

[0257] Further, in each of the above-described substrate
processing, the solute contained in the processing liquid

contains the first component and the second component. However,
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the solute may be configured so as to contain a single component
or may contain three or more components which are mutually
different in solubility in the peeling liquid.

[0258] Further, with regard to the processing liquid and
the peeling ligquid described in each of the above-described
preferred embodiments, even those which will be described
hereinafter provide the same effects as each of the

above-described preferred embodiments.

[0259] Hereinafter, expressions of “Cy.,,” “Cx.Cy” and “Cy”
indicate the number of carbons in a molecule or a substituent.
For example, C;.¢alkyl indicates an alkyl chain (methyl, ethyl,
propyl, butyl, pentyl, hexyl, etc.) which has a carbon of one

or more to six or less.

[0260] Hereinafter, where a polymer has plural types of
repeating units, these repeating units undergo
copolymerization. Unless otherwise specified, the

copolymerizationmay be any one of alternating copolymerization,
random copolymerization, block copolymerization, graft
copolymerization and a mixture of them. Where a polymer and
a resin are expressed by a structural formula, n, m, etc., which
arewrittentogether inparentheses indicate a repeatingnumber.
[0261] <Processing Liquids>

[0262] The processing liquid contains (A) second component

which is an insoluble or sparingly soluble solute, (B) first
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component which is a soluble solute, and (C) solvent. The
processing liquid is dropped on a substrate and dried, by which
(C) solvent is removed, (A) second component is filmed and
remains as a film together with (B) first component on the
substrate, and the filmis thereafter removed from the substrate
by a peeling liquid. (A) second component is preferably
insoluble or sparingly soluble in the peeling liquid. Further,
(B) first component is preferably soluble in the peelingliquid.
The above-described “solute” is not restricted to a state of
beingdissolvedin (C) solvent but may include a suspended state.
As one preferable mode, a solute, a component and an additive
contained in the processing liquid are dissolved in (C) solvent.
A processing liquid which assumes this mode is considered to
be embedded excellently or high in film uniformity.

[0263] Here, “as a film together with” preferably means
to develop a state of being present together in one film and
does not mean that they have their own layer separately. One
mode of “film formation” is “solidification.” The film
obtained from the processing liquid may have such hardness that
can hold particles and does not require complete removal of
(C) solvent (for example, by gasification). The processing
liquid gradually contracts in association with volatilization
of (C) solvent and forms a film. The description of “remains
as the film on the substrate” means that, in relation to an

entirety, anextremely small quantity is permitted tobe removed
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(for example: evaporation or volatilization). It 1is
permissible that as compared with an original quantity, for
example, 0 tol0mass % (preferably 0 to 5 mass %, more preferably
0 to 3 mass %, further preferably 0 to 1 mass % and even further
preferably 0 to 0.5 mass %) 1is removed.

[0264] It is considered that the film holds particles on
the substrate and is removed by being peeled by apeeling liquid,
which is, however, free of any intention of restricting the
scope of claims or not constrained by any theory. It is also

considered that since (B) first component remains on the £ilm,

there occurs a portion which serves as the beginning of peeling

the film.
[0265] <Second Components>
[0266] (A) second component contains at least any one of

novolac, polyhydroxystyrene, polystyrene, a polyacrylic acid
derivative, a polymaleic acid derivative, polycarbonate, a
polyvinyl alcohol derivative, apolmethacrylicacidderivative
and a copolymer of a combination thereof. (A) second component
may preferably contain at least any one of novolac,
polyhydroxystyrene, a polyacrylic acid derivative,
polycarbonate, a polmethacrylicacidderivative and a copolymer
of a combination thereof. (A) second component may more
preferably contain at least any  one of novolac,
polyhydroxystyrene, polycarbonate and a copolymer of a

combination thereof. Novolac may be phenol novolac.
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[0267] As a matter of course, as (A) second component, the
processing liquid may contain one or two or more of combinations

of the above-described preferable examples. For example, (A)

second component may contain both novolac and
polyhydroxystyrene.
[0268] (A) second component isdried and formed intoa film,

and the film is not substantially dissolved by a peeling liquid
which will be described later and peeled, with particles held,
which is one preferable mode. Such a mode is permissible that
(A) second component is only partially dissolved by the peeling
liquid.

[0269] It is preferable that (A) second component does not
contain fluorine and/or silicon and it is more preferable that
it contains neither of them.

[0270] It ispreferable that the copolymerization is random
copolymerization or block copolymerization.

[0271] As specific examples of (A) second component, the
compounds shown individually in Chemical Formula 7 to Chemical
Formula 13 given below can be cited, which is, however, free
of any intention of restricting the scope of claims.

[0272]

[Chemical Formula 7]

OH
L€xs

CHy
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[0273]

[Chemical Formula 8]

OH
!
I
[0274]

[Chemical Formula 9]

OH

[0275]

[Chemical Formula 10]

OH OR

(Here, R indicates a substituent of C; to , alkyl , etc.)
[0276]

[Chemical Formula 11]
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[Chemical Formula 12]

0RO

[0278]

[Chemical Formula 13]

n

COOMe

[0279] (A) second component is preferably 150 to 500,000
in weight average molecular weight (Mw), more preferably 300
to 300,000, further preferably 500 to 100,000 and even further
preferably 1,000 to 50,000.

[0280] (A) second component can be obtained by synthesis
and can alsobe purchased. Inthecaseof purchase, for example,
each of the following companies can be cited as a supplier.
The supplier is also able to synthesize (A) polymer.
Novolac: Showa Kaseil Kogyo Co., Ltd., Asahi Yukizai Corp., Gunei
Chemical Industry Co., Ltd., Sumitomo Bakelite Co., Ltd.
Polyhydroxystyrene: Nippon Soda Co., Ltd., Maruzen
Petrochemical Co., Ltd., Toho Chemical Industry Co., Ltd.
Polyacrylic acid derivative: Nippon Shokubai Co., Ltd.
Polycarbonate: Sigma-Aldrich

Polmethacrylic acid derivative: Sigma-Aldrich

[0281] As compared with an entire mass of the processing
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liquid, (A) second component is 0.1 to 50 mass %, preferably

)

0.5 to 30 mass %, more preferably 1 to 20 mass % and further
preferably 1 to 10 mass %. That is, an entire mass of the
processing liquid is given as 100 mass %, which is used as a
reference to give (A) second component that is 0.1 to 50 mass %.
That is, “as compared with” can also be referred to as “which
is used as a reference.” Unless otherwise specified, this is
also applicable to the following.

[0282] Solubility can be evaluated by a known method. For
example, under conditions of 20°C to 35°C (more preferably 25
+2°C), the above-described (A) or (B) which will be described
later is added in a quantity of 100 ppm to ammonia water of
5.0 mass % in a flask which is then capped, and a resultant
is subjected to 3-hour shaking by using a shaker. Then, the
solubility can be determined by whether (A) or (B) is dissolved.
Shaking may be agitation. Dissolution can also be judged
visually. If (A) or (B) is not dissolved, the solubility is
to be less than 100 ppm. If dissolved, the solubility is to
be 100ppm or more. The solubility of less than 100 ppm is to
be insoluble or sparingly soluble, and the solubility of 100
ppm or more is being soluble. In a broad sense, being soluble
includes being slightly soluble. Being insoluble is lowest
in solubility, followed by being sparingly soluble and soluble.

In a narrow sense, being slightly soluble is lower in solubility

than being soluble and higher in solubility thanbeing sparingly
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soluble.

[0283] The previously described ammonia water of 5.0 mass %
may be changed to a peeling liquid which is used in a process
to be conducted later. A liquid used for evaluating the
solubility is not required to be the same as the peeling liquid
andmay be any liquid inwhich components different insolubility
are present together. (B) first component present in the
processing film formed by the processing liquid is started to
be dissolved by the peeling liquid, which can serve as the
beginningof peeling theprocessingfilmfroma substrate. Thus,
partial dissolutionof (B) first component by the peelingliquid
can serve as the beginning of peeling the processing film.
Therefore, for example, the peeling liquid may be lower in

alkalinity than a liquid used for evaluating the solubility.

[0284] <First Components>
[0285] (B) first component 1is (B’) crack promoting
component . (B") crack promoting component contains

hydrocarbon and also has a hydroxy group (-OH) and/or a carbonyl
group (-C (=0)-). Inacasewhere (B’) crackpromotingcomponent
is a polymer, one type of constituent unit contains hydrocarbon
for each unit and also has a hydroxy group and/or a carbonyl
group. As the carbonyl group, carboxylic acid (-COOH),
aldehyde, ketone, ester, amid and enone, etc., can be cited,
and carboxylic acid is preferable.

[0286] It is considered that when the processing liquid
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isdried to forma processing filmon a substrate and the peeling
liguid peels the processing film, (B) first component produces
aportionwhich serves as the beginningof peeling the processing
film, which is, however, free of any intention of restricting
the scope of claims or not constrained by any theory. It is,
thus, preferablethat (B) first component ishigherinsolubility
in the peeling ligquid than (A) second component. As a mode
in which (B’) crack promoting component contains ketone as a
carbonyl group, cyclic hydrocarbon can be cited. As specific

examples, 1, 2-cyclohexanedione and 1, 3-cyclohexanedione can

be cited.

[0287] As a more specific mode, (B) first component is
expressed at least by any one of (B-1), (B-2) and (B-3) given
below. (B-1) contains 1l to 6 (preferably 1l to4) of constituent

units expressed by Chemical Formula 14 given below and is a
compound in which each of the constituent units is bonded by
a linking group L;.

[0288]

[Chemical Formula 14]

*[OH ]nm
\{ R ] Ny

[0289] Here, L; is selected at least from a single bond
and any one of C;.s alkylene. The C;.¢ alkylene couples the

constituent units as a linker and is not restricted to a group
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with valency of 2. A group with valency of 2 to 4 is preferable.
The C;.s alkylene may be either linear or branched. L; is
preferably a single bond, methylene, ethylene or propylene.
[0290] Cyi is a hydrocarbon ring of Cs.39, preferably phenyl,
cyclohexane or naphthyl and more preferably phenyl. As a
preferable mode, the linker I1; couples a plurality of Cy;.
[0291] R; is each independently Ci;.s alkyl and preferably
methyl, ethyl, propyl or butyl. The C;.5 alkyl may be either
linear or branched.

[0292] Np; is 1, 2 or 3 and preferably 1 or 2 and more
preferably 1. np;r is 0, 1, 2, 3 or 4 and preferably 0, 1 or
2.

[0293] As preferable examples of (B-1),
2,2-bis(4-hydroxyphenyl) propane,
2,2"-methylenebis (4-methylphenol),
2,6-bis[(2-hydroxy-5-methylphenyl)methyl] -4-methylphenol,
1,3-cyclohexanediol, 4,4’ -dihydroxybiphenyl,
2,6-naphthalenediol, 2,5-di-tert-butylhydroquinone, and
1,1,2,2-tetrakis (4-hydroxyphenyl) ethane can be cited, which

is, however, free of any intention of restricting the scope

of claims. They may be obtained by polymerization or
condensation.
[0294] 2,6-bis[(2-hydroxy-5-methylphenyl)

methyl] -4-methylphenol shown in Chemical Formula 15 will be

described as one example. This compound has three constituent



10

15

20

89

units expressed by Chemical Formula 14 at (B-1) and the
constituent unit is coupled by L;(methylene). np; is equal to
np;r which is equal to 1, and R; is methyl.

[0295]

[Chemical Formula 15]

OH OH aH
CH; CH2
CHy CHy CHy
[0296] (B-2) isexpressedby Chemical Formula l6 givenbelow.
[0297]

[Chemical Formula 16]

[0298] Ro1, Raz, Raz and Ry, are each independently hydrogen
or Ci;.5 alkyl, preferably hydrogen, methyl, ethyl, t-butyl or
isopropyl, more preferably hydrogen, methyl or ethyl, and
further preferably methyl or ethyl.

[0299] L,:; and L, are each independently C; .50 alkylene, Ci_gp
cycloalkylene, C,.4 alkenylene, C,.4 alkynylene or Cg.59 arylene.
These groups may be substituted by C;.5s alkyl or hydroxyl. Here,
alkenylene indicates hydrocarbon with valency of 2 having one
or more double bond, and alkynylene indicates hydrocarbon group
with valency of 2 having one or more triple bond. Lj; and Ly,

are preferably C,., alkylene, acetylene (C; alkynylene) or
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phenylene, morepreferably C,.salkylene oracetylene and further

preferably acetylene.

[0300] Npx is 0, 1 or 2, preferably 0 or 1 and more preferably
0.
[0301] As preferable examples of (B-2),

3,6-dimethyl-4-octene-3,6-diol,
2,5-dimethyl-3-hexene-2,5-diol canbe cited, which is, however,
free of any intention of restricting the scope of claims. In
the other mode, as preferable examples of (B-2),
3-hexene-2,5-diol, 1,4-butenediol, 2,4-hexadiyne-1,6-diol,
1,4-butanediol, cis-1,4-dihydroxy 2-butene, and
1,4-benzenedimethanol can be cited.

[0302] (B-3) is apolymer which contains a constituent unit
expressed by Chemical Formula 17 given below and has the weight
averagemolecular weight (Mw) of 500t010,000. Mwispreferably
600 to 5,000 and more preferably 700 to 3,000.

[0303]

[Chemical Formula 17]

Ras

COOH
[0304] Here, Rys is -H -CH; or —COOH, preferably -H or —COOH.
It is also permissible that one (B-3) polymer each contains
two or more types of constituent units expressed by Chemical

Formula 14.
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[0305] As preferable examples of (B-3) polymer, acrylic
acid, maleic acid, acrylic acid and a polymer of a combination
thereof can be cited, which is, however, free of any intention
of restricting the scope of claims. Polyacrylic acid and a
maleicacid/acrylicacidcopolymer aremore preferable examples.
[0306] In the case of copolymerization, random
copolymerization or block copolymerization is preferable, and
random copolymerization is more preferable.

[0307] The maleic acid/acrylic acid copolymer shown in
Chemical Formula 18 will be described as an example. The
copolymer is contained in (B-3) and has two types of constituent
units expressed by Chemical Formula 14. In one constituent
unit, Rys is —-H, and in the other constituent unit, Rys is —COOH.
[0308]

[Chemical Formula 18]

Oy OH Oy OH

x y
0” "OH

[0309] As a matter of course, the processing liquid may
containacombinationof one or two ormore of the above-described
preferable examples as (B) first component. For example, (B)
first component may contain both of 2,2-bis(4-hydroxyphenyl)
propane and 3,6-dimethyl-4-octene-3,6-diol.

[0310] (B) first component may be 80 to 10,000 in molecular

weight. The first component is preferably 90 to 50000 in
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molecular weight and more preferably 100 to 3000. In a case
where (B) first component is a resin or a polymer, the molecular
weight is expressed in terms of weight average molecular weight
(Mw) .

[0311] (B) first component is available by synthesis or
purchase. A supplier includes Sigma-Aldrich, Tokyo Chemical
Industry Co., Ltd., and Nippon Shokubai Co., Ltd.

[0312] (B) first component is contained preferably at 1
to 100 mass % in the processing liquid and more preferably at
1to50mass %, as compared with the mass of (A) second component.
(B) first component is contained further preferably at 1 to

30 mass % in the processing liquid, as compared with the mass

of (A) second component.

[0313] <Solvents>
[0314] It ispreferable that (C) solvent containsanorganic
gsolvent. (C) solvent may have volatility. Having volatility

means that it is higher in volatility than water. For example,
(C) solvent has preferably a boiling point of 50 to 250°C at
one atmosphere pressure. The solvent has more preferably 50
to 200°C at one atmosphere pressure and has further preferably
a boiling point of 60 to 170°C. The solvent has even further
preferably a boiling point of 70 to 150°C at one atmosphere
pressure. It is permissible that (C) solvent contains a small
quantity of pure water. Pure water is contained preferably

[)

at 30 mass % or less in (C) solvent, as compared with an entirety



10

15

20

25

93

of (C) solvent. Pure water is contained more preferably at
20 mass % or less in the solvent and further preferably at 10
mass % or less. Purewater is containedeven further preferably
at 5 mass % or less in the solvent. That the solvent is free
of pure water (0 mass %) 1is also one preferable mode. Pure
water is preferably DIW.

[0315] As theorganic solvent, alcohols suchas isopropanol
(IPA) , etc.; ethylene glycol monoalkyl ethers such as ethylene
glycol monomethyl ether, ethylene glycol monoethylether, etc.;
ethyleneglycol monoalkyl ether acetates suchasethyleneglycol
monomethyl ether acetate, ethylene glycol monoethyl ether
acetate, etc.; propylene glycol monoalkyl ethers such as
propylene glycol monomethyl ether (PGME), propylene glycol
monoethyl ether (PGEE), etc.; propylene glycol monoalkyl ether
acetates such as propylene glycol monomethyl ether acetate
(PGMERA) , propylene glycol monoethyl ether acetate, etc.; lactic
acid esters such as methyl lactate, ethyl lactate (EL), etc.;
aromatic hydrocarbons such as toluene, xylene, etc.; ketones
such as methyl ethyl ketone, 2-heptanone, cyclohexanone etc.;
amides such as N,N-dimethylacetoamide, N-methylpyrrolidone,
etc.; and lactones such as y-butyrolactone, etc., can be cited.
These organic solvents can be used solely or two or more of
them can be used by being mixed.

[0316] As one preferable mode, the organic solvent

contained by (C) solvent is selected from IPA, PGME, PGEE, EL,
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PGMEA and any combination of them. Where the organic solvent
is a combination of two types of components, a volume ratio
thereof is preferably 20 : 80 to 80 : 20 and more preferably
30 : 70 to 70 : 30.

[0317] As compared with an entire mass of the processing
liguid, (C) solvent is 0.1 to 99.9 mass %. As compared with
an entire mass of the processing liquid, (C) solvent is
preferably 50 to 99.9 mass % and more preferably 75 to 99.5
mass ¥. Ascomparedwithanentiremassof theprocessingliquid,
(C) solvent is further preferably 80 to 99 mass % and even further
preferably 85 to 99 mass %.

[0318] <Other Additives

[0319] The processing liquid of the present invention may
further contain (D) other additives. As one mode of the present

invention, (D) another additive contains surfactant, acid, base,

antibacterial agent, bactericide, antiseptic, or antifungal

agent (preferably surfactant). It may contain any one of these
combinations.
[0320] As one mode of the present invention, as compared

with a mass of (A) second component in the processing liquid,

(D) other additive (a sum in the case of plural other additives)

[ [}

is 0 to 100 mass % (preferably 0 to 10 mass %, more preferably

[} o

0 to 5 mass %, further preferably 0 to 3 mass % and even further
preferably 0 to 1 mass %) . That the processing liquid contains

[

no (D) other additive (0 mass %) is also one mode of the present
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invention.
[0321] <Peeling Liquids>
[0322] As described previously, the processing liquid is

dropped on a substrate and dried to remove (C) solvent, so that
(A) second component is formed intoa £film. Thereby, (A) second
component remains as a processing filmon the substrate together
with (B) first component. Thereafter, the processing film
(particle holding layer) is removed from the substrate by a
removing liquid. The processing filmis able to holdparticles
present on the substrate, and removed by the peeling liquid
while holding the particles.

[0323] The peeling liquid may be alkaline, neutral or acid,
and being alkaline is preferable. The peeling liquid is
preferably 7 to 13 in pH. In detail, the peeling liquid is
preferably 8 to 13 in pH, more preferably 10 to 13 in pH and
further preferably 11 to 12.5 in pH. It is preferable that
degassing is conducted on pH measurement in order to avoid
influences resulting from dissolution of carbon dioxide in the
air.

[0324] As specific examples of the peeling liquid, ammonia
water, SC-1 cleaning solution, aqueous TMAH solution, agqueous
choline solution and any combination of them can be cited
(preferably ammonia water), which is, however, free of any
intention of restricting the scope of claims. The solvent of

the peeling liquid is substantially pure water. A percentage
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of pure water in relation to the solvent of the peeling liquid
is 50 to 100 mass % (preferably 70 to 100 mass %, more preferably
90 to 100 mass %, further preferably 95 to 100 mass % and even
further preferably 99 to 100 mass %) . Concentrations of the
solute of the peeling liquid are 0.1 to 10 mass % (preferably
0.2 to 8 mass %, more preferably 0.3 to 6 mass %) . The alkaline
component is added to the processing liquid, by which pure water
(the concentration of the solute is 0.0 mass % and preferably
0.00 mass %) can be used in the peeling liquid.

[0325] Conditions of forming the processing film and
conditions of peeling the processing film from a substrate can
also be described as follows.

[0326] The processing liquid is made up of (A) second
component, (B’) crack promoting component (first component)
and (C) solvent. Theprocessingliquidof thepresent invention
is dropped on a substrate and dried, so that (A) second component
igs formed into a film. (A) second component is formed into
a film to form the processing film. Thereafter, the peeling
liguid is supplied to the processing film, so that the crack
promoting component is dissolved into the peeling liquid. The
crack promoting component is dissolved into the peeling liquid
to produce a mark (void hole) resulting from dissolution of
the crack promoting component into the processing film. The

mark promotes actions of peeling a particle layer from the

substrate. Acrack iswidened, with themarkgivenasastarting
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point. The crack is widened, thus making it possible to remove
the split processing film from the substrate, in a state where
particles is held.

[0327] It isconsideredthat whenthepeelingliquidremoves
(for example, peels) the processing film, (B) first component
remaining on the film produces a portion which serves as the
beginning of peeling the processing film. It is, therefore,
preferable that (B) first component is higher in solubility
inthepeelingliquidthan (A) second component. Theprocessing
filmispreferablynot completelydissolvedbythepeelingliquid
but removed from the substrate, with particles held. It is
considered that the processing film is removed in a state of
being finely split, for example, by “the portion which serves
as the beginning of peeling the processing film.”

[0328] The present inventionwill be described by referring
to the following wvarious examples. It is noted that the
processingliquidand thepeeling liquid shall not be restricted
only to these examples.

[0329] Provision of Patterned Substrate

[0330] A KrF resist composition (AZ DX-6270P, Merck
Performance Materials Ltd., which will be hereinafter referred
to as MPM) is dropped on an 8-inch Si substrate and spin-coated
on the substrate at 1500 rpm. The substrate is soft-baked at
120°C for 90 seconds. Then,thesubstrateisexposedatZOmJ/cm2

by using a KrF Stepper (FPA-3000 EX5, Canon) and subjected to
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PEB (post exposure bake) at 130°C for 90 seconds and developed
by using a developing fluid (AZ MIF-300, MPM). Thereby, a
resist pattern, having a pitch 360nm and a line space with a
duty ratio of 1:1, is obtained. The same resist pattern is
used as an etching mask to etch the substrate by a drying etching
apparatus (NE-5000N, ULVAC). Thereafter, the substrate is
cleaned by a stripper (AZ 400T, MPM) to peel the resist pattern
and a resist residue. Thereby, a patterned substrate, with
apatternhavingapitch, 360nm; dutyratio, 1:1; and lineheight,

150nm, is fabricated.

[0331] Provision of bare substrate.

[0332] An 8-inch Si substrate is used.

[0333] Preparation of evaluation substrate

[0334] Particles are attached to the pattern substrate and

the bare substrate described above.

[0335] As experimental particles, ultra-high purity
colloidal silica (PL-10H, Fuso Chemical Co., Ltd., average
primary particle diameter: 90nm) is wused. A sgilica
microparticle composition is dropped in a quantity of 50 mL
and rotated at 500 rpm for 5 seconds to effect coating.
Thereafter, the compositionis rotatedat 1000 rpm for 30 seconds
to spin-dry a solvent of the silica microparticle composition.
Thereby, an evaluation substrate is obtained.

[0336] Evaluation of solubility

[0337] Each component tobe used subsequently (for example,
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2,2-bis(4-hydroxyphenyl) propane), 4 mg, is placed into a 50
mL- sample bottle, and 5.0 mass % ammonia water is added thereto
to give a total quantity of 40 g. The bottle is capped, and
shaken and agitated for 3 hours. Thereby, a solution with
component concentration of 100 ppm is obtained. Similar
procedures except that an added quantity of each component is
changed to 40 mg are conducted to obtain a solution of 1,000
ppm.

[0338] The solubility of each of the components is visually
confirmed. Evaluation criteria are as follows.

X: At component concentrations of 100 ppm and 1,000 ppm, a
dissolved residue of the component concerned is confirmed. 1In
this case, the component is judged to be insoluble or sparingly
soluble.

Y: At a component concentration of 100ppm, no dissolved residue
is confirmed and at 1, 000ppm, a dissolved residue is confirmed.
In this case, the component is judged to be slightly soluble.
Z: At component concentrations of 100ppm and 1,000ppm, no
dissolved residue is confirmed. In this case, the component

is judged to be soluble.

[0339] Evaluation results are filled in Table 1 to Table
4.

[0340] Preparation Example 1 of Cleaning Liquid 1
[0341] As (A) second component, novolac (Mw approximately

300) is used, and as (B) first component,
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2,2-bis(4-hydroxyphenyl) propane is used.

[0342] 2,2-bis(4-hydroxyphenyl) propane is weighed so as
to give 5 mass % in relation to novolac (Mw approximately 300) .
They are taken so as to give a total quantity of 5 g and added
to 95 g IPA ((C) solvent). The resultant is agitated for one
hour by using a stirrer to obtain a solution having a solid
component concentration of 5 mass %.

[0343] The thus obtained solution is filtered by Optimizer
UPE (Entegris Japan, Inc. UPE, bore diameter, 10nm). Thereby,
a cleaning liquid 1 is obtained. The results are filled in
Table 1.

[0344] In Table 1 to Table 4 given below, the number in

the parentheses on (B) column means a concentration (mass %)

of (B) first component in comparison with (A) second component.
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[0349] In the above tables, the following abbreviation is
made.

Novolac (Mw approximately 300) is abbreviated as Al,
Novolac (Mw approximately 500), as A2,

Novolac (Mw approximately 1,000), as A3,

Novolac (Mw approximately 10,000), as A4,

Novolac (Mw approximately 100,000), as A5,

Novolac (Mw approximately 500,000), as A6,

Phenol novolac (Mw approximately 5,000), as A7,
Polyhydroxystyrene (Mw approximately 5,000) , as A8,
Polyacrylic acid butyl having a structure shown in Chemical
Formula 19 givenbelow (Mwapproximately 60,000, Sigma-Aldrich),
as A9,

[Chemical Formula 19]

Polycarbonate (Mw approximately 5,000), as AlO0,

4,4’ -dihydroxytetraphenylmethane (Mw352), as All,

Novolac (Mw approximately 5,000) , as Al2,
Polyfluoroalkyl acid (TAR-015, Daikin IndustriesLtd.), asAl3,
KF-351A (silicon-containing polyester modified polymer,
Shin-Etsu Chemical Co., Ltd.), as Al4,

Polyvinylimidazole (Mw approximately 5,000), as AlS5,
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Polyallylamine (Mw approximately 5,000), as Ale6,
2,2-bis(4-hydroxyphenyl) propane, as Bl,

1,1,2,2-tetrakis (4-hydroxyphenyl) ethane, as B2,
1,3-cyclohexanediol, as B3,
2,6-bis[(2-hydroxy-5-methylphenyl)methyl] -4-methylphenol,
as B4,

2,2'"-methylenebis (4-methylphenol), as BS5,

4,4’ -dihydroxybiphenyl, as B6,

2,6-naphthalenediol, as B7,
2,5-dimethyl-3-hexene-2,5-diol, as BS,
3,6-dimethyl-4-octene-3,6-diol, as B9,
2,5-di-tert-butylhydroquinone, as B10,

Polyacrylic acid (Mw approximately 1,000), as B1l1l,

Maleic acid /acrylic acid copolymer (Mw approximately 3,000)
having a structure shown in Chemical Formula 20 given below,
as Bl2,

[Chemical Formula 20]

Oy OH Oy OH
X y
0" OH

Novolac (Mw approximately 15,000), as B13.

[0350] Comparison Preparation Example 1 of Comparison

Cleaning Liquid 1

[0351] Preparation is done in the same manner as the

preparation example 1 except that Al2 is taken in a quantity
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of 5 g and added to 95g IPA ((C) solvent) to obtain a comparison
cleaning liquid 1. The results are filled in Table 4.

[0352] Comparison Preparation Example 2 of Comparison

Cleaning Liquid 2

[0353] Preparation is done in the same manner as the
preparation example 1 except that B4 is taken in a quantity
of 5g and added to 95g IPA((C) solvent) to obtain a comparison
cleaning liquid 2. The results are filled in Table 4.

[0354] Preparation Examples 2 to 33 of Cleaning Liquids

2 to 33 and Comparison Preparation Examples 3 to 7 of Comparison

Cleaning Liquids 3 to 7

[0355] Cleaning liquids 2 to 33 and comparison cleaning
liquids 3 to 7 are prepared in the same manner as the preparation
example l, except that (A) second component, (B) first component,
(C) solvent and concentrations are changed to those described
in Table 1 to Table 4. The results are filled in Table 1 to
Table 4.

[0356] Evaluation of Residual Particle Amounts in Cleaning

Liquids 1 to 33 and Comparison Cleaning Liquids 1 to 7

[0357] An evaluation substrate is used which is prepared
as described in the preparation of the above-described
evaluation substrate.

[0358] Eachprocessing liquid is droppedoneachevaluation
substrate in a quantity of 10 cc by using a Coater-Developer

RF3 (SOKUDO Ltd.) androtatedat 1,500 rpmfor 60 seconds, thereby
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effecting coating and drying. While the substrate is rotated
at 100 rpm, 5.0 mass % ammonia water is dropped for 10 seconds
to cover an entirety of the substrate with 5.0 mass % ammonia
water. This state is kept for 20 seconds. The substrate is
rotated at 1,500 rpm to peel and remove a £ilm, and the substrate
is dried.

[0359] Residual particle amounts of these substrates are
compared. Abright fielddefect inspection apparatus (UVision
4, AMAT Ltd.) is used in evaluating the pattern substrate, and

a dark field defect inspection apparatus (LS-9110, Hitachi

High-Technologies Corporation) is used in evaluating the bare

substrate.
[0360] Coating situations and filmremoving situations are
confirmed to count remaining numbers of particles. An

evaluation is made by referring to the following criteria to
fill the evaluation results in Table 1 to Table 4.

AA: <10 particles

A: >10 particles, <100 particles

B: >100 particles, <1,000 particles

C: >1000 particles

D: No film is uniformly coated or removed.

[0361] The comparison cleaning liquids 1 to 7 are free of
a plurality of components different in degree of solubility.
As compared with the comparison cleaning liquids 1 to 7,

substrates cleaned with the cleaning liquids 1 to 33 are
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confirmed to be smaller in residual particle amount.

[0362] In the present Specification, unless restrictedly
mentioned otherwise, the singular form includes the plural form
and signifies “one of,” “the,” and “at least one of.” TUnless
mentioned otherwise, an element of a concept is capable of being
expressedinapluralityof typesandwhen anamount (for example,
mass % or mole %) thereof is indicated, the amount signifies
the sum of the plurality of types.

[0363] “And/or” includes all combinations of the elements
and includes use of each singular element.

[0364] Inthe present Specification, when anumerical range
is indicated using “to”, “~"” or “-."“ unless restrictedly
mentioned otherwise, both endpoints are included and the units

)

are the same. For example, 5 to 25 mole % signifies not less
than 5 mole % and not more than 25 mole %.

[0366] While ©preferred embodiments of the present
invention have been described above, it is to be understood
that variations and modifications will be apparent to those
skilled in the art without departing from the scope and spirit

of the present invention. The scope of the present invention,

therefore, is to be determined solely by the following claims.
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WHAT IS CLAIMED IS:
1. A substrate processing method comprising:

a processing liquid supplying step of supplying a
processing liquid to a patterned surface (165) of a substrate
(W) having the patterned surface (165) with projections (161)
and recesses (162);

a processing film forming step of solidifying or curing
the processing liquid supplied to the patterned surface (165)
to form, so as to follow the projections (161) and the recesses
(162) of the patterned surface (165), a processing film (100)
which holds a removal object (103) present on the patterned
surface (165); and

a removing step of supplying a peeling liquid to the
patterned surface (165) to peel the processing f£film (100) from
the patterned surface (165) together with the removal object
(103), thereby removing the processing film (100) from the
substrate (W), while such a state is kept that the removal object

(103) is held by the processing film (100).

2. The substrate processing method according to Claim 1,
wherein the processing film forming step includes a step of
forming the processing film (100) such that a film thickness
(D) of the processing film (100) becomes thinner than a height
(T1l) of the projections (161) and the recesses (162) of the

patterned surface (165) in a thickness direction (T) of the
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substrate (W) .

3. The substrate processing method according to Claim 1 or
Claim 2, wherein the processing film forming step includes a
step of forming the processing film (100) such that, in the
interior of a recessed portion (162) of the patterned surface
(165) , a front surfaceof theprocessingfilm (100) is positioned
further on the side of a bottom portion (162a) of the recessed
portion (162) than a top portion (161b) of a projected portion

(161) adjacent to the recessed portion (162).

4. The substrate processing method according to any one of
Claim 1 to Claim 3, wherein the processing film forming step
includes a step of forming the processing film (100) such that

the processing film (100) covers the removal object (103).

5. The substrate processing method according to any one of
Claim 1 to Claim 4, wherein the processing film forming step
includes a step of forming the processing film (100) such that
adhesion of the processing film (100) to the removal object
(103) becomes larger than adhesion of the removal object (103)

to the patterned surface (165).

6. The substrate processing method according to any one of

Claim 1 to Claim 5, wherein the removing step includes a
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penetrating hole forming step of partially dissolving the
processing £ilm (100) by thepeelingliquidto formapenetrating

hole (102) on the processing film (100).

7. The substrate processing method according to Claim 6,
wherein the removing step includes a peeling liquid entry step
of entering the peeling liquid between the processing £ilm (100)

and the patterned surface (165) via the penetrating hole (102).

8. The substrate processing method according to any one of
Claim 1 to Claim 7, wherein the processing liquid has a solute
having a first component and a second component lower in
solubility in the peeling liquid than the first component and
a solvent which dissolves the solute, and
theprocessingfilmforming step includesastepof forming
the processing film (100) which has a first solid (110) formed
by the first component and a second solid (111) formed by the

second component.

9. The substrate processing method according to Claim 8,
wherein the second component contains at least any one of novolac,
polyhydroxystyrene, polystyrene, apolyacrylicacidderivative,
a polymaleic acid derivative, polycarbonate, a polyvinyl
alcohol derivative, a polmethacrylic acid derivative and a

copolymer of a combination thereof.
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10. The substrate processing method according to Claim 8 or
Claim 9, wherein the first component is a crack promoting
component, and

the crack promoting component contains hydrocarbon, and

a hydroxy group and/or a carbonyl group.

11. The substrate processing method according to any one of
Claim 8 to Claim 10, wherein

the first component is expressed by at least any one of
(B-1), (B-2) and (B-3) given below;

(B-1) is a compound which contains 1 to 6 of constituent
units expressed by Chemical Formula 1 and in which each of the
constituent units is bonded by a linking group L,

[Chemical Formula 1]

ey OH),

Cy,
here, L; is selected at least from a single bond and any
one of C;.s alkylene, Cy; is a hydrocarbon ring of Cs.3p, R; is
each independently C;.s alkyl, np is 1, 2 or 3, and np;» is O,
1, 2, 3 or 4;

(B-2) is a compound expressed by Chemical Formula 2,

[Chemical Formula 2]
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R21 R23

Ho—-‘- Loy —ELn}d—OH
Rzz R24

here, Ry1, Ry2, Ry3 and Ry, are each independently hydrogen
or C;.s alkyl, L,; and L,; are each independently Ci.;o alkylene,
Ci.20 cycloalkylene, C,.4 alkenylene, C,., alkynylene or Cg.z9
arylene, these groups may be substitutedby C;.salkyl or hydroxyl,
and np, is 0, 1 or 2;

(B-3) 1is a polymer which contains a constituent unit
expressed by Chemical Formula 3 and has the weight average
molecular weight (Mw) of 500 to 10,000,

[Chemical Formula 3]

Ras

COOH

R25 is -H —CH3 or —-COOH.

12. The substrate processing method according to any one of
Claim 8 to Claim 11, wherein the solubility of the second

[

component in 5.0 mass % ammonia water is less than 100 ppm and

the solubility of the first component in 5.0 mass % ammonia

water is 100 ppm or more.

13. The substrate processing method according to any one of
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Claim 8 to Claim 12, wherein the mass of the second component
is 0.1 to 50 mass %, as compared with an entire mass of the

processing liquid.

14. The substrate processing method according to any one of
Claim 8 to Claim 13, wherein
the weight average molecular weight (Mw) of the second

component is 150 to 500,000.

15. The substrate processing method according to any one of
Claim 1 to Claim 14, further comprising: a substrate rotating
step of holding the substrate (W) horizontally to rotate the
substrate (W) around a vertical axis (Al) passing through a
central portion of the substrate (W),

wherein the substrate rotating step includes a first
rotating step of rotating the substrate (W) at a first speed
until formation of the processing film (100) from the start
of supplying the processing liquid to the patterned surface
(165), and a second rotating step of rotating the substrate
(W) at a second speed faster than the first speed by accelerating
rotation of the substrate (W) until formation of the processing

film (100) after the first rotating step.

16. A substrate processing apparatus (1) comprising:

a processing liquid supplying unit (9) which supplies
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a processing liquid to a patterned surface (165) of a substrate
(W) having the patterned surface (165) with projections (161)
and recesses (162) ;

a solid forming unit (12, 23) which solidifies or cures
the processing liquid;

a peeling liquid supplying unit (10) which supplies a
peeling liquid to the patterned surface (165); and

a controller (3) which controls the processing liquid
supplying unit (9), the solid forming unit (12, 23) and the
peeling liquid supplying unit (10),

wherein the controller (3) is programmed to execute a
processing liquid supplying step of supplying the processing
liquid from the processing liquid supplying unit (9) to the
patterned surface (165), a processing film forming step of
solidifying or curing the processing liquid supplied to the
patterned surface (165) by the solid forming unit (12,23),
thereby forming, so as to follow the projections (161) and the
recesses (162) of the patterned surface (165), a processing
film (100) which holds a removal object (103) present on the
patterned surface (165), and a removing step of supplying a
peeling liquid to the patterned surface (165) from the peeling
liquid supplying unit (10) to peel the processing f£ilm (100)
fromthepatternedsurface (165) togetherwiththe removal object
(103), thereby removing the processing film (100) from the

substrate (W), while such a state is kept that the removal object
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(103) is held by the processing film (100).

17. The substrate processing apparatus (1) according to Claim
16, wherein the controller (3) 1is programmed to form the
processing f£ilm (100), in the processing film forming step,
such that a film thickness (D) of the processing film (100)
becomes be thinner than a height (T1l) of the projections (161)
and the recesses (162) of the patterned surface (165) in a

thickness direction (T) of the substrate (W).

18. The substrate processing apparatus (1) according to Claim
16 or Claim 17, wherein the controller (3) is programmed to
form the processing £film (100), in the processing film forming
step, such that, in the interior of a recessed portion (162)
of thepatterned surface (165), a front surface of the processing
film (100) is positioned further on the side of a bottom portion
(162a) of the recessed portion (162) than a top portion (161la)
of a projected portion (161) adjacent to the recessed portion

(162) .

19. The substrate processing apparatus (1) according to any
one of Claim 16 to Claim 18, wherein the controller (3) is
programmed to form in the processing film forming step the
processing £ilm (100) such that the processing film (100) covers

the removal object (103).
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20. The substrate processing apparatus (1) according to any
one of Claim 16 to Claim 19, wherein the controller (3) 1is
programmed to form, in the processing film forming step the
processing £ilm (10), such that adhesion of the processing film
(100) to the removal object (103) becomes larger than adhesion

of the removal object (103) to the patterned surface (165).

21. The substrate processing apparatus (1) according to any
one of Claim 16 to Claim 20, wherein the controller (3) is
programmed to execute, in the removing step, a penetrating hole
forming step of partially dissolving the processing £ilm (100)
by the peeling liquid to form a penetrating hole (102) on the

processing film (100).

22. The substrate processing apparatus (1) according to Claim
21, wherein the controller (3) is programmed to execute, in
the removing step, a peeling liquid entry step of entering the
peeling liquid between the processing film (100) and the

patterned surface (165) via the penetrating hole (102).

23. The substrate processing apparatus (1) according to any
one of Claim 16 to Claim 22, wherein the processing liquid has
a first component, a second component lower in solubility in

the peeling liquid than the first component and a solvent which



10

15

20

25

119

dissolves the first component and the second component, and

the controller (3) is programmed to execute, in the
processing film forming step, a step of forming the processing
film (100) which has a first solid (110) formed by the first
component and a second solid (111) formed by the second

component.

24. The substrate processing apparatus (1) according to Claim
23, wherein the second component contains at least any one of
novolac, polyhydroxystylene, polystylene, a polyacrylic acid
derivative, a polymaleic acid derivative, polycarbonate, a
polyvinyl alcohol derivative, apolmethacrylicacidderivative

and a copolymer of a combination thereof.

25. The substrate processing apparatus (1) according to Claim
23 or Claim 24, wherein the first component is a crack promoting
component, and

the crack promoting component contains hydrocarbon, and

a hydroxy group and/or a carbonyl group.

26. The substrate processing apparatus (1) according to any
one of Claim 23 to Claim 25, wherein the first component is
expressed by at least any one of (B-1), (B-2) and (B-3) given
below;

(B-1) is a compound which contains 1 to 6 of constituent
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units expressed by Chemical Formula 1 and in which each of the
constituent units is bonded by a linking group L.,

[Chemical Formula 4]

ok
.'\“"""‘1'?\{ Ry) Mot

5 here, L; is selected at least from a single bond and any
one of C;. alkylene, Cy; is a hydrocarbon ring of Cs.3p, R; is
each independently C;.s alkyl, np is 1, 2 or 3, and npr is O,
1, 2, 3 or 4;

(B-2) is a compound expressed by Chemical Formula 5,

10 [Chemical Formula 5]

Ry1 Ras

H L L OH
o~ it
Ry Ras

here, Rz1, Rzz, Rzz and Ry, are each independently hydrogen
or C;.s alkyl, L,; and L,, are each independently Ci.,o alkylene,
Ci.20 cycloalkylene, C,., alkenylene, C,., alkynylene or Cg.zg
15 arylene, and these groups may be substituted by C;.s alkyl or
hydroxyl, and np; is 0, 1 or 2;
(B-3) 1is a polymer which contains a constituent unit
expressed by Chemical Formula 6 and has the weight average
molecular weight (Mw) of 500 to 10,000,

20 [Chemical Formula 6]
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COOH

here, R,s is -H, -CH;, or —-COOH.

27. The substrate processing apparatus (1) according to any
one of Claim 23 to Claim 26, wherein the solubility of the second

[

component in 5.0 mass % ammonia water is less than 100 ppm,

and the solubility of the first component in 5.0 mass % ammonia

water is 100 ppm or more.

28. The substrate processing apparatus (1) according to any
one of Claim 23 to Claim 27, wherein as compared with an entire
mass of the processing liquid, the mass of the second component

)

is 0.1 to 50 mass %.

29. The substrate processing apparatus (1) according to any
one of Claim23 toClaim 28, wherein the weight average molecular

weight (Mw) of the second component is 150 to 500,000.

30. The substrate processing apparatus (1) according to any
one of Claim 16 to Claim 29, further comprising: a substrate
holdingunit (20, 21) whichholds the substrate (W) horizontally;
and

a substrate rotatingunit (23) which rotates the substrate
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around a vertical axis passing through a central portion of
the substrate,

wherein the controller (3) is programmed to execute a first
rotating step of rotating the substrate held by the substrate
holdingunit (20, 21) at a first speed by the substrate rotating
unit (23) until formation of the processing film (10) after
the start of supplying the processing liquid to the patterned
surface (165), and a second rotating step of rotating the
substrate (W) at a second speed faster than the first speed
by accelerating rotation of the substrate (W) by the substrate
rotating unit (23) until formation of the processing £film (100)

after the first rotating step.



