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DESCRIPTION
Titleof Invention

SUBSTRATE CLEANING METHOD AND SUBSTRATE CLEANING APARATUS

Technical Field

[0001] The present invention relates to a substcédaning method and a substrate
cleaning apparatus for cleaning a substrate, ssiehvaafer.

Background Art

[0002] In recent years, devices such as memoryitsclogic circuits, and image
sensors (for example, CMOS sensors) have becorhé/higegrated. In the process of
forming these devices, foreign matter, such aspemticles and dust, may be attached to
the devices. Foreign matter attached to the devicay cause a short circuit between
interconnects and may cause circuit malfunctionher&fore, in order to improve the
reliability of the devices, it is necessary to deawafer on which the devices are formed
to remove the foreign matter from the wafer. Fgmemnatter, such as fine particles and
dust as described above, may also be attached&ckasurface (non-device surface) of
the wafer. When such foreign matter is attachethéoback surface of the wafer, the
wafer is separated from a stage reference plaren @xposure apparatus, or the wafer
surface is inclined with respect to the stage ezfee plane, resulting in patterning shift or
focal-length shift.

[0003] In view of this, there is a method of enmigfia two-fluid jet composed of a fluid
mixture of liquid and gas to a surface (front sateback side) of a wafer to clean the
surface of the wafer. When this two-fluid jet ¢lewy is performed, a periphery of the
wafer is held by claws of chucks, and the two-fljgtiis emitted from a nozzle onto the
surface of the wafer while the chucks are rotategtther with the wafer about a central
axis of the wafer. Further, the nozzle oscillaf@s scans) in a radial direction of the
wafer, so that the two-fluid jet can be supplieckrothe entire surface of the rotating

wafer.
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[0004] However, when the nozzle is located aboeepériphery of the wafer, the two-
fluid jet collides with the chuck claws and as aule a large amount of liquid may be
scattered. Therefore, in order to prevent suchiesoag of the liquid, a cleaning device
of a type configured to hold a periphery of a waféh a plurality of rollers instead of the
chuck and rotate these rollers to thereby rotatenthafer has been proposed. According
to this type of cleaning device, positions of tldlers themselves are fixed, so that the
two-fluid jet does not collide with the rollers evevhen the nozzle is located above the
periphery of the wafer.

Citation List

Patent Literature

[0005] Patent document 1: Japanese laid-open paidatitation No. 2017-147334
Summary of Invention

Technical Problem

[0006] However, compared to the chuck type, théerdipe cleaning device cannot
rotate the wafer at a high speed (usually, a maxirofi150 min'). Therefore, in order
to clean the entire surface of the wafer, it isvitably necessary to lower the moving
speed of the nozzle. As a result, a time requifed the nozzle to make one
reciprocation (one scan) increases, and a portidheowafer that is not in contact with
the liquid becomes semidry. Further, since thatimt speed of the wafer is low, a
strong centrifugal force does not act on the liquidthe wafer, and the patrticles lifted by
the two-fluid jet may remain on the wafer.

[0007] Therefore, the present invention providesuastrate cleaning method and a
substrate cleaning apparatus capable of prevemtisgbstrate, such as a wafer, from
becoming semidry and reliably removing particléed by a two-fluid jet from a surface
of the substrate.

Solution to Problem

[0008] In one embodiment, there is provided a sabstcleaning method comprising:

holding a periphery of a substrate with holdingend; rotating the substrate about its
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central axis by rotating the holding rollers abthdir respective central axes; delivering a
two-fluid jet from a two-fluid jet nozzle to a sade of the substrate while moving the
two-fluid jet nozzle in a radial direction of thelstrate, the two-fluid jet being composed
of a mixture of a first liquid and a gas; and whiea two-fluid jet is being delivered to the

surface of the substrate, delivering a fan-shapedfja second liquid from a spray nozzle
to the surface of the substrate to form a flowhs& second liquid on the surface of the
substrate, the fan-shaped jet being located aveay the two-fluid jet.

[0009] In one embodiment, an angle of the sprayzleowith respect to the surface of

the substrate is in a range of 15° to 45°.

In one embodiment, a width of the fan-shapedgedtileast three-quarters of a
radius of the substrate.

In one embodiment, a direction of the fan-shapetdig oriented toward an
outside of the substrate.

In one embodiment, the spray nozzle is locatedaliwe substrate.

In one embodiment, delivering the fan-shaped gebhprises delivering the fan-
shaped jet from the spray nozzle to the surfacthefsubstrate to form the flow of the
second liquid on the surface of the substrate whid®ing the spray nozzle.

In one embodiment, the two-fluid jet nozzle and Hpray nozzle are fixed to a
common arm.

[0010] In one embodiment, there is provided a sabsicleaning apparatus comprising:
holding rollers having substrate holding surfacesfigured to hold a periphery of a
substrate, the holding rollers being rotatable aloeir own central axes; a two-fluid jet
nozzle configured to form a two-fluid jet composaida mixture of a first liquid and a

gas; a fan spray nozzle configured to form a faapsld jet of a second liquid; and a
nozzle moving device configured to translate the-tlid jet nozzle, the two-fluid jet

nozzle and the fan spray nozzle being oriented ribwea region surrounded by the
substrate holding surfaces, and the fan spray edmihg oriented in a direction in which

the fan-shaped jet does not collide with the twidfiet.
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[0011] In one embodiment, an angle of the fan sprayzle with respect to a plane
extending through the substrate holding surfacesasrange of 15° to 45°.

In one embodiment, the fan spray nozzle is conéiduo form the fan-shaped jet
having a width of at least three-quarters of ausdif the substrate.

In one embodiment, the nozzle moving device inetudn arm holding the two-
fluid jet nozzle and the fan spray nozzle.
Advantageous Effects of Invention
[0012] According to the present invention, the &aped jet forms a uniform flow of
the second liquid over a large area of the surf#ficthe substrate. This flow of the
second liquid can flush out the particles that hlaeen once lifted by the two-fluid jet,
and can prevent the substrate from becoming semidry
Brief Description of Drawings
[0013]
[FIG. 1] FIG. 1 is a perspective view showing anbediment of a substrate cleaning
apparatus;
[FIG. 2] FIG. 2 is a top view of the substrate dieg apparatus shown in FIG. 1;
[FIG. 3] FIG. 3 is an enlarged side view of a hotgroller;
[FIG. 4A] FIG. 4A is a diagram showing a state ihi@h a wafer is placed on the holding
roller but is not held by the holding roller; and
[FIG. 4B] FIG. 4B is a diagram showing a state inict a periphery of the wafer is held
by a substrate holding surface of the holding rplle
[FIG. 5] FIG. 5 is a side view showing a fan sprayzzle as viewed from a direction
parallel to an upper surface of the wafer;
[FIG. 6] FIG. 6 is a flowchart illustrating an entbment of a wafer cleaning operation;
[FIG. 7] FIG. 7 is a side view showing another entibtent of the substrate cleaning
apparatus;
[FIG. 8] FIG. 8 is a view of a two-fluid jet nozzé:d a fan spray nozzle shown in FIG. 7

as viewed from an axial direction of an arm;
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[FIG. 9] FIG. 9 is a top view of the substrate dieg apparatus shown in FIG. 7; and

[FIG. 10] FIG. 10 is a flowchart illustrating an bodiment of a wafer cleaning operation.

Description of Embodiments
[0014] Hereinafter, embodiments of the present mio® will be described with
reference to the drawings.

FIG. 1 is a perspective view showing an embodinwnd substrate cleaning
apparatus, and FIG. 2 is a top view of the sulesithtaning apparatus shown in FIG. 1.
The substrate cleaning apparatus according tordsept embodiment is an apparatus for
cleaning a surface (or an upper surface) of a wafevhich is an example of a substrate.
Hereinafter, the substrate cleaning apparatusheiliescribed in detail.

[0015] The substrate cleaning apparatus includeafar holder (or a substrate holder) 1
configured to hold the wafer W and rotate the wa&feabout a central axis of the wafer
W in a direction indicated by arrow A, a two-flujet nozzle 2 configured to deliver a
two-fluid jet to the surface (upper surface) of thafer W held by the wafer holder 1, and
a fan spray nozzle 3 configured to deliver a famp&l jet to the surface (upper surface)
of the wafer W held by the wafer holder 1.

[0016] The wafer holder (substrate holder) 1 inekic plurality of holding rollers 6
configured to hold a periphery of the wafer W, aotler motors 8 configured to rotate
these holding rollers 6. These holding rollersré arranged around a predetermined
reference axis O. In this embodiment, four holdiolders 6 are provided. The holding
rollers 6 when holding the wafer W are locatedhat $ame distance from the reference
axis O. Therefore, the center of the wafer W winetd by the holding rollers 6
coincides with the reference axis O. In one emipedi, only three holding rollers 6
may be provided, or five or more holding rollersm@y be provided. The wafer W to be
cleaned is placed on the holding rollers 6 by adier device (not shown), and is rotated
by the holding rollers 6 in the direction indicategthe arrow A in FIG. 2.

[0017] FIG. 3 is an enlarged side view of the haddroller 6. Each holding roller 6
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has a cylindrical substrate holding surface (wdfelding surface) 6a and a tapered
portion 6b inclined downward along a radially outdvairection. The tapered portion
6b is connected to a lower end of the substratditglsurface 6a and extends radially
outwardly from the substrate holding surface 6ahe Tapered portion 6b is circular and
concentric with the substrate holding surface 6Bhe center of the tapered portion 6b
and the center of the substrate holding surfacaréan a central axis CP of the holding
roller 6. The holding roller 6 is configured to m#atable about its central axis CP.
[0018] FIG. 4A is a diagram showing a state in wahibe wafer W is placed on the
holding roller 6 but is not held by the holdinglenl 6. As shown in FIG. 4A, the
periphery of the wafer W is placed on the tapemdign 6b of the holding roller 6 by the
transfer device (not shown). Thereafter, as shiovHIG. 4B, the entire holding roller 6
moves in a direction indicated by arrow, until thebstrate holding surface 6a of the
holding roller 6 comes into contact with the peeph of the wafer W, whereby the
periphery of the wafer W is held by the substraikling surface 6a. When the holding
roller 6 rotates about the central axis CP with peeiphery of the wafer W being in
contact with the substrate holding surface 6awaker W rotates. Each holding roller 6
rotates about each central axis CP, while the iposiif each holding roller 6 itself is
fixed.

[0019] Referring back to FIG. 1, two of the fourldiag rollers 6 are coupled to each
other by a torque transmission mechanism 10, amatier two holding rollers 6 are also
coupled to each other by another torque transmmssi@chanism 10. Each torque
transmission mechanism 10 is composed of, for el@napcombination of pulleys and a
belt. In this embodiment, two roller motors 8 gm@vided. One of the two roller
motors 8 is coupled to the two holding rollers 6ickhare coupled to each other by the
torque transmission mechanism 10, and the othéar raiotor 8 is coupled to the other
two holding rollers 6 which are coupled to eacheothy the other torque transmission
mechanism 10.

[0020] In one embodiment, one roller motor may bapted to all the holding rollers 6
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via a torque transmission mechanism. In the ptesmmibodiment, all the holding rollers
6 are coupled to the roller motors 8, while soméhefplurality of holding rollers 6 may
be coupled to the roller motor(s) 8. It is prebteathat at least two of the plurality of
holding rollers 6 are coupled to the roller motpgs

[0021] In the present embodiment, two of the fooitding rollers 6 can be moved
toward and away from the other two holding rollérdy a moving mechanism (not
shown). After the wafer W is placed on the tapepedions 6b of the four holding
rollers 6 by the transfer device (not shown), tlwe holding rollers 6 move toward the
other two holding rollers 6, until the substratddimtg surfaces 6a of the four holding
rollers 6 hold the periphery of the wafer W.

[0022] After cleaning of the wafer W, the two haidirollers 6 move away from the
other two holding rollers 6, so that the substraikling surfaces 6a of the four holding
rollers 6 release the periphery of the wafer Wi,iluhe periphery of the wafer W is
located on the tapered portions 6b of the fouringldollers 6. The wafer W is removed
from the holding rollers 6 by the transfer devioet(shown). In one embodiment, all
the holding rollers 6 may be configured to be mdedly a moving mechanism(s) (not
shown).

[0023] The two-fluid jet nozzle 2 and the fan sprapzzle 3 are configured to form a
two-fluid jet and a fan-shaped jet, respectivety, dleaning the surface (upper surface) of
the wafer W held by the holding rollers 6. As show FIG. 1, the two-fluid jet nozzle
2 and the fan spray nozzle 3 are arranged so las ¢oiented toward a region surrounded
by the substrate holding surfaces 6a of the holdafigrs 6. This region surrounded by
the substrate holding surfaces 6a is a region wtierevafer W is held by the holding
rollers 6. Therefore, the two-fluid jet nozzler®lahe fan spray nozzle 3 are arranged so
as to be oriented toward the surface (upper surfaiche wafer W held by the substrate
holding surfaces 6a of the holding rollers 6.

[0024] The substrate cleaning apparatus furtheludtes a nozzle moving device 15

configured to translate the two-fluid jet nozzle Z'he nozzle moving device 15 includes
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an arm 17 holding the two-fluid jet nozzle 2, a o shaft 18 supporting the arm 17,
and a pivoting motor 20 coupled to the supporttsh@f The two-fluid jet nozzle 2, the
fan spray nozzle 3, and the arm 17 are locatedehittan the holding rollers 6. The
two-fluid jet nozzle 2 and the fan spray nozzler@ lacated above the wafer W held by
the holding rollers 6.

[0025] The two-fluid jet nozzle 2 is fixed to a @dikend of the arm 17, and the support
shaft 18 is fixed to the other end of the arm 1The two-fluid jet nozzle 2 extends
vertically and downwardly from the distal end oétArm 17. The pivoting motor 20 is
configured to be able to rotate the support sh@ftldckwise and counterclockwise by a
predetermined angle. When the pivoting motor 28tes the support shaft 18, the arm
17 and the two-fluid jet nozzle 2 rotate or pivlmakwise and counterclockwise around a
pivot axis P of the support shaft 18 by a predeiteechangle.

[0026] As shown in FIG. 2, as the arm 17 pivots, tivo-fluid jet nozzle 2 moves in an
arc-shaped path extending through the center ofwthaker W (corresponding to the
reference axis O) held by the holding rollers 6. or&specifically, during cleaning of the
wafer W, the two-fluid jet nozzle 2 oscillates (eciprocates) between the center of the
wafer W and the periphery of the wafer W. The mgvdirection of the two-fluid jet
nozzle 2 is substantially the radial directioniod tvafer W.

[0027] The two-fluid jet nozzle 2 is perpendicutarthe surface (upper surface) of the
wafer W when the wafer W is held by the holdindexd 6. In the present embodiment,
the central axes of the holding rollers 6 and the-fluid jet nozzle 2 extend in the
vertical direction, and the wafer W is held horitaly by the holding rollers 6. In one
embodiment, thecentral axes of the holding rollers 6 may be iregirwith respect to the
vertical direction, and the wafer W may be heldtlhg holding rollers 6 in an inclined
state.

[0028] The two-fluid jet nozzle 2 is coupled to asgsupply line 24 that supplies a gas,
such as air or an inert gas (for example, nitroges), and a liquid supply line 25 that

supplies a first liquid, such as pure water or cadted water. The gas supply line 24 is
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coupled to a gas supply source (not shown), andighi supply line 25 is coupled to a
liquid supply source (not shown). The two-fluid jezzle 2 is configured to form a
two-fluid jet composed of a mixture of the firsfjlid and the gas. The two-fluid jet is
emitted from the two-fluid jet nozzle 2 perpendanly to the surface (upper surface) of
the wafer W.

[0029] As shown in FIG. 2, as the two-fluid jet mtez 2 oscillates, the two-fluid jet is
delivered to a first region R1 of the surface & thafer W. This first region R1 is an
elongated region or a strip-shaped region exteniditige radial direction of the wafer W.
The first region R1 includes the center of the wMé The two-fluid jet can collide
perpendicularly with the surface of the wafer W arah remove particles from the
surface of the wafer W. During cleaning of the eva#V, each holding roller 6 rotates
about each central axis CP (see FIG. 3), but tils&ipo of each holding roller 6 itself is
fixed. Therefore, the two-fluid jet does not codli with the holding rollers 6, and the
liquid constituting the two-fluid jet is not scatbel.

[0030] The fan spray nozzle 3 is fixed to a holdmgmber, such as a bracket (not
shown). Therefore, unlike the two-fluid jet noz2lethe position of the fan spray nozzle
3 is fixed during cleaning of the wafer W. The fgpray nozzle 3 is coupled to a liquid
supply line 27 that supplies a second liquid, sastpure water, an alkaline liquid, or a
liquid containing a surfactant. The fan spray t@&is configured to form a fan-shaped
jet of the second liquid that has been suppliedudin the liquid supply line 27.

[0031] The fan spray nozzle 3 is located outwardiythe path of the two-fluid jet
nozzle 2, and is arranged such that the two-fleichpzzle 2, which moves together with
the arm 17, does not collide with the fan sprayzi@3. The emission of the fan-shaped
jet begins at the same time as or after the emmssfothe two-fluid jet begins. The
emission of the fan-shaped jet is stopped at theedame as or after the emission of the
two-fluid jet is stopped.

[0032] The fan spray nozzle 3 is arranged so dseto@riented diagonally downward.

As shown in FIG. 2, the fan-shaped jet is a widdhat spreads in lateral direction, and
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has a substantially constant flow-velocity disttibn from one end to other end of the
fan-shaped jet. In the present embodiment, a wdlibction of the fan-shaped jet is
along the radial direction of the wafer W. An auted of the fan-shaped jet is located
outwardly of the wafer W. A width of the fan-shdpet is at least three-quarters of a
radius of the wafer W. In one embodiment, the Wwidt the fan-shaped jet is greater
than the radius of the wafer W.

[0033] The fan-shaped jet is obliquely incidenttba surface of the wafer W and forms
a flow of the second liquid on the surface (uppeface) of the wafer W. This flow of
the second liquid is formed on a second regionriRRiding the periphery of the wafer W.
The second region R2 is located away from the alnosetioned first region R1. It is
advantageous that the fan spray nozzle 3 allowsdhend liquid to contact a wider area
of the wafer W and can form the flow of the sectiqdid having a uniform flow rate on
the wafer W, as compared with a conical spray reottet sprays a conical liquid jet.
[0034] As shown in FIG. 2, the fan spray nozzles Diiented in a direction along the
rotating direction of the wafer W indicated by treow A as viewed from above, and is
arranged to so as to form the fan-shaped jet towerdutside of the wafer W. The fan
spray nozzle 3 is oriented in the direction in whtbe fan-shaped jet does not collide
with the two-fluid jet. Specifically, the fan-sheghjet emitted from the fan spray nozzle
3 is formed at a position away from the two-flugd ¢mitted from the two-fluid jet nozzle
2. Since the fan spray nozzle 3 is arranged dt pasition, the two-fluid jet can collide
with the surface of the wafer W without being hirete by the fan-shaped jet, and can
therefore remove particles from the surface ofwaéer W.

[0035] In particular, according to the present edilment, the fan spray nozzle 3 is
oriented in the direction such that both the faapsu jet emitted from the fan spray
nozzle 3 and the flow of the second liquid formedtlee surface (upper surface) of the
wafer W do not collide with the two-fluid jet ematt from the two-fluid jet nozzle 2.
The two-fluid jet can collide with the surface dketwafer W and can remove particles

from the surface of the wafer W without being hiredk by the fan-shaped jet and the

10
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flow of the second liquid on the wafer W.

[0036] FIG. 5 is a side view showing the fan spnayzle 3 as viewed from a direction
parallel to the upper surface of the wafer W. Tére spray nozzle 3 is inclined with
respect to the surface (upper surface) of the wafer If an angle of the fan spray nozzle
3 is too large, an action of the fan-shaped jensieng the particles becomes dominant
over an action of the fan-shaped jet washing awayptrticles, and the particles cannot
be efficiently discharged from the wafer W. Fromist point of view, in one
embodiment, an angle of the fan spray nozzle 3 with respect to the amef(upper
surface) of the wafer W is in a range of 15° to.45h one embodiment, the angleof
the fan spray nozzle 3 is 30°. The wafer W is hmldhe substrate holding surfaces 6a
of the four holding rollers 3 (only the two holdingllers 3 are shown in FIG. 5), and the
surface (upper surface) of the wafer W is pardtied plane S (which is an imaginary
plane) extending through these substrate holdiniases 6a. Therefore, the anglef
the fan spray nozzle 3 with respect to the plamaginary surface) S extending through
the substrate holding surfaces 6a is in the rah@&%to 45°.

[0037] The fan-shaped jet emitted from the fan gprazzle 3 inclined in this way is
also incident on the surface (upper surface) ofsthter W at substantially the same angle
as the fan spray nozzle 3. The fan-shaped jetdaha flow of the second liquid on the
wide second region R2 of the surface of the wafer Whe flow of the second liquid
travels toward the outside of the wafer W, can washthe particles lifted by the two-
fluid jet, and can prevent the semidry of the wafér

[0038] As shown in FIG. 2, the substrate cleanipgaaatus further includes a rinsing
nozzle 30 that supplies a rinsing liquid to thefawe (upper surface) of the wafer W held
by the holding rollers 6. The rinsing nozzle 3Gisanged so as to be oriented toward
the center of the surface of the wafer W, i.e. rference axis O. The rinsing nozzle 30
is coupled to a rinsing-liquid supply line 31 tisafpplies the rinsing liquid, such as pure
water. After cleaning of the wafer W with the tfloid jet and cleaning of the wafer W

with the fan-shaped jet are terminated, the rindiqgid is supplied from the rinsing
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nozzle 30 to the rotating wafer W to rinse therergurface of the wafer W.
[0039] Next, an embodiment of the cleaning operatar the wafer W will be described
with reference to a flowchart shown in FIG. 6.

In step 1, the periphery of the wafer W is heldtbg holding rollers 6. As
shown in FIG. 4B, the periphery of the wafer W &dhby each substrate holding surface
6a of each holding roller 6.

In step 2, the roller motors 8 shown in FIG. 1 se¢ in motion to rotate the
holding rollers 6 about the respective central &Bs The wafer W is rotated about the
central axis of the wafer W by the rotating holdinders 6.

[0040] In step 3, while the two-fluid jet nozzld2moving in the radial direction of the
wafer W, the two-fluid jet composed of a mixture thie first liquid and the gas is
delivered from the two-fluid jet nozzle 2 to thesfi region R1 of the surface (upper
surface) of the wafer W. The two-fluid jet nozZ2eeciprocates between the center of
the rotating wafer W and the periphery of the walérby a predetermined number of
times.

In step 4, when the two-fluid jet is delivered ttee first region R1, the fan-
shaped jet composed of the second liquid is deld/érom the fan spray nozzle 3 to the
surface of the wafer W, so that the flow of theasekt liquid is formed on the second
region R2 of the surface of the wafer W. The eiois®f the fan-shaped jet begins at
the same time as or after the emission of the tuid-fet begins. Therefore, the steps 3
and 4 are performed substantially simultaneously.

[0041] In step 5, the emission of the two-fluid jetstopped, and at the same time or
thereafter, the emission of the fan-shaped jetbisped.

In step 6, the rinsing liquid is supplied from tiesing nozzle 30 to the surface
(upper surface) of the wafer W while the rotatidrine wafer W is maintained, whereby
the surface of the wafer W is rinsed with the nigdiquid.

In step 7, the roller motors 8 are stopped, whetkb rotation of the wafer W is

stopped.
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[0042] Next, another embodiment of the substragarihg apparatus will be described
with reference to FIGS. 7 to 9. Configurations aogerations of the present
embodiment, which will not be particularly descdbare the same as those of the above-
described embodiments, and therefore duplicatedrigéens thereof will be omitted.
FIG. 7 is a side view showing another embodimenthef substrate cleaning apparatus,
and FIG. 8 is a view of two-fluid jet nozzle 2 afah spray nozzle 3 shown in FIG. 7 as
viewed from axial direction of arm 17. FIG. 9 idap view of the substrate cleaning
apparatus shown in FIG. 7. Although some companard note depicted in FIGS. 7 to
9, the configurations of the present embodimenttheesame as those of the above-
described embodiments unless otherwise described.

[0043] In the present embodiment, the nozzle mowuieyice 15 is configured to
translate the two-fluid jet nozzle 2 and the fanagmozzle 3 together. Both the two-
fluid jet nozzle 2 and the fan spray nozzle 3 askldtby the arm 17. The fan spray
nozzle 3 is attached to a bracket 35 fixed to tme &7. In one embodiment, the fan
spray nozzle 3 may be fixed directly to the arm 13ince the fan spray nozzle 3 is
coupled to the arm 17 in this way, the two-fluid (@zzle 2 and the fan spray nozzle 3
move together with the pivoting motion of the arh 1 The fan spray nozzle 3 is located
between the two-fluid jet nozzle 2 and the suppbaft 18. Therefore, the fan spray
nozzle 3 moves in a path different from that oftive-fluid jet nozzle 2.

[0044] As the arm 17 pivots, the two-fluid jet nte2 and the fan spray nozzle 3
deliver the two-fluid jet and the fan-shaped jethe surface (upper surface) of the wafer
W. The fan spray nozzle 3 is oriented in a dimttperpendicular to the extending
direction of the arm 17 as viewed from above. €&fwe, the fan spray nozzle 3 emits
the fan-shaped jet in the moving direction of thie $pray nozzle 3 as viewed from above.
The fan spray nozzle 3 is arranged away from tleeftwd jet nozzle 2 at a distance such
that the fan-shaped jet does not collide with the-tluid jet. Specifically, the fan spray
nozzle 3 emits the fan-shaped jet in a directioayafwom the two-fluid jet nozzle 2 and

the two-fluid jet, so that the fan-shaped jet doescollide with the two-fluid jet. The
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inclination angle of the fan spray nozzle 3 is #@mne as the angle described with
reference to FIG. 5.

[0045] In the present embodiment, the fan spraylieo2 can deliver the fan-shaped jet
of the second liquid to the surface (upper surfaxdethe wafer W while the fan spray
nozzle 3 is moving. Therefore, the flow of them®t liquid can be formed over a wide
area on the surface (upper surface) of the wafer Whe flow of the second liquid can
wash out the particles lifted by the two-fluid ggtd can prevent the semidry of the wafer
W.

[0046] Next, an embodiment of the cleaning operatar the wafer W will be described
with reference to a flowchart shown in FIG. 10.

In step 1, the periphery of the wafer W is heldtbg holding rollers 6. As
shown in FIG. 4B, the periphery of the wafer W &dhby each substrate holding surface
6a of each holding roller 6.

In step 2, the roller motors 8 shown in FIG. 1 se¢ in motion to rotate the
holding rollers 6 about the respective central &Bs The wafer W is rotated about the
central axis of the wafer W by the rotating holdinders 6.

[0047] In step 3, the arm 17 pivots around the supghaft 18 to move the two-fluid jet
nozzle 2 and the fan spray nozzle 3 together, whédluid jet nozzle 2 delivers the two-
fluid jet composed of a mixture of the first liquathd the gas to the surface (upper
surface) of the wafer W, and the fan spray nozzlgelvers the fan-shaped jet of the
second liquid to the surface (upper surface) ofthter W. The moving direction of the
two-fluid jet nozzle 2 is the radial direction dfet wafer W. The emission of the fan-
shaped jet begins at the same time as or afteerthission of the two-fluid jet begins.
The two-fluid jet nozzle 2 reciprocates betweendbmter of the rotating wafer W and the
periphery of the wafer W by a predetermined nunaub¢imes.

[0048] In step 4, the emission of the two-fluid jetstopped, and at the same time or
thereafter, the emission of the fan-shaped jebisped.

In step 5, the rinsing liquid is supplied from tiesing nozzle 30 to the surface

14
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(upper surface) of the wafer W while the rotatidrine wafer W is maintained, whereby
the surface of the wafer W is rinsed with the nigdiquid.

In step 6, the roller motors 8 are stopped, whetkb rotation of the wafer W is
stopped.
[0049] The previous description of embodimentsrisvigled to enable a person skilled
in the art to make and use the present inventidhoreover, various modifications to
these embodiments will be readily apparent to trelsked in the art, and the generic
principles and specific examples defined herein ina@yapplied to other embodiments.
Therefore, the present invention is not intendedbéo limited to the embodiments
described herein but is to be accorded the widaspes as defined by limitation of the
claims.
Industrial Applicability
[0050] The present invention is applicable to asswbe cleaning method and a
substrate cleaning apparatus for cleaning a substach as a wafer.

Reference Signs List

[0051] 1 wafer holder (substrate holder)
2 two-fluid jet nozzle
3 fan spray nozzle
6 holding roller
6a substrate holding surface (wafer holding sefac

6b tapered portion

8 roller motor

10 torgue transmission mechanism
15 nozzle moving device

17 arm

18 support shaft
20 pivoting motor

24 gas supply line

15



25
27
30
31
35

gas liquid line
gas liquid line
rinsing nozzle
rinsing-liquid supply line

bracket
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CLAIMS

[Claim 1] A substrate cleaning method comprising:

holding a periphery of a substrate with holdinfers;

rotating the substrate about its central axisdigting the holding rollers about
their respective central axes;

delivering a two-fluid jet from a two-fluid jet zale to a surface of the substrate
while moving the two-fluid jet nozzle in a radiatettion of the substrate, the two-fluid
jet being composed of a mixture of a first liqurttlaa gas; and

when the two-fluid jet is being delivered to tharface of the substrate,
delivering a fan-shaped jet of a second liquid frarepray nozzle to the surface of the
substrate to form a flow of the second liquid oe 8Burface of the substrate, the fan-

shaped jet being located away from the two-flutd je

[Claim 2] The substrate cleaning method accordmglaim 1, wherein an angle

of the spray nozzle with respect to the surfaciefsubstrate is in a range of 15° to 45°.

[Claim 3] The substrate cleaning method accordmglaim 1 or 2, wherein a

width of the fan-shaped jet is at least three-guardf a radius of the substrate.

[Claim 4] The substrate cleaning method accordm@rny one of claims 1 to 3,

wherein a direction of the fan-shaped jet is oedrtbward an outside of the substrate.

[Claim 5] The substrate cleaning method accordm@rny one of claims 1 to 4,

wherein the spray nozzle is located above the rstbst

[Claim 6] The substrate cleaning method accordm@ry one of claims 1 to 5,
wherein delivering the fan-shaped jet comprisesveehg the fan-shaped jet from the

spray nozzle to the surface of the substrate tm fille flow of the second liquid on the
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surface of the substrate while moving the sprayieoz

[Claim 7] The substrate cleaning method accordmglaim 6, wherein the two-

fluid jet nozzle and the spray nozzle are fixed wommon arm.

[Claim 8] A substrate cleaning apparatus comprising

holding rollers having substrate holding surfacesfigured to hold a periphery
of a substrate, the holding rollers being rotataitleut their own central axes;

a two-fluid jet nozzle configured to form a twaHfll jet composed of a mixture
of a first liquid and a gas;

a fan spray nozzle configured to form a fan-shgpedf a second liquid; and

a nozzle moving device configured to translatetéhefluid jet nozzle, the two-
fluid jet nozzle and the fan spray nozzle beingmed toward a region surrounded by the
substrate holding surfaces, and the fan spray edmihg oriented in a direction in which

the fan-shaped jet does not collide with the twidfiet.

[Claim 9] The substrate cleaning apparatus accgrttirclaim 8, wherein an angle
of the fan spray nozzle with respect to a planerkng through the substrate holding

surfaces is in a range of 15° to 45°.

[Claim 10] The substrate cleaning apparatus acogrth claim 8 or 9, wherein the
fan spray nozzle is configured to form the fan-guhjet having a width of at least three-

quarters of a radius of the substrate.

[Claim 11] The substrate cleaning apparatus acegrtdi any one of claims 8 to 10,

wherein the nozzle moving device includes an aridihg the two-fluid jet nozzle and

the fan spray nozzle.
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