| METHOD AND APPARATUS FOR MEGASONI C CLEANI NG OF PATTERNED SUBSTRATES by
I nventors 5 John M Boyd, M chael Ravkin, Fred C. Redeker, Randol ph E.
Treur, and WIlliam Thie BACKGROUND OF THE | NVENTION 1. Field of the

| nventi on [0001] The present invention rlel at es generally to surface

cl eaning and, nore particularly, to a nethod and apparatus for negasonic
cl eaning of a sem conductor substrate following to fabrication processes.
2. Description of the Related Art [0002] Megasonic cleaning is w dely used
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sem conductor substrates. A single wafer megasonic cleaning process uses a
relatively small transducer above a inonatitovg wafer, wherein the transducer
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Transduger, 104 creafes pressu waves through sonic energy with frequencies
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15 liquid of the cleaning tank which contains a batch of semiconductor substrates. A single wafer
megasonic cleaning process uses a refatively small transducer above a rotating wafer, wherein
the transducer is scanned across the wafer, or in the case of full immersion a single wafer tank
system is used. In each case, the main particle removal mechanisms with megasonic cleaning
are due to cavitation and acoustic streaming. Cavitation is the rapid forming and collapsing of

20 microscopic bubbles generated from dissolved gas when sonic energy is applied to a liqud
medium. Upon collapse, the bubbles release energy which assists in particle removal through
breaking the various adhesion forces which adhere the particle to the substrate. Acoustic
streaming is the fluid motion induced by the acoustic wave through the fluid when RF power is
applied to a piezoelectric transducer.

25 [0003] Figure 1A is a schematic diagram of a batch megasonic cleaning system. Tank [00 is
filled with a cleaning solution. Wafer holder 102 includes a batch of wafers to be cleaned.
Transducer 104 creates pressure waves through sonic energy with frequencies near 1 Megahertz
(MHz). These pressure waves, in concert with the appropriate chemistry to control particle re-
adhesion, provide the cleaning action. Because of the long cleaning time required for batch

30 cleaning systems, as well as chemical usage, efforts have been focused on single wafer cleaning
systems in order to decrease chemical usage, increase wafer-to-wafer control, and decrease

defects in accordance with the International Technology Roadmap for Semiconductors (ITRS)



defects in accordance with the International Technol ogy Roadmap for

Sem conductors (1116) 2 requirenents. Batch systens suffer from another
di sadvantage in that the delivery of negasonic energy to the nmultiple
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t he0ycotibpirgie o éﬁ’ the inability to maintain a specific cleaning solution concentration, 1.e
replenish the cleaning solution, at the particle-substrate interface within the region defined by
the feature. Further, in the case of a transducer oriented perpendicular to the substrate surface
(as in a single-tank megasonic system), high-aspect ratio features may shadow, or shield, the
lower regions of the feature from megasonic energy and cavitation. For a transducer oriented

25  parallel 1o the wafer surface, cavitation can occur within the feature, but acoustic streaming is
not in the most favorable direction to facilitate moving a detached particle away from the
substrate. However, this configuration causes gaps 114a-c¢ between the respective crystals.
One other shortcoming of this configuration is that gaps result in regions not being supplied
with a comparable level of acoustic energy, due to the collimated nature of the acoustic energy

30 supplied by the piezo electric crystals. Consequently, certain regions of wafer 110 do not sce a
uniform acoustic energy, resulting in uneven cleaning.

[0005] Additionally, eclectro-deposition operations, in particular electroless plating, s

commonly used for the deposition of a film on a substrate. For example, a copper film may be



30 supplied by the piezo electric crystals. Consequently, certain regions
of wafer 110 do not see a wuniform acoustic energy, resulting in uneven

cl eaning. [0005] Additionally, electro-deposition operations, in particular
el ectroless plating, is commonly used for the deposition of a filmon a
substrate. For exanple, a copper filmmay he 3 deposited on a substrate
through el ectroless plating. One of the shortcom ngs of electroless
plating j bub | e fornatlo t he feat
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appreci ated that the presentgifiKeORY Uy ¢k ReyLUBIcRgENt ed in nunerous ways,

including as a nethod, a sySTem or am apparatus. several inventive
enbodi ments of the present invention are described below. [0008] In one
enbodi nent, a nethod for cleaning a sem cgnductor substrate is frOVIded
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formation and improving mass transport during electroless plating operations. It should be
20 appreciated that the present invention can be implemented in numerous ways, including as a
method, a system, or an apparatus. Several inventive embodiments of the present invention are
described below.
[0008] In one embodiment, a method for cleaning a semiconductor substrate is provided. The
method initiates with generating acoustic energy oriented in a substantially perpendicuiar
25 direction to a surface of a semiconductor substrate. Then, acoustic energy oriented in a
substantially parallel direction to the surface of the semiconductor substrate is generated. Hach
orientation of the acoustic energy may be simultancously generated (in phase) or alternately
generated (out of phase).
[0009] In another embodiment, an apparatus for cleaning a semiconductor substrate is
30  provided. The apparatus includes a base and at least one sidewall extending from the base. The
sidewall is substantially perpendicular to the base. A first megasonic transducer affixed (o the

base is included. A second megasonic transducer affixed to the sidewall is also included. The



generated (out of phase). [0009] In another enbodi nent, an apparatus for

cl eaning a sem conductor substrate is 30 provided. The apparatus includes
a base and at | east one sidewall extendi,ng fromthe base. The sidewall is
substantially perpendicular to the base.” A first megasonic transducer
affixed to the base is included. A second negasonic transducer affixed to
the sidewall is also included The 4 first megasoni c transducer is
oriente al
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plating of a substrate is provided. 25 The apparatus includes a tank

conf i guoBiane A&t gicAugdicptnerdnis diotaied oh timauriacerefndguebstirate to control bubble

20  formation at the surface of the substrate using a transducer oriented substantially parallel to the
wafer surface in one embodiment In another embodiment, the acoustic energy is directed at the
surface of the substrate to improve mass transfer of the reactants and by-products at the surface
of the substrate using a transducer oriented substantially perpendicular to the wafer surface.
[0012] In another embodiment, an apparatus for electroless plating of a substrate is provided.

25  The apparatus includes a tank configured to retain a plating solution and a transducer
configured to transfer acoustic energy to the plating solution.

[0013] Other aspects and advantages of the invention will become apparent from the following
detailed description, taken in conjunction with the accompanying drawings, illustrating by way

of example the principles of the invention.

30 BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The present invention will be readily understood by the following detailed description in
conjunction with the accompanying drawings, and like reference numerals designate like

structural elements.



configured to transfer acoustic energy to the plating solution. [0013]

O her aspects and advantages of the invention wll becone apparent fromthe
following detailed description, taken Qﬁ conjunction with the acconpanyi ng
drawi ngs, illustrating by way of exanple the principles of the invention.

30 BRI EF DESCRI PTI ON OF THE DRAW NGS [0014] The present invention wll be
readily understood by the follow ng detail ed description in conjunction
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apparatuggﬁpﬁﬁ§¥Pg¥%gna%&géigure 2. [0019] Figure 4 is an enl arged
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one enbadi mept of the invention. [0020] Figure 5 is an alternative
enbodi neM""of t he megasoni ¢ cleaning tank of Figure 4. 10 [0021] Figure 6
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Figure 7A. [0024] Figure 8A is a sinplified schematic diagram of
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in accoEgﬂgﬁﬁl th one enbodi nent of the invention. [0025] Figure 8B is an
alternate e I'ment of the cleaning apparatus of Figure 8A. [0026] Figure
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[0024] Figure 8A is a simplified schematic diagram of a cleaning apparatus in which acoustic
energy is used to clean a substrate in accordance with one embodiment of the invention.
[0025] Figure 8B is an alternate embodiment of the cleaning apparatus of Figure 8A.
[0026] Figure 8C is yet another embodiment of the cleaning apparatus of Figure 8A.

20 [0027] Figure 8D is still yet another embodiment of the cleaning apparatus of Figure 8A.
[0028] Figure 9 is a simplified schematic diagram of a cleaning apparatus having two acoustic
energy generators in accordance with one embodiment of the invention.
[0029] Figure 10A is a simplified schematic diagram of a cleaning apparatus configured to
clean opposing sides of a substrate in accordance with one embodiment of the invention.

25 [0030] Figure 10B is a simplified schematic diagram of an alternative embodiment of the
cleaning apparatus of Figure 10A.
(0031} Figure 1! is a flow chart diagram illustrating the method operations for applying
acoustic energy to clean a surface of the substrate in accordance with one embodiment of the

invention.

30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0032] An invention is described for a system, apparatus and method that provides a megasonic
cleaning scheme optimized for providing acoustic energy directly into a defined feature of a

patterned substrate and for replenishing the region defined by the feature with cleaning



[0029] Figure 10A is a sinplified schematic diagramof a cl eani ng appar at us
configured to clean opposing sides of a substrate in accordance with one
enbodi ment of the invention. 25 [0030] ﬁ%gure 10Bis a sinplified schematic
di agram of an alternative enbodi nent of The cleaning apparatus of Figure
10A. [0031] Figure 11 is a flow chart diagramillustrating the nethod
operations for applying acoustic energy to clean a surface of the

substrate in_ accor ce.with one enbodi ment of the invention. 30 DETAILED
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enhanced to enable chemical cleaning within the feature.

20 [0034] Additionally, the embodiments described herein provide a systemn and method for
improving the deposition quality of an electroless plating operation through the application of
megasonic energy. The application of megasonic energy induces cavitation which assists in the
collapses of bubbles formed during the plating process. The size to which the bubbles grow
before collapse depends on the frequency of the megasonic energy applied. Therefore, the

25 formation of bubbles at the surface undergoing the plating operation may be controlled through
the application of megasonic energy with the plating operation.

[0035] Figure 2 is a simplified megasonic cleaning apparatus in accordance with one
embodiment of the invention. Megasonic cleaning apparatus 110 includes a tank having side
walls 118 and 122, both of which extend from base 120. The tank contains cleaning solution

30 112, Cleaning solution 112 may be any suitable cleaning solution used for megasonic cleaning
and has properties which facilitate removable particles as well as inhibit re-deposition of
particles on a surface of substrate 116. As used herein, cleaning solution and cleaning

chemistry are interchangeable. As can be seen, substrate 116 is immersed in cleaning solution



20 [0034] Additionally, the enbodi nents described herein provide a system
and nethod for inproving the deposition quality of an el ectrol ess plating
operation through the application of neﬂasonic energy. The application of
megasoni ¢ energy i nduces cavitation wh assists in the collapses of
bubbl es formed during the plating process. The size to which the bubbl es
grow before coll apse depends on the frequency of the megasoni c energy

appl i ed. erefore, th bubbl es at e surface, under
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provides acoustic energy in a substantially parallel duectlon to the surface of the substrate. In
one embodiment, the perpendicular direction of the acoustic energy is between about 5 degrees
of normal, i.e. 90 £ 5 degrees, wherein the normal is relative to the surface of the substrate. In
another embodiment, the parallel direction of the acoustic energy is between about 5 degrees of
25 parallel, i.e. 0 = 5 degrees, wherein the parallel direction is parallel to the surface of the
substrate or a plane parallel to the surface of the substrate. Thus, the shape of the base may be
rectangular, square, or even circular, where the side walls are configured, to allow for the
placement of a megasonic transducer which transfers acoustic energy in an orthogonal
orientation as compared to the acoustic energy transmitted by the base megasonic transducer. It
30 should be appreciated that cleaning solution 112 may be any commercially available cleaning
solution such as cleaning solutions available from DUPONT Electronic Technologies, ERKC

Technology, Inc., or ASHLAND Corporation.



base 120 and sidewalls 118 and 122 of the negasonic cleaning tank. It
shoul d be appreciated that the shape of negasonic cleaning tank nmay be any
shape suitable to provide the transfer acoustic energy fromtransducers
in a manner where one transducer provid acoustic energy in 20 a
substantially perpendicular direction to the surface of the substrate and
the ot her transducer provides acoustic energy in a substantially parall el
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Acoustic streaming is the fluid motion induced by the velocity gradient in the fluid when
subjected to acoustic energy. Acoustic streaming is a function of frequency and delivercd
intensity and provides a strong localized flow of cleaning solution whose sheer force is the
primary particle removal agent. The flow caused by the acoustic streaming, as illustrated by
25 arrows 130, causes eddies 134 within the features defined on surface 117. Eddies 134, also
referred to as turbulence, improves mass transport into and out of the features, allowing fresh
cleaning solution to be introduced into the features defined on surface 117 and also sweeps
away any removed particles dislodged from the features through cavitation caused by the
acoustic energy delivered into the features from megasonic transducer 124.
30 [0039] Arrows [28 of Figure 4, represent the acoustic energy delivered inside the featurcs of
bottom surface 117 from megasonic transducer 124. As mentioned above, acoustic energy 128

induces cavitation (o dislodge particle 132. It should be appreciated that turbulence or eddies

134 helps to improve reactant/byproduct transfer into and out of the features, especially high



15 allows for optiml energy and mass transport benefits for inproved
cl eaning of patterned substrate 116. Megasoni c transducer 124 provides
acoustic energy that is capable of accessing the features of surface 117

of substrate 116. Here, the acoustic energy will induce cavitation in
order to dislodge particle 132 which is adhered to an inner surface of the
feature of surface 117. |In order to prevent re-attachnment of particle 132

to the inner surface asoni ¢. transducer, 126 20 provides acoustic energy
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streaming, prevents this from happening by improving mass transport and replenishing the
cleaning solution in the feature.

{0041] Figure 6 is a flow chart diagram illustrating the method operations for cleaning a
semiconductor substrate through megasonic cleaning in accordance with one embodiment of
25  the invention. The method initiates with operation 140 where a cleaning vessel, coupled to two
separate transducers, is provided. For example, the cleaning vessel illustrated with reference to
Figures 2 through 5 may be provided here. The method then advances to operation 142 where a
substrate is immersed into a cleaning solution contained in the cleaning vessel. It should be
appreciated that the immersed substrate is oriented such that one megasonic transducer is
30 substantially parallel to a surface to be cleaned on the substrate and the second megasonic
transducer 1s substantially perpendicular to the surface of the substrate to be cleaned. In other
words, the transducers are oriented in such a way that the respective acoustic encrgics

transferred to the cleaning solution from each transducer are approximately orthogonal to each



cl eaning operation, it should be appreciated that as the reactant/byproduct
concentration of cleaning solution 112 is changed, the cleaning
characteristics will |ikew se change. qut is, cleaning solution 112

i nside high aspect ratio features, e.g., the features on surface 117 of 15
substrate 116, cleans the inside of the high aspect ratio feature. As the

cl eaning occurs, the <concentration of the cleaning solution in that

feature - change, . t.hus, changi the interface roperties . and zet .
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to gy OVﬂOﬂ&S]Clai\éiu}e A?sna ]:si%plf?laerdtsi:i%n?at{ceggé{%ln of a megasonic transducer being used in an
electroless plating operation in accordance with one embodiment of the invention. Here,
electroless plating vessel 150 contains plating solution 152. Substrate 154 is supported inside
electroless plating vessel 150. As is generally known electroless plating occurs by the
immersion of components in a plating solution. The plating solution generally consists of a
25  soluble metal salt and a reducing agent. The metal salts are reduced onto an oxide-free surface.
Thus, a metal film may be deposited on a surface, e.g., copper, nickel, etc. However, any
bubble formation on or near the surface in which the metal is deposited, may cause voids in the
resulting metal film. Thus, by coupling megasonic transducer 156 to electroless plating vessel
150, acoustic energy 160 is capable of being directed to the surface of substrate 154, through
30  plating solution 152 which is in contact with the megasonic transducer and the substrate, in
order to collapse any bubbles that might be present. Accordingly, a more reliable and uniform

film may be deposited on surface 155 of substrate 154.



during cleaning of the high aspect ratio features. The nmethod then advances
to operation 148 10 where the acoustic energy is generated in a
substantially parallel direction to the iurfaoe of the substrate. Here,

t he acoustic energy causes eddi es which*hel p i nprove reactant/byproduct
transfer into an out-of-the-high aspect ratio features. In other words, the
acoustic streamng helps replenish chemstry in order to prevent particles
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line of sight into the feature so that acoustic energy may be delivered into the feature to provide
cavitation. The cavitation will dislodge any particles inside the feature.

[0046] The vertically oriented megasonic transducer, i.e., oriented substantially perpendicular
to the substrate surface, delivers acoustic streaming parallel to the surface of the wafer. The
25  acoustic streaming causcs eddies and turbulence for removing the dislodged particle and also
replenishes the cleaning chemistry within the feature, e.g., a high aspect ratio feature, to further
assure that the dislodged particle does not re-attach to a surface within the feature. In essence,
the acoustic streaming allows for chemical cleaning within the feature by replenishing the
cleaning chemistry within the feature. it should be appreciated that the embodiments described
30 herein may also be applied to applications where it is desirable to enhance a chemical reaction.
For example with respect to resist stripping the embodiments described herein will assist the
mass (ransport of reactants to remove reacted material. That is, the acoustic streaming

described above will enhance mass transfer,



i nclude the capability to re-circulate or replenish plating solution 152.
Here inlet 164 may provide fresh plating solution to plating vessel 150,
while outlet 166 is used for the renoval di spl aced plating solution. It
will be apparent to one skilled in the é?t that the plating solution 10 may
be re-circulated through inlet 164 and outlet 166 as an alternative to a
once pass system In one enbodi nent, plating solution 152 is overfl ow
dunped t e col]ection.gr drain Furt her t he 03|t|on of, inle
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angled so that the substantially parallel acoustic energy waves 234 are directed in a
substantially perpendicular orientation relative to bottom surface 222a as depicted by lines 230,
For example, the angle between surface 230 and base 228 is about 45 degrees.
[0049] Still referring to Figure 8A, it should be appreciated that a direction of the acoustic
25  waves is decoupled from the source of the acoustic energy. Additionally, the configuration of
cleaning apparatus 218 allows outside access to the components of acoustic energy generator
223. In one embodiment, cleaning apparatus 218 may be a low profile tank, i.e., substrate 222
is positioned within about one half inch of base 228. It should be appreciated that base 228
may be extended past surface 230 as represented by section 228a. In this embodiment, the
30 region defined between section 228a, section 232a, the elevated portion of base 228, and
surface 230, defines a void. In another embodiment, surface 230 is adjustable in order to

modulate the angle between surface 230 and base 228. Accordingly, the movement of surface

230 causes the reflected acoustic energy to sweep surface 222a of substrate 230. Consequently,



cavity 220 is defined between base 228 and sidewal |l s 232. C eaning
apparatus 218 includes 5 acoustic energy generator 223 whi ch consi sts of
transducer 224 affixed to resonator 226. 3 one enbodi ment, acoustic
energy generator 223 generates negasonld energy, i.e., transducer 224 is a
megasoni ¢ transducer. It should be appreciated that while the enbodi nents
described herein refer to negasonic energy the invention nmay be applied
to any Acoust.i c ener.g tor, 223 i s itio at a
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t he source of the acoustic energy. Additionally, the configuration of
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past su 230 res nted by sectign 228a. In this e di t he 30
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surface 230 includes a number of convex bumps in order to scatter the acoustic energy
generated from acoustic energy generator 223. Thus, the acoustic energy generated in a
substantially parallel direction within the corridor defined between base 228 and extension 238
alters a direction of the acoustic energy in order to spread out the reflected acoustic encrgy
25  across bottom surface 222b of substrate 222. Of course, substrate 222 may be rotating along an
axis of the substrate. It will be apparent to one skilled in the art that the rotation of substrate
222 may be provided by any suitable rotation means available. For example, a substrate carrier
configured to support substrate 222 may be used to provide the rotational force. Alternatively,

rollers supporting edges of substrate 222 may provide the rotational force.
30 [0052] Still referring to Figure 8C, cleaning apparatus 218 also includes inlet 229 and outlet
231. Inlet 229 provides the capability of flowing fresh cleaning solution into the cleaning
apparatus. Outlet 231 is configured to provide an overflow for excess cleaning solution in one

embodiment. In an alternative embodiment, outlet 231 may be in communication with inlet



the refl ected acoustic energy nmay be concentrated around an edge regi on of
substrate 222 rather than the center region of the substrate so that the
edge regi on sees an equi val ent anount oé energy. O course, substrate 222
is rotating here as illustrated bel ow 6050] Figure 8B is an alternate
enbodi ment of the cleaning apparatus of Figure 8A. Cleaning 5 apparatus
218 includes a tank configured to clean substrate 222, which is imrersed in

a cleanj,gg,sol ution contained within inper cavity 220. Megasonic i
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r ol | er sengugip gencidigrseidges osfangu bshracecrpBRlimayt pf thei decting. r oleaningnaipafadrce.

50 409528 Fblds 0TGRS AS B w320 IR6PRRLSL MBI BReyest
f 1 owi NgAES8ED RbQANEINGr B8Ok WA30dhd PAD atcheorFlgRaddti Agth that acoustic energy generated
‘ from each of the respective acoustic energy generators is oriented in a manner substantially
parallel to either top surface 222b or bottom surface 222a of substrate 222. That is, acoustic
energy generated from acoustic energy generator 242, represented by lines 240a and 240b, is
25  substantially parallel to top surface 222b and bottom surface 222a of substrate 222. Similarly,
acoustic energy generated by acoustic energy generator 223 is also substantially paralici to

bottom surface 222a.
{0055] Still referring to Figure 9, the cleaning apparatus may contain megasonic transducers
223 and 242 having faces both of which are substantially perpendicular relative to top and
30 bottom surfaces 222a and 222b of semiconductor substrate 222. Through reflective surface
230, acoustic energy 234 gencrated by megasonic transducer 223, is re-directed so that the
acoustic energy is substantially perpendicular to bottom surface 222a of substrate 222. Thus,

the acoustic energy gencrated by megasonic transducer 223 may be used to provide cavitation



apparatus. Qutlet 231 is configured to provide an overflow for excess
cleaning solution in one enbodinent. In an alternative enbodi nent, outl et
231 may be in conmunication with inlet i 229 through a punp in order to
re-circulate the cleaning solution thro ghout the cleaning apparatus. It
wi ||l be apparent to one skilled in the art that the cleaning solution is
designed for single substrate cleaning applications. In addition, single

substrate cl eani solutions are. commonly_ avail able from compani such a
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surface 230 has a concave shape. One skilled in the art” w appreci ate
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parallel to bot%o% surface 222a. [0055 Stl‘IrY re?errl ng to Figure 9, the
cl eani ngrappai?atust sestoEnfai.n Aegasoninergy gosglaloe?d2a is configured to provide
20  acoustic energy to top surface 222b of 222 in order to facilitate cleaning of the top surface of
the substrate. Here, acoustic energy generator 242a is configured to generate acoustic energy as
represented by line 243 which is at a slight angle with respect to top surface 222b of substrate
222. In one embodiment, the angle defined between acoustic energy 240b and top surface 222b
is between about zero degrees and five degrees. It should be appreciated that some of acoustic
25 energy 240b will be reflected from top surface 222b as illustrated by line 246. Thus, reflective
surface 244a may be positioned to reflect the once reflected acoustic energy 246 back to top
surface 222b as illustrated by line 248. Of course, the reflected energy will lose power each
time it is reflected, however, the increased acoustic energy will assist in the cleaning of
substrate 222.
30 [0058] Figure 10B is a simplified schematic diagram of an alternative embodiment of the
cleaning apparatus of Figure 10A. Here, three acoustic energy generators 223, 242a and 242b
are provided with cleaning apparatus 218. Acoustic energy generator 223 provides acoustic

energy to bottom surface 222a of substrate 222, and similarly acoustic energy generator 242b



223 and 242 having faces both of which are substantially perpendicul ar
relative to top and 30 bottom surfaces 222a and 222b of sem conductor
substrate 222. Through reflective surfaqg 230, acoustic energy 234
generated by negasoni ¢ transducer 223, i'S re-directed so that the acoustic
energy is substantially perpendicular to bottom surface 222a of substrate
222. Thus, the acoustic energy generated by nmegasoni c transducer 223 nmay
be used

the acoustic e ! ga: sducer 223
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sur f acel09p0] Figures ubstsr atféow Héwg, diageus tliluetieg gie gesiboditoperadiéfa fos applying

configured to generate acoustic er as .represented by |ine 243 Lch is
ot e o IR CHATE I R Eopie pEMEGHbaiRe 4t ERSSE% vt FRpaTimsh of i
one enbpdia®i , Tihe radBde ifehicd eshpRIMNEQN) aFRMSL AL BHRHBY PP ANGAdIOR 2
surface 222h is between about zero dggrees and five degrees. It should be
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generated by acoustic energy generator 223 of Figures 8A-8D, 9, 10A and 10B. The method
then advances to operation 262 where a direction associated with the acoustic energy from the
first transducer is altered to a substantially perpendicular direction to the surface of the
semiconductor substrate. Here, a reflective surface such as the reflective surface as discussed
25 above with reference to Figures 8A-8D, 9, 10A and 10B, may alter the direction of the acoustic
energy. It should be appreciated that the acoustic energy may be focused, scatiered or evenly
distributed. Thus, the reflective surface essentially decouples a direction of the acoustic energy
from the source of the acoustic energy. Furthermore, the reflective surface may modulate or
move in order to sweep the acoustic energy across a surface of a substrate (o be cleaned.
30 [0061] The method of Figure 11 then advances to operation 264 where acoustic energy oriented
in a substantially parallel direction to the surface of the semiconductor substrate is generated
from a second transducer. Here, the second transducer may provide acoustic streaming in order

to more efficiently clean the surface of the substrate. It should be appreciated that the acoustic



surface 244a may be positioned to reflect the once refl ected acoustic

energy 246 back to top surface 222b as illustrated by line 248. O course,
the reflected energy will |ose power eag? time it is reflected, however,
the increased acoustic energy will assi in the cleaning of substrate

222. 30 [0058] Figure 10B is a sinplified schematic diagram of an
al ternative enbodi nent of the cleaning apparatus of Figure 10A. Here,

three ac ic r oy erators 223 242a and, 2426 are,provided with
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are compatible with the cleaning chemistry used in the system. In another embodiment, the
20 reflective surface is configured to move about an axis associated with the reflective surface.
Consequently, the acoustic energy may be swept across the surface of the substrate in order to
distribute the acoustic energy more evenly over the substrate surface as the substrate is rotating.
[0063] Additionally, the embodiments described herein allow for a higher quality film
deposition with respect to electroless plating operations. Through the application of megasonic
25  energy during electroless plating operations, bubble formation may be controlled at the surface
of the object undergoing the eclectroless plating operation. Through the cavitation propertics
associated with megasonic energy transferred to the plating solution, bubbles are effectively
removed from the vicinity around the surface of the object, thereby allowing for the substantial
climination of voids within the deposited film.
30 [0064] Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the present embodiments arc

to be considered as illustrative and not restrictive, and the invention is not to be limiied to the



first transducer is altered to a substantially perpendicular direction to
the surface of the sem conductor substrate. Here, a reflective surface
such as the reflective surface as discuiged 25 above with reference to

Fi gures 8A-8D, 9, 10A and 10B, may alter“the direction of the acoustic
energy. It should be appreciated that the acoustic energy may be focused,
scattered or evenly distributed. Thus, the reflective surface essentially
decoupl e di.rection of the  acousti¢ ener fromthe souyrce of the
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cl eaned. 30 [Ooginghe met hod of Figure | | then advances to operation 264
wher e acd@ifss Pxplisiey gytedin dscldmsi n a substantially parallel direction to
the surface of the sem conductor substrate is generated froma second

t r ansdudérat iHgrenedine second transducer may provide acoustic streaming in
ordeg to nore efficiently clean the surface of the substrate. It should be
appreciated that the acoustic 17 energy generated fromthe second
transducer may be oriented at a slight angle to a surface of sem conductor
substrate as described above with reference to Figures 10A and 10B. In
addition, a third acoustic energy generator may be provided in order to

di rect acoustic energy toward an opposing surface fromthe surface which
acoustic energy fromthe second transducer 5 is directed at. [0062] In
sunmmary, the above described invention, with reference to Figures 8A-11
describes a nethod and a systemfor optim zing the cleaning efficiency for
sem conductor substrates. The cl eaning apparatus elimnates dead zones by
decoupling the acoustic waves fromthe acoustic generator. The decoupling
effect is provided by a reflective surface positioned to 10 refl ect
acoustic energy toward a surface of the substrate to be cleaned. Miltiple
transducers may be included to further increase the cleaning efficiency.

I n one enbodi ment, two transducers oriented in a substantially

per pendi cul ar manner relative to a surface of the substrate, are provided.
Bot h transducers provides acoustic energy directed in a substantially
parallel direction to the surface of the substrate, however, one acoustic
energy streamis re 15 directed by a reflective surface so that the
acoustic energy is substantially perpendicular to the substrate surface.
The reflective surface nay be conposed of any material conpatible with the
cl eaning solutions and reflective to the acoustic energy. For exanple, the
reflective material may be stainless steel, quartz, Teflon, polypropylene,
Silicon Carbide, or other materials which are conpatible with the cleaning
chem stry used in the system |n another enbodi nent, the



20 reflective surface is configured to nove about an axis associated with
the reflective surface. Consequently, the acoustic energy nay be swept
across the surface of the substrate in ©rder to distribute the acoustic
energy nore evenly over the substrate surface as the substrate is rotating.
[ 0063] Additionally, the enbodi nents described herein allow for a higher
quality film deposition with respectgﬁbmélectroless pl ati ng operations.

Through 1o SRR RLACRrole IRAASAILE T SIS SHILAGoBhspLgE) ose platino

oper at i ons, ormat i on e st of the
obj ect under ga:)tanlg dbﬂmnglaamrreobesaey Piddtaiving lower adrh@B bethleenudlhasd 4l sdewiallat i on

properti Ci ate sonic energy transferred to the plating
sol ut i orFu%Btﬂ g’é’eéf?eé‘ @maééq {{‘\‘;gﬁ% removed fromthe vicinity around the

surface of thesgh8etsup %&@ rc@ﬁ’ﬁ o@kd QH“SH}%{:}JrPfhet 3018 ‘é@l%ﬁ(%ﬂﬁu&&r sftlstr e NatHign of

voids within the deposited film 30 [O Al t hough the foregoing invention
has beerthelesatyi lbédbatant@lim'mdmrmllorfeotatlpu,repnises of «clarity of

under st andi n W rent at. certain chan S tions
s he. e nac wlidbt fsonSf BREEE Bhsin e ThNAL forBH Or R sl WD BT B8 e
present ®mRQdHERS $onR0E the AIN@ICONELERT 1B bak ihtlttd alkfa¥e valeh Ronfigured
restrictive, and the invention is not to be linmted to the 18 detalls

gi ven hép dlepounbeithengspusiec erssey fiom (et soureet ofeacousiiseeneney andidirastehe scastie he

appendecg b\%rdtbé‘s&ﬂéﬁat%l ains, elements and/or steps do not inply any
particul ar der 0 eration, unless explicitly stated in the clains.

VWhat is clained is: 5 19 Clalms 1. An apparatus for cleaning a single
sem conduct or_ substrate, rrprl sing:  a tank defining an inner cavity and
havi ng Power C6r fPRE Uso Dy i Ial Y BEreilh ihea SQiet PE SCOUSIBINSFEY i p ymegasonic

per pendizgulficet 0 the base; a substrate support configured to support the
singl e sem conductor substrate within the cavity in substantially

hori zontal orientation; and a source of acousti c energy positioned at | ower

corner qf the.tank a t,0 an r rface qof .one of the
o doval B, - widraprodRg fi o 28 0 Bikiordhe Wik eflund Cafticg doatienes
decoupl @ofémcamgld@@usgcgﬁ@ggy fromthe source of acoustic energy and direct
the acoustic energy toward the substrate.
4, The apparatus of claim 1, further comprising:
a second source of acoustic energy affixed to one of the sidewalls, the second source
of acoustic energy configured to direct acoustic energy substantially parallel to a surface of a

substrate immersed in a cleaning solution contained within the inner cavity of the tank.

5. The apparatus of claim 4, wherein the source of acoustic energy affixed to one of the
sidewalls and the second source of acoustic energy are configured to generate the respective

acoustic energy in one of an in phase manner and an out of phase manner.

6. A system for cleaning a semiconductor substrate, comprising:

a tank having an inner cavity and a lower corner defined by a base and at least one
sidewall substantially perpendicular extending therefrom, the tank capable of retaining a
volume of a liquid within the inner cavity;

a substrate support configured to support and rotate a semiconductor substrate, whose
surface is substantially perpendicular to at least one sidewall, the surface is rotatable about an
axis of the semiconductor substrate as the semiconductor substrate is immersed within the

inner cavity of the tank; and



2. The apparatus of claim1l, wherein the source of acoustic energy is a
megasoni ¢ transducer. 3. The apparatus of claim 1, wherein the base of the
tank includes a surface configured to20eflect the acoustic energy. 4. The
apparatus of claim1, further conprising: a second source of acoustic
energy affixed to one of the sidewalls, the second source of acoustic

ener gy conf i ghfiet megaymicciEansdeesy pesidongeatdhe ouiss camer af thy iy #1d) @upled ta
surface te r LN; eani i: j iRl N
the | nneicalorRy SR GEHERE ok iy Bl o0 AR SO RoORE AR
sour ce ofenamtuatowstiersegy afWdrd ed réftecine soffatenef the daval ths @flectiveesisfacond

source of acoustig. energy are configured to_generate the respective
acoust i ccoég‘&"ﬁa 9 ﬁlf%%éheo%o $1G hepvAewarkhieface A th&ﬁe’@éﬁong’ﬁc%lﬁ%‘g’étr%nner. 6.
A system for cleaning a sem conductor substrate, conprising: a tank having
an inner cavity and a | ower comer defined by a base and at | east one
si dewal |7.subsHharsystah of qeampe dditiricampeixingndi ng t herefrom the tank capabl e

of retaining a_volunme of a liquid within the inner cavity: sybstrat
suppor t  cont i %aFEaY LR taniltee souplsdatos i tolfaticPls SWspaly s fhdse
surf ace rhegasetis tiandduadd sonBghRENdi dittbtlicousti Abnedr SRSIbsNEaSy GaWEE to o iface
surface is rotatable about an axis of the sem conductor substrate as the

sem condiébvicmyetisiuetar sulisgatenmer sed within the inner cavity of the tank;
and 20 a first nmegasonic transducer positioned at the | ower coner of the
tank and coupled to the an outer surface of the at |east one sidewall, the

first m8gasorite dystamsefldim Towhérgliy e nicpas@enehdddacac@upled o eieitdyast onar d a
reflective syrface of the base, the reflective surface configured to,
direct HEWREGHERCSEABY Gireatnis Hansdueht fase eotdTeu¢letoIRPRHIFERICEY e deMstic at e.

7. The j I I Sd. g ond negasoni c transducer
%Mé’rtg?@?l Bhe 6f 4 i tp@lgsne‘; Mé{lﬁrgéz anﬁ?%ﬁmﬁt‘ of'hlse rﬁ%ﬁ‘ﬁe?. g ! u

coupled tothe at |eas wa the "secon nmegasoni ¢ transducer
configured to direct acoustic energy substantially parallel to a surface

of the sem canductor substrate. 8. The systemof claim7, wherein.the
Tegasonte. t r AMCAINER TOURT Uiero h ARG e SorIare S o o8 dhe g
Megas oNigfolpr RNSIHHELET AbSa @AMy T @AchR HANBLALE respective acoustic energy
in one of an in phase manner "and an out of phase nanner.
10.  The system of claim 7, further comprising:
a third megasonic transducer coupled to the at least one sidewall, the third megasonic
transducer configured to direct acoustic energy substantially parallel to an opposing surface

of the semiconductor substrate relative to the surface of the semiconductor substrate.

11.  The system of claim 7, further comprising:
a second reflective surface configured to reflect acoustic energy from the second

megasonic transducer toward the surface of the semiconductor substrate.

12. A system for cleaning a semiconductor substrate, comprising:

a tank having an inner cavity and a lower corner defined by a base and at least one
sidewall substantially perpendicular extending therefrom extending therefrom, the tank
capable of retaining a volume of a liquid within the inner cavity;

a substrate support configured to support and rotate a semiconductor substrate, whose
surface is substantially perpendicular to at least one sidewall, the surface is rotatable, about
an axis of the semiconductor substrate as the semiconductor substrate is immersed within the

inner cavity of the tank; and



9. The systemof claim®6, wherein the reflective surface is has a shape
selected fromthe group consisting of substantially flat, concave and
convex. 10. The systemof claim7, furtder conprising: a third negasonic
transducer coupled to the at |east one sidewall, the third negasonic
transducer configured to direct acoustic energy substantially parallel to
an opposi ng s%ﬁfsgé@gawmlq Hensduear pepitiaeedit the lsster gomer ef Heitonk el ¢avpleduef ace
of the SEEAONAULORSUPHd RLS ontlidclill, e ERITOs Gl Mhdsduldt’ doRBbured 1o
conprising: a second T ef l'ective Surface’con |gur§3 {0 rati’ect Acobettc
ener gy fgamadacastonthergyegasaii € réflarisedunehcd ofiehe Habg Sarfefeaiaf surfaee
sem conduct.or Substrate. 12. A systemfor cleaning a sem conductor

subst r at fé{n% P SPRGT seatten vk ety A5Uabts icaconsis eiprantyvard werfaceariibe
defined Rnidnlass: aildyat | east one sidewall substantially perpendicul ar
extendi ng therefromextending therefrom the tank capable of retaining a
volume of a liquid within the inner cavity; a substrate support configured

to support a rotate sem.£onduct or substrate, whose surface is
subst an?1|3al |y esryf)tgﬁ’d‘?fgcdﬂuglrnl%c’gurgierF%@BP“H% sidewal |, the surface is

rotatabl e, ahoudéconanmaydssnief rifiGuserdctpRduet e sURGLT 8h& sRRwWENE the second
sem conduct or substrate is imersed within the inner cavity of the tank;

and 21 TBegapee Uigpyhisensaniigueadsid et aroubti onrsely stbstandallpwetalleloorfesurficet he
t ank an%fqgéj%ﬁg?&dgcgopgub%ﬁa%yt er surface of the | east one sidewall, the

first megasoni ¢ transducer configured to generate acoustic energy toward a
reflective surface of the base, the reflective surface configured to one

of scatter or_evenly distribute the acoustic energy toward a surface of the
seni conddct or'heupstayof claim 13navhetain dig dirstemgpssonie, trppsdpp@r ando MRSy FSPRY: a

second NROASHM: GrahdROSOME Q:ronﬁ%gﬁ? &d gEﬁeéBtggeﬂfecﬂi@%ouQ@@ eﬁérgf‘{ﬁ‘l?g@ of BE in

second negasoni ¢ transducer igure I'rect acoustic ene

subst antphadd mpaper at éreduttad phasumdraee of the semiconductor substrate. 14.
The system of claim 13, wherein the first megasoni c transducer and the
second negasonic transducer are configured to generate respective acoustic

ener gy i18. oney §fstedi fdrtleaBaSLsiBBRGhicBhd @forQibstPite, RBADEisI@NNer . 15. A
system for cl eaning a single sem conductor substrate, conprising:

a tank having an inner cavity defined by a base and at least one sidewall extending
therefrom, the tank configured to retain a volume of a liquid within the inner cavity to
immerse the single semiconductor substrate;

a substrate support configured to support and rotate the single semiconductor
substrate about an axis of the semiconductor substrate, the substrate support further
configured to support and rotate the single semiconductor substrate in the inner cavity of the
tank wherein the substrate support orients a surface of the semiconductor substrate to be
substantially parallel to the base a first megasonic transducer coupled to the base with a top
surface of the megasonic transducer, wherein the top surface of the megasonic transducer
being substantially parallel to a bottom surface of the single semiconductor substrate; and

a second megasonic transducer coupled to the at least one sidewall, wherein the first
megasonic transducer is configured to generate acoustic energy associated with a direction
substantially perpendicular to the bottom surface of the single semiconductor substrate and

the second megasonic transducer is configured to generate acoustic energy associated with a

direction substantially parallel to the bottom surface of the single semiconductor substrate.

16.  The system of claim 15, wherein the acoustic energy has a frequency between about

500 KHz and about 5 MHz, and the acoustic energy is associated with the direction



a tank having an inner cavity defined by a base and at |east one sidewall
extending therefrom the tank configured to retain a volunme of a liquid
within the inner cavity to imrerse the&ingle sem conductor substrate; a
substrate support configured to support and rotate the single sem conductor

substrate about an axis of the sem conductor substrate, the substrate
support fubstaneslly perpendiavled te che iwpiorm semierer of dhe single s¢mighedustari subsHaiet or

SUDSt 1 2 el U5y AP EALLAY Bl O MOBES 000 PABB SR

par al | el bdtnt hefdhasethd siiglstenegarer substrasducer coupled to the base with
a top surface of the nmegasonic transducer, wherein the top surface of the
megasoni ¢ transducer being substantially parallel to a bottom surface of

t he sing ' o1V et ' 0] guGe"

coupl ed yﬁ tggygﬁﬂleas@ﬁhﬁggg#%%%EWﬁ?ﬁﬂﬂg}%ﬁﬁgﬁﬁgmfggigﬂbﬁgggggﬁlc 200

t r ansducleHziasd abmdti ghtier ahd tlgervensticcermepuistasoonat gith alss diceciive dubdtarttially
direction bst antj al | erpendi cular to the bottom surface aof the single
sem condUetEl Quther PO a0e 10 BECHRE® s SHIvE R ruRSIERiE droTIder SRITHEr ed
L0 genergle8mafodiRldyClod NYIAUsIASS @ ehlcRatb & Be 1HHLIOGHMATeAMRS HMddad the
parallel to the bottom surface of the single sem conductor substrate. 16.
The systhattoor susfage of the singlesesiicontduetonsthstaiec ener gy has a frequency between
about 500 KHz and about 5 MHz, and the acoustic energy is associated with
the direction 22 substantially perpendicular to the bottom surface of the
singl e s@riTEeBEIEhH OF clRiRI 6! Rh@einfhO ¥l afegtVid Bdrs@icee A8d G sbeinddhedeeaicng
particles deposited within features defined on the bottom surface of the
si ngl e dewpdustaretcortisysd te epesate iyphappe system of clai m 15, wherein the
acoustic energy has a frequency between about 500 KHz and about 5 MHz, and
the acoustic energy is associated wth the direction substantially

par al | el19t The bestdnobf clains U6 felieeiafthé fisst sicpgdoaiseamsdaced and te ssetritmedasonic
provi des a%?ustic sﬁéfaning energ¥%5?{ repl eni shing a concentration of the
| qui d WARTUECE F5COPREITALFq PREEAIS AUt MRt t om surface of the single

sem conduct or substrate. 18. The system of claim 15, wherein the first
megasoni ¢ transducer and the second negasonic transducer are configured to
operate in phase. 19. The system of claim 15, wherein the first nmegasonic
transducer and the second negasonic transducer are configured to operate
out of phase.



