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the Invention Field of.the Invention 5 This invention relates to an
apparatus for cleaning sen conductor wafers or other:such itens requiring
extrenely w@bsidesosal s of cleanliness. Mre particularly, tpcgusesgeasnic
probe energy director relates to rnegasonic cleaners configured to prevent
damage to delicate devices on a wafer. Description of the Related Art 10
Sem conductor wafers are frequently cleaned in cleaning solution into which

megasoni ¢ energy is propagatﬁ@ ' aEﬁ*lE ' tenms, which operate
at frequencies over twenty ti EGWMBE ﬁgﬂjﬁggﬁqﬁc safely and
effectively, renove particles fromBaeteurdafthe Wentionut t he negati ve side

ef fects assogi ated | wi,t h ultrasonic cleaning. Megasonic energy cleaning
appar at uses &ﬁ@@—%mri se a piezoelectric transducer coupled to a 15
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nNegasoni ¢ enigasoflOceEnsrs oafiguicd togfevenndanage 6 adicaomsliviont waei er s. Cont ani nant s
are thus vibrated anay fromthe surfaces of the wafer. In one arrangenent,
fluid enters the wet processing tank fromthe bottomof the tank and
overfl ows t hgedcadhlh ihe RBBd AP. Contam nants may thus be renoved fromthe
tank through™the 20 overflow of the fluid and by quickly dunping the fluid.
As semi cbduct or vRIieanduciRryaers Are fraquarty cleanedinzoipanieg solutiqnrime whigh meBESONERRREY ihow
at 300 mm t i : | f |
desi rabl e. ABIgFargaIQ&é Imggrag(gmg(%l%ﬁe g?te@gm]fmio e;a\l}?tﬁbﬁeghénﬁu&l ![;\fét? H@@yg?@sde Iegggn on
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waf er s ther%ﬁrﬂﬂtfasén%%lé?ﬁi greater care than that typically enployed with
bat ch cl eani ng of smaller wafers.

Megasonic energy cleaning apparatuses typically comprise a piezoelectric transducer coupled to a
15  transmitter. The transducer is electrically excited such that it vibrates, and the transmitter transmits high

frequency energy into liquid in a processing tank. The agitation of the cleaning fluid produced by the
megasonic energy loosens particles on the semiconductor wafers. Contaminants are thus vibrated away
from the surfaces of the wafer. In one arrangement, fluid enters the wet processing tank from the bottom of
the tank and overflows the tank at the top. Contaminants may thus be removed from the tank through the

20  overflow of the fluid and by quickly duniping the fluid.

As semiconductor wafers have increased in diameter, first at 200 mm and now at 300 mm, the
obtion of cleaning one wafer at a time has become more desirable. A single large diameter wafer, having a
multitude of devices on it, is more valuable than its smaller diameter counterpart. Larger diameter wafers
therefore require greater care than that typically employed with batch cleaning of smaller wafers.

25 Verteq, Inc. of Santa Ana, Califomia has developed in recent years a megasonic cleaner in which an
elongated probe is positioned in close proximity :to the upper surface of a horizontally mounted wafer.
Cleaning solution applied to the wafer produces a meniscus between the probe and the wafer. Megasonic
energy applied to an end of the probe produces a series of vibrations of the probe along its length that are
directed toward the wafer through the meniscus. Producing relative movement between the probe and the

30  wafer, such as by rotating the wafer, has been found to be an effective way to loosen particles over the entire
surface of the wafer, causing them to be washed away from the rotating wafer. An example of such an
arrangement is illustrated in U.S. Patent No. 6,140,744, assigned to Verteq, Inc., which is incorporated herein
by reference.

Such a system provides very effective cleaning. However, as the height and density of deposition

35 layers on wafers have increased, so has the fragility of such wafers. Current cleaning methods, including
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power i nsor dwite shallow thamininety-degrees do providecetfectiveroisatings hereferesa modification 1o the device of
the ‘744 patent that reduces the number of nomal-incident waves without significantly reducing the number

of more shallow waves would reduce the incideng:e of wafer damage without compromising the cleaning
ability of the device. '
Summary of the Invention
20 The megasonic probe energy director has several features, no single oné of which is solely
responsible for its desirable atiributes. Without limiting the scope of this megasonic probe energy director as
expressed by the claims that follow, its more prominent features will now be discussed briefly. After
considering this discussion, and particularly after reading the section entitled "Detailed Description of the
Drawings,” one will understand how the features of this megasonic probe energy director provide
25  advantages, which include efficient cleaning of wafers with minimal or no damage to devices on the wafers.
Preferred embodiments of the megasonic probe energy director provide effective cleaning of a
substrate without causing damage to the substrate. The apparatus includes a megasonic probe, a
transducer configured to energize the probe, and may include a coupler disposed between the transducer
and the probe. With or without the coupler, the base of the apparatus is configured to direct the sonic energy
30 from the transducer toward specific areas of the probe sb as to reduce the ratio of normal-incident waves to
shallow-angle waves. The normal-incident waves are those substantially directly beneath the lower edge of
the probe, while the shallow angle waves are those adjacent the normal-incident waves.
The ratio of normal-incident waves to shallow-angle waveé is reduced by creating a barrier to the
megasonic energy in a desired area of the transmission path to the probe. Preferably, the barrier is in the
35  coupling between the transducer and the probe and is aligned with the lower edge of the probe. Preferably,
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transducer, illustrating the manner in which the coupler selectively disrupts the transfer of megasonic energy

to the probe;
Fig. 7b is a side elevation view of the probe of Fig. 1, a coupler, a heat transfer element, and a
20  transducer, illustrating the manner in which the coupler selectively disrupts the transfer of megasonic energy
to the probe; ’ '
Figs. 8a-8d are front views of preferred cross-sectional shapes for the coupler of the megasonic
probe energy director; |
Fig. 9 is an exploded view of a preferred embodiment of the heat transfer element-coupler-probe
25  interface of the megasonic probe energy director; and
Fig. 10 is an exploded view of another preferred embodiment of the heat transfer element-probe
interface of the megasonic probe energy director.
Detailed Description of the Preferred Embodiments

Figs. 1-3 illustrate a megasonic energy cleaning apparatus made in accordance with the ‘744 patent.
30  Anelongate probe 104 is inserted through a wall 100 of a processing tank 101. A cleaning portion 104a of
the probe 104 is positioned closely above a substrate, such as a wafer 106. The probe 104 is supported on
one end outside the tank 101. The processing tank 101 is made of material that does not contaminate the
wafér 106, '
- Thetank 101 may have an inlet (not éhown) for introducing fluid into the tank 101 and an outlet (not

35  shown) to carry away particles removed from the wéfer 106. In a preferred embodiment, such as that shown
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megasoni ¢ energy in a desired area of the transm ssion path to the probe
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of Fig. 7a; Fig. 7a is a side elevation view of the probe of Fig. 1, a

coupl er 10a H¥&t transfer elenent, and a transducer, illustrating the manner
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coupler, a H@aectryelyaiqrsqoglpnte]‘r@rpgqﬁng 12pdpo has an opening 152 for electncal connectors 126g 154 whrch
are visible in Fig. 2. Openings 148, 150 allow a gaseous coolant to enter and exit the housing 120. The

housing 120 is preferably made of aluminum to facilitate heat transfer to the coolant(s).

15 The open end of the housing 120 is partially closed by an annular plate 118 with an opening 132
through which the probe 104 passes. The annular plate 118 has an outer diameter extending beyond the
housing 120 and has a plurality of holes organized in an outer ring 130 and an inner ring 131. A plurality of
connectors 128, such as screws, extend through the inner ring 131 to attach the plate 118 to the rrousing
120. The annular plate 118 is mounted to the tank wall 100 by a plurality of threaded fasteners 117 that

- 20  extend through the outer ring 130 and thread into the tank wall 100. The fasteners 117 also extend through
sleeves or spacers 116 that space the plate 118 from the tank wall 100. The spacers 116 position the
housing 120 and flared probe rear portion 104b outside the tank 101, so that only the probe cleaning portion
104a extends into the tank 101. Also, the spécers, 116 isolate the plate 118 and the housing 120 from the
tank 101 somewhat, so that vibration from the transducer 140 to the wall 1.00 is minimized.

25 Within the processing tank 101, a support or susceptor 108 is positioned paralle! to and in close
proximity to the probe 104 (Fig. 1). The susceptor 108 may take various forms. The illustrated arrangement
includes an outer rim 108a supported by a plurality of spokes 108b. The spokes are connected to a hub
108c, which is supported on a shaft 110, which extends through a bottom wall of the processing tank 101.
Qutside the tank 101, the shaft 110 is connected to a motor 112.

30 The probe 104 comprises a solid, elongated, spindle-like or probe-like cleaning portion 1044, and a
base or rear portion 104b. The cross-section of the probe 104 may be round and, advantageously, the
diameter of the cleaning portion 104a is smaller in diameter than the rear portion 104b. In a preferred
embodiment the area of a probe rear face 104e is approximately 25 times that of a cross section of the probe

cleaning portion 104a. Of course, cross-sectional shapes other than circular may be employed.
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A heat transfer menber 134, contained W thin a housi ng 120, is acoustically

and mechani dh flequency of the energy applied toit. This structure produces a desired Standing surface wave action that
directs energy radially into liquid contacting the probe 104. In a preferred embodiment, the radius of the
probe cleaning portion 104a is approximately 0.2 inches, and a wavelength of.the energy in the probe 104 is

15  about0.28 inches. This configuration produces 3 to 4 wavelengths per inch along the probe length.

The probe cleaning portion 104a is preferably long enough so that the entire surface area of the
wafer 106 is exposed fo the probe 104 during wafer cleaning. In a preferred embodiment, because the wafer
106 is rotated beneath the probe 104, the cleaning portion 104a is preferably long enough to reach at least
the center of the wafer 106. Therefore, as the wafer 106 is rotated beneath the probe 104, the entire surface
i} 20  area of the wafer 106 passes beneath the probe 104. The probe 104 could probably function satisfactorily
even if it does not reach the center of the wafer 106 since megasonic vibration from the probe tip would
provide some agitation toward the wafer center. Advantageously, the length of the probe 104 may vary
depending upon the size of the wafer to be cleaned. Further, the extent to which the probe 104 reaches into
the tank 101 may be adjusted by varying the length of the spacers 116.

25 The length of the probe cleaning portien 104a is also determined by a desired number of
wavelengths. Usually, probe lengths vary in increments of half wavelengths of the energy applied to the
probe 104. In one embodiment, the length of the probe cleaning portion 104a equals thirty-eight half
wavelengths of the applied energy. Due to variations in fransducers, it is necessary fo tune the transducer
140 to obtain the desired wavelength, so that it works at its most efficient point.

30 The probe rear portion 104b, which is positioned outside the tank 101, flares fo a diameter larger
than the diameter of the cleaning portion 104a. In the embodiment shown in Figs. 1-3, the diameter of the
rear portion of the probe gradually increases fo a cylindrical section 104d. The large surface area of the
probe end face 104e is advantageous for transmitting a large amount of megasonic energy, which is then

concentrated in the smaller-diameter cleaning portion 104a.
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and 3, the heat transfer member 134 is cylindrical and has an annular groove 136, which serves as a coolant
duct. Smaller annular grooves 138, 139 on both sides of the coolant groove 136 are fitted with suitable seals,

i 20  such as O-rings 135, 137 to isolate the coolant and prevent it from interfering with the electrical connections
to the transducer 140.

The transducer 140 is bonded, glued, or otherwise acoustically coupled to the rear flat surface of the
heat transfer member 134. A suitable bonding material is that identified as ECF 558, availabie from Ablestick
of Rancho Dominguez, California. The transducer 140 is preferably disc shaped and has a diameter larger

25  than the diameter of the probe rear section 104d to maximize transfer of acoustic energy from the transducer
140 to the probe 104. The heat transfer member 134 is preferably gold-plated on its end faces to prevent
oxidizing of the aluminum, thereby providing better bonding with both the transducer 140 and the probe 104.
The member 134 preferably has an axial thi{:kneés that is approximately equal fo a multiple of the half-
wavelength of the energy to be applied to the probe 104.

30 An altemative arrangement for coupling the probe 104 to the member 134 is illustrated in Fig. 4.
Rather than bonding the probe end face 104e to the member 134, a vacuum grease is applied to the screen
141, and the probe 104 is pressed-against the member 134 by a coil spring 143. Vacuum grease is a
Viscous grease that can withstand pressures on opposite sides of a joint without leaking or being readily

displaced. In a prototype arrangement, the grease employed was Fomblin Perfluorinated Grease, purchased



Qut side the tank 101, the shaft 110 is connected to a nmotor 112. 30 The
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times that gdm AusiioRBSt Boffd, it e doMBndBbrP&ehe dFéRaARd e RRGE dpAfy &M@a a Wiiable
course, cross-sectional shapes ot her than circular may be enployed. -4 WO
03/ 064064 PeprtistPsPN®439 The probe 104 is preferably nmade of a relatlvely

i nert, non-cont a[mtﬁhaémtfbﬁlm@iﬂtoﬁﬁ 3, insBAtcd n@ﬁnnﬁuJﬂsémausun%wm Girctftd lh@'pﬁa[btﬁ!{ the
transm ts acou_st I C eneﬁﬁ{ge%-tgéﬂﬁﬁ e usi n uartz e i s satisfact ory
|

nmost cl eani PRysing H0Us g 146n\§h'¢ecﬁwéurm]mﬁl@teﬁw.s@moﬁ%‘r%do ae.p@tec% é'ﬂ"{ch
quartz. § huéonfgi':mﬁérﬂ%te%%‘p &tweéanpﬁuusuﬁg 12@ hAdl thePhate 187 *me%u sphﬁgrﬂ@ .sfbb&trohédﬁn

vitreous carbon, %ass car bon coat ed Elte or other suitable material s
et

may be 5 enfis@prandicemaresses h@Me%]UbﬁmaZe“AF@U apeeed portione) the robeolAfte 0T hitsy the spring
material thajs drdsds ¥R/ grond 1bbto%5‘r§¥h? Bé?1ﬁF’A15e‘ﬂ [See 1491l B bR RGP oue Pl | CON

nitride or vitreous car ari cal cl eani ng port

havi ng a smedillof e apring 443 thal au'ésthe alobezewﬂcﬁodmah&\e metahspengt 148 doesgghdamagecthe nusrtyy
al ong the | 0 04, I '
preferably E@%ﬁt‘ {Ialél Ig H‘% Qﬁtt@ 'f%hﬁf] égg‘h%e-m&l ﬂ)gn ca 5 ns?%s'tfo ooﬂ ag@%ﬁﬂﬁh g‘eh%ds@% 1%Ohe
megasonil@ ener gy Otherosfigutationsl fob gcousticalipeoupliag the probe D46 the dieat ragsfer memer d¥eare

di aneter is t t t he
engt h of + AEYBFofrbebRRETR B0 fin( et B 1Bk BT RL LR AR Diefgoe
portion 104ahereln thejprabe 104 iscadequiataly pieysicaithampdrtbbandanegdsenienargps effitiéndy fransxqﬁmmy of
t he energy plied,to.it Thi ructur.e produce desired standi ng surface
wave acti onﬁ@ﬁgbe ﬂ)éi‘s ‘Pﬁ‘eé?@."g PeREOUf ?@’e eﬂ?quSchg‘hl d contacting the probe
184 In a prefernethe &ﬁé)cfderﬂiwnﬂuctot \kkﬁerséi i ases, ﬂfhelttlliw cleaﬁr@bﬁ;assbt&aiﬂWﬁgs mcm%e‘, BN
104a i s _gpproxi mat nches, and a.wavel e ener in the
orobe. 103 1 Mo A soRReee o5 B iAot A o L i VB R b e
wavel engt hS AxerhicanGadior efere ohethep Erdksto be Eigkink is placed on the support 108 within the tank 101.

The wafer 106 is positioned sufficiently close.to the probe 104 to create a meniscus of fluid between the

probe and the wafer and so that the agitation of the fiuid between the probe 104 and the wafer 106 loosens
. particles on the surface of the wafer 106. Preferably, the distance between the probe 104 and the surface of
- 20  the wafer 106 is in the range of about 0.1 inches.

The motor 112 rotates the support 108 beneath the probe 104 so that the entire upper surface of the
wafer 106 passes directly beneath the vibrating probe 104. The rotation speed will vary depending upon the
wafer size. For an 8" diameter wafer, however, preferred rotation speeds are from 5 to 30 revolutions per
minute, and more preferably from 15 to 20 rpm.

25 Longer cleaning times produce cleaner wafers. However, shorter cleaning times increase
throughput, thereby increasing prociuctivity. Preferred cleaning times with the preferred embodiments of the
megasonic probe energy director are from 5 seconds to 3 minutes, and more preferably from 15 seconds to 1
minute.

When the piezoelectric transducer 140 is electrically excited, it vibrates at a high frequency.

30 Preferably the transducer 140 is energized at megasonic frequencies with the desired wattage consistent with
the probe size and work to be performed. The.vibration is transmitted-through the heat transfer member 134
“and to the elongated probe 104. The probe 104 then transmits the high frequency energy into cleaning fluid
betwlaen the probe 104 and the wafer 106. One of the significant advantages of this arrangement is that the
large probe rear portion 104d can accommodate a large transducer 140, and the smaller probe cleaning

35  portion 104a concentrates the megasonic vibration into a small area so as to maximize particle loosening
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The probe cleaning portion 104a is preferably | ong enough so that the entire
surface area of the wafer 106 is exposed to the probe-104 during waf er '
cl eani ng. ¢“§(ﬁferred enbodi ment, because the wafer 106 i s rotated

beneat h thgnb 088404, the cleaning portion 104a is prefer BEMPSPEMNEEnough -
to reach at least the center of the wafer 106. Therefore, as the wafer 106
Is rotated beneath the probe 104, the entire surface 20 area of the wafer

106 passes bepakiy. I"ﬁl{ffﬁ'é“t;ﬂ\*'@) briweep the prbe 1Qdrapthte waar 106 eiffeatively sensmitsthg enetay ieesess
sati sfactor Ill-{glémalﬁd‘a%'let%en' the ﬁ&b@?g@éﬁd tf{e%?e'ﬁ 3@ pro@idé f?\é dééfrecf é?é%m}’l‘@f/@sr ea&tpg’reasbfnce

megasoni ¢ vibration fromt tip rovide sone agitation toward

the waf er céetvaler 10A@m@9'&g élastpgqssys the mbe| 1%@1%9!@ fontofthe fiwdcbb@eqrdhp piebe 104angd the
dependi ng upag, ﬁ?%o@n?ﬁa es bif¥Re Y1 c@r&iu&& Er ﬁge@&\%ugﬁ% Rk wbn%tgtga\%tfr@mhet 0

whi ch the probe 104 reaches into e adj usted by varying
the | engbh omfetdudacepiedeosengd @rticlesmaythe cardadgwey hyfa conﬂwomﬂybéow;l eani ng portion

ondthe vary . ARANG: Sorort R i e WTARE o odRSR: RARkDRDe PR 7P

probe 104. idamage thedmisdaterafit While i uhlielgthit trwftramddmep‘rwlwm genesderanough peat toidamagk04a
equals thir th Lhe

var et ons. 1 opar At T, arvsRRlIReBRck of e SR PR b HE ot Tt Pt
obtai n the diementash maptelaietyiliby extremé teaerattresnohbrsfo@t coolart ispumbedethrbughitrertioustrgi nt .
30 The ob ear ortlon ch i ti oned outside the tank 101,
flares ﬁé aq&qtgﬁ%’ﬂ ?mF'ﬁt?eé?e#z‘ ‘{)Hefi‘ﬁe hﬁ&”&ﬁ‘ﬁﬁ@? of the cleaning portion 104a.
I n the enbodi mentA fisdt @uatant, preferatly a liquidsuch hewﬁteraimttreducaf infologe sidealrthepliusingd tROOT

t he probe gradu |nc ases.to a cylin ection 104d., The | grge
surface ared ﬁ{“ﬁépe"'ﬂ? e 2'5‘&“8“ %69}5’9{35 aﬁngbﬁﬁﬁ@tg@fﬂfiéf Pgpbef F@n@ﬁiegtsﬂﬁg a
| ar ge armuntoppafsnermalar&mwsw@nw@Mughmloﬁéhmgsm lmaéhuses:mh‘eemahaérmdmbmm«as ood
smal | er-di anet er cI eani rE‘:grtl 4a. -5 WD 03/ 064064 PCT/ US03/ 00439_The

probe base 6HRR! $@ ‘&B‘(ﬁ%ﬂgp thyan&f@a Bﬁ hedt may b%le%%ﬁomiur:ta%waé by the figyidhcoalank Thghi ch
physi caliky rfd/grR&Ylikgcah, dEcolc® la@reaciaﬁlane#ea by dhEngfig R SlowRie tandXdr temipBiaiture bf te cobBif.

probe end face 104e is bonded or glued to the
A second, optional, coolant circulates over the transducer 140 by entering and exiting the housing

120 through openings 148, 150 on the closed end of the housing 120. Due to the presence of the transducer
140 and the electrical wiring 142, 154, an inert gas such as nitrogen is used as a coolant in this portion of the
housing 120.

- 20 In use, deionized water or other cleaning solution may be sprayed onto the wafer upper surface from
a nozzle 214 while the probe 104 is acousticallyjenergized. As an altemnative to spraying the cleaning
solution onto the wafer 106 from a nozzle, the tank 101 may be filled with cleaning solution. in the spray-on
method, the liquid creates a meniscus 216 between the lower portion of the probe 104 and the adjacent
upper surface of the rotating wafer 106. The meniscus 216, schematically illustrated in Fig. 5, wets a lower

25  portion of the probe cross section. The size of the arc defined by the wetted portion of the cross-section
varies according to the properties of the liquid used in the cleaning solution, the material used to construct
the probe 104, and the vertical distance between the wafer 106 and the lower edge of the probe 104. The
vertical distance between the wafer 106 and the lower edge of the probe 104 is preferably about one
wavelength of the sonic energy in the cleaning solution. Using deionized water as the cleaning solution, a

30  quartz probe 104 and a distance of 0.07" between the wafer 106 and the lower edge of the probe 104, the arc
defined by the wetted portion of the probe cross-section is preferably about 90°.

_ The cleaning solution provides a medium ihrough which megasonic energy within the probe 104 is

transmitted transversely from the probe 104.and-through the meniscus to the wafer surface to loosen

particles. These loosened particles are flushed away by the continuously flowing spray and the rotating wafer



heat transfer nenber 134 by a suitable adhesive. In addition to the
adhesive, a thin metal screen 141 (Fig. 3), is preferably sandw ched

bet ween the probe end face 104e and the nmenber 134= The screen 141, with 5
“its small WO 6Y64064 | ed with adhesive, provides a nore perneqEUso300dIHat i on
connection than that obtained with the adhesive al one. The adhesive

mai ntains a uniform'bond line' by filling in irregularities on the surfaces

of thle prohgs. GM%nFt%GiQUi%Mﬂ_s ﬁhféﬂ%dtela?a_ l&e;ﬁah ahb@ﬂﬁfdﬁngm&\xﬁﬁﬁoﬁfa&éd tthcliSb%fScféntﬁfugal ]
irregularities w ot her wi se_be fi with air, ich wou i srupt the
transmi ssi of?"@fmﬁ&ﬁg%‘&ﬂeeggf?wwtp?%'ﬁ&ﬁe support to the probe 104, as
descri bed bel ow. Bdddusthie ébﬁ\B@ﬁlﬁls prédehtl cheClypical shicl vafe? H0EPAe AkhePRURIEEEHe MES bef
about 0.002 inches thick with pockets between

t he expanded netal type,,
flattened sﬁkmgngdfwfeawmwce%ﬁéo eAsHiRbatpene °‘r§'1%“e§%'Pl@é‘%Ft5r?&t‘gP1?%ﬂ- fsthegmayntel) a

U.'S.  cospapyer Bilideatb therdbE fOUAS in¥iaskd, teliodit bE&Rrgy fHansiERet M thesebeOf4 to the
0. 001 hi ck made b

beryl | i um copper, about 0.001 inches 't y various conpani es using

cheni cal i ©cEaVg-Sputior isdnseeased ane the Ampstiel eearay ratsfepdiimimibe pleaaing saluliprsie éhe welshber
134 are bot ' i Ay Wy Ay, ' I

oy ndr i cal S AREInBER At Bkt B b Bowey Sppiblio i dke RO 1 otV
annul ar r ecetentialiforawafes damagen favs, are ety of Wecraasings wafey demege iFHiedastease the pewsf er

rerber 134 iy EAdAnlanShid B inRTR 1Bl SinsrABPE uE GRAURAOT Of heat and

megasoni ¢ energy, such as nagnesrum 1e arrangene lustrated in Figs.
2 and 30 the hedesting hasske showe mbwavertbat rédycing\appliadi paweainayanetibelthesbestrsolaion dd the

136, ' ! . |l e ,
756 on ot h "ol ElhagEobERh. Gl ERBNEAbtod Wi maP i ites BN RLIAN AR Rudd; |
20 such as Gimplyrmgduciid applidd3 powen ini arddr d¢ elintifete waferl dantagey ndatey e ess tvensitilef cleaning
interferi ith t | ectrical ' to th d 4 h
e er 0 gl B LG b BN e B S R B D I
rear flat swbroadst engefof ddeetharembbebssamisy teat beginsivadamagdvafesds abernlyt @M. e bondi ng
mat eri al,.i s that

e s S g AT o PRy et AR AR e gtafe
a di amet er lcentgef the bylitidnedn plolee10di Jreeiatem offsoidweavp emissiorr fva thes groiei 104 pradlbeb thio
mexim ze tr %vg e]; garmagt;c pa grg.u éria%irceu are 6r8% c];orsgsne]ct%on,ewatvgsaerr]n%ﬁé{g reaElially, or perpendicularly from
all points on the circle. Therefore, waves emanating from near the bottom of the circle strike the wafer
surface at or near a ninety-degree angle. These normal-incident waves strike the wafer surface with the
- 20  greatest intensity, because their energy is spread out over a minimal area. The concentration of energy in a
relatively small area may damage the delicate components on the wafer surface.

Waves emanating from points along the circle that are spaced from the bottom strike the wafer
surface at more shallow angles. The energy transferred to the wafer 106 by these waves is less intense than
the energy transferred by waves that emanate fror'ﬁ at or near the bottom, because the energy from these

25  wavesis spread over a larger area. For each wave, the further from the bottom of the circle it emanates, the
more shallow is the angle at which it strikes the wafer surface and, hence, the less intense is the energy
transferred to the wafer 106.
These shallow-angle waves generally provide sufficient intensity to effectively clean the wafer
surface without causing the damage that is characteristic of normal-incident waves. Thus, one preferred
30  embodiment of the megasonic probe energy director involves creating a barrier in the energy transmission
path that reduces the energy transmitted in a desired area. Such a barrier may be created by inserting a
coupler 222 including a gap 218 (Fig. 6) between the heat transfer element 134 and the probe base 104d.
The ;;ap 218 hinders the transmission of megasonic energy to the probe 104, thus altering the pattern of
sonic wave emission from the probe 104, Preferably, the altered pattemn has lowered cleaning activity

35  produced by normal-incident waves relative to shallow-angle waves. Desirably, however, certain portions of
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140 to the probe 104. The heat transfer nmenber 134 is preferably gol d-pl ated
on its end faces to prevent- oxidizing of the alum num . thereby providing
better bonding with both the transducer 140 and the probe 104. The nenber
134 pref er M 93/06#64an axi al thickness that is approxi mat el PCEFJSa3/00480 a

mul tiple of the half- wavelength of the energy to be applied to the

probe. 104. 30 An alternative arrangenent for coupling the probe 104 to the

menber 13;1 i the doupler202 allow thebasoric €herg to tralRaintbethe prbmmornoml{s Nige thé Gead transfer elebnf ace
104e to the

er a_vacyum e is | i to the 141, and
t he probe 10{4?43 e o9y égds aﬁrﬁﬁ% gﬂgeadﬁ@ %@3‘3%380088?“(’" %meféa?ﬁ'geh%cuum
grease is a suws(ammmlgbmﬁestuhaforaamem t hst and pressures on opposite s| des
ofajointvvithoug El readi | %4 c I n a_protot
arrangenent, the 'dFe @gﬁﬁ qglvﬁ.rgtraieg "F‘i‘P' E‘ ‘ﬁ%@?&%&%@@m&%&%d‘ eelor. In
purchased -fg. mtm%éﬁﬁﬂofmﬁ fs@%% N spided ﬁéﬁdﬁbeﬁ%ﬂre@rﬂhg @f, aPsHnbigtcBupler bl iy -
The conbi nation of the gf‘eh ase and the netal spri nm\provr ded a reljiable

acoustic coufiippssg betppent eéht?ﬂﬁ?’r?@ﬁle“tdra" andghe probe; 184+ Ehecrouer 224 inglydas) a cirwlar

housi ng 120 didseeiBli/a éetrdl B&hoﬁ'ﬂﬁfe@f Fiircdidr fecesd Q485thuddrehid®a bsp BERMET £ rﬂoﬁ oﬁhé' ng
147, which is in turn nounted by standoffs 145 to the plate 118.

confi gur at i oipakifaasiar glement @%@pﬁ"ﬂ)éf’%@@ﬁf theyprobg S0 fRseg1 0462 hlaﬁt&ul@wecepﬁr 48 elthm@ntanme
coi | spring J¢3uin® 3pe&ﬁnédlvrm%r# of dther BisS \zaamma@gd GREP4E goobeanum& dhRoRbAd ©

118 and the tapere portion of the probe Thus, sprin 143 presses
t he prob¥) 10erelgpwhsg as fiig. 7@éh«werﬂ1q@ergaswcr@re|séap tﬁV@@wromgtghe @n@l @m@ﬂ@bﬂwheat

t d 4
Phat the met (i chentigh oo Qhorkd'd vitut ek phclElos FEbfach chf B 08 i Hitpr 161
enbodi ment oslmllarlg in tth copfiggratianiotEig. 70, cambsnaoed coaer 222 qzteadmglflomém heat transfsr element
the h ' ' f qr. ' i b
104 ot he nig s St ER%bAYKHoh Al Bl BN Anst SEANE 14 i 0
104 may be clitape thajcoumme222ela1d)ckingﬂammégasonicwa\tednansnﬁsdion Wetween thedeiagas. at | on

\gﬂg; Siyni ﬁq g f ]Plr gP g nqisoéa—bcf glﬁsqrﬁrg u[}%igre%f chQ’ s%&t%ﬁ%ll lsNapgsu %P(ﬁlret c%gple‘? %.m%gsé)atﬁcceach
resemble a pie with a missing piece, thus creating a gap 219. In the assembled megasonic energy cleaning
apparatus, this gap 219 is preferably located at the lower extent of the probe base 104d. In this
configuration, the gap 219 blocks the megasonic waves that would otherwise be transmitted to the lower
edge of the probe cleaning portion 104a. The pattem of wave emission from the cleaning portion 104a is

- 20  thus different from the radial pattern that is characteristic of the prior art device described above.
Advantageously, the amount of normal-incident waves is reduced, resulting in decreased wafer.damage.

The shape of Fig. 8d is substantially elliptical. A major axis of the ellipse is preferably oriented
vertically. Similarly to the cross-sectional shapes of Figs. 6a-6c, the elliptical coupler 222 alters the pattem of
wave emission from the probe cleaning portion, decreasing wafer damage.

25 Although the illustrated shapes are well-suited to decreasing wafer damage, there may be a range of
equivalent shapes that are equally well-suited. It will.be understood by one skifled in the art that the pictured
examples are in no way intended to limit the scope of coverage.

Similar to the prior art assembly of Fig. 1, in one preferred embodiment the coupler 222 is bonded to
both the heat transfer element 134 and the probe end face 104e using an adhesive. As Fig. 9 illustrates, a

30 thin screen 141 is preferably sandwiched between both interfaces. The screen 141 both increases the
strength of the bond and makes the bond more resistant to damage that might be caused by the megasonic
vibration. in another preferred embodiment, the irterfaces between the coupler 222 and the heat_ transfer
element 134, and between the coupler 222 and the probe end face 104e, include a thin screen 141 and

vacuum grease to increase the megasonic energy transmission efficiencies of the interfaces. In this
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the probe 104 is within the spirit of ‘the megasonic probe energy director.
As the size of sem conductor wafers increases, rather than cleaning a
cassette of wafers at once it 15 is nore practical'- and | ess expensive to
use a cl eawbdngoesoptr at us and net hod that cl eans one waf er mir/@sobooms A
sem conductor wafer 106 or other article to be cleaned is placed on the
support 108 within the tank 101. The wafer 106 is positioned sufficiently
close.to th@muaarmﬁ tﬁ@d}oﬂe%@ié‘, Gr8dsBd a@arnamawarér m ahd tHé etua@rtzmgamétb@ hedd frHafer and
the wafer and so that the agl tation of | uid between the probe 104 and
t he waf er 1@1@1%@%@@ spiipg.i43a indlg. 6ﬁrhyw@er§urahlaé@a@w5t he wafer 106.
Preferably, the ﬁbtﬁér%ﬁ%orﬂﬁé nﬁrééeseam}ﬂrﬁ a&aﬂrerazzﬁl td A€ neat rdnerCeleient 139, th e
wafer 106 is in the range of about 01|nc The nmotor 112 rotates

suppor t 1086(1§élﬁfe?3?- may Ihﬁéeaé EQsIpEseeD integigl uriage feah@ ofihe heattrangies element; 1 34a Adace of thehe
waf er 106 phce Gl bALA sP 8BRS Bésathhl” D11, F BRAAEIM midifed B ALk
speed vm vary ependi ng up si ze. di aret er er,
however, pr poleuding suripest fegturehpvingraeses-segtian similayiie those of Figs. ﬂaeﬂdoln@mh@hsmlwdlmentrthm ut e,
and nore pr |

cl eaner waf géngtﬁ%&fetbée@?ﬂe;% c? r ?l é %Qc "ge};ﬂrrtlh%%f I'H? @%Eﬁpﬁ%?@%scg&le ntE%Q%ﬁ; o

t her eby i ncfoeeedifron thﬁr&a:ha@ieba/¢fm3ateri@raeft|®rheeﬁraosf@&lemerg 184. nHhe swaenh14ﬂ thet appedrer r ed
enbodi rrents I b 0 rom 5 seconds to 3
m nut es, n%eb@%Sper er a%fgmq:f'q? frgno‘i%o‘ﬁse’cg%ae%r[tm@ er% uef" When t he

pi ezoel eﬁt r| ct rm@mrvelemmdrmenebmcesm(rmad;hbwn)mqiacteeﬂme hdat trankferatemsnt84, ar 1i gh

frequency. 30 Preferahly the tr cer S e g

rooency o e R EE TRk e b daf BES DA Bt P b 00 R GineflT9BRS By
WOH:() to gi pEY; hawemsr,ds pr&?&ebly/lbdateahIs(ﬁrhrensdrsltarnwfﬁfﬂhthé &rdest)dm’r?g?ntrér:\bfer dieneht 134 sansf er
ne er 1 an to the, e ro 1 hen tran5n1t th

hi gh frequeﬁwqé%@rnavmrsrﬁhs SRR e Pios 10, TRl s Sty 4HEm AL
Yvafer 106b Gtmeenfa pdft{an of mgg\gaémfer ardmamwagafa aoﬁonrohbsmafrosengﬂmtmm Thesd OIt he
arge proope rear orti on can accom e a ar ge ran an

 he- srallh er coRIbYS ek sipjerslsruglans (dbe %S%OQHeaﬁrﬁgrwsrm%mﬂﬁgarg% ning
vibration i BéfonaiofdTehé pdbeid 56 Afle brheSTlYASIEr @EmERETH icoliEbel JRARGIIA Any of the cut-

out shapes pictured in Figs. 8a-8d, or any other suitable shapes not pictured.

Scope of the Invention
- 20 The above presents a description of the best mode contemplated for preferred embodiments of the

megasonic probe energy director, and of the manner and process of making and using it, in such full, clear,
concise, and exact terms as to enable any person skilled in the art to which it pertains to make and use this
megasonic probe energy director. This megasonic probe energy director is, however, susceptible to
modifications and alternate constructions from that discussed above which are fully equivalent.

25  Consequently, it is not the intention to limit this megasonic probe energy director to the particular
embodiments disclosed. On the contrary, the .intention is to cover all modifications and alternate
constructions coming within the spirit and scope of the megasonic probe energy director as generally
expressed by the following claims, which partir:ulariy point out and distinctly claim the subject matter of the
megasonic probe energy director.
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-7 WD 031064064 PCTI US03/ 00439 capability. Sufficient fluid between the
probe 104 and the wafer 106 effectively transmts the energy across the
smal | gap between the probe 104 and the wafer 106 to produce the desired

cl eaning. As each area of the wafer 106 approaches and passes the probe
104, the agitation of the fluid between the probe 104 and the wafer 106

| ooseWHARIS CLAIMEMIS:he sem conduct or wafer 106. Contaminants are thus
vibrated away fromthe 5 wafer surface. The | oosened particles nay be
carried away by a continuous fluid flow Applying significant wattage to the
- t r anbducn assgmblyciee elgaring @ dhisi GetrsubiteataRomprisig ch could damage the
transduce I I rate
enough nanrnitth bE pbjihiediBol S8 stbsbidbyf 15 HEARSGHRE sk hag AR
adhesligigd &apgliebsa iiﬁall/\mrbdt\heernhe hanslﬁ&exaaaﬂ theaibstra@ns ﬁemsc@ cfitkpid 534 may
be affected by extrene tenperatures. Therefore, coolant is punped through

t he h@ﬁ@ﬁh&ﬂ“ﬁgl@QG“W@“BE%P“Qﬂ@Sﬁﬁﬁﬁ%%a@§4 and, hence, the transducer 140. A
first co kS LNtk nto one
11t 20 i EAGIANE b s B er UGSl b ERAGRE T 0 or

duct ttafsmittiap mbghmmﬁhtatmnm the tmsﬁneer thitigh alnctranshiitérite theoqubstsdté,ehend of
the housing 120 through the openi ng 146. Because the heat transfer nenber
134 h'a%nsgwa beipg epwrisd oone Fapsmittenin admamier [alifougle M SerHTEsIERt Ofay be

eas '%%gﬂ%gbgﬁ% ‘P‘ﬁ?’ tp%sh'lhtger th wvgntcdaﬁlagé‘l ?eTﬂﬁtejd%vfc@% &n Ble s%BQla'té‘@laPﬁE‘ of
course, be rea |Py altered by changing t oW rate andr or tenperature of

t he cabbantially direstiy barkattopht iomaimostmotian twhilerenetggtteasmitted to pertionsnfthacer 140
by enteri ntg gd exiting the housing 120 throgcgh openi ngs 148, 150 on the

cl oseldanspyiiga Pﬁg‘tﬁ%@“ﬁﬁnﬁﬁ@mtﬂﬁ‘ésf‘@s@ﬁgeb‘l‘% nce of the transducer 140
and the electrical wiring 142, 154, an inert gas such as nitrogen is used as
a coolant in this portion of the housing 120. 20 In use, deionized water
or other cTleassemblyoif atairor, mejuding 5 gapainable Dmismissien pah.ahe pgpbeingalignrede from

| |
g| tn gfﬁnl&g thpég\fv%pe Bé;!t]lﬁa plrf ﬂ'@eta})géﬁiqi 6(? gt(t)e%%gtle%l?e m)égaesggircgenéregc)if traﬁgmltted to the

lowermost portion.

3. The assembly of claim 1 or 2, including a barrier to the transmission of megasonic energy in

the transmission path that attenuates the energy transmitted to said lowermost portion.

4, The assembly of any preceding claim, including a support for the substrate; and

a source of liquid to be applied to the gap between the substrate and the transmitter.

5. The assembly of any preceding claim, wherein said transmitter includes a rear face which is
coupled to said transducer, and the rear face is configured so that megasonic energy is not
transmitted from the transducer to the transmitter in a portion of said end face so as to attenuate the

energy transmitted to said lowermost edge.

6. The assembly of claim 5, wherein said rear face is generally circular, and said portion

comprises a wedge-shaped recess in said end face.
7. The assembly of any preceding claim, including a heat transfer element positioned between

the transducer and the transmitter and forming a portion of said transmission path, said element

being configured to attenuate the energy transmitted to a portion of the transmitter.

-12-



solution onto the wafer 106 froma nozzle, the tank 101 may be filled with
cleaning solution. In the spray-on nethod, the liquid creates a neniscus
216 between the | ower portion of the probe 104 and the adjacent upper
surface of the rotating wafer 106. The neni scus 216, schematically
illustrated in Fig. 5 wets a lower 25 portion of the probe cross section.
The size of the arc defined by the wetted portion of the cross-section

varies according to the properties of the liquid used in .the cleaning
sol ut $-on, Threassenllyiofny Beegeding slopn: including gireupleppesitiqned in the trasmission; cal

di st nak . . e
Vert A PR dngiel Bl e SRRkl ih MFouREOPefle RERREE Rt BeS |,
i s prafeegyatiodngmitivalid seiddowemwast porgiph. of t he sonic energy in the cleaning
solution. Using deionized water as the cleaning solution, a 30 quartz probe
104 and a distance of 0.07" between the wafer 106 and the | ower edge of the
pr obeg 104, ThRshBly ot Sfahi a0 whkrelifhe WBLAIE s BeAdAIBNe1Abti{d o RIAP Eng [s0SS- Sect i on
is preferably a outy 90. The cleaning solution provides a nmedi umthrough

whi ¢ hconfigasedito prodoee g pattart bf megisenprenbey txdsmssion tkzat sswtherettian a satksal paterhy
fromthe probe 104 and-through the neniscus to the wafer surface to | oosen
particles. These | oosened particles are flushed away. by the continuously
f1 OVl 1 SDARMCAAHiE PobE lhibIOIcShing nSulRARLAGARG: PCTI US03/ 00439 106,
Wien the liquid flowis interrupted, a certain anmount  of drying action is
obt ai ned t dtransghitterdhayvinigfappation $paced fromi vt clobely ladigoéd td e isulptantiabyfaf suoface he

waf er 6. ,Because the conmponents. present on.a typi,cal .silicon wafer .106 are
Fat eP! BEFHRTEE 5 G S5t Ao SPlIEEHO i TITRE AH0 RSP GUBELoE O oL o
that RANE iGbrhEEBRWEQPeMRANSMItRF EndRERIRMate end he amount of 5 power applied
to the probe 104 is increased, the anount of energy transferred fromthe

probe 104 awtansducasicoupledty theltiansmitte M 4 mannsa decteatapdranbmissionpath fthainer gy

et e R PO A8 L 2 o e BRAEP
gr eat ﬁlg mdABcuPRiBE buRtrate Qs nbEh ALindlasR SRved Hivgtly BRReAIR tHRAF 0B 104RE L8RS hitD

waf er damage is to decrease the power ] )
shallow-angle waves on either side of the normal-incident waves, said waves being adapted to

loosen particles on the substrate, the transducer being coupled to the transmitter in a manner to
reduce a ratio of the normal-incident waves to the shallow-angle waves so as to prevent damage of

delicate devices on the substrate beneath said lower edge.

11.  Anassembly for cleaning a substrate comprising:

a support for engaging a substrate having at least a first surface;

a liquid engaging the first surface;

at least a first source of sonic energy; and

at least a first sonic energy transmitter spaced from the substrate but in contact with the
liquid; wherein the first source applies sonic energy to the transmitter, and the transmitter transmits
the sonic energy to the substrate through the liquid, and the sonic energy is attenuated so as to

reduce the number of sonic waves that strike the substrate at or near a ninety degree angle.

12.  The assembly of claim 11 wherein the support supports the substrate in a substantially

horizontal orientation.

13.  The assembly of claim 11 or 12 further comprising a first source of liquid, wherein the first

source of liquid applies the liquid to the substrate first surface.
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supplied to the transducer 140, thereby limting the power transmtted to
the probe 104. 10 Testing has al so shown, however, that reducing applied
power may not be the best solution to the wafer danage problem because
reduci ng applied power may al so decrease cleaning effectiveness. Further,
sinmply reducing applied power in order to elimnate wafer damage creates a
| ess versatile cleaning apparatus. For exanple, a probe assenbly that can
safely, cl egn at | i.ed. r. | oags to 50 . Whas a broader range of uses
Chan B pr ol Sedibey S Bgrott He stStantesd onbiuis Reodhiy 15 W 15 As
illustrated schematically in Fig. 5 the zone 217 of greatest wafer danmage
is directly beneath the center of the cylindrical probe 104. The pattern of
soni clSwav el herassambdy of ampronenel qhaimisd 111d4winreid dloeBrst soric engigetrarianitiefds pat t er n.
For a circular probe cross-section. .waves emanate radially, or

per pesr‘fﬁftﬁ?ﬂaélylpﬁpaﬂlrﬁgﬁtﬁ%\?‘?"sﬂ?ﬁeﬁi@S 3% %e circle. Therefore, waves emanating
fromnear the bottomof the circle strike the wafer surface at or near a

ni nety-degree angl e. These normal -inci dent waves strike the wafer surface
wi th tthe Zthepsesmldsof any enpsofiqlaimsdd alfswharpiaiarpostien efithe firg sprigenergy over a

mninal area. The concentration. of. ener dn.a relatiyely || area may
AR T R it b R YR SR N e SR e e
points along the circle that are spaced fromthe bottomstri ke the wafer
surface at _nore shal |l ow angl es. The energy transferred to the wafer 106 by

t hesel Twav eEhe assqnell¥ of pmeerecoftdizims 1l H wheseigyhe fiesh sgnde ereagyiFaneviter ¢ hat
emanate fr a r.the bottom because the energy fromthese 25 waves
is sp?oéna{)&lsgs{/genrél%ggraé&ee?b%r ea. For each wave, the further fromthe bottom of
the circle it emanates, the nore shallowis the angle at which it strikes
the wafer surface and, hence, the less intense is the energy transferred to

the weker Tioasserpdy of slatm (1 duwherein & Peipaf darpbe igeqtiyadiagentshe sybsiratgfirst
i nteng fta%/%fngluggsfgg&ﬂs%g{ixlpp%lgsﬁatl Qleosg\@g&% . surface wi thout causing the damage

[
that 1S aracteristic o -incident” waves. Thus, one preferred 30
enbodi ment of the megasonic probe energy director involves creating a
barrier in_the ener transm ssion path that reduces the energy transmtted

gy 1t : y t
in a esi B aspeanbly otielain 15 9¢ 1 B avherpay a partiop o thesopir qngegyytranggpitier includes a
gap.

20.  An apparatus for cleaning a thin, flat substrate, the apparatus comprising:

a support supporting the substrate in a generally horizontal orientation;

means for applying a film of liquid to a first surface of the substrate; and

a sonic energy transmitter;

wherein the transmitter transmits sonic energy to the substrate, and the sonic energy is
attenuated so as to reduce the number of sonic waves that strike the substrate at or near a ninety

degree angle.

21.  The apparatus of claim 20 wherein the transmitter transmits sonic energy to the substrate

first surface through the liquid.
22.  The apparatus of claim 20 or 21 wherein the transmitter is formed of quartz, sapphire,

silicon carbide, silicon nitride, quartz coated with silicon carbide or quartz coated with vitreous

carbon.

-14 -



coupler 222 including a gap 218 (Fig. 6) between the heat transfer el enent
134 and the probe base 104d. The gap 218 hinders the transm ssion of
megasoni ¢ energy to the probe 104, thus altering the pattern of sonic wave
em ssion fromthe probe 104. Preferably, the altered pattern has | owered
cleaning activity 35 produced by normal -i nci dent waves relative to

shal | 23w anphecapparats. of@ag ohabf §lainhsPBIZE furthe £ESmaprisi 4 d@eSofdonic-éhe My

03/ 064064 PCTI US03/ 00439 the coupl er 222 all ow negasonic energy to travel

i nto $RBlegripHe tanamitickys, | j ke the heat transfer el ement 134, the coupl er
222 is preferably constructed froma material that is a good conductor of
nmegasoni ¢ energy, such as alum num or nagnesium for exanple. Figs. 7a and
7b schenmat Acadthod ofl dlesningd sibstate pomprisipg éhelstdpisiod: t he nmegasoni ¢ probe ener gy
director. In 5 Fig. 7a (the arrangenent aof which is shown in expl oded

per spect i v%lpi??‘é‘%giaﬁu?ﬁt’&.te]@ﬁv}ngaﬁlea‘ﬁﬁﬂlge SWERESl er 222 is disposed between the
heat transﬂ{}%[ i ésgﬂ%ﬁ‘iﬁté?h‘}eﬁ@fjs&ﬁgepr obe 104. The coupler 222 includes a
circul ar cyes 218 in a central 'portion thereof. The circular recess 218

t hus cr eatmevidingsp ldast mBeshsaurpoof soaic embrgyhe heat transfer el enent 134 and a
portion of thegpro?e end face 104e. This circul rﬁéﬁii 218 ej ther contains
a vacuum JPVidirigat (qaste {fst ponde presgy BansapittefspacedArqm girye bukingentagtor
poor ganqiRie of megasonic 10 energy. Thus, as Fig. 7a shows, the
megasoni ¢ waves 220 traveling through the central portion of the heat

transf er etrergizing I4firat wubdeadksenic ahenghicthereby applpingfsenicehengy o thydmnsmitterf ace
and never reach the probe 104, . Simlarly, in the configuratian of Fig. 7b,
2" ok shalbaRTHHE peRc S95ed dirael g veRbRVEHS e SbsrRE pbeh tedfaff: and 3
produces a,RhRysingahe SERAERILPH RELNAROnGNBL FisoRe WavBHthaPltrikdhehiBBtratd ANST er
el ement 134 and the probe 7T04 around the coupler 222, bl ocking the
megasanmear apinetytdegresringlsi on bet ween these areas. 15 Figs. 8a-8d illustrate
preferred cross-sectional shapes for the coupler 222. Figs. 8a-8c each
resenble a pie with a mssing piece, thus creating a gap 219. In the

assenpd ed TROASHOH of AR TY FEHIRRRbMPrisiAP BRI APUSE rofalihs tHEARIbSISAe hSthBNighRr abl y
| ocated at the | ower extent of the probe base 104d. In this
and sonic energy are applied to the substrate first surface.

26.  The method of claim 24 or 25 further comprjsing the step of reducing a ratio of normal

incident waves to shallow angle waves.
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configuration, the gap 219 bl ocks the negasonic waves that woul d ot herw se
be transmtted to the | ower edge of the probe cleaning portion 104a. The
pattern of wave em ssion fromthe cleaning portion 104a -is 20 thus

di fferent wooeaméedaes radi al pattern that is characteristic FCWERII/Pr4B3Dr art
devi ce descri bed above. Advantageous¥¥, the anount of nornal -incident waves
is reduced, resulting in decreased wafer danage. The shape of Fig. 8d is
substantially elliptical. A mjor axis of the ellipse is preferably oriented
vertically. Simlarly to the cross-sectional shapes of Figs. 6a-6c¢c, the
elliptical coupler 222 alters the pattern of wave em ssion fromthe probe

cl eani ng portion, decreasing wafer damage. 25 Al though the illustrated
shapes are well-suited to decreasi ng waf er danage, there may be a range of
equi val ent shapes that are equally well-suited. It will. be understood by

one skilled in the art that the picfured &xanples are in no way intended to
linmit the scope of coverage. SimlaR to ¥h® prior art assenbly of Fig. 1, in
one preferred enbodi nent the couple Zagg s bonded to both the heat

N

transfer elenent 134 and the probe exd e 104e using an adhesive. As Fig.
9 illustrates, a 30 thin screen 141 | ef erably sandw ched between both
interfaces. The screen 141 both increa the strength of the bond and nakes
t he bond nore resistant to damage that ht be caused by the negasonic
vibration. In another preferred enipdi , the interfaces between the
coupler 222 and the heat transfer ke ! 134, and between the coupler 222
and the probe end face 104e, include a§§&‘n screen 141 and vacuumgrease to
i ncrease the megasonic energy transm SR, ef fici enci es of the interfaces.
In this -10 WO 03/064064 PCT/ US03/ 004§& Jenbodi ment, the probe 104 is’
pressed agai nst the coupler 222, anq§t Jtoupl er 222 agai nst the heat
transfer elenmen® 134, by a spring 123 in Fig. 4, or by other suitable
apparatus. Rathersthan bonding or otNegw( ye securing the coupler 222 to the
heat transfer ¢l dment 134, the coupl NP2 may instead conprise an integral

surface featur 2R I Pa\\
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’ \ = RN \‘:.R} \
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5 heat transfer elenent 134 opposite the transducer 140 may, for exanple, be
machi ned to include a protrudi ng surface feature having a cross-section
simlar to those of Figs. 8a-8d. In such an enbodi nent, the construction of
the probe WO4HAH is sinilar to that of Fig. 9, except tHHAT/¥H&M3Upl er 222
is integral with, or formed fromthe’¥ane piece of material as, the heat
transfer elenment 134. The screen 141 that appears between these two
elenments in Fig. 9 is, of course, not present in this enbodinent 10 In an
altemati ve enbodi nent, a recess (not shown) in a face of the heat transfer
el ement 134, or a recess 215 (Fig. 10) in the probe end face 104e repl aces
the coupler 2. A gap in the heat transfer element 134, however, is
‘preferably | agated a sufficient distance fromthe edges of the heat transfer
el ement 13440 ®s not to conprom se the seals created by the 0-rings 135,
137. In eit odinent, a gap is created between a portion of the heat
transfer el eng 1 and a portion of the probe end face 104e. These 15
confi gurati ong\ Xte simlar disruptions in the pattern of sonic wave
transm ssi onzh\N he pgobe cleaning portion 104a. The probe end face 104e
or heat tr g RI\G 134 coul d bg @réﬁided with any of the cut- out
shapes pi cfure \\Hko§> 8a-8d, or Xother suitabl e shapes not pictured.
Scope of the | \ dents a description of the best node
er redyenbodi nent s\, o\ t he negasoni ¢ probe eﬁEtgy
mannem and procesN& nmking and using it, i uch

e exact terns as\to enabl e any pers skiMed in

Wi ns to nake and uge this negasonicegbobe ner gy
director. Th$§ megd X prob@ energy dirgctor is, however, suscep@gble to
nodi fications and alternate corstructions fromthat discuss q o whi ch

¢ I

director, and o
full, clear,
the art to

are fully equival gnt. &5 \Consequ ly, ist 1s not the intenti *mt this
megasoni ¢ probe ehergy &/li nector d\o®t he particular enbodime is sed. On
the contrary, the intention is to\cover all gy@\{ications an ternate
constructions comgy with\n\ g spi\ri¢ and scope\of the negasonic probe

s §eneral \y f?aé;ﬁggig.g‘ the folJ owi ng cl ai ns, which

ener gy directdg 3

particul arly psi ot <@nd Wi I\t he subject nmatter of the
N
~
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megasoni ¢ probe energy director.
cleaning a thin, _
above a substantially flat surface of t

-11 WHAT IS CLAIMED IS: 1. An assenbly for
flat substrate conpri sing:

atransmtter to be positioned
he substrate™so that when liquid is

appl i ed t oW® BPa1%4 gap between the transnmitter and the subREVH$W/O0439 neni scus

of liquidis
transducer coupled to the transmtter i
path for transmtting negasonic vibrat
transmtter to the substrate, the

formed between the tran¥f tter and the substrate; and a

n a nmanner to create a transm SSion
ion fromthe transducer through the

transducer being coupled to the
transmtter in a manner to attenuate the energy transmtted to a

| ower nost

portion of the transmtter to prevent danage to delicate devices on the

substrate that are
while energy transmtted to portions of
| ower nost portion is not so attenuated.
including a gap in the transm ssion pat

| ower nost portion of the transmtter to};

transmtted to the | owernost portion.

including a barrier to the transm ssion
transm ssion path that attenuates the e

substantially directly beneath the | owernost portion,

the transmtter adjacent the

The assenbly of claim1,

e gap being aligned wth the
nuat e the megasoni ¢ energy

e assenbly of claim1l or 2,
pgasoni ¢ energy in the

transmtted to said | ower npst

portion. 4. The assenbly of any precedi aim including a support for the
substrate; and a source of liquid to be plied to the gap between the
substrate and the transmtter. 5. The a$senaply of any preceding claim

wherein said transmtter
transducer, and the rear face is config
transmtted fromthe transducer to the

face so as to attenuate the N
~
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i ncl udes a rea

x

o

e which is coupled to said
fl so that megasonic energy is not
ytter in a portion of said end
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energy transmtted to said | owernost edge. 6. The assenbly of claim5,
wherein said rear face is generally circular, and said portion conprises a
wedge- shaped recess in said end face. 7. The assenbly of any precedi ng
“claim i ncVO@3/Ag0&* heat transfer el enent positioned bet wedT¥RF4PUnsducer
and the transnitter and forming a por¥1%n of said transnmission path, said
el ement being configured to attenuate the energy transmtted to a portion
of the transmitter. -12 8. The assenbly of any preceding claim including a
coupler positioned in the transm ssion path between the transducer and the
transmtter with the coupler being configured to attenuate the energy
transmtted to said | owernost portion. 9. The assenbly of claim8, wherein
the coupler is generally elliptical in shape and is configured to produce a
pattern of megasonic energy transm ssion that is other than a radi al
pattern. 10. A megasonic probe assenbly for cleaning a substrate
conprising: a transmtter having a portion spaced from but closely adjacent
to a substantially flat surface of the substrate so that when liquid is

applied to the transmtter and the substrate, a neniscus of liquid is
formed between the transmtter and the substrate, -Qg a transducer coupl ed
to the transmtter in a manner to create a transm gsi ath so that
megasoni c vibration fromthe transducer is trgnsmi tftd the transmtter

and is transmtted through the meniscus to tQe~substiratle as normal -inci dent
waves directly beneath the probe | ower edge, and “$hgl| gw angl e waves on
either side of the normal-incident waves, said waves |beijng adapted to

| oosen particles on the substrate, the transducer beijng |coupled to the
transmitter in a manner to reduce a ratio of the porjmall-inci dent waves to

t he shal | ow- angl e waves so as to prevent danmage of | delijcate devices on the
substrate beneath said | ower edge.
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11. An assenbly for cleaning a substrate conprising: a support for engaging
a substrate having at least a first surface; a liquid engaging the first
surface; at least a first source of sonic energy; and at least a first sonic
ener gy t r AMOIP/PGI8F4 spaced fromthe substrate but in cont adiCTI0B0¢4R

i quid; wherein the first source applqgh sonic energy to the transmtter,

and the transmtter transmts the sonic energy to the substrate through the
liquid, and the sonic energy is attenuated so as to reduce the nunber of
sonic waves that strike the substrate at or near a ninety degree angle. 12.
The assenbly of claim 11l wherein the support supports the substrate in a
substantially horizontal orientation. 13. The assenbly of claim 11l or 12
further conprising a first source of liquid, wherein the first source of
liquid applies the liquid to the substrate first surface. -13 14. The
.assenbly of Ia|n113 wherein the first source of liquid is a sprayer. 15.
The assenbl f any one of clains 11-14 wherein the first sonic energy
transmtter substantially parallel to the substrate first surface. 16.
The assenbly any one of clainms 11-15 wherein a portion of the first sonic
energy trans r is configured to reduce a ratio of normal incident waves
to shal l ow angl & ~<ves 17. The assenbly of any one of clains 11-16 wherein
the first sonic &gy transmtter conprises an el ongated probe. 18. The
assenbly of clai \MPEFEIH a portion of the probe directly adjacent the
Ssubstrate first 23S cludes a substantially elliptical cross section.
19. The assenbly o nf& or 18 wherein a portion of the sonic energy
transmtter inclugé :

\\
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gap. 20. An apparatus for cleaning a thin, flat substrate, the apparatus
conprising: a support supporting the substrate in a generally horizontal
orientation; means for applying a filmof liquid to a first surface of the
substr at e; Wanid/o6660ni c energy transmtter; wherein the trRIEEBOSII
transmits sonic energy to the substrat®¥, and the sonic energy is attenuated
so as to reduce the nunber of sonic waves that strike the substrate at or
near a ninety degree angle. 21. The apparatus of claim 20 wherein the
transmitter transmts sonic energy to the substrate first surface through
the liquid. 22. The apparatus of claim20 or 21 wherein the transmtter is
formed of quartz, sapphire, silicon carbide, silicon nitride, quartz coated
with silicon carbide or quartz coated with vitreous carbon. -14 23. The
apparatus of any one of clainms 20-22 further conprising a source of sonic
energy coupled to the transmtter. 24. A nmethod of cleaning a substrate
conprising the steps of: supporting a substrate having at |least a first
surface; applying a liquid to the first surface; providing at |least a first
source of sonic energy; providing at least a first sonic energy transmtter
spaced fromthe substrate but in contact wth the Iiquid; energizing the

first source of sonig enepof, thereby applying sonic gnerdy jo t he
transmtter; N S
D
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transmtting sonic energy through the transmitter to the substrate through
the liquid; and attenuating the sonic energy to reduce the nunber of sonic
waves that strike the substrate at or near a ninety degree angle. 25. The
met hod of ®Q9A62064f urt her conprising the step of rotati ngptigsefesisr ate as
the liquid and sonic energy are applisgd to the substrate first surface. 26.
The nmethod of claim?24 or 25 further conprising the step of reducing a ratio
of normal incident waves to shall ow angl e waves. -15 WD 03/ 064064

PCT/ US03100439 2/10 IIl~1 OO\~ O 1C W 03/064064 PCT/US03/ 00439
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