METHOD AND APPARATUS FOR CLEANING SEMICONDUCTOR
WAFERS USING COMPRESSED AND/OR PRESSURIZED FOAMS,
BUBBLES, AND/OR LIQUIDS FIELD OF THE INVENTION [0001 J The
present invention relates to the field of semiconductor wafers. More
particularly, the invention relates to a method and apparatus for Cleaning
Semiconductor Wafers Using Compressed and/or Pressurized Foams,
Bubbles, and/or Liquids. BACKGROUND [00021 Semiconductor
cleaning, chemical treatment and drying technology has been well
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techniques and more stringent performance requirements of the ultimate

design on the semiconductor wafer, the above processing techniques
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icron (i.e. better than 10 nm). [0004? Such
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expensive. Moreover, with the advent of more advanced lithography and
other technigues and more slringent performance requirements of the ultimate
design on the semiconductor wafer, the above processing techniques
available presently will soon be unable to meet the needed processing
requirements.

{0003] As above, with the increasing complexity of semiconductor
devices, semiconductér wafers are increasingly vulnerable to multipie
contamination sources. The sensitivity is due to the submicron feature sizes
as well as the decreasing thickness of the deposited layers on the wafer
surface. The minimum feature size being designed at present in dense ‘
integrated circuits is about 0.11 microns. This will soon shrink {o less than a
tenth of a micron. As the fealure sizes and films become smaller, the
allowable contaminant particle size also must be controlled to smaller and
srnaller dimensions. In general, the contaminant particle size should be about
10 times smaaller than the minimum feature size, therefore requiring control of
contaminant particulate matter to better than one-one hundredth of a micron
(i.e. better than 10 nm).

[0004] Such physical dimensions make the eventual product very
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vulnerable to latent particulate contamination in the environment, both in
the air (from the workers and equipment) and the materials used to
process the semiconductor. For example, most of the substances used in
the cleaning and chemical treatment processes, such as fluorides,
solvents, acids, heavy metals, oxidizers, etc., are toxic or otherwise
hazardous to both maintain and eliminate. Similarly, the high purity
deionized water (DI water) typically used in existing processes is
expensive to purchase and dispose of, as well as requiring specialized
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water and isopropyl alcohol may also be conduits for introducin
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surface. Moreover, as the semiconductor wafers are dried at the end of each
batch process so that they can be safely transported and stored safely, use of
isopropyl alcohol, a solvent generally employed during drying of the
semiconductor wafer, has become problematic due to its volatile emissions as
well as other reasons.
[0006] Substances other than DI water and isopropy! alcohol may also
be conduits for introducing contaminants fo the semiconductor wafer. The
contaminants on semiconductor wafer surfaces exist as films, discrete
particles or groups of particles and adsorbed gases. These surface films and
particles can be molecular compounds, ionic materials or atomic species.
Contaminants in the form of molecular compounds are mostly condensed
organic vapors from lubricants, greases, photo resists, solvent residues,
organic components from deionized water or plastic storage containers, and

melal Gyides or hydroxides. Contaminants in the form of ionic materials may
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metal odes or hydroxides. Contaminants in the form of ionic materials may
2 be cations and anions, mostly from inorganic compounds that may be
physically adsorbed or chemically bonded, such as ions of sodium,
fluorine and chlorine. Contaminants in the form of atomic or elemental
species may be metals, such as copper, aluminum or gold, which may be
chemically bonded to the semiconductor surface, or silicon particles or
metal debris from equipment used in the processes. [0007] Conventional
cleaning technologies used to remove these various contaminants
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effective o clean a limited size range of the contaminant particles. Another
well known problem of megasonic cleaning is that of cavitation, where
bubbles in the megasonic fluid collapse on the surface of the semiconductor
wafer and thereby tmpalt energy to the surface of the semiconductor wafer.
This energy may destroy delicateffine structures on the surface or may
destroy the surface itself when the bubbles repeatediy collapse at the same
location on the surface. In addition to these problems, such conventional
techniques may not be able to remove enough contaminants in the future.
10008} Another technology that may be used fo clean semiconductor
wafers involves using foam rather than a hard surface (brush scrubbing) or
megasenic waves fo contact the semiconductor surface. As shown in Figure
1, a semiconductor wafer 100, enclosed within an apparatus 102, has a foam
106 containing bubbles 108 and liquid introduced to the surface of the
semiconductor wafer 100 through a port 104. As the foam 106 decays and

drains fT'M'_Qﬁm the surface of the semiconductor wafer 100, the mass of bubbles
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106 containing bubbles 108 and liquid introduced to the surface of the
semiconductor wafer 100 through a port 104. As the foam 106 decays and
drains fifoom the surface of the semiconductor wafer 100, the mass of
bubbles 3 106 scrubs particles from the surface of the semiconductor
wafiééloo. Such a foam Pirocess may be improved to provide cleaning to
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the semiconductor wafer using an improved Toam process involving a
pressurized, or "jammed" foam. [0010] In a first aspect, there is provided
an &pparaliviMbiAtRdatment of a semiconductor wafer, the apparatus
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surfi%g of the semiconductor wafer to produce a jammed foam; and an
actuator to effect relative movement between the form and the
sent®&dfductor Weadirsyiaseent jagnenedioddedsan appatatisinhtthategrfhce
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surface of the semiconductor wafer. [0011] The form mafy include a platen
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structure may be a mandrel or a wheel. [0012] The foam may include

bubieEAR A T AR IER SERITRRSH o wafel while the jammied foam is in

contact with the surface of the semiconductor wafer to remove undesired
particies from the surface of the semiconductor wafer.

[0011] The form may include a platen disposed on the foam. The
platen may have an area at least that of the semiconductor wafer such that
the pressure is provided fo the foam over the entire surface of the
semiconductor wafer. Alternatively, the form may inciude a pressure
structure that is smaller than the entire surface of the semiconductor wafer
such that the pressure is provided to the foam in a local area over the
surface of the semiconductor wafer. Such a pressure structure may be a
mandrel or a wheel.

[0012] The foam may include bubbles having a diameter of at most a
largest linear dimension of the particles on the surface of the semiconductor
wafer. Alternatively, the foam may have a density (the number of bubbles per
unit volume) sufficient to permit the bubbles to be rearranged into a first
energy state when pressure is applied rather than rupture, in which the first
energy state is lower than a second energy state of the foam existing
before



largest linear dimension of the particles on the surface of the
semiconductor wafer. Alternatively, the foam may have a density (the
number of bubbles per unit volume) sufficient to permit the bubbles to be
rearranged into a first energy state when pressure is applied rather than
rupture, in which the first energy state is lower than a second energy
state of the foam existing before 4 the pressure was applied. The
apparatus may be configured to provide an additional layer of jammed
foam between the semiconductor wafer and the support. [0013] The foam
maiénolesiena Nepuiciimid b ubibles pidne tiguidhcbatainimgredchensicad an
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may be configured to etch the semiconductor wafer or a layer disposed
on tHBP&Emiconductor wafer, the liquid may contain cleaning agents
suifabtes}to clearhthiesemiepiduatos aferaod tebigyjdhaayiadudeinihg
lea?cﬂ«@_ﬁxig%il%{mﬁﬁ%@%ﬂ'un%%%&%%%& Bl AN AT AR e
ammonium roxide- hy&rogen peroxide-water mixture fypmaﬂ y
0.2y Ee (sefiised Kei e sDigBEMaHE weld-Rydrieyerdisposed
petgxide swatRbRitwesyRIcal kdibwmanshhibin TRedeamgaay inahide
bubbles-iha.coniain & eclive gas- (014} The actaior may be, .
con?igured {6 move the form White’a r{fog ion ' GHMHE dEmTcortuctst Wafer
is fi&ineieriTnd pdwiader Kiddy(slisudbet deafijured anvenicalnoisellidte

theferaysHeRbata Wistangahetwgenithe e m)and shespitageiebine-

semjconductor wafer is varied, configured to laterally oscillate the form in
e TSI SHE SERHIBARARCLS RS Y RTENFAEE RSbAll) Dlcitbithe
forihénfeapiunaditynofude hyidiad éhalivectimns eanfigured. to rotate the form,
or figured ta-mo form,in ity .of non-parall ' jons.
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: may Ired’to m
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laterally oscilf;gte the form in the plane of the semiconductor wafer, configured
to laterally os::ig;iifate the form in a plurality of non-paraliel directions, configured
io rotate the form or configured to move the form in a plurality of non-parallel
directions.

[0015} The acluator may be configured to move the semiconductor
wafer while a position of the form is maintained. The actuator may be
configured to laterally oscillate the semiconductor wafer, configured to
laterally oscillate the semiconductor wafer in a plurality of non-paraliel
directions, configured to rotate the semiconductor wafer, or configured to
move the semiconducior wafer in a plurality of non-parallel directions.

[0016] The apparatus may further include a container housing the
support, the foam manifoid, the form, and the actuator or may include a
channel through which liquid resulting from collapse of the jammed foam is
removed from the surface of the semiconductor wafer.

10017] The apparatus may further include a plurality of manifolds

configured to introduce the foam to the semiconducior wafer, one or more
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directions, configured to rotate the semiconductor wafer, or configured to
move the semiconductor wafer in a plurality of non-parallel directions.
[0016] The apparatus may further include a container housing the
support, the foam manifold, the form, and the actuator or may include a
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the semiconductor water while the semiconductor wafer is supported:;
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dem@nsiraig, these, sid other objects and advantages of the invention.
BRIEE DESCRIPTION OF THE DRAWINGS [0019] Fig. 1 illustrates a
view ' Eknown'feaiRligpia AREeforpdreiRy'es deswirionahvis RefedRthg -
apparsitugiaceesditipniore dystnspacireitite preseahtyiertionjdOQ2HoFigs.
3A %%g a%l? 0§ %Vé’f\{ﬁ%"‘{ﬁ Vg%lag bubbles before and after rearrangement in
an aspect of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Fig. 1 illustrates a view of a known foam apparatus.

[0020] Fig. 2 shows a view of a cleaning apparatus according tc a
first aspect of the present invention.

[0021] Figs. 3A and 3B show views of the bubbles before and after
rearrangement in an aspect of the present invention.

[0022] Fig. 4 shows a view of a cleaning apparatus according to a
second aspect of the present invention.

[0023] Fig. 5 shows a view of a cleaning apparatus according tc a
third aspect of the present invention.

[0024] Fig. 6 shows a view of a cleaning apparatus according to a
fourth aspect of the present invention,

[0025] Fig. 7 shows a view of a cleaning apparatus according to a
fifth aspect of the present invention.

[0028] Fig. 8 shows a view of a cleaning apparatus according to a

sixth aspect of the present invention.



[0022] Fig. 4 shows a view of a cleaning apparatus according to a second
aspect of the present invention. [0023] Fig. 5 shows a view of a cleaning
apparatus according to a third aspect of the present invention. [0024] Fig.
6 shows a view of a cleaning apparatus according to a fourth aspect of
the present invention. [0025] Fig. 7 shows a view of a cleaning apparatus
according to a fifth aspect of the present invention. OOZG%Fi . 8 shows a
vieWbTAlslaiir$ GPIRTHRINS QECOME MR NN B5iddt BREE present
invenligtHNpENTILED DESCRIPTION OF THE PRESENTLY
PR@@E@RED BODIIYI ONTS 002t7r1 The use 8f f?am in treating

se

uctor WaTersiS" SRANAGE0US foF & number of reasons, most

notabiatiiegabilisyeo areambiss oSieRrasofTSisRIRBOHOGABIIY AR SFt st

the 415608 l3r g RBYSICH dRtrasvaRat atadikehstosdestray dine il igieress
Furthermore, a foam-based clean k@Ptem is cq{fable gf removing

d cleanjng 6
mofB AT RS 1A U MAPR S LGHIRE CHP L SEn RGeS RS ticle
cousieanagincrease in successive processing steps. [0028] The process
of creating a foam is relatively simple: a suitable liquid is transformed into
foam by mixing a gas with the liquid. A suitable liquid is one in which the
desired foam can be produced and provides the desired chemical
treatment to the semiconductor wafer as the liquid phase of the foam is
substantially identical to the original liquid used to create the foam. Foam
can be produced by mixing of non-soluble gases, like air, or by
decompression of solutions containing soluble gases into the liquid. In
either case, energy is added to the mixture to form the foam. [0029]
Foams are in a metastable state when generated. This means that
immediately following production, the foam starts to decay, thereby
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essentially reproducing the gas and the original liquid. This decay process
is called draining. The rate of draining, called the drain time, varies
depending on the foam. For example, the drain time for foams having the
consistency of shaving cream may be hours while that of foams having
the consistency of shampoo may be minutes or less. The drain time can
be controlled by altering the type of liquid composing the foam and the
density of the foam, for example, as desired to aid in the treatment of the
semiconductor wafer. [0030] The foam may be created or stored in a

pressyrized enyironment. Once released from this pressurize
eV €5 oM A LGt g8 TACI (rough & hanole. e am
exPENES TYVORMPE AR spLTH SR lrErdt R IR HECtRaF I R P6aFmNg steps.
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solyen(}s irg thefligllgjia]matfcon@ct the semiccg'\rr]g]ug’tot waJer Hoyvgl\éer, the
foam 2ISo reduees thE Bx Ao e O the? SEnidondicior Wafer 16
colngivhinants iinvthisfchedigissat foaghcwnichitivg foadpivber bddes the

trapsipeeehioribs sepisandyoierwalesrRiiessrariesalRARRRS piuauen
the conduits. Foams._also exhibit thixotropic flowmerties, and thlrjﬁ% flow

belE RAEHE SRR ML P51 QLR GURRBSEHERG DI FERIS GHAMP 1o
shBvimg cresmpspread basilyingdordnigolshleaydset rEkaai, subbstantially
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generally acts like ,solid, having elastic properties. In addition, as the
WATSDIR S bBEeY A e BLPIPIYItR BEH2RE tension, the use of
liguoizaith lowoskitane iensiemandiiowaisevsityypesntepenelitatienraf
typi r jcat h | # , s vias
S e e
foghteadalelPRRdMereiin sRprartdtessioraphayieht dusiHgadaprocess is
gengetignirfiehas: iemperainiesans prassuedmmyebe-ndiistedaing
contipl e, foam compasition. ,or examble, e Hse of o puriiyguide:
e.g.waeter orc emlcasousecﬁ%r other types of chem arf reatments (f%r

exdIfpiE sterng)ainkedwsesvhte Bitbofiferiashofitadioavinigiasdeal
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Ofa gr?r%etﬂgzt@%'%e rgﬂ%&e c%%gggg%é%ﬂg i ognswuacnhd the density of the foam, for
example, as desired to aid in the treatment of the semiconductor wafer.
[0030] The foam may be created or stored in a pressurized
envirorrnent. Once released from this pressurized environment, e.g. from a
storage facility through a manifold, the foam expands in volume. When
applied through the manifold to the semiconductor wafer, such afoam
reduces the volume of reactants and solvents in the liquid that contact the
semiconductor wafer. However, the foam also reduces the exposure of the
semiconductor wafer to contaminants in the conduits through which the foam
has been transierred to the semiconduclor wafer as less material passes
through the conduits. Foams also exhibit thixotropic flow properties, and thus
flow best under shear. Some foams, such as those having properties similar
to shaving cream, spread easily under high shear but remain substantially
stationary when the shear force is removed. Under low shear foam generally

acts lik€ golid, having elastic properties. In addition, as the walls of the
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as soaps, detergents, isopropyl alcohol, nitrous oxide, isobutane, or
carbon dioxide may also be added to the liquid when forming the foam.
Additionally, as foaming is better at warmer temperatures due to the
decrease in surface tension, the temperature of the liquid used can be
adjusted to optimize foaming behavior. In one embodiment, the drain time
of a suitable foam may be less than one or two minutes. Accordingly, it is
possible to use relatively fast-draining foams. In fact the use of somewhat
fast-draining foams may be desirable in that few, if any, additional such

foams avaichthe need fpliaddiional measurss Jﬁer%mg Rl JOORZ] The

technigue suggested to clean the semiconductor wafer, as shown in Fig.
1, hEg'BeeiPts MRl dets Sty esratiemiafiaten i (e sabrbivBtherwise
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foam 16 is disposed on one_or both sides of the semiconductor wafer 10
(as SABNDA il REHYTPL- GHBAR Lidrapanilho! sedHAembiiase fFpagRpuch
sermicergucidrieraters, isayrbegy bated, using theidenibodimensofdien

PregRRidDYRRING, 0L SXamRlanSHEaR wﬁ%ﬁhsrn% URY; &Hb%@%ﬁ%gny,

[1-V or 1I-VI compound semiconductor substrates 0034(]) In general, the
botfSrPBRdh A RGeS PR Bl R Yt s<infEBRMR Rt GH g r
10 {srdisposrdewipetbesdonmeaxisis @weaalard be dapied G sligpased over

S“Qé%%ﬁa'%ﬁ‘ae iSPUe suriace of the Semiconductor, wafsr, 19 pn which it
is presen?. e foam canet_)e applie anqgspr_ea}d on%y any approp_riately
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fast-draining foams. In fact the use of somewhat fast-draining foams may be
desirable in that few, if any, additional such foams avoid the need for
additional measures to remove it.

[0032] The technique suggested to clean the semiconductor wafer, as
shown in Fig. 1, has been to immerse the semiconductor wafer in the foam or
otherwise allow the foam to move over the surface of the substrate through
decay and drainage. Decompression of the foam during the drainage _
transfers energy to the surface of the semiconduclor wafer as the bubbles
collapse. However, this technique releases too little energy when the foam
bubble collapses to remove the contamination from the surface of the
semiconductor wafer.

[0033] The embodiment of the present invention illustrated in Fig. 2,
however, uses a so-called “jammed” foam to clean or otherwise treat the
semiconductor wafer. In this embodiment, the semiconductor wafer 10 is
disposed between two platens 12, 14 and foam 16 is disposed on one or both

sides ©f the semiconductor wafer 10 {(as shown in the figure, on both sides).
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pressure is applied to the foam 16 through the top platen 12 and perhaps
bottom platen 14. This pressure creates a jammed foam 16 that transfers
energy to the semiconductor wafer 10 primarily through the
rearrangement of the bubbles in the foam 16, rather than primarily
through the collapse of the bubbles. The manner in which this is believed
to occur is: as the pressure increases, the foam first enters a metastable
high energy state in which no rearrangement occurs and then, at a critical
stress level, the foam relaxes into a low energy state in Which the energy

is released not by the bubbles rupturlng bLéI by rearran e bu bles.
Erll i

(0098 A& e Dae BRI HEC H &R 'n%ye?e
thien&mdszlmsreatﬁ@asasammmmommknmﬂhesmﬂﬂmmmhrcﬂmesé\(s

deQ@&‘#&f&sO&}?hﬁ/'w%%&%%&@%mmcwb@g%ger as typically

bubbles 10-50 pm in diameter may be used to treat the semiconductor
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adghammamﬁthﬁ)de;@mtw ofithesfeseyjsviethenfalipgeaidty avilpulTthefdubbles

apagtenidupiyS e RIS e XrachdnpdErRR lgare able

to be reaPrang ermore, as smaller bubbles are more stable than

largelersiibpleviebvtdg esevhnT Datoam e PRGBBIES B SHREHER e
tre@#m@éﬁr@fm&@ﬂ@éhy dneraasing thenprmpearnidubliashbemgniform

rearranged at the erface. [0 er |, the upper surface of the

o RO LR RIEEP 0 e e G 0o T

clezutiony matﬂ!héécﬁémlmssre@mms Thesmietbvemsiiies Errpers

59%&%‘9% %‘érs‘é’ﬁf%rﬂ&%ﬁ%}@@ 1@&%@@5@%&5&%@ hettemdeiaien 44
be removed an laced with a 9 fixe éj g_gppo t&b ucthlre tha {nerely
Tl %m‘?cfé’ﬁabi?of%rﬁeﬁh%‘g L) ?ﬁﬁ}b Vide pDressure to

th@tﬁarmgofﬁdamnenmfmrvﬂfﬂcﬂnmhls taleyathéo foam B6andyeroebeire

cispasedaniada erSuiRse olbe SEmiSRndURIRG, waler ik QiTlieno

supportlng surface may be statlonary or moving, similar to a conve

belEeTRBASIARH OffeEh il B1e0aat BeCtbiGHled g ahy EUiRaBIE ve&ﬁ% Hup
thatlisvstrengyenad ghioidithstandrenargycisasterred tosthelpiEten by

rupturing, but by rearranging the bubbles.

[0035] As the foam becomes jammed, the foam layer gets thinner and '
thinner until it reaches a minimum thickness. The minimum thickness is
dependent on the liquid and gas components used, hoWever as typically
bubbles 10-50 pm in diameter may be used to treat the semiconductér
surface, the layer thickness may not be less than the bubble diameter. In
addition, if the density of the foam is too small, gravity will pull the bubbles
apart and rupture the bubbies before they reach the interface and are abie to
be rearranged. Furthermore, as smailer bubbles are more stable than larger
bubble, providing a foam with smaller bubbles may enhance the treatment
efficiency by increasing the number of bubbles being rearranged at the
interface.

{0036] In general, the upper surface of the semiconductor wafer 10
contains the patterned structures that require cleaning or other chemical
treatment. Thus, if lower surface of the semiconductor wafer 10 does not

require“‘*;;eatment, the bottom platen 14 may be removed and replaced with a
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the repeated exposure to the collapsing bubbles. [00371 A typical
rearrangement is illustrated in Figs. 2A and 2B. In Fig. 2A, the foam 16 is
disposed on the surface of the semiconductor wafer 10 without pressure
being applied. Figure 2B shows the rearrangement of the foam 16 as
pressure is applied (the platen or other pressing structure is not shown in
this figure). As can be seen, energy is released when the foam 16
proceeds from a higher-energy, more disordered state, to a lower energy,
more ordered state. The spherical nature of the bubbles shown in the

fig x%sd %gnds tomr} Hpee t oa{gn Q9 re% conéa(g;l%inevlafer 1
close- pacf<’88 ructure. &fﬁ IPRW reatment process using t erfoam
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contrsft @m&%gr‘%i?&mﬁ &5 5 68{1e Fnerl §agELS!
semicoaghrdiol. \A?ﬁfetpkajeﬁaceeMWncmﬂrbﬂéd@ﬁﬂngﬂpmlsewt@ble
Permiting the fEmiGNaHEIoR WAIRHLR AR MIBP L FRIBAUING U8 fRaBh AN

leave the contaminants removed by the foam or unwanted residue and
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recyihegiafessvieemscpolied JOnecksROhRRATEEAPRESdants
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one or more forms 22, 24. In the emhodiment Ofgfl?ﬂos%ﬁ rH_(I:ture
et
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cover
additional liquid chemical rinse before the DI water rinse, for example. The

%}rtoa

remaining DI water may then be removed in a conirolied manner by applying
nitrogen or other inert gasses to the semiconductor wafer surface. An
uncontrolied drying process, i.e. permitting the semiconductor wafer to dry
without removing the foam, can leave the contaminants removed by the foam
or unwanted residue and chemicals of the foam itself. Further processipg can
then take place, and, if desired a new foam may be later introduced onto the
surface of the semiconductor wafer, The new foam may have the same or a
different chemistry as the original foam as appropriate. The foam is generally
not recycled after it has been used as it contains contaminants and resultants
of reactions with the surface of the semiconductor wafer.

[0039] Although the platen shown in Fig. 2 covers the entire
semiconductor wafer, thus supplying a uniform pressure to the foam, pressure
does not need to be uniformly applied to the foam. As illustraled in the

embodiment shown in Fig. 4, the semiconductor wafer 20 and foam 26 is
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substantially the entirety of the surface of the semiconductor wafer 20 to
which they are opposed. Similar to the previous embodiment, only one
form may be applied to the semiconductor wafer 20. This single form, as
the single platen, is disposed over the upper surface of the
semiconductor wafer 20, where the patterns that require cleaning or other
treatment are present. Although not illustrated in this embodiment,
multiple forms (platens, rollers, etc.) may be disposed on one surface of
the semiconductor wafer 20. [0040] The foam 26 in the embodiment of

Figy4,may pLmay, 8L be (dispRsea %,eﬂh%?ﬁ%r%b%m%ﬁ%?%  9f the

semiconductor wafergz%? In the latter case, the foam 26 may be disposed
overesaaiatpdaibie rafeasfranuetc-wam Paditn& (g prEgce of
cleabisghocdreatientidhe prnsB hebrmaphemaveantaciosstbss in

S“%ﬁ%cem 10 SSTionauglorwalen 20,4t IPast ONee:onRack ane J@JQP- I
mu |p?e orma exist, Slither over the same SUMTACE or opposing surfaces of

thesdesisebrddetomiaie ofthe ffssntdyhssapvandisiepssttedface(s)
of thesandigandygiosmaleniNiseR prSRRA althhdsefesiglorSorm

shown, the forms 22, 24 may be mandrels, rollers, wheels, or any other
o b ST Tt DR W RS o Bele ek e e
20pTatens [ fosasoveayiseufiatoswinve df [De4tivotsthiar vpldforms
m%é#é@r#%?@@é‘:% fisimplsraentinmg dasdrimealmadditiopdhgtime

needed to clean or treat the semiconductor surface may make an impact
oniRRAR e dYSIRISS i HEbaRelcaudiRte SRS R RIS
needgadnay hardapdiad of contantavitvhibh predsurductn Wafens®d and thus

theforp can f%@h%g@ tggtimﬁ@e NVGETSGIYr iER 1PRGITE S, TeaYiEed,

flat surface is proba ter. In addition, If the drain time Is Ttelatively

faslisapsereaisaihe CotaMen inmiiane ridms frmisonisieaeiened- In

sefmécanducios, wafesas 26ligeidh ¢ deig vreoily steatesisiedn@eaner in
which.the foam 38,is ed and moypd. In this fiqur [y e
CeERDRn S8 REC A0 e o LR e s

thaptikiplevsreaggrs Hieueitipes maeprertisenducdosmaien 4heatdeagn 32
hasngubiplec-halesidith. 36 daimed thatexienbither over the same surface or

opposing surfaces of the semiconductor wafer, the forms may be moved
across the sutface(s) of the semiconductor wafer in unison or separately, as
desired. As shown, the forms 22, 24 may be mandrels, rollers, wheels, or any
other pressure structure that covers only a portion of the semiconductor wafer
20. Thus, the forms may be flat or curved.

[{0041] Note that curved forms may also be easier to implement than
flat forms. In addition, the time needed to clean or treat the semiconductor
surface may make an impact on whether the form is flat or not. In this case, if
only a short time is needed, a narrow line of contact with high pressure can be
used and thus the form can roll along the foam. Conversely, if a long time is
required, flat surface is probably better. In addition, if the drain time is
relatively fast, any reactant contained within the foam will be applied to the
semiconducior wafer as a liquid.

[0042] Figure 5 illustrates one manner in which the foam 38 is formed

and mﬁg@d. In this figure, only one pressure structure 32 (shown as a platen)
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through the platen 32. Through at least one of these holes 34 (a foam
manifold), the foam 38 is introduced to the surface of the semiconductor
30 and through at least another of these holes 36, the foam 38 exits from
the semiconductor surface 30. The foam 38 may be deposited from the
entrance hole 34 towards the exit hole 36 through drainage or, as shown,
through the use of a non-reactive gas such as nitrogen. The nitrogen may
push the foam 38 that is located on the surface of the semiconductor
wafer 30 towards the exit hole 36. The movement of the foam 38 along

Wi”?é%éﬁ?t@&ﬁgﬁ%Bénﬁ%?fe‘%’r},’ s %Rligﬁg é’ﬁ%%%#‘é%t‘r‘b%?gﬁg"r@g i 3&3

the semiconductor surface 30. vacuuﬁm or other pressure
may il apsie e tHe Slataiole Bes twybie BatefoiimB4srmsLifphorehde
decpropiessedinansto exitdigmdheasesisenductonausfasqsakhe holes

34,361 b Siti d at a ojnt along the en 32, but ar
o EoIN RORIAER M ANEYTS AN S BELER N Ao a0

of tAedsERiégnauenst suptheeddhedquicies 3 phtiéenth isughtefeosntiance

o ScHitn ARt eAldNs SIeRIGANOUIE 13 dopaniDe fommEiliel
|g r Jiystra an e Iment In wnicn e 10am Is prese (0]

e e R e e VAt A TR A R seioh 1
surfseechndpressciicegiasciuch asenmigshowhy: Woageiddy pisbdbeddito
thespIRIANAZAAE LU SURRAE) B \ONR SRIDISIWMEIOINBIGS: 40 (hging

disposed on the foam 46. The semiconductor wafer 40 is then placed on

thré"é‘%‘?‘?%?@'s?@ﬁd@%&%?‘i‘ﬁ@@ﬂ%ﬁ?ﬁf‘h@ HREGYARIE S P arERgEMEEI in
sizeaaswtislyape appdiakieaskirenithesuppest AR dhxonighr ithecfoasariife

Ongg. tﬂ%%BPQM%%&Q’s%@%A_&%&ﬁﬁ%Irﬁ%(%ﬁé%%%ggﬁagﬁﬁﬂ%ﬁmﬁcﬂé%

the stands 44 may be retracted into the supp ! )
serfidBitgUbRCRART 20 BRrtHBdSiRPAB FassdarBiaIasy EPBrtam
mayehecappliegite diteceBposing Heikiaee abthe ppaieemddstpatuaiesoint

B P G R B

illusHrEeREIHER enftie akrant of the spreisentiniertigacenthid-iquid is

emaggineant: lomghHivdeamohamandsetated by a gas (as shown Os) to
form the foam 38.
[004 3] Figure 6 illustrates an embodiment in which the foam is present
on both sides of the semiconductor wafer (although the foam on the upper
surface and pressure structure are not shown). Foam 46 is introduced to the
platen 42 (or other support) prior to the semiconductor wafer 40 being
disposed on the foam 46. The semiconductor wafer 40 is then placed on
three or more stands 44 of the support 42. The stands 44 are identical i‘n size
and shape and extend from the support 42 through the foam 46. Once the
semiconductor wafer 40 is securely placed on the stands 44, the stands 44
may be relracled into the support 42 so that the semiconductor wafer 40 lies
on the foam 46. An additional layer of foam may be applied to the opposing
surface of the semiconducior wafer before or after the stands are retracted.
After the foam is injecled, the semiconductor wafer 40 may then be treated.
[0044] Figure 7 meanwhile, illuslrates another embodiment of the

presefil invention. In this embodiment, although the foam 56 may be
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disposed on both opposing surfaces of the semiconductor wafer 50 or
multiple pressure mechanisms may be used, for simplicity, the foam 56 is
shown as being disposed on only one surface of the semiconductor wafer
50 and a platen 52 to which pressure is applied is disposed on the foam
56. As noted above, foams flow best under shear. Thus, while pressure
may be used to provide a shearing force, the platen 52 or platen 52 and
semiconductor wafer 50 may be moved the increase the effectiveness of
the foam 56 on the semiconductor wafer 50. [0045] As shown, the
serrgjicondu(?tor{\)/v@‘er 50 and Bé?ten 52.can be. translated in one or mo

diredieBazeqon Sl eroring sUEiGRS Bt e SeminRasha AR ket eTe
wittPrespeetite @aoksotheny Tisisedofsaginhdicttye e fomrs 6 carshevn as

CONpRERGSRchaNG BXRARAGH: Ry, YSIt carlnBementGotharsemigonductor

wafer 50 and platen 52 can be moved towards or away from each other.

AltdTRATR STy A FERFPERTT BRPUAL 5 EBYP RS INA &R eht, AR @ olRd
senatcoved dctorsvlatebdsd) amtkpshten. SPhoayvbd enovedite mdjuist thed to

oveslanibengenNedne. HU3moyeRsh i eI RREAIRR SRS

semiconductor wafer 50 and platen 52 are oscillated in one or more
diretiBRY 6 TReNFEEhR e erneibin eftestiviamis Sarigrigameatenidnductor
wafarrbidoandior plgtes®d2 may be rotated to effect movement rather than

thejpasions ohih,ug heing. adisied iclatie 19 eagh oiher Howeuer
as rotation cr_eates | eren_t mgaar spee sa_ If erent radil, 0scCi 8&|0n may
givE HetilepibcessihgiorestitestinnsUatenally (ithdrsBiniend @€ ibe wafer

locadinfcotRyERMBINVEAREI Nt IdIhelAtBANO¥R A (NMIOFNdacstiaR: May
remain ¢ starg)t and the semiconductar wafer moved, or both the
e A RO TP G0 ARG B LR BSh B ER BP <y Ptaly
mo%ediJonaldnwheHisbeedariatouin eatshonpwdivglerdrade picagisposed
betuRenihe: foRARR PR TN BRWREARELAEISY IR S ovement,

embodjments, multiple Semiconductor wafers may be dis between

osed
the B RCa R SR HENG ORISR SRS BSEHEGTHR B
wafeeg isariciiviehimife fvam Thjensoventkis cazefdolenegreitadaiebéndifficult

10 BesRRARSRRHEARHYNGISS ADSLIREMERL i IYAMELEShs

uniform motion o o .
to induce more efficient treatment. Similarly, the semiconductor wafer 50

and/or platen 52 may be rotated fo effect novement rather than the positions
of the two being adjusted relative to each other. However, as rotatfon creates
different linear speeds at different radii, oscillation may give better processing
results. In summary, the semiconductor wafer location may remain constant
and the form moved, the form location may remain constant and the
semiconducior wafer moved, or both the semiconductor wafer and the form
may be simultaneously or sequentially moved. ’

[0046] In the above embodiments, only a single wafer is disposed
between the form and support {or between the forms). In other embodiments,
multiple semiconductor wafers may be disposed between the form and
support or between the forms, with the semiconductor wafers sandwiching
foam layers. In this case, however, it may be difficult to position the
sermiconductor wafers and, If movement is involved, get uniform motion

betweegthe semiconductor wafers (and thus uniform results).

13



betweeg,fhe semiconductor wafers (and thus uniform results). 13 [0047]
As discussed above, the foam is comprised of a liquid and gas- filled
bubbles. The foam can be a delivery medium for other materials as well
as being useful themselves due to rearrangement. Besides merely
applying energy to and cleaning the surface of the semiconductor wafer,
other chemistries may be present in the foam. The foam can be formed
from treatment fluids used in conventional semiconductor processes to
enhance the process. Examples of such fluids include HCI, ammonium

hyd %:i)(i SCI,,SC2, HF for strippj nd undercuttin ide present on
the Lt of the SOEEr TP Be 10 B O G Bt T

oxiddieditridbler, Tamfpomioa hydrosideraneehidrogeatheroxtisia@tmewel
fluidgshandesuagththadenics im e sieaningenldhe SuirRes FaRaPRIRy

when usingoa fléu with a high ph, with a negatively charged
sentieorHURAr S GHaRLgA asfl('fff’é*ﬂ? £ SOUEORNIERE G aflSlitached
to stinfAtielrmsceahtoveddyy ifotim{deeToiiest ey ativdly Thakgeiiothereby
inhihaméﬁamm%%@m%mmﬂﬁaz@Q%%bh@ﬁ&%mé@é%ew\'ﬁgnce

different chemistries be used to aid processing of the semiconductor
wafble BIRCES-areaBrles ghsudulusts ook PraYeEM PX#E¥®an an
inerd §asELEHisav s bipp mgargd Dnédrcolting xide gi@see.coubh anface of
arr | livery. syst f as ta_the surface
o e LA Sl A e A
appAFARE Ui My dRifeAR d frudipHeRPEreYESss. Giherdbffic strykadisamhteat

60 issuPpertasiif @S URPOIHRE. TOe SRMPIBMEN SYSIaN: Gid DAy Baveh
one pr more charpb(?rs through which th? sem'jfconductcl)_[.v?/a{er 60 passes
with a e Su arlicle that

(onR/ one 1S Sgwn i tﬁ?aar %w?ﬁ&‘j?"wu%ﬁ&’é Maniolds dre preseﬁt. At

leagrstisahiahifaatradiedathieddasrdecehams ieFityed Rrferamripleones

leasl-gReEMRDIANELE HHRTQAURRD B HisReRSA DR RaMBEdO the
se uctor wafer 60. Gas and liquid supply lines (with appropriate
valr&@a%ﬂovide TG TRB I R MBS RB IR RIS P bl 2Bne or

moyeastsifaldd 168 sesEthdustmmicaind betbihwafer-60hvia gBd waterafterde
foamgRamiap heearnnisr adhiig R o ardasisded Qe air, or carbon
dioxide. Such an arrangement provides a useful delivery system of the gas to
the surface of the semiconductor.
[0049] Figure 8 shows one embodiment of an apparatus using the foam
treatment process. The semiconductor wafer 60 is supported by a support
- 62. The containment sysiemn 64, may have one or more chambers through
which the semiconductor wafer 60 passes (only one is shown in the drawing).
Multiple manifolds are present. Atleast one manifold creates the foam as
shown in Fig. 4 for example. At least one manifold 67 introduces or
dispenses the foam 66 to the semiconductor wafer 60. Gas and liquid supply
lines (with appropriate valves) provide the ingredients for producing foam to
the manifold. One or more manifolds 68 rinse the semiconductor wafer 60 in
- DI water after the foam 66 has been applied and the form 65 has acted on the
foam. After the semiconductor wafer 60 has been rinsed, one or more
manifolds dry the semiconductor wafer 60.

[0050] Of course, the same or different manifolds may distribute
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foam. After the semiconductor wafer 60 has been rinsed, one or more
manifolds dry the semiconductor wafer 60. [00501 Of course, the same or
different manifolds may distribute 14 different foams, which are then
pressurized to apply a jammed foam to the semiconductor. A drying
process that uses foam can also be used. In such a process, a carbon
dioxide gas/DI water mixture may provide the desired foam. Many other
configurations of such an apparatus are possible, as is known in the
semiconductor processing field For example, the cleaning, chemical
B R0 AR Rl @g& AE B S9me Aigrenty,
chambers. -Norm tﬁ processing steps take
platEniEidEpieally Wﬁfﬁlﬁ}tfaﬁﬁﬁﬁw ?Héﬁ%éf@@??ﬁi@%@ﬁse AFRE dR)ifrisa
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emhoditeniagthsidgserintien inlistralivent tigdavertinn andmnetierde

construed as limiting the invention, Various modlflc% ns and a Ilca ons
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comprising: a support configured to support the semiconductor wafer; a
fodtRVR4HIEIA ESARGFERLS AL (5 B FaEegraHeatomatsly
sewihangdhgtiarmwasamushiladiesemiconductor wafer is supported by the

SURRE o LR ERR RIER IS Bdle i9A T Hl3R0sERANdne

surface Of the semiconductor warer to pro uce a jammed foam; and an
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of { nrpay occur to those skilled in the art without departing from the frue spirit and

scope of the invention as defined in the appended dlaims.
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semiconductor wafer to remove undesired particles from the surface of the
semiconductor wafer. 2. An apparatus according to claim 1, wherein the
form comprises a platen disposed on the foam and the platen has an
area at least that of the semiconductor wafer such that the pressure is
provided to the foam over the entire surface of the semiconductor wafer.
3. An apparatus according to claim 1, wherein the form comprises a
pressure structure that is smaller than the entire surface of the
semiconductor wafer such that the pressure is provided to the foam in a

ocal grea ousy 4. fafe, L SeTjsandycion wafer 4 An apparatus

according to claim 1, wherein the actuator 1S ‘configure Iy
ABRIIAE HIERITAYSE the semiconductor wafer such that a distance

netween ihelauppand it udade olihe SmICaRSIar KAISy 5 varied

laterally oscillate the form or the semiconductor watfer in a plura

non-paralleP (iABHBASIBId sRAtLHEAdminE P thice ShaitolsdaictafavalediiB:
smapphratsaseoiding tekaimido Mersinie RS S W{FT&QHEE?&R;
r

provide an aqggﬂtri!%)ﬂ?alkl%%er_ofeéammed foam between the semiconduc

wafer and the SUppoit FLBVE R PERsAFARS Bedoring esampn thertsface
ofdbmpesiingraicleimmekfthroygbaveich ligniddesutingdrem collapse of the

jammed foam is.removed from the surface of the semiconductor wafer. 7.
An apparataﬁ[g él“lsi&{:%ér%’u%g) tg%(%g%rﬁelé'mg}%‘? TR Rvesm Bl apgithe

seamigsiistes whteliqdidectratgining:d themicah prtisiogiachersisrlce of the

sdhgaimentte thersemicondy afer..8. An apparatys according. to claim
7, wherein the quui{(?is conf(lggttl?'lr;g%SI ggt%?ﬁ[ 'ee%fa%rrﬁ%gh%&‘fg?%aga?‘ ra

SRV HILpIEeHEH? the semiconductor wafer. 9. An apparatus according to
claim 7, wherein the liquid contains cleaning agents suitable to clean the

semizondugtoepaiest kDadid ARPRASIESIAFCOIRIRAP HRIR M WheksLthg
5996}{1&%0m rises Pul%bles that contain a reactive gas.
pi rsposed on the foam and the platen has an area at lzast that of the
semiconductor wafer such that the pressure is provided to the foam over the

entire surface of the semiconductor wafer.

3. Anapparatus according to claim 1, wherein the form comprises a
pressure structure that is smaller than the entire surface of the semiconductor
wafer such that the pressure is provided to the foam in a local area over the

surface of the semiconductor wafer.

4, An apparatus according to claim 1, wherein the actuator is -
configured to vertically oscillate the form or the semiconductor wafer such that a
distance between the form and the surface of the semiconducior wafer is varied,
laterally osciliate the form or the semiconductor wafer in a plurality of non-paralle!

directions, or rotate the form or the semiconductor wafer.

5. An apparatus according to claim 1, wherein the apparatus is
configured to provide an additional layer of jammed foam between the

semiconductor wafer and the support.
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11. An apparatus according to claim 1, further comprising a manifold
configured to: introduce the foam to the semiconductor wafer, apply
de-ionized water (DIW) to the semiconductor wafer after the
semiconductor wafer has been subjected to the jammed foam, apply a
chemical treatment and DIW to the semiconductor wafer after the

igond -Ssubjected t ' df , I
ot a5 1A Sy WaTer HE) SR ROISOR A PR

thisaeh sivrbctay e aseliinariien redian wredtbehiefoand forion te thedeadifrom

ihbeing-sunplied t.thedrammanield, and/or dispense the foam to the
foam manifold. 12. A method of treating a semiconductor wafer, the

method comprising; supporting the semicgnductor wafer; providing foam

on ahi;)irst sﬁf-gacpep oa? ﬁf"e'i%fﬁ% QJEtSTﬁ\Wéﬂer%nﬁf@'@HE@s@?ﬁE@ﬁﬁlRﬁé?s a
liowiferisteipspestdde pirpviting phesguaetethedoarm disppsathonithe
tre%ﬁm'f@ki%oéemﬁzf&%{ﬂ@ %Jper‘m to produce a jammed foam; and 17

effecting relative movement between the form and the semiconductor
wafer while the jammed foam is in contact with the semiconductor wafer

13 . & methBHEEES RIS OIRing 12 Clavihér whisisiising froiddmepiiured

to ptelssheestariicericamopvesthe eatispdiralsswdacenf the SemisAndueiakarer
wafer. 14. A method according to claim 12, further comprising providing

the pressuge t i local.area over the semiconductor
Bt s L S e R A e
clapainbABEHiISeibEderdemdh e aterity ctiarige walistance between the

form and the surface of the semiconductor wafer or an amount of overlap

betwien thenfapparnddbessdiagantiim semicond oty MalekohRes
by })h(iﬁazccordmg to claim 12, further comprising providing an additional

Ber St3armEd 16dRP61E 98tond surface of the semiconductor wafer.

11, An apparatus according to claim 1, further comprising a manifold

configured to: introduce the foam to the semiconductor wafer, apply de-ionized
water (DIW) to the semiconductor wafer after the semiconductor wafer has been
subjected to the jammed foam, apply a chemical treatment and DIW to the
semiconductor wafer after the semiconductor wafer has been subjecied to the
jammed foam, apply an inert gas to the semiconductor wafer after the
semiconductor wafer has been subjected to the jammed foam, create the foam
prior to the foam being supplied to the foam manifold, andfor dispense the foam

to the foam manifold.

12 A method of treating a semiconductor wafer, the method
comprising:
supporting the semiconductor wafer;
providing foam on a first surface of the semiconductor wafer while

the semiconductor wafer is supported:
providing pressure to the foam disposed on the semiconductor

wafer using a form to produce a jammed foam; and
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17. A method according to claim 12, further comprising chemically
treating the semiconductor wafer using a liquid of the foam._ 18. A method
according to claim 12, further comprising generating foam in Whlch
bubbles of the foam comprise a reactive gas. 19. A method according to
claim 12, further comprising drying the semiconductor wafer after the

semiconductgfana rgﬁ-@%%?igﬁg%%tw the jammed foam. 20. A
method accordein t%l;:lairln 12, further compﬁglngﬂ]grp?f)mn%{?(gg{%mzed

SRAVEPISHAR /e vl Sidisetorsdaiesafteintoseiootdbet sewatanductor
wesrbeen subjected to the jammed foam, DIW and a chemical treatment to
the semiconductor wafer after the semiconductor wafer has been

subjegted tothe mm foam,.and/or an inért gas to the semiconductor

wafer after tﬁeﬁlﬁs@éﬁlcoﬁ% SCEs e sa!I %e%ff{tg bt B the rsinedhe

PiG&aRYIrel® the foam over the entire first surface of the semiconductor wafer.
14. A methed according to claim 12, further comprising providing the

pressure to the foam only in a local area over the semiconductor wafer.

15, A method according to claim 12, further comprising osciflating the
form or the semiconductor wafer to change a distance between the form and the
surface of the semiconductor wafer or an amount of overlap between the form

and the surface of the semiconductor wafer.

16. A method aécording to claim 12, further comprising providing an

additional layer of jammed foam on a second surface of the semiconductor

wafer.

17. A method according to claim 12, further comprising chemically

treating the semiconductor wafer using a liguid of the foam.

18. A method according to claim 12, further comprising generating

foam in which bubbles of’fhe foam comprise a reactive gas.

19. A method according to claim 12, further comprising drying the
semiconductor wafer after the semiconductor wafer has been subjected to the

jammed foam.

20. A method according to claim 12, further comprising applying: de-
ionized water (DIW) to the semiconductor wafer after the semiconductor wafer
has been subjected to the jammed foam, DIW and a chemical treatment to the
semiconductor wafer after the semiconductor wafer has been subjected to the
jammed foam, and/or an inert gas to the semiconductor wafer after the

semiconductor wafer has been subjected to the jammed foam.
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