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APPARATUS TO CLEAN SQLUI D SURFACES USING A CRYCOGENI C AEROSOL FI ELD OF /@

| N\VENTI'ON The present invention is directed to an appar at us for - cleanlng ;*707
sensitive solid surfaces of particulate contam nation using a spray of

frozen particles to displace the contam nating particles and wherein
thereafter the frozen particles nelt or preferably sublinme. Mre

specifically, the present invention is$ an apparatus for spraying frozen

argon particles at.a sem -conductor substrate to renopve contam nating
particles wherein the argon sublinmes after inpingenent against the

sem -conductor surface. BACEKSEROWND €6 dHEARREGRrPHuenNeEsl net hods are

presently used to cl ean surfaﬁgs for the electronics industry. Solvent or
chem cal cleaning is used to TN A OREQRENLG AERPSQLf [ om surfaces. Since

solvents are selected for the materials .they can dissolve, an appropriate
sol vent nust be chosen to renDxéggﬁgéﬂ£¥@§%€ﬁggnﬁﬁ@§%caI sol utions can be
conbi ned with negasonic or ult devi ces inpart high
ener gy soni c vvavdkhet @erdsenduiveatijnc isc directrede tor ganapparhtws ifox c
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sol vent or eani ng requires extrenel ure an an agents. High
purity and cgq;a‘;ﬂmmqrs U(ﬁlﬂq @ulsPraydedr f@pﬁenspaytmlaehtevdlsphaqml d

agents. In il tddbart i AGR  paRe3eTRS RHAJWRETYSl ¥hERRa reaR! #BlNat ed as
it is used and nust be disposed of periodically. Failure to change the

agent per| odfi%A9Y RARIHCI 9 MYSsion Prefereyasurdine. wWHPER reduces t he

specifically, the present invention is an apparatus for
spraying frozen argon particles at a semi-conductor
substrate to remove contaminating particles wherein the

argon sublimes after impingement against the semi-conductor
surface.

BACKGR! D OF THE PRIOR ART
Several methods are presently used to clean surfaces

for the electronics industry. Solvent or chemical cleaning
is used to remove contaminant films from surfaces. Since

_ soivents are selected for the materials they can dissolve,
an appropriate solvent must be chosen to remove
contamination. Chemical solutions can be combined with
megasonic or ultrasonic cleaners. These devices impart high
energy sonic waves to the surface which can remove organic
films, ionic impurities and particles as small as about
3,000 angstroms. However, solvent or chemical cleaning
requires eatremely pure and clean agents. High purity and
cleanliness is difficult and/or expensive to achieve in
liquid agents. In addition, the agent becomes progressively
‘more contaminated as it is used and must be disposed of
periodically. Failure to change the agent periodically
causes redeposxtlon of contamlnants, which reduces the
effectlveness of the cleanlng process. Dlsposal of such
agents frequently results in env;ronmental damage. Also,
;such agents require spec1a1 safety procedures during

N hand;anq r?g?rd%r Qg %%nlglgg expesure to operators.
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ef fecti Veness. of the cl eani ng process. Disposal of 'such agents frequently -
results in environmental damage. Also, such agents require special safety
procedures during handling in order to minimze exposure to operators.

-2- Gas jet and liquid spray cleaning are presently used to clean
rel'atively large particles fromsilicon-wafers. Gas jets, such as filtered
nitrogen, are effective in renoving particles snmaller than about 50,000
angstrons. Snaller particles are nore difficult to renove. This is because
t he adhesive force tending to hold the particle to the surface is

approxi mat el y pr &aesr gie¢naindg d iqwddpspray eldaaingerrewpiresentl yaerssty neai ¢
b opor 1 onal et e ey L SR e B ok B L A T 4% ces
tends to fav&tsadifiGhoRsadidfenes Pirogenze ane efifectives inmanering
particles apamdlcleend et thadabdutd 509008 angsitheonsa! Tniaa dPey can
e thin s auiace bolndann el i gL e g0 MRLGCY S Lo Ligu o
and/or diffixdldsitve dumien Hendiingh tpuhdld ahe partiedee two b st fage
Chi or of | uor o % AT e A DAL e Y Parkheid Bt Pa v,
the art has wside d}t;ﬂ)amdynmdmﬂﬁqm Wiyt thel gesy itengting e to
e S LU
diameter squared. Therefore, the ratio of these forces
tends to favor adhesion as the particle size shrinks. Also,
smaller particles are not exposed to strong drag forces in
the jet since they can lie within the surface boundary layer
where the gas velocity is low. Liquid jets provide stronger
shear forces to remove particles, but are expensive and/or
difficult to obtain in high purity and may leave
contaminating residues after drying. Also, a common liquid
spray solvent comprising a chlorofluoro carbon, FREON TF, is
environmentally damaging. Alternatively, the art has used
exposure to ozone combined with ultraviolet light to
decompose contaminating hydrocarbons from surfaces of semi-
conductors. However, this technique has not yet been shown
to remove contaminating particles with any efficacy.
A recently developed cleaning techniéue involves the
use of a carbon dioxide aerosol to sandblast contaminated
surfaces. Pressurized carbon dioxide is expanded in a
nozzle. The expansion drops the carbon dioxide pressure to
atmospheric pressure. The resulting Joule-Thompson cooling
forms solid carbon dioxide particles which traverse the
surface boundary layer and strike the contaminated surface.
In some cases the carbon dioxide forms a soft material which
can flow over the surface, displacing particles without
leaving a residue. The technique requires extremely clean
and pure carbon dioxide. Trace molecular contaminants, such
as hydrocarbons, in the feed gas can condense into solid or

~ liquid particles on the surface. Carbon dioxide is
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to teane contan1nat|ng particles with any efflcacy ‘A recently developed
cl eani ng techni que i nvol ves the use of  a carbon di oxide aerosol-

sandbl ast cont ani nated surfaces. Pressurized carbon dioxide is expanded in
a nozzl e. -The expansi on drops the carbon di oxi de pressure to atnospheric
pressure. The resulting Joul e-Thonpson ceadifig forns solid carbon dioxide
particles which traverse the surface boundary | ayer and strike the
contam.nated surface. In sone cases the carbon dioxide fornms a soft

mat erial which can flow over the surface, displacing particles wthout
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d t lid ticl th f Carb
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purity, suchchesamihdy tesinigae hastsopeyeti beennshewal toobet efFectiinid iigs.

Because of th r i.ng techni que has not yet
been shown t% %%Q ?? F?%%E?ﬁgﬁlngeglgéhggcﬁkggﬁ SRaf er appllcatlons U. S.

Patent 3,545, 996 Ji8cl Babent deb#be996r dpbatpsgsaapdevdce dort pdasuirfgpee of
stainl ess st Q¥n'HHa€he°Eu§fQéEd EaEEhiHh%EQ %E%%h qﬁ%&%&ﬁ'ffron‘a

nozzl e conta housi ng_and havi n 0CUSES
i pi ngi ng trb%?ﬁn@aﬁﬁ%ﬁPﬂéFe tﬁeaﬁapeneatsraeﬂ §FP@b?e@°@@l§uPPm§§lned
cleaning. U $n Kahe(sifg08Ad3havihgChoshseddvaby ahilchAfiodtthises the

impinging treating material. The patent is not directed to
surface cleaning.

U.S. Patent 4,084,357 discloses a valve cleaning
chamber having a window 18 for viewing the cleaning
operation. Nozzles within the housing of the apparatus are
directed to valves and provide a jet of compfessed air
containing abrasive material for cleaning of the valve
surfaces. .

U.S. Patent 4,631,250 discloses an apparatus for
cleaning photo resist film from a semi-conductor using a
spray of fine ice and carbon dioxide particles. The
particular apparatus is further described in U.S. Patent
4,747 ,421.

U.S. Patent 4,793,103 discloses a cryogenic deflashing
apparatus which uses cryogenic conditions to embrittle
materials to be cleaned and deflashed and then blasts
plastic pellets at the embrittled piece to be deflashed to
remove the flashing components.

U.S. Patent 4,817,652 discloses a cleaning apparatus
.which may use liquids and gases including argon. Liquid
cleaning agents are used to float contaminants off the
surface to be cleaned or the fluid may be frozen and then
partially melted to remove contaminants locked in the frozen
residual cleaning media.

U.S. Patent 4,832, 753 and 4,936,922 disclose cleaning
systems using droplets of solvent. The apparatus includes a
tray which slides along gas bearing operated tubes.
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chapber” having -a wi ndow 18 for view ng the cleaning operation. Nozzles
within the housing of the apparatus are .directed to valves and provide a
jet of conpressed air containing abrasive material for cleaning of the

val ve surfaces. U S. Patent 4,631, 250 di scl oses an apparatus for cleaning
photo resist filmfroma sem -conductor tséng a spray of fine ice and
carbon dioxide particles. The particular apparatus is further described in
U S. Patent 4,747,421. U. S. Patent 4,793,103 discloses a cryogenic

def | ashi ng apparatus whi ch uses cryogeni ¢ conditions to enbrittle materials
to be cleaned andVdef| B8heBtafed®? hed Bl d4ES1BFESt RcChambers £ Gdeaning

embrittl ed psemg-tonbacdet! walfedst @ithmaveethosf ha&hﬁagtietra@n@ﬁ altda.
Pat ent 4,817,652 di close ac eanln% ag ara%% ggécgseéﬁgqU|ds and
facen i nel uabiEs,PaRRE L i SoFaR, PR, IR RAE S F LB  GaRRY iR s B £
cont am nant scohfiutherswafaretbobkectkbaneddatr ahhangllei dnmay reeatriogen and

t hen partialE&rg%kéegﬁageheggvg §8E§2n1nants | ocked in the frozen residual
3

cl eani ng nmed 3 and 4, 936, 922 di scl ose cl eani ng
syst ens usi ng droHLébsPétegﬁlﬁeﬁp9 21e dppaiases anc eppazragusr Homhi ch

slides a'Ongcgéﬁnﬁﬁarb@ﬁlQE%hﬁhE@oEUQﬁ§ers b} OspHa?lnEaEEBﬁaéﬂglﬂigg |cé

di scl oses a chanhe cl,eaning sem - conduc ers with ajet o
particles Ofpappggles agalnst the wafer in which residual ice 'is removed

by evaporation. _

U.S. Patent 4,962,891.&iscloses a nozzle apparatus for
dispensing a mixture of solid particles and gaseous carbon
dioxide. This nozzle is used to clean small particles from
a substrate. .

U.S. Patent 1,899,626 discloses a burner apparatus
having a multi apertured nozzle configuration.

The present invention overcomes the drawbacks of the
prior art by providing a controlled atmosphere apparatus
which dispenses a controllably directed spray of sublimable
frozen particles for cleaning using a precise tracking means
to administer the cleaning in a careful and calibrated
manner so as to overcome the deficiencies experienced by the
prior art. These attributes are described with greater
clarity with regard to the present invention which is set
forth below.

BRIEF SUMMARY OF THE INVENTION

The present invention is an appafatus for cleaning
undesired material from a solid surface using a projected
spray of discrete, substantially frozen, cleaning particles,
which can vaporize after impingement on the solid surface,
comprising:

a generally closed housing in which a solid surface to
be cleaned is accommodated in having entry means for
introducing a solid surface into the housing;

X
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pure water. The- spray of ice particles contacts the sem -- conductor wafer
to- be cleaned at an angle on a rotating surface driven by a notor. U.S.

Pat ent 5,009, 240 di scl oses an apparatus for cleaning sem -conductor wafers
by spraying a blast of ice particles against the wafer in which residual
ice is renoved by evaporation. U S. Patent s4-962, 891 di scl oses a nozzle
apparatus for dispensing a m xture of solid particles and gaseous carbon

di oxide. This nozzle is used to clean small particles froma substrate.

U S. Patent 1,899,626 discloses a burner apparatus having a nmulti apertured
nozzl e confi gur at ilomozkie pridnmted riuer\:tlieorhansaimg)m;s dshetolrprdrpees af the
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using a precitde SAdd rﬁj“?%aa?% % heimiaanadi the cleaning in a careful and

calibrated manner piars #d QPP g}m,gt he ﬂq{id:lﬁgdreﬁ‘@%i@n@gdtﬁg t he

prior art. These attributes are des W t.h, great clarity wth regard
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| NVENTI ON Tmparﬁxnmés:nventlon is an apparatus for cleaning undeS|red
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i mpi ngenent matémla;bmitbmd afeom dﬂtq)rscslnt; surfpeeeral |y cl osed housing in

whi ch a sol i d surfage fe RauGhEAD Sibdrds 2R ATRLEAP FBY' DEpBBERYATPURR
solid surface to be cleaned and having means to controllably
move the solid surface from the entry means to a position
juxtaposed to the projected spray of the nozzle; and

means ‘for supplying a flush gas to the housing to
control the atmosphere in the housing and to assist the
removal of the undesired material cleaned from the solid
surface.

Preferably, the nozzle comprises a nozzle compartment
having a plenum for receiviné fluid cleaning medium, a first
orifice connected to a supply of a fluid cleaning medium and
the plenum, a second orifice comprising a plurality of
aligned apertures for discharging the cleaning medium from
the plenum and projecting the spray of discrete
substantially frozen cleaning particles at the solid
surface. _

Preferably, the housing has the viewing window for
operator observation of a cleaning operation.

Preferably, the support means comprises a substantially
flat table having fastening means to affix the solid surface
to the table, track means for controllably moving the table
under the projected spray of the nozzle and actuation means
for moving the table on the track means.

Preferably, the housing has a.raised chamber
accommodating the nozzle with an opening juxtaposed to a
lower chamber accommodating the support means.

ot
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i ntroducing a solid surface into the housing; = -5- a nozzle situated in
the housing so as to project a spray of .discrete substantlally frozen
cleaning particles at the solid surface to be cleaned; neans for supplying
a fluid cleaning nmedia to the nozzle for generation of substantially frozen
cl eaning particles; neans for renoval fraemgthe housing of the undesired
materi al cleaned fromthe solid surface; novable support neans in the
housi ng for supporting the solid surface to be cleaned and having neans to
controllably nove the solid surface fromthe entry neans to a position

j uxt aposed to the Rrefjerabdy s rhey rafisede cheatier, iamd utken s fow BSapplgsngea

s ot the. 1 Ry SO TN S o e 1, Ty SRR o ol R " 1O

surf ace. Preﬂ@ﬂé@?}eﬁrmanozzle conprises a nozzle conpartment having a

pl enum for recei vigig feriaitd G| 3 %%p?.@' Wlars MdsSla FHildde NE&HEYalo 2
supply of a fluid cleanin nedlun1a th%églenunl a second orifice

conpri si ng a9f GeRSaminem GlGarding: RaGEWRyr t he cl eani ng
medi um from the plmaaﬁniym QﬂtﬁCtsuiﬁaltthnédi{s’lmag adléiﬁ'iﬂrﬂ; shdshanEbel |y
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the nozzle.

Preferably, the table is movably mounted on a linear
track means for linear moveﬁent under the projected spray of
the nozzle.

Alternatively, the table is movably mounted on a
circular track means for arcuate movement under the
projected spray of the nozzle.

'Preferably, the supply means includes a separate supply
of argon gas and a separate supply of nitrogen gas and a
means for blending the gases together.

Preferably, the nozzle is positioned at a 0-90° angle
to the plane of the solid surface, preferably 45° .

Preferably, the fastening is a mechanical clip.
Alternatively, the fastening means is a suction device.
Further alternatively, the fastening means is an
electrostatic chuck. Yet further, the fastening means may
be an electromagnetic device.

Preferably, the housing includes an insulation barrier
to allow the apparatus to operate below ambient temperature
conditions. . |

Preferably, the means for introducing a solid substrate
. is an aperture which communicates with other apparatus for
diverse processing of semi-conductor materials.

Preferably, the means for removal comprises an
appropriate conduit and a vacuum pump for removing the
undesired material and used cleaning medium from the
housing.



opetator observation of a cIeanrng operation. Preferably, the support means
conprises a substantiall'y flat table having fastening neans. to affix the
solid surface to the table, track nmeans for controllably noving the table
under the.projected spray of the nozzle and actuation nmeans for noving the
table on the track nmeans. Preferably, the jausing has a raised chanber
accommodat i ng the nozzle with an opening juxtaposed to a | ower chanber
accommodati ng t he support neans. -6- Preferably, the rai sed chanber

i ncludes flow baffles at the opening for controlling the spray of the

cl eaning particl eBrefeedblppl fhet heansppoy seppsyhmg a.f1&§EWgé@r renova

of cont am nahe (400 khgnL| sLE. Sheary ida B! HLETSLELAtYe {hecyrnly

means has a €00 neans for cool 17ng cleanrng medi a
bef ore enterh%@slmg nozzl e. Preferably, the table is novably nounted on a
linear track means for |inear nmovement under the projected spray of the
nozzle. Alternatively, the table |s anabI nDunted on a circular track
means for arcuate novermentBREEE,DESCRI] SE BRAWINGS nozzle.

Preferably, the SF‘DGLYI”EQ“& smabudeavatseﬁamt §e§ﬂi’@hYSlQ$wﬁﬁ@06hQaS and a_
fggg{ﬁgslsupg Ba nltl:Ogac:cgr a%gg exgﬁanSpre%egLSQdEngélmegé o% the
present invention.

FIG. 2 is a detailed perspective view in partial
section of the preferred embodiment illustrated in FIG. 1.

FIG. 3A is an enlarged view in partial section of the
nozzle assembly of FIG. 1.

FIG 3B is an enlarged exploded view in perspective of
the subassembly of FIG 3A.

FIG. 3C is an enlarged perspective view in partial
section of the nozzle used in the preferred embodiment
illustrated in FIG. 3A.

FIG. 4 is a schematic illustration of the overall
apparatus of the present invention.

FIG. 5A is a plan view in partial section of an
alternative embodiment of the preéent invention.

FIG. SB is a side elevation in partial cross-section of
the alternative embodiment of FIG. S5A.

DETAILED DESCRIPTION OF THE I NTION

The apparatus of the present invention may utilize a
process of cleaning with a cryogenic argon aerosol as
described in U.S. Patent 5,062,898, which is hereby
incorporated herein in its entirety by reference. The
process, which is operable in the apparatus of the present
invention, comprises the following parameters.

The present invention uses an at least substantially
solid argon particle-containing aerosol to "sandblast"
contaminated surfaces. Argon is an inert substance which is
not harmful to silicon wafers or microcircuits. Argon can
be produced in ultrahigh purity economically. The argon can



Preferably, the nozzle is positioned at a 0-90[err] angle to the plane of
the solid surface, preferably 45[err]. Preferably, the fastening is a '
mechanical clip. Alternatively, the fastening neans is a suction device.
Further alternatively, the fastening nmeans is an electrostatic chuck. Yet
further, the fastening neans may be an el ecfromagnetic device. Preferably,
t he housing includes an insulation barrier to allow the apparatus to
oper at e bel ow anbi ent tenperature conditions. Preferably, the nmeans for
introducing a solid substrate is an aperture which comuni cates with other

apparat us forpdi ygegcaPoREcsEi NUx88 Geth- GPELaSEPE MPELbdehSinPeakerably,
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cooling. The mixture ratio of argon to nitrogen may range
from approximately 10% to 100% by volume of argon.

The previously purified argon or argon/nitrogen mixture
is first filtered free of aﬁy remaining contaminating
particles and preferably pre-cooled for example in a heat
exchanger. Both components may remain in the gaseous phase
following the pre-cooling operation. Pre-cooling also
permits partial condensation and removal of any remaining
trace impurities onto the heat exchanger walls. Pre-cooling
may be combined with simultaneous removal of trace
impurities using a molecular sieve or catalytic impurities
removal device or an impurities getter located upstream of
the heat exchanger. Such methods for removing trace
molecular impurities from inert gases are well known in the
field. The pressure of the pre-cooled mixture is typically
held in the range of 20 psig to 690 psig, preferably 20 psig
to 100 psig. The temperature of the pre-cooled mixture is
typically in the range -190°F to -300°F for the first
pressure range above and -250°F to -300°F for the second
pressure range abbve. _

The pre-cooled mixture is then expanded in a nozzle or
expansion valve to a lower pressure. The pressure of the
expanded mixture may range from high vacuum to greater than
atmospheric pressure. The resulting Joule-Thompson cooling
serves to condense and liquify or'solidify argon particles.
For the purpose of this invention, the argon may form liquid
particles as well as solid partiéles and still be
efficacious for cleaning. It is preferred to form solid
particles, but if at least a substantial portion of the
argon particles are solid the cleaning process is

-
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'FIG. 3Ais an enlarged view.in partial section of the nozzle assenbly of
FIG 1. FIG3Bis an enl arged exploded view.in perspective of the
‘subassenbly of FIG3A. FIG 3Cis an enlarged perspective viewin partlal
section of the nozzle used in the preferred enbodinent illustrated in FIG
3A. FIG 4 is a schematic illustration of the.overall apparatus of the
present invention. FIG 5A is a plan viewin partial section of an
alternative enbodi nrent of the present invention. FIG 5B is a side

el evation in partial cross-section of the alternative enbodi nent of FIG
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appar at us of resent invention, nfrlses owi ng parameters. The
present |nveﬁ@rGﬁteée§taﬁna%nFéé§?dsﬁB Sn{FXPF9a§EY|ﬁ5drdﬁﬁP
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ni trogen re”%broug% th%o&%ﬁ%PUSThe nozzle geometry may vary. The
present invention has been shown to be effective for
circular nozzles and slit nézzles. Slit nozzles are well
suited for broad surfaces such as silicon wafers. Circular
nozzles are well suited for more localized cleaning
applications. Complete removal of surface contaminants is
typically achieved within several seconds of exposure to the
aerosol.

The argon cleaning technique has been shown to provide
effective cleaning of silicon wafers. Examples of gaseous
cleaning jets demonstrate that 0.624 micrometer (6240
angstrom) particles are not removed using conventional
nitrogen gas jet cleaning techniques. However, the same
particles are completely removed using the argon aerosol
cleaning technique (approximately 100% effégtiveness)._ The
argon cleaner has also been shown to be effective in
removing 1000 angstrom-size particles from bare silicon
wafers and thick films of bearing grease from glass
surfaces. In the context of the present invention, the term
particleg-includes particles at the molecular size level.
Cleaning of contaminated surfaces is accomplished in

this invention through a process of colliding argon
particles at high velocity against the surface to be
cleaned. The argon particles strike contaminating
éérticles, films and molecules located on the surface. The
collision imparts sufficient energy to the contamination to
release it from the surface. The released contamination
becomes entrained in the gas flow and is vented. The
gaseous phase of the aerosol impinges against the surface
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phase ahd serves as a carrier mediumto i npart hi gh velocities to the argon. -
particles. The addition of nitrogen to the argon also permts higher -
expansi on rati os which enhances the Joul e- Thonpson effect and permts

i ncreased.cooling. The mxture ratio of argon to nitrogen may range from
approximately 10%to 100% by vol unme of arg@n- The previously purified argon
or argon/nitrogen mxture is first filtered free of any remnaining
contam nating particles and preferably pre-cooled for exanple in a heat
exchanger. Both conponents nay remain in the gaseous phase follow ng the
pre-cool i ng apdr £libes. aBressodkti, nfoamingpar thiia panhdakrychagersat imie and
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invention, thé argon may form'li .
boundary layer and s rlke the surface. A simple model
assumes that the gas flow creates a boundary layer of
thickness "h" having a negligible normal component of
velocity. 1In order to strike the surface, the solidified
argon particles must enter the boundary layer with a normal
component of velocity equal to at least "h/t". The particle

relaxation time "t" is given by:
1y t =2 a pp C/9m

where "a" is the argon particle radius, “pp" is the particle
density, "u" is the dynamic viscosity of the gas and "C" is
the Stokes-Cunningham slip correction factor which is given
by:

(2) e =1+ 1.246(A/aj + 0.42 (/\./a) exp(-0.87 (a/A)]

"At" jis the mean free path of the gas molecules which is
inversely proportional to the gas pressure. '

The above analysis demonstrates that the cleaning
process is most effective for argon particles having large
mass or high initial velocity. The cleaning process is also
enhanced at lower pressures due to the increased particle
slip and at a lower gas viscosities due to the decreased
decelerating drag force on the argon particles.
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partlcles as well as solid particles and still be efficacious for cleaning.
It is preferred to formsolid particles,-but if at |east a substanti al
portion of the argon particles are solid the cleaning.process is -9-
significantly inmproved over prior techniques. Argon particles nmay condense
t hrough a process of honogeneous nucl eati ¢n. ~The resul ting cryogenic
aerosol is then directed at an inclined angle (typically 45/ err]) toward a
contam nated surface to be cleaned. The jet is typically at a verti cal

di stance of approximately 1/16" to several inches above the contam nated
surface. The gas Thetargon paxipbridss] die ofgined nbezing the ewgazhslgﬂorret ry

may vary. T nt mﬁl- | ar
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typically achieved, wthi'n several seconds of exposure to the aerosol. The
ar gon clean|$@FWe§%Fﬁ?E%V heEoB cEhe SFRHPRISHr BTIOR bff%%?|9§e€FB§ﬁ|ﬁ§ of
silicon waf efise ﬂﬁﬁ@f@slﬂflmﬁousammélﬂﬂgbﬁtﬁrﬁﬁmnﬁbiﬁte t hat tﬁe624
m croneter (6240 angst part cles, are. o onvent
ni trogen gasPYRTSHF aﬂf gg?eﬂﬁﬁ ﬂﬁ%slsk¥ﬁﬂ ggb éﬁngFchén r&ge
conpl etely rgaumuwsuar@gnthelhrgnnshecondEnséeantogliquhdiqneplets
(approxi mat &,y e J00%E£LL£ELL Y ERESSE01 1 &epartlcles. The triple point of
argon is at 9.99 psia (0.68 atm.), -308.9°F (84°K).

The apparatus of the present invention will now be set
forth in greater detail with reference to a preferred
embodiment -illustrated in FIG. 1. The solid surface
cleaning apparatus 10 is used for removing adhered
contaminating particles or undesired material from a solid
surface, such as a silicon semi-conductor wafer 56, using a
projected spray of discrete substantially frozen cleaning
particles. The spray is preferably a mixture of nitrogen
and argon at appropriate temperatures and pressure letdown,
such that the argon emanating from the spray freezes into
discrete, small particles that impact the semi-conductor
wafer to dislodge contaminating particles. The particles
are then entrained in a carrier gas or removed by vacuum
along with the argon particles which may have sublimed to
the gaseous state. The apparatus 10 comprises a housing
having an upper wall 20, end walls 24 gnd 28 and a lower
wall 26. “Side walls 25 and 27 are not illustrated in this
figure but are illustrated in FIG. 2. .

The semi-conductor silicon wafer 56 is introduced into
the apparatus 10 through an entry door 30 comprising an
aperture which may be open to the outside environment or may
communicate with other workstations or apparatus for diverse
processing of semi-conductor materials. The wafer 56 sits
on a support means comprising a table 44. The table 44
rests in part on a bed element 32 and a track 40 comprising
two parallel rods which pass through an end block 42 of the
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argbn cl eaner has al so been shown to be effective in renpvi hg 1000
angstromsize particles frombare silicon wafers and thick filns of bearing
grease fromglass surfaces. In the context of the present invention, the
termparti-cles includes particles at the nolecul ar size |evel. Ceaning of
contam nated surfaces is acconplished inighiss i nvention through a process
of colliding argon particles at high velocity against the surface to be

cl eaned. The argon particles strike contam nating particles, filnms and

nol ecul es | ocated on the surface. The collision inparts sufficient energy
to the cont &abdet kdntbognitieasndi cohtvalt mevenehticef The tebdasdd along

contam nat | Eﬂebigﬂg‘éﬁ. 8Bt ERLNedakR KBeiﬁaEné' g%éﬂﬂgi fovenkhd. é:]éﬁelegaéfous
phase of the aefosdl inpinges against the surface - - 10 - and ows
across it, R&rarkyakedhfproBaNerent| dgpgitydanalh¥ninofbeohousdng 10

cont ani nat i ggaMal ehgakraBR! kbCh§SactihhfBoneted) 38! Gnivhl eakliyreeatiad | that
t hey exi st congletel% w&%Fln t he |OM/Ve|OCIté boundary_|l ayer. Therefore,
the gas phab8c¥ 8RE E9xkB: tRERBOE €REI FaddntanPYaPprBHAReOF B tematic

i nsuf fi ci egheaheari rmeL e Uev\&seaethbngmgoagmkgack:els thavetamganhi&:i cant
inertia and._are thus ahle to cross through t oundar ayer to the
surface. ThEYaPodAsEaPirg: a8sABRIY, bRAEHORs: JILUREREREN 528 VAR « he
boundary | apampt dtaris thdleuditawbichndradwsr vhonum &hmought d imec 48 it
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source. This places a vacuum under wafer 56 which
effectively adheres it to the table 44. Other fastening
means can be utilized including a mechanical clip, an
electrostatic chuck or an electromagnetic device, none of
which are illustrated, but which are well known in fastening
arts.

The walls 20, 26, 24, 28, 25 and 27 constitute a lower
chamber of the épparatus 10 to which an upper chamber 12 is
connected which houses a nozzle 18. The upper chamber 12 is
juxtaposed to the lower chamber and is open to the lower
chamber. The upper chamber 12 also has- a viewing window 16
so that operation of the nozzle and cleaning apparatus can
be observed. A supply of cleaning medium is introduced in
line 54 through a coupling and line 14 into the nozzle head
18 to be preferably sprayed as a rapidly expanding and
cooling fluid medium in which argon particles freeze during
expansion through nozzle 18 to produce a spray of atomized
particles which contact the wafer 56 as it is drawn past the
upper chamber 12 on table 44 by means of actuation rod 38.

In order to limit the exposure of the wafer 56 to only
straight line impingement of frozen particles for cleaning
purposes and to avoid eddy currents and slower velocity
particles which do not impart sufficient cleaning action,
the upper chamber 12 and the lower chamber are fitted with
baffle plates 34 and 36. Baffle plate 36 comprises an angle
plate having an obtuse angle between its upper and lower
portions. The baffle 34, fastened to the underside of upper



assunes that. the gas flow creates a boundary Iayer'bf t hi ckness "h" havi ng

a negligible normal conponent of velocity. 1In order .to strike the surface,
the solidified argon particles nust enter the boundary |ayer with a nornal
conponent -of velocity equal to at least "h/t". The particle relaxation
time "t" is given by: (1) - 14 = 2 a[err] p[err] d9[err]

where "a" is the argon particle radius, "p[err]" -is the particle density,
[err] is the dynami c viscosity of the gas and "C' is the Stokes-Cunni ngham
slip correction factor which is given by: (2) C=1+ 1.246([err]/a)
+ 0.42 ([ernjdld) 23xplhas &7 glangd colfigurdtsiarean Theae rafflads the gra
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pressure of é¢Hempexiure is |lower than the argon triple point. If the

pressure of the %éﬁ”a? ﬁfx{ﬁpgeéfti@&oﬁ hgn& rljl]%].goé)&jl nét t&fevated
pressure and low temperaturés below ambient is used as the
cleaning medium,'argon is formed in droplets by the nozzle
18 which effects a Joule-Thompson effect expansion of the
fluid to create frozen particles which then preferably
sublime after contact with the solid surface to be cleaned.
This resulting used gaseous cleaning medium, as well as
dislodged contaminating particles and undesired material,
after dislodgement in the cleaning procedure, may be removed
by vacuum through a removal means or exit port 52 connected
to a vacuum pump. This vacuum action may be supplemented or
supplanted by use of a sweep gas, preferably of inert
nitrogen, introduced through entry port 50 comprising an
appropriate means for supplying a flush gas, such as inert
nitrogen, which serves to provide a controlled atmosphere
inside the apparatus 10, as well as to force contaminating
particles which have been cleaned from the solid surface to
exit via the exit port 52. : .

The apparatus 10 is viewed in a perspective view in

FIG. 2 in which a partial section is taken of the lower
chamber and the upper chamber 12 showing the actuation rod
38, the track rods 40, the nozzle 18 and the wafer 56
comprising the solid surface to be cleaned and supported on
the table 44. The sidewalls 25 and 27 of the apparatus 10
are also illustrated. .
The baffles 34 and 36, the entry door 30, the window 16, the
end block 42 and end walls 24 and 28 are also illustrated.



gaseous argon will first condense into liquid droplets before freezing into
solid particles. The triple point of argon.is at 9.99 psia (0.68 atm), .
+-308.9[err]F (84K). The apparatus of the present invention will now be set”
forth in greater detail with reference to a preferred enbodi nent
illustrated in FIG 1. The solid surface &#eaning apparatus 10 is used for
renovi ng adhered contam nating particles or undesired material froma solid
surface, such as a silicon sem -conductor wafer 56, using a projected spray
of discrete subst ially frozen cleaning particles. The spray is _
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an end bl ocktighbfseak 407 of the sleeve and conduit 14, as well as
providing an axial retention of the conduit 14 by means of a
collar 409 and a split 411 in the sleeve clamp 405, which
adjustably fixes the conduit 14 with regard to the
compartment wall 12 by action of a bolt or fastener 413
running through the collar 409. By loosening the bolt 413,
the conduit 14 and therefore the nozzle 18 can be adjusted
within the sleeve 402 to changé the distance of the nozzle
from the surface to be cleaned. After the adjustment is
made, the bolt 413 is clamped and the collar 409 retains the
conduit 14 and therefore the nozzle 18 in the desired
position, ‘providing a specific distance of the nozzle
dischafge from the surface to be cleaned.

FIG. 3B shows the sleeve 402 with a ball end joint 401
in a disassembled form along with the clamp 405 showing the
split 411 and the collar 409, which is actuated by the
bolt 413. _.

With reference to FIG 3C, the nozzle 18 is illustrated
in a perspective view with the supply line 14. The nozzle
comprises an upper plate 181 and a lower plate 183, each of
which has a plenum 184 and 187, respectively, into which the
cleaning medium emanating from conduit 14 is supplied.
Sandwiched between the upper and lower plates 181 and 183 is
an intermediate plate 182 having an annular space 186 which
matches the plenum chambers in upper and lower plates 181
and 183. The intermediate plate 182 has a series of small



- 12 - fable 44 to guide and control novenent of the table 44 along the

| ength of the track 40 in the housing 10. The table 44 is actuated for-
movenment |ongitudinally in the housing 10 and al ong ‘track 40 by actuation
rod 38 whi-ch reciprocates back and forth through end wall 24 by nmanual or
automati c neans. The wafer 56 is detachablys affixed to the table 44 by a
fastening assenbly which is illustrated as a vacuumsunp 46 in table 44
whi ch draws vacuum t hrough line 48 that continues through actuation rod 38

to an outside vacuum source. This places a vacuum under wafer 56 which
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atom zed particles which contact “the water as it is drawn past the
the plenum, and the cleaning medlum exits or 1is discharged
from the nozzle 18 through a second orifice comprising a
series of apertures 185. Although a preferred embodiment of
the nozzle configuration is illustrated in FIG. 3, it is
understood that other intermediate plates 182 might be
utilized with a different sizing or pattern of-second
orifices comprising aligned apertures 185. This would
result in different spray patterns and different size ranges
of particles to be used as a cleaning spray. Although the
cleaning action is most preferably achieved with frozen
particles which sublime after impingement, it is
contemplated that at least a portion of the cleaning medium
may remain as liquid droplets which impinge the solid
surface to be cleaned and displace contaminating particles
and other undesired material prior to changing the liquid
droplets to a gaseous state.

The apparatus of the present invention would typically
be utilized in a combination with addiﬁional support
apparatus as set forth in FIG. 4. In FIG. 4, are
illustrated separate sources of argon 200 and nitrogen 202.
Nitrogen may not in some cases be necessary for inclusion in
the feed gas cleaning medium. A typical mixture for '
cleaning an 8 inch silicon wafer may, for example, consist
of approximately 90% argon and 10% nitrogen at a pressure of
approximately 6 atmospheres and flowing at approximately 450
standard liters per minute. These gases after admixture are
controlled through a separate valve 203 and a filter 204 to

e



upper chanber 12 on table 44 by neans.of actuation.rod 38. In order to
limt the exposure of the wafer 56 to onIy straight l.ine inpingement of
frozen particles for cleaning purposes and to avoid eddy currents and -

sl ower vel.ecity particles which do not inpart sufficient cleaning action,

t he upper chanber 12 and the | ower charberéare fitted with baffle plates 34
and 36. Baffle plate 36 conprises an angle plate having an obtuse angle
between its upper and | ower portions. The baffle 34, fastened to the

under si de of upper - 13 - wall 20, has adglanar configuration. These
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lowers the temperature of the feed gas mixture to near the
liquefaction point of argon, but retains the mixture in a
gaseous state in preparation for entry into the cleaning
apparatus. The precooler heat exchanger 205 also serves as
a cryogenic trap to remove trace quantities of condensable
impurities from the feed gas mixfure. Such impurities, if
not removed, could subsequently condense into particles
causing new contamination on the solid surface to be .
cleaned. A second filter 206, located after the cooling
heat exchanger 205, but before the cleaning chamber, serves
to remove condensed impurity particles which are formed
during the precooling operation, but which do not deposit
out on the heat exchanger surfaces. The chilled cleaning
media then enters the cleaning apparatus 210, which is shown
with a separate mechanism 211 for moving the solid surface
table in a linear fashion under the nozzle within the
cleaning apparatus on the track identified with regard to
FIG. 1. Preferably, the separate moviﬁg mechanism 211 would
be located outside the cleaning chamber 210 and will be
connected through a linkage and bulkhead feed through to the
table. Alternatively, this mechanism might be a handle for
manual oﬁeration by an- operator. FIG. 4 also illustrates a
separate captured vent system or vacuum system 212 to
continuously remove gas and released contaminant particles
from the cleaning apparatus 210. This system 212 should
include provision to rewarm the expended gas mixture before
sending it to a vacuum pump or vent fan. Also, this system
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by vacuum t hrough a reanaI means or exit port .52 connected to a .vacuum
punp. This vacuum action may be suppl enented or suppl anted by use of a
sweep gas, preferably of inert nitrogen, introduced through entry port 50
conpri sing-an appropriate neans for supplying a flush gas, such as inert
nitrogen, which serves to provide a conmtldl I~ed at nosphere inside the
apparatus 10, as well as to force contam nating particles which have been
cleaned fromthe solid surface to exit via the exit port 52. The apparatus
10 is viewed in . a perspective viewin FIG 2 in which a partial section is
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Finally an appropriate.entry—exit system to the
cleaning apparatus for the solid surface to be cleaned is
illustrated at 207. Such a system may consist for example
of-one or two gate type valves in place of the manually
operated hatch indicated in FIG. 1. The entry-exit system
hay, in addition, be serviced by a substrate handling robot
designed to withstand the environmental conditions of the
cleaning chamber and to contribute a minimum of new
contamination to the solid surface being cleaned. The robot
may, in one embodiment of the invention, be located in a
separate isolation chamber external to the cleaning
apparatus, but communicating with the cleaning apparatus'
through a gate type valve or similar device. For example,
the cleaning apparatus may in one embodiment of the
invention consist of one processing module of a clustered
substrate processing system. In such an application, the
primary substrate handling device would consist of a robot
which is located in the central platfofh of the cluster
system and which services other processing modules. 1In
another embodiment of the invention, the cleaning apparatus
ma& be serviced from a dedicated entry-exit system. In such
an embodiment, the cleaner apparatus and entry-exit system
would function as a stand-alone system, not directly
integrated to other substrate processing equipment.

Additional features might be included which are not
illustrated in FIG. 4. This includes provision for heating
the solid surface to be cleaned prior to and/or subsequent
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gasket or seal 403. The sleeve 402 is coupled preferably by a threaded
connection with a clanp 405 which provides a gas- tight seal 407 of the -

sl eeve and conduit 14, as well as providing an axial retenti-on of the
conduit 14 by neans of a collar 409 and a split 411 in the sleeve clanp
405, which adjustably fixes the conduit-l4gw.th regard to the conpartnent
wal | 12 by action of a bolt or fastener 413 running through the collar 409.
By | oosening the bolt 413, the conduit 14 and therefore the nozzle 18 can
be adjusted within the sleeve 402 to change the distance of the nozzle from
t he surface to the ctkearihg Adperatien adj Sischremeat ingremizy beepboitidéel i s
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i nternmedi ate ayy nnul ar space 186 whi ch matches the pl enum
chanbers in E%%géfgﬁgg?gm%$gg?g?%§'181 and 183. The internedi ate plate 182
has a series of sh@fiitionally, instrumentation to monitor the operating

condition of the cleaning apparatus can be provided. Such
instrumentation is well known in the art, but may include,
for example, pressure, temperature and flow sensors located
at various points throughout the feed gas manifold, the feed
gas cooling heat exchanger, the vacuum or vent system, the
fastening means comprising a vacuum chuck, an inert flush
gas system and actuation control. It is entirely possible
that a manually or automatically actuated control system
designed to operate the entire cleaning system in a
synchronized manner may be provided, particularly with
computer operation. This system would, for example, operate
and/or coordinate the activities of the entry-exit gate
valves, the robotic substrate handler, the solid surface
heater, the solid surface support table mechanism, the feed
gas cleaning medium on/off valve and the control system for
the solid surface fastener or holder.
An alternative apparatus is illustrated in FIG. 5A and

FIG. 5B. This design incorporates all of the features of
the previously described embodiment, but with a rotational
rather than linear movement of the table carrying the solid
surface during cleaning. The circular shaped substrate,
such as a silicon wafer, is shown on a circular-segment
shaped table 304 which rotates on axle 303 by means of a
rotation mechanism 302 which may be a motor or manual

7  operative drive. Such a design uses a rotational feed
through the cleaning chamber rather than a linear feed
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cl eaning- nedium fromthe plenumis discharged as a projected spray with -
rapid reduction in pressure to formatoni zed di screte droplets which freeze
prior to i-nmpi ngenent on the solid surface to be cleaned. Additional
velocity and resulting pressure drop aLejpgravided by the inert carrier gas
in the cleaning nmedium such as a nitrogen blended into the argon cl eaning
medi um Conduit 14 enters the nozzle conmpartnent 18 through a first orifice
188 which connects to the plenum and the cleaning nediumexits or is
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to be used BSMBEEREUREngtBRFEDY %4%Mb%§ﬁlF%etBPeﬁﬁ?ﬂgfaﬁtﬁBﬁciélnégw

preferably ee Bbe¥eeurbt Rebhan e8mBar tmigslsmaaﬁboﬁabl 8488ight eanl NRhngement ,
it is conte ted that at,l| east a 6# gfcleanln

remain as |+ ﬁ Angespl BreVifie R ?ﬂ% ﬁﬁ ?ﬁ%r§ QEFPEEBgP tBetBFea%ed and

dLSpIace CﬁﬁléﬂhmﬁglngaﬁatUQLeSTnﬂd pshpecansesthedesdeehadl spbstirate
changi ng the

present |nvﬁﬁff&ﬁkaﬂgﬁgg#g%ﬁcégﬁg gg ﬁ%#ﬁGQé 9515°88%8£§;$§§§a%§t%r%m

addi ti onal thepoileanppgr ghambey.seThécexhernakl SechanismFbE the are
rotating design extends vertically from the cleaning
chamber. However, in this rotational design, the total time
of exposure to the aerosol of a point on the substrate
depends on its distance from the pivot point. This is
because points on the substrate closer to the pivot pass
under the nozzle 305 more slowly than points on the table
304 further from the pivot. Therefore, in order to provide
uniform cleaning effectiveness across the width of the table
304, the nozzle 305 should be designed to provide linearly
increasing spray of frozen particles of greater intensity
away from the pivot point 303. This variation in intensity
can be accomplished by designing the nozzle 305 to have
progressively larger apertures or progressively smaller
spacing between the apertures of the nozzle in a direction
away from the pivot point 303. This tendency toward
nonuniform exposure behavior does not occur in the linear
motion cleaner design of FIG. 1. Therefore, that former
embodiment should be used with the nozzle having uniform
aerosol intensity across its width. .

With reference to FIG. 5A, the rotational embodiment is
shown with a gate 307 introducing a solid surface to be
cleaned into the housing 300 which .is evacuated through an
exit port 308 for removing gas medium and cleaned or removed
contaminating particles and undesired material. The table
304 is shown in illustration to rotate under the nozzle 305
by means of the axle 303. With regard to FIG. 5B, the
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il lustrated separate sources of argon 200 and nitrogen 202. N trogen nay
not in sone cases be necessary for inclusion in the feed gas cl.eaning
medium A typical mXture for cleaning an 8 inch silicon wafer nmay, for
exanpl e, consist of approxi mately 90% argon and 10% nitrogen at a pressure
of approximately 6 atnospheres and flow Bg at approxi mately 450 standard
liters per mnute. These gases after adm xture are controlled through a
separate valve 203 and a filter 204 to renove particul-ate contaninants
fromthe cleaning medium The m xed and filtered feed gas cl eani ng nmedi um

IT ﬁ then i nt mQaese@dtife0 eawwid hmeing: heaknewgh&ﬂgar pa@hiahi emeoatllb& szi%ﬁ.ggs
is may co coi,l ed t i mersed in_a ont| eni she
bat h of Ilnga&h%PFbggﬁebP 38p?88pﬁggeap8 Pgﬁpgbgtﬁpé Eg ant.
'AIternativehpusﬂng“m@@dzgasﬂnny1mbepnezambedoby phesitablehaoni, Xttivee t hrough
a heat exch lh | I c (o ation
unit. The p ecoo |ﬂr?1’gq*neat etaqﬁr% gggggeaow kQa %Qgs‘gle sh E.,E»,TQ%{] I

anger ['owers t e nper at ure e feed
gas m xt ur e adslitdan thee ﬂh&]mtqroﬁxé@ erificer Qﬁﬁ aﬁ@t ar Slashs gase

m xture |ne§d¥¥yuafif§dgegdglpreparatlon for entry into the cleaning
apparatus. The precool er heat exchanger 205 al.so serves.as a gﬁégg?nlc trap
to remove trace duUdmeR NGOWATIONS 2 S1eaping: PRRArALRS: Md

m xture. SuGibvdhidtt tdrerotdtivral aimmntc hwudm Iayv@rtiame into

Cacond 1111 SoiOMaX IR A8 20 (5 TSR waﬁ& BeRERGEES0LY BHHE et o ¢

t he cl eani ngcaritzarhiiatiyey esrticles to -readhere to the solid surface
being cleaned. Either apparatus may also be used in
combination with an external insulating blanket to allow for
maximum flexibility in maintaining temperature conditions
inside the housing at above or below ambient conditions
depending upon desirability. The present invention
overcomes the disadvantages of the prior art systems by
providing a controlled cleaning facility to generate
contamination-free argon or other cryogen aerosols for
cleaning solid surfaces of contaminating particles or other
undesired materials such as films or'layeré; The cleaning
chamber of the present invention provides optionally thermal
insulation, thereby allowing cold aerosol or frozen particle
formation. The cleaning chamber also provides an enclosure
for a clean inert atmosphere, thereby preventing
recontamination of the substrate with particulate or
molécular impurities after cleaning. The low temperatures
associated with the cryogenic aerosol surface cleaning
preclude cleaning in an open environment where condensable
impurities may recontaminate the cold substrate.

The chamber also provides means for containing a

partial vacuum. In some applications, an expansion of the
precooled gas to a partial vacuum of approximately 1/3
atmosphere is desirable. The triple point of argon is at
0.68 atmosphere and 84°K. Therefore, an expahsion of the
aerosol to a pressure of less than 0.68 atmosphere insures
that only solid and gaseous argon will be present in the
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to renove condensed inpurity particles which are formed during the .
precool i ng operation, but which do not- deposit out on the heat exchanger .
surfaces. The chilled cleaning nmedia then enters the cl eani ng apparat us
210, which is showm with a separate nmechanism 211 for noving the solid
surface table in a linear fashion under-thge nozzle within the cleaning
apparatus on the track identified with regard to FIG 1. Preferably, the
separate novi ng nechani sm 211 woul d be | ocated outside the cl eaning chanber
210 and will be connected through a |inkage and bul khead feed through to
the table. Alerosedt.i vélolid Rirgarephatishes gire bble handiord affbnlehtly

Operat i on by, i QRel Al s fldBn fealedP deldddald UL T12a300Y Jufaf Uiy ed vent

system or vacudm system t 0 conti'ndously renove gas and eased
cont am nant lg&id jaxgony HaetE caMls@ -aFp dioNars PESSURE envirenment

shoul d i ncl ydaay ¢ Yedudd tHIdB1R8-aVRRY G ForBe idl el HEogendi ng
It to a vacuum punp or. vent fan.. Al so, .this system - 17 - may Tnclude an
appropri ate p@&éﬁ%%%lﬁ%@?@%é’\ﬂ%é’ iGes o HE ik tiram

pressure in suistdamnivignpmsidss ety v a@HeNiwEridn ALse Prevedées
backet om0 e A b AT St R AR S 5 98, o,
vented in | iclealel asiip@Em@Eerdsal TN @ confumldest atdrmerarcieraopanced or
APt o A SR bl | R I S eBELEL"
of the potentially delicate solid surface. Such
overexposure could lead to damage of the substrate. The
invention accomplishes this controlled exposure by providing
a means to accurately position the nozzle at a predetermined
distance and angle with respect to the substrate and by
providing a means to move the solid surface at a
predetermnined speed and direction under the operating
nozzle. - This invention is designed to provide as uniform a
cleaning effectiveness across the solid surface to be
cleaned as possible using a linear nozzle geometry and
linear solid surface motion. The present invention is
designed with an internal geometry which is intended to
direct the aerosol. spray and released contamination smoothly
away from the substrate and toward the vent or exit orifice,
thereby minimizing recontamination of the substrate-.
Recirculation of aerosol spray and any suspended
contaminants is minimized through appropriate internal
geometry.. Alsd, backstreaming of aerosol and suspended
contaminants into the hatch area is minimized through
appropriate internal geometry and, in some cases, through
continuous purging of the hatch area with gaseous nitrogen.

An example of the degree of cleaning effectiveness
provided by the cryogenic aerosol process and using the
apparatus described herein was pefformed. A test was

i+  performed in which a new 5-inch diameter silicon wafer was
first examined for total surface cleanliness using a laser

L]



Finally an appropriate entry-exit systemto the cleaning apparatus.for the
solid surface to be cleaned is illustrated at 207. Such a system nay o
consi st for exanple of one or two gate type valves in place of the manually
operated hatch indicated in FIG 1. The entry-exit systemmay, in addition,
be serviced by a substrate handling robetaglesigned to withstand the

envi ronnental conditions of the cleaning chanber and to contribute a

m ni nrum of new contam nation to the solid surface being cl eaned. The robot
may, in one enbodiment of the invention, be |located in a separate isolation
chanber ext eurflaceo scaandinga rinstrumeatatays i skl e dinami RMS | Incorpbrated

Cl eani Ng apRAT Hous delt’ YRR © PSR YroVilde's dRYLESqrBRl which
exanpl e, the cleaning apparatus may I n one enbodi nent of t e.lgventlon
consi st of didlisadassfhey e B Figasad &k Rt iskesr bpésirddy
system |In Pidsedt Pldnatidrer.t ha MItEr b Wisid B dewd! yagedevi ce woul d
consi st of a rohot, which is located in the ntral éﬂeuforn1of the cl uster
syst em and M%%Wi@é@%t%rtq}ﬁ Mok ﬁ'&ﬁjl%’é ITREFSt Ar Certb &P Héht

of the inveniicyomdtierst eame g ipirumivatamwase tisy i heteht donaldedi cat ed

entry-oxi t SR isth S Rl SRR A ennn &, e R kB U, RdSmeper

integrated taf dtJfemisutonetans pr ditesse micmpsphares weldet depesitesd wres

L e

subsequent silicon wafer revealed a high degree of contamination. A
total of 350 objects were now found on the wafer.
Agglomeration of the glass microspheres caused the surface
scanner to measure many objects larger in size than 1.6
micrometers. After cleaning in the cryogenic aerosol
'apparatus of the present invention, the same wafer was again
scanned for particle contamination. The results indicated a
total of eight objects on the clean wafer. This result
demonstrates that the contaminated wafer can be essentially
restored to its initial new condition using the cryogenic
aerosol process in the cleaning apparatus of the present
invention. This degree of cleaning effectiveness cannot
easily be achieved using the conventional cleaning processes
and apparatus of the prior art.

The present invention has been set forth with regard to
several preferred embodiments; however, the scope of the
invention should be ascertained from the claims which
follow. |
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liIé - to the cleaning'oberatﬁoh.:Such heati ng may be.prOQTEEET‘FBF““‘-¥~i1¥v

exanple, by electrical resistance heaters enbedded in the y vy
the solid surface and in direct thermal contact with-the s mHm‘Mﬂm”m
by an infrared |ight source in direct view of the solid surffacé to s
cl eaned. This avoi ds recondensi ng or cond®hstng particles, which may
conprise contam nation, as well as assisting in the sublinmation of argon
after it inpinges the surface during the cleaning operation. Additionally,

i nstrumentation to nonitor the operating condition of the cleaning
apparatus can be provided. Such instrud&h@%ﬁﬁon Is well known in the art,
but may include, for exanple, pressure, tenperature and fl ow sensors

| ocated at vari ous, points_throughout the feed gas nifo]d _.the feed gas
cool i ng heat exchajh’gerl?nt?‘%p%% f@ﬁa@ﬁ&ﬂ%ﬁéﬁ%ﬂﬁwh& -
Ic;nrrpri Si tn_g aavmldm?imf&qr:]eamsimra prajsctysds s;;uayemmlrdisnneméi on cont rlol .
is entire qqﬁ@|- r oded ] ro
syst em desi g%’%b %ﬁ%p.e:r?la#ef%%%een | reﬁ%ﬁizﬁlﬁ%l sys% g%lliérél Zéésﬁjyﬁ%: %%l?géd
manner may bRfpevvimpingenentcom iy sekid cvuptace, GRERRISBINGThis system
woul d, for exanple, opgjajegan Qilf%ﬂ{j&&élﬁtr?odéﬁcﬁ"‘%d WHi&® Pisdifg
entry-exit gate valves, the“robotic substrate handl er, the solid surface

heater, the sol i dS9EFRGRcta BB FIeangd clsrgranmRadatend and hajeing| eakryg

nmedi um on/ of f val MeaA8drbPeinePbAREiny d dbiid dlrersed i thedirdare fastener
or holder. An alternative apparatus is illustrated in FIG 5A and FIG 5B.
This design i ncorPBRSERE7al|l of the features of the previously described

enbodi mnent, but with abjokahbepbé situated in said housing so as to
project a spray of discrete substantially frozen
cleaning particles at said solid surface to be cleaned;

c) means for supplying a fluid cleaning medium to
said nozzle for generation of substantially frozen
cleaning particles;

d) means for removal from said housing of said
undesired material cleaned from said solid surface;

e) movable support means in said housing for
supporting said solid surface to be cleaned and having
means to controllably move said solid surface from said
entry means to a position juxtaposed to said projected
spray of said nozzle; and

f) means for supplying a flush gas to said housing
to control the atmosphere in said housing and to assist
the removal of said undesired material cleaned from
said solid surface. '

2. The apparatus of Claim 1 wherein said nozzle
comprises a nozzle compartment having a plenum for receiving
fluid cleaning medium, a first orifice connected to a supply
of a fluid cleaning medium and said plenum, a second orifice
comprising a plurality of aligned apertures for discharging
said cleaning medium from said plenum and projecting said
spray of discrete substantially frozen cleaning particles at
said solid surface.



rat her ‘than |inear novenent. of the table carrying.the solid surface during
cl eaning. The circul ar shaped substrate, such as a silitcon vvafﬂmmm

on a circul ar-segnent shaped table 304 which rotates on axle 3 "mngm””"l
of a rotation nmechani sm 302 which may be a notor or manual operative ldri#ves =«
Such a design uses a rotational feed throggh-t he cl eaning chanber rather

than a |linear feed - 19 - through. The rotation ‘nmechanism 302 is | ocated

at the end of an uninsul ated extension of the cleaning charber housi ng 300.

This extension allows the rotati on nechani sm 302 and the rotational feed
t hrough to operate3at Teerappbretustefipelainrk whdmeabys®id hoasing hhe

need for spegi gk t t ng% ' L ona | can, in
some instancgs?kS%gg?dgﬂggéﬁaFFgrHggera ?qg?%o€$§#$éaéﬁﬁ)%%é}%fégﬁgng
appar at us. TRPera§lpBeause the external substrate carrier nmechani sm does
not extend horizontally outward fromthe cl eani ng chanber. The external
mechani sm of the rotating design extends vertically fromthe cleaning
chamber. However, #n tRRe ABPAFREHEI ofcClaim 1réherRin $3iR SWPRREBsure to

the aerosol gkadspebiibr@Besha substanttallepertst ovabls KAFiAgCcLadtanihle

ivot point. This is ause nts.qQn the substrate,cJoser to th i vot
Pee unqer | AEORS, 5o oS08k 5ras POLAS FHaRacH  Te soafa kS Tay! Eratk Reppre:
fromthe pi veor Coatebilablynmovday sai@rbablle undéorsaideppojgeted
el fect | vones3 3003 LaMkdel 8" ahicabebhesdnellis B8E%hS,305 shod o be

designed to

table on said track means.-

5. The apparatus of Claim 1 wherein said housing has
a raised chamber accommodating said nozzle with an opening
juxtaposed to a lower chamber accommodating said support
means.

6. The apparatus of Claim 5 wherein said raised
chamber includes flow baffles at said opening for
controlling said spray of said cleaning particles.

7. The apparatus of Claim-1 wherein said supply means
has a filter for removal of contaminants from said f£luid
cleaning mediumn.

8. The apparatus of Claim 1 wherein said supply means
has a cooling means for initially cooling said fluid
cleaning medium before entering said nozzle.

9. The apparatus of Claim 4 wherein said table is
movably mounted on a linear track means for linear movement
under the projected spray of said nozzle.

10. The apparatus of Claim 4 wherein said table is
movably mounted on a circular track means for arcuate
movement under the projected spray of said nozzle.
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i ncreasing spray of frozen particles of greater intensity fron1the

pi vot ‘point 303. This variation in intensity can be accom?ﬁﬁg(mﬂ"m"m,”"l
desi gni ng the nozzl e 305 to have progressively |arger apert

progressively smaller spacing between the apertures of the nozzle in a
direction away fromthe pivot point 303 zBl-s tendency toward nonuniform
exposure behavi or does not occur in the linear notion cleaner design of

FIG 1. Therefore, that fornmer enbodi nent should be used with the nozzle
having uniformaerosol intensity across its width. Wth reference to FIG
5A, the rotationdl.enffbei mpparadushodnClatih 3 yhereld7 saritl stpgilyy mea i d
Surface 1o BfcERaCd ko e osh 000300-4BC LS (RS BLE] LU ouoh an

exit port 3 r enovi as ne and clean renove con an1nat|ng
particles aw@P@ﬂdégﬂwa}ﬁﬁﬂgﬁﬂaﬂas'Fﬁé ?amﬁéngofoFsbéﬁﬁﬂﬁnehthtﬁﬁ&%ﬁlon to
rotate undere neazzl e 305 by neans of the axle 303. Wth regard to FIG
5B, the - 20 - alternative enbodinent is shown in a partial elevation
view with the gate or housing opening aperture 307 for the housing 300 in
whi ch the nozzl e 1305, 'mhed at;qiﬂmt%@,oft 02 adimv Qt wp@mﬁ&?mﬂ&dﬂiﬂeﬁgﬂya; : onh
‘means 302 are s | t LQ e yen xit ordfic a us
‘gas entry oR e Qﬁ%{] % tahéir %crbon Lir a;{-‘l o%’hgf PeR&5n4 g At with

l'i near noversatfawresotational novenment may be used in a vertical
inclination so as to further dimnish the opportunity for

13. The apparatus of-Claim 1 wherein said nozzle is
positioned at a 45° angle to the plane of said solid
surface.

14. The apparatus of Claim 4 wherein said fastening
means is a mechanical clip.

15. The apparatus of Claim 4 wherein said fastening
means is a suction device.

16. The apparatus of Claim 4 wherein said fastening
means is an electrostatic chuck.

17. The apparatus of Claim 4 wherein said fastening
means is an electromagnetic device.

18. The apparatus of Claim 1 wherein said housing
includes an insulation barrier to allow the apparatus to
operate below ambient temperature conditions.

19. The apparaﬁus of Claim 1 wherein said means for
introducing a solid substrate is an aperture which
communicates with other apparatus for diverse processing of
semiconductor materials.

20. The apparatus of Claim 1 wherein said means for
removal comprises an appropriate conduit and a vacuum pump



codnhtam nating particles to readhere to the solid surface bei

ed.
Ei't her apparatus may al so be used in conbination with an ext gﬂmmﬁ"m”’"”lm N
insul ating blanket to allow for maximumflexibility in maintawknags “
tenperature conditions inside the housing at above or bel ow anbi ent o
condi tions dependi ng upon desirability- 26The present invention overcones
t he di sadvantages of the prior art systens by providing a controlled
cleaning facility to generate contami nation-free argon or other cryogen
aerosol s for cleaningwiolid sur faces $f cgnta 'nat%ng gﬁrticles or ot her
undesi red rE@RrFefQvERgrSatds indesireq JRareT1ahe0E RRPHg SERARBET of the
present invugsdion prowi de&idondbushayly thermal insulation, thereby allow ng
col d aerosol or frozen particle formation. The cl eani ng chanber al so
provi des an enclosure for a clean inert atnosphere, thereby preventing
recont am nati on 2%.thBheubppanatusi of giainclyl whersinng mEgansSART ti es
after cleaniige) gyl oWel GORCHALULRS12388ChERAY PbiNSLBBIGIHRORT CLiRbrOSO)
surface cl eanthg pr%c ude cleaning i n an open environnent where condensabl e
inpurities awgepegdnt kA fald hRESEBHd substrate. The chamber al so provides
means for containing a partial vacuum |In sone-applications, an expansion
of the precooled gas to a partial vacuum of approximately 1/3 atnosphere is
desirable. The triple point of argon is at 0.68 atnosphere and 84[err] K
Therefore, an expansion of the aerosol to a pressure of |ess than 0.68
at nosphere insures that only solid and gaseous argon will be present in the

‘e



- .21 - aerosol

Solid argon particles are able to nore efficiéntly conpl ete

t he sandbl asting process of cleaning than are liquid argon droplets. Also,
a |l ower pressure environnment tends to reduce the decelerating drag force on
the argon particles thereby allowing the particles to strike the substrate
with greater energy. The invention also provides a neans for exposing the

contam nated solid surface to be cl
thereby effecting removal

manner,

damage of the substrate.

exposure by providing a neans to acc
predet erm ned distance and angle wit

providing a neans to nove the
direction under the operating
provide as uniform a cl eaning

effecti)
cl eaned as possible using a linear nog.
notion. The present invention is desi

is intended to direct the aerosol

away fromthe substrate and toward {h¢

nozzl e.
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m ni m zi ng recontanination of the s&béH
spray and any suspended contam nants ifg
internal geonetry. Al so, backstream ngAc
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‘Cbntindous purgi ng of the hatch area with gaseous nitrogen. An exanpl e of
the degree of cleaning effectiveness provided by the cryogenic aerosol

process and using the -apparatus described herein was performed. A test was

performed,in which a new 5-inch dianmeter silicon wafer was first exam ned
for total surface cleanliness using a las@ - - 22 - surface scanning

i nstrument available from PMS | ncorporated of Boul der Col orado. The scanner
provi ded a hi st ogram why f\di cat ed the nunber and sizes of all particles
initially present on t S A total of nine objects were initially
found on the wafer in Si za\range of 0.3 to 10 mcroneters. The silicon
wafer was then intenti cofNtam nated with glass m crospheres having a
known di aneter of 1.6/ nj X A, These m crospheres were deposited on the
wafer in a dry condi{i sajjuent scan of the same silicon wafer

reveal ed a hi gh degrpe MR AA\tion. A total of 350 objects were now
found on the wafer. the gl ass m crospheres caused the
surface scanner to nk s\l s larger in size than 1.6

mcrometers. Afté® galy/ I X ogeni ¢ aerosol aparatus of the
present invention, : U-VA'C Nas \dgai n scanned foggnhrticle

contam nation. The ot al of eight objects on the clean
wafer. This result ont am nat ed r can be

essentially restorad e cryogenic

aerosol process " AR Y t he preseghr‘



i nvention. This degree of cleaning effectiveness cannot easily be achieved
using the conventional cleaning processes and apparatus of the prior art.
The present invention has been set - forth with regard to several preferred -
enbodi nent.s; however, the scope of the invention should be ascertained from
the clains which follow CLAIMS 1. An apparatus for cleaning undesired
material froma solid surface using a-pgqj ected spray of discrete
substantially frozen cleaning particles which can vaporize after

I npi ngenent on the solid surface, conprising: a) a generally closed housing
in which a solid surface to be cleaned is accommpdated and having entry '
means for introducing a solid surface into said housing; b) a nozzle
situated in said housing so as to project a spray 9} di screte substantially
frozen cleaning particles at said solid surfaceAQ“be cleaned; c) neans-for
supplying a fluid cleaning mediumto said Wpr generation of
substantially frozen cl eanigg parti d8es; s#/Tor renmoval from said

housi ng of said un A _opPl al dl eaned frqn’éaid solg f e)
nmovabl e support rre‘(ééﬁs T N aﬂmﬁaace to

be cl eaned and havi ng
sai d

F16.368



entry neans to a p05|t|on juxtaposed to said projected spray of said -
nozzle; and f) means for supplying a flush gas to said housing to control-

t he at nosphere in said housing and to assist the removal of said undesired
material cleaned fromsaid solid surface. 2. The apparatus of Claiml
wherein said nozzle conprises a nozzle conpartnent having a plenum for
receiving fluid cleaning nedium a firgst orifice connected to a supply of a
fluid cleaning nediumand said plenum a second orifice conprising a
plurality of aligned apertures for discharging said cleaning nmediumfrom
said plenum and projecting said spray of discrete substantially frozen
cleaning particles at said solid surface. - 24 - 3. The apparatus of
Claim 1 wherein said housing has a view ng wi ndow for operator observation
of a cleaning operation. 4. The apparatus of Claim1l wherein said support -
means conprises a substantially flat table having fastening neans to affix
said solid surface to said table, track nmeans for controllably noving said

tabl e under said projected spray of said nozzle actuation neans for
noving said table on said track nmeans. 5. The apparftus of Claim1l wherein
sai d housi ng has a rai sed chanber acconnDdatl 3u

nozzl e wi th an opening
j uxt aposed to a | ower chanber acconmodati ng s
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means. 6. The apparatus of Claim5 wherein said raised chanber includes
flow baffl es at said opening for:controlling said spray of said cleaning
particles. 7. The apparatus of Claim 1 wherein said supply neans has a
filter for-removal of contaminants fromsaid fluid cleaning medium 8. The
apparatus of Claim1l wherein said supply neans has a cooling neans for
initially cooling said fluid cleaning ngdium before entering said nozzle.
9. The apparatus of Claim4 wherein said table is novably nmounted on a

| i near track neans for |inear novenent under the projected spray of said
nozzle. 10. The apparatus of Claim4 wherein said table is novably nounted
on a circular track neans for arcuate novenent under the projected spray of
sai d nozzl e. - 25 - 11. The apparatus of Claim1l wherein said supply
means includes a separate supply of argon gas and a separate supply of

nitrogen gas and a nmeans for bIendlnq the gases toqether 12. The apparatus
of Caiml wherein daid| i angle to the
pl ane of said solid|surf | Wwherein said
nozzle is positioned at iJd solid surface.
302\ /300
’ 300
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14.: The apparatus of Claim4 wherein said fastening nmeans is a nechani cal
clip. 15. The apparatus of Claim4 wherein said fastening neans is a
suction device. 16. The apparatus of Caim4 wherein said fastening neans
is an electrostatic chuck. 17. The apparatus of Claim4 wherein said
fastening neans is an el ectromagnetic device. 18. The apparatus of Caim1l

wherein said housing includes an insul gjgcpdhciarrier to allow the apparatus
to operate bel ow anbi ent tenperature congrtren 19. The apparatus of Caim

1 wherein saiTdToRARSINVENT10M: - ORRPARATYS 2TCF B § Bl ¢ ' erture which
communi cates wi th ot her appar a¢RYSGENIC gﬁg&s@e%@cgﬁ?‘ﬁ?o ﬁ%@ conduct or
materials. 20. The apparatus of Claim1 wherein said means for renoval
conprises an appropriate conduit and a vacuum punp - 26 - for renoving
sai d undesired material and used cl eani ng medi um from sai d housing. 21. The
apparatus of O -aiThel mtesent nvenhtivandsf an spppratug fofl gikagang ncl udes

means for supphyi dthdibd e do PP YrFatesOusihg HOUBERY of frozen
cryogen, such as argon, to impinge on the solid surface to
remove contaminant particles: The apparaius includes an
appropriate nozzle positioned in a housing designed for
ultra clean conditions including sweep gas supply and
evacuation conduits and a sﬁpport table movably positioned
within the housing to controllably convey the semi-conductor
solid surface on a track under the spray of frozen cryogen
emanating from the nozzle.

Figure 2 of the drawings should accompany the abstract when published.



