| METHOD AND MATERI AL FOR CLEANI NG A SUBSTRATE
BACKGROUND [0001] In the fabrication of sem conductor
devi ces such as integrated circuits, nmenory cells, and
the like, a series of manufacturing operations are
perforned to define features on sem conductor wafers
("wafers”). The wafers inclyde integrated circuit
devices in the formof multi-Ilevel structures defined
on a silicon substrate. At a substrate |evel,
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are patterned and electrically connected to the
transi stor devices to define a desired integrated
circuit device. Also, patterned conductive |ayers are
i nsul ated from ot her conductive |layers by dielectric
materials. [0002] During the series of manufacturing
operations, the wafer surface is exposed to various
types of contam nants. Essentially any material present
in a manufacturing operation is a potential source of
contam nation. For exanple, sources of contam nation

may i nclude process gageggrkEReongal s, deposition
materi als, and |iquids, anong ot hers. The various
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on the wafer can be quite difficult. [0003]

by delsvieamasriils. waf er cl eani ng net hods have relied heavily
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substantially complete manner without damaging the features defined on the wafer.

However, the size of particulate contamination is often on the order of the critical dimension
size of features fabricated on the wafer. Removal of such small particulate contamination
without adversely affecting the features on the wafer can be quite difficult.

[0003] Conventional wafer cleaning methods have relied heavily on mechanical force to
remove particulate contamination from the wafer surface. As feature sizes continue to
decrease and become more fragile, the probability of feature damage due to application of

mechanical force to the wafer surface increases. For example, features having high aspect




sufficiently small size can find its way into difficult

to reach areas on the wafer surface, such as in a

trench surrounded by high aspect ratio features. Thus,

efficient and non-damagi ng renoval of contam nants

during nodern sem conductor fabrication represents a

continuing challenge to be net by conti nui ng advances

in wafer cleaning technology.2 It should be appreciated

that the manufacturing operations for flat panel
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[h@{ilﬁa 3ho gpe% EI’PG tpil%gerbgll\r/eélﬁgrg rég otlﬂeseaﬁ]e%d% til)?t ﬁlg(lltdkn%l ﬁnproved

rhdthods taall enalpRtdys @f tleafing hafer suiigts. alt ehOL{ld)Bé)Zﬂ)prédiatacﬂ] dtahthe present
enbaqdi nent,. a_ cleanjng materi al for ar i

. n
IBYFBYPT EAePS SRR S8 AP W AR & Fbptafgsa grethod and a

sydOH] ge&mﬁme erﬁao?lﬁhérﬁ’s &Qh@{ﬂ@&'ﬂ% 1nvé}ﬂi‘3n @reddScribed below.
conponent . solid cor¥p nent is defined a plurality
8%

[@06 dhicds cohadimaris cieghodrfeiedieaningtif diselaged| jAyenbatrate having a particle
Q r -tk .

SRARRL o T B AR SRRy LELTLIE Ry nd s

gad @aniongis n@enemied! AN face tiabppliedatver sha ppktiatedbody tm@romulgate an

.substr till ot he I ment,, .anot
RS ePron 1 B ot ot B RSl CT PRLETE b durgn e sone
wifieh&partit1Brosn BStstFh® dTake subPadtd.i Theintiepaish beghebh erees@nd portion
Atri-state body that is defined by a surfactant i

in
andi st panidlarausiig] e praisle, todbel rrayY Hera oh tha Thshiedqiady "Off of the
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[G007} Bt sapther embodiment, a cleaning material for preparing a substrate is disclosed. The

cleaning material has a liquid component, a solid component, and a gas component. The
solid component‘ is defined a plurality of solids that are dispersed within the liquid
component. The gas component is intermixed with the liquid component and the solid
component to define the cleaning material in a state that is applied to the substrate.

[0008] In still another embodiment, another cleaning method is disclosed. A substrate is
provided, wherein the substrate has a particle deposited thereon. A tri-state body that is

defined by a surfactant in a substantial solid phase, a liquid portion in a liquid phase, and a



body is applied to the surface of the substrate in such

a manner that the surfactant interacts wth the

particle on the substrate surface. The tri-state body

is then renoved fromthe surface of the substrate,

where the interaction between the surfactant and the
particle causes the particle to be renoved along with

the tri-state body. BRI EF DESCRI PTI ON OF THE DRAW NGS
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[0015] Figure 6 is a flow chart of a method for using a tri-state body with a surfactant as a
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solid phase to clean the surface of a substrate, in accordance with one embodiment of the

present invention.

DETAILED DESCRIPTION

[0016] An invention is described for methods and materials for cleaning wafer surfaces. It
will be obvious, however, to one skilled in the art, that the present invention may be practiced
without some or all of these specific details. In other instances, well known process

operations have not been described in detail in order not to unnecessarily obscure the present

invention.



[0017] As used herein, a tri-state body cleaning

material contains a plurality of tri-state bodies that

i nclude a gas phase, a liquid phase and a solid phase.
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during the application of F. In one enbodi nent, the
fluid is a gas such as air, nitrogen (NA), J carbon

di oxi de (CQ2) and argon (At). In another enbodi nent,
the fluidis aliquid that is immscible with the
liquid portion 106 of the tri-state body 110. [0019] As
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long as the resulting gas m xture can be conbined wth

a liquid portion 106 and a solid portion 108 to forma
tri-state body 110 that can be utilized in substrate

112 cleaning or preparation operations. 6 [00211
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specific chemical characteristics and their interaction with the surrounding liquid portion 106,

the solid portion 108 may take one or more of several different forms.
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of various carbon chain lengths extending from C-1 through about C-100. Also, the

carboxylic acids can include long-chain alcohols, ethers, and/or ketones, above the solubility
limit in the liquid portion 106 of the tri-state body 110. In one embodiment, the fatty acid

used in the solid portion 108 acts as a surfactant when coming into contact with the

contaminant particle 102.
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embodiment, the tri-state body cleaning material 302 is generated in a reservoir prior to
dispensing via an applicator to the substrate 112 surface. The reservoir being configured to

apply sufficient agitation and/or aeration to the starting materials of the tri-state bodies 110 to

generate the tri-state body cleaning material 302.
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apparatus for dispensing. In still another embodiment, the tri-state body is generated at the
point of application through a series of chemical reactions that automatically occur as the tri-
state body raw materials are dispensed from the dispensing apparatus.

[0034] The method 500 continues on to operation 506 where a force is applied over the tri-

state body to promulgate an interaction between the solid portion of the tri-state body and the



the renmoval . [0033] Figure 5 is a flow chart of a
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[0037] In one embodiment, the surfactant is distributed throughout the liquid portion 106 to

define a plurality of hydrocarbon chains having a carboxyl group attached to one end of each
of the plurality of hydrocarbon chains the are in suspension. The plurality of hydrocarbon
chains being adverse to flocculation. In one embodiment, the dispersion of the surfactant is
activated through the application of a base to the tri-state body.

[0038] Still with Figure 6, the method 600 then proceeds on to operation 606 where the tri-

state body is applied to the surface of the substrate such that the surfactant interacts with the



[0036] Figure 6 is a flow chart of a nmethod for using a
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one enbodi nent of the present invention. D agrans of

the tri-state body and how they are utilized in this

nmet hod are shown in Figures 1, 2, and 4. Method 600

begins with operation 602 where a substrate with a

particle deposited thereon the surface is provided. The

JARidnogh BAQ,EQNRLI4E S Oft dRoRRBEALd Rte OB e &i-state body, thus

tri-state body defined by a surfactant in a substantia

solingithpladestana st thqui & pperimpisrio of epréactingtieaysiiis & heé?fee b? applied
n‘% ggﬁ%r&rle %uppil%d %lygaaﬁulﬁ %?Sag] E éht 9! @ﬁ{eals&%s t ﬂan? §1sposed over the tri-

sdatésb(ﬁn)stbwgrdaplm sutﬁtcoof thi aubsgetrae rIatawharminhmdsxmmsbs farereis applied

s B S D e B RS L 6% Sl LS M s e
Sahﬁﬁﬁﬁﬁym%g prlor to di spensing by the dlspen3|ng
ags icator. In still another enbodi nent the tri

The megdnsr G0 ehenanoras@ngpioneraien & hea theohi-1iae Baﬂﬁg‘hlsa{emwed
aﬁ)(:r‘l"g vﬁ‘?h QL pehe f?cﬁ{lj tHeEREh 0 She §dDRt VI ATBAt (RRnkdfaPi6h BEtween the
e tri-state 5 raw materials are dispensed from
Suﬂﬁ@tm smbﬂns Ipwglcleavpms theperticfe00 37 Fenhayed along g dhaisingtate body. The

t he surfactant tr| h
B AT B R, s o
ofdairNBoRarictigingntambiding gthesipn,atdlidbe dattractivnefoses) ofd chemical
each of the plurality of hydrocarbon chains the are in
§ﬂ§ﬁén5|on The plurality of hydrocarbon chains being

[RRAYEASBoL £ kQE Hbaineds of ﬂle%}@seﬁm‘?éﬂtf&ﬁﬂhve bb& described in detail
di spersion of the surfactant activated through the

hergiph itchouldve onderstoed dytthoseoé qudﬁlaf% fkitlethBbotly Prf[semse\]emwn may be
r

<Bhbd o HBaFB 3p g AL BORBlPRo R 9L S5 PciR of

1rtvhletlc81ur fherfat, tHaeplssdns texatiples woth dniteidinidmés sxgr foabt anonsidered as

jnteractg with the arti le.on th fer, surf
e oeBaraBit e Ao SRoE e Pred PR B bt SfGprovided
tHRRGY, but ML be ABYIBY afidiragieed dcthRIthe Sdpé BAthe bppended claims.
W%rOX|nate to or contacting the particle. The force is
ppisicldmedsisa a pressure supplied by a fluid or adj acent
tri-state bodies that are disposed over the tr'i- state
body towards the surface of the substrate. |In another
enbodi nent, the force is applied by an apparatus
desi gned to apply nechani cal force against the
tri-state body towards the substrate surface. [00391
The net hod 600 then noves on to operation 608 where the
tri-state body is renoved along with the particle from
the surface of the substrate such that the interaction
between the surfactant and the particle causes the
particle to be renoved along with the tri-state body.
The



I nteractions between the surfactant and the contam nant
particle can be established through one or nore
nmechani snms i ncl udi ng adhesion, collision, attractive
forces, and chemi cal bonding. f00401 Al though a few
enbodi nents of the present bnvention have been
described in detail herein,” it should be understood,
by those of ordinary skill, that the present invention
may be enbodied in many ofhens specific fornms wthout
departing fromthe spirit or scope of the invention.
Therefore, the present exanples and enbodi nents are to
1. be gQﬂ%hgggﬁgmgﬁcoﬁ%ﬁg§érative and not restrictive, and
the invenfion i1$ not to be linmited to the details
pr opodidthg & substedtnhabng a sufecheherpdface daviagd pprtistetthereen:
Ol SFHERINS 2 o er At EORE & QLAY e erigh o poron, and a gas
porfi@PLASERGhe PGOMI Hrfiéh 8nd® tHeSdek BogidhadiMe @ &iehpsabeingtthasport
surface having a particle thereon; generating a .
cortaining tilzet eolisopiytiemrihe selidhportion i puspprstan wnthe diapidgeardon, the gas

st ol iganlytionrpe bold pkr e dapidprior
rorliuhife: e BT GO B IR Bl AT, g™t anSpor: "

condppiyingdd fhiee et it Piostite @0dy td eresollpate pariktenotiom between the
suspension in the liquid portion, the gas. portio

! | ) g .
solid partient aBd st patfFla) ﬂy 1p‘[e|rqcpﬁ@ befeeen ﬁé%ﬁ%lﬁﬂ gf)qnlq@ ang the particle

transpor.t.; lving - . b it = 1.2 y to
cocrBaR e SRt B pb Gl SRR Bl Bt bbbl IR
andreiro@ingahd irthtete Holig along evithctht partibletfvee thetsuefasodfithle substrate,
ortion and,the}garticLe occurring,g@en t he %ﬁngl .
sucE 8t therintesacos P rrRpTiicle sRUSST e PITUCE 1P 1R8 THRPYSILYiEh thy fiystate
bo enoving the tri-state body along with the particle
fomthe surface of the substrate, such that the
interaction with the particle causes the particle to be
renoved with the tri-st bod e.cl eanin

St,e y.. 2.. Tlﬂ % ¢
2. et Hesdleaning wethodsiteiieldn Al TwBrisinibe FiceH g Tlinpoppe of 2
o0& ' f f the tri-
corf S iRaR PRGe0hs RrooRRRATS R B RIS U o TR
stasbade body. 3. The cleaning nethod, as recited in claim
1, wherein the connection is one of adhesion or
repul sion. 4. The cleaning nethod, as recited in claim

3. 1, meﬁl%.hﬂné NEetBEE ROFLIQN i $1a8081,06h&eBafhe connection is one of

adhesion or repulsion.

4. The cleaning method, as recited in claim 1, wherein the gas portion is one of a gas
mixture of,

ozone (O3), oxygen (05), hydrochloric acid (HCIL), hydrofluoric acid (HF), nitrogen
(Ny), and argon (Ar);

ozone (O3) and nitrogen (Na);

ozone (O3) and argon (Ar);

ozone (O3), oxygen (O2) and nitrogen (N3);

ozone (0O3), oxygen (O,) and argon (Ar);

ozone (03), oxygen (0y), nitrogen (N>), and argon (Ar); and



m xture of, ozone (03), oxygen (02), hydrochloric acid
(HC1), hydrofluoric acid (HF), nitrogen (N2), and
argon (Ar); ozone (03) and nitrogen (N 2); ozone (03)
and argon (Ar); ozone (03), oxygen (02) and nitrogen
(N2); ozone (03), oxygen (q ) and argon (Ar); ozone
(03), oxygen (02), nitrogen (N2), and argon (Ar); and
14 oxygen (02), argon (Ar) and nitrogen (N2). 5. The
cl eanygeg (Pe), hgdn (Ap) andeittadniNy)cl ai m 1, wherein the
encapsul ating transport is conbined with other
encapsul ating transports to define a foam the

5. encaps élcahinB Indih N3P diRd n@emrﬁ!mgm&&&%%ﬁ:&mhmgag $@8sport is
C

the solid pﬁase to come in proximty to the particle so

combined withadher iencapsulating franspetscioidefinevt faant, ee enghpsylating transports

ortion_and the ticl n the surface.of th .
oo ffie e Pa’ A5sEhh SENF B Rl RoBY BTty d o raticle p o5 o
facllitatehr@E ahidrdchien SEt ehePesltd ebrtios Aaf theeshrtibten 8R QffaBe of the
gas phase and a |iquid phase. 7. The cl eani ng met hod,
sulggateecited in claim6, wherein the solid portion
includes fatty acids. 8. The cl eaning nethod, as
recited in claim1l, wherein adjacent tri-state bodies
6. posiTh¢ eresingedthdd)exst ietiteslt iat @aibodywagplny the @ 1ifl goeton 8. defined
The cl eaning nmethod, as recited in claiml, wherein the
outsig of  §25 MI§S e iPEE RBBB- t he solid portion provides
hydr odynanmi ¢ resi stance to renove the contam nation
10. A cleaning material for preparing a substrate, the
7. cl ed@he clgaring erttal, sorpitddsinrtiim @ Wheegin thecsoiif @ogivh; inéludes fatty
ol id conponent defined by a plurality of solids that

acigy e di spersed within the |iquid conponent, wherein a
concentration of the solid conponent exceeds a
solubility 1limt of the solid conponent within the

8. | i qUhd ckanjpgnaathpdwhe rreditredt ineclsiod i1d yloertinomjacent tri-state bodies
distributed in the liquid portion to define a plurality
Po%ﬁmWQBVﬁEEﬁEbﬁmfﬁﬁﬁﬁépﬁﬁgﬁﬂgnﬁ' carboxyl group attached
to one end of each of the plurality of hydrocarbon

chains that are
9. The cleaning method, as recited in claim 1, wherein the lubricating layer between

the solid portion provides hydrodynamic resistance to remove the contamination.

10. A cleaning material for preparing a substrate, the cleaning material comprising:

a liquid component;

a solid component defined by a plurality of solids that are dispersed within the
liquid component, wherein a concentration of the solid component exceeds a solubility
limit of the solid component within the liquid component, wherein the solid portion is
distributed in the liquid portion to define a plurality of hydrocarbon chains having a
carboxyl group attached to one end of each of the plurality of hydrocarbon chains that are
in suspension and are adverse to flocculation among the plurality of hydrocarbon chains;
and

a gas component intermixed with the liquid component and the solid component, to

define the cleaning material in a state to be applied to the substrate.




I n suspension and are adverse to floccul ati on anong the
plurality of hydrocarbon chains; and a gas conponent
interm xed with the |iquid conponent and the solid
conponent, to define the cleaning material in a state
to be applied to the substrate. is 11. The cl eani ng
material for preparing a sub3trate, as recited in claim

10, wherein the |Iliquid conmponent includes a base. 12.
The cleaning material for preparing a substrate, as
[ , Whereint base i.s .an aguequs

ecited in claim
Hbasgfhgé {earipg ST THI R B 8 ﬂgert%tarsrramrefi 1 (i3t 14, Wherein the
11ﬁMngﬁ%gﬁﬁung&gg%h§ﬁ1hdeOXIde sodi um hydr oxi de, and
tetramet hyl ammoni um hydroxi de. 13. The cl eani ng
materi al for preparrng a substrate as recited in claim

12]} gt {.Fb\'h 8%?%13 ¢ ha?enaigor pfsﬁ%ar]@ one ba{tqi&? éif:q?ttglt:l l d 1?rwﬁerein the
bafel BP&K iafGecis SBHISIRRER] ASm! 861 §:8dp d’(‘)n?&?ﬂé}b@%mﬂi‘&ﬁ& &lyroxide,
the solids act as a foam i nhibitor he cl eani ng
potﬁmuen hadrokide, sodpwahydigxide.sub sttraateghylammpeivin ledréxide | ai m
13, wherein the fatty acid acts as a surfactant. 16.
The cleaning material for preparing a substrate, as

13r ecThe6lehding hiakdNal for pMyRERE R sub&ratd, At tacid€iflcladn 10, wherein the
sel ected fromthe gro%p consi sting of stearic aci d
At

soldaqrrore)t 160 Bis)acid gl faity rdd a@di-d, and ol eic acid. 17.
The cleaning material for preparing a substrate, as
recited in claim10, wherein the solid conponent is

141 onTEeeleding hRtdriallBirchreRnpe Abstiate, hOkdvitden Ehidk A, Wierein the
of solids. 18. The cleaning materi al for preparing a

solisiypetras atfeam adibiéi ted in claim 10, wherein the solid
conponent has a carboxylic, sulfonic, or phosphonic
acid portion. 19. A cleaning nethod, conprising:

15.pr oYhelelaghingg Subsil &rerdiavingg sabstitd as eacittdér guihi &% ewherein the
having a particle thereon; generatrng atri-state body
ﬁmﬂ@ﬂﬂﬁ@ﬁa§?53ﬁ§ﬁWFactant in a substantial solid phase, a
liquid portion in a liquid phase, and a gas portion in
a gas phase prior to application to the 16 substrate,

16.wheTled ¢cledntiey stetialtfoaprepasing 'astlbsitﬂaw; eslrdcited heclhing U3, dvherein the
portion to dgfrne a plurality of ydr gcar bon charns

fattrra%l@rgs aclestrs dxgm @Fo%rﬁuratqoa@ﬁw 95 strqec eyl 6FHelsdh)16$OO0H),
palfoftfe RidaA by Lid.

17.  The cleaning material for preparing a substrate, as recited in claim 10, wherein the

solid component is ionized by the liquid component to form the plurality of solids.

18.  The cleaning material for preparing a substrate, as recited in claim 10, wherein the

solid component has a carboxylic, sulfonic, or phosphonic acid portion.

19. A cleaning method, comprising:
providing a substrate having a surface, the surface having a particle thereon;
generating a tri-state body defined by a surfactant in a substantial solid phase, a

liquid portion in a liquid phase, and a gas portion in a gas phase prior to application to the




hydr ocar bon chains that are in suspension and are

adverse to flocculation anong the plurality of

hydr ocar bon chai ns; applying the tri-state body to the

surface of the substrate such that the surfactant

interacts wwth the particle éhen the surfactant is in

proximty to the particle; Yhd renovi ng the tri-state

body along with the particle fromthe surface of the
sutstiixsf whdrein ths watfactdmtis dikeibiret én det liqpnd bettiween defiiee a plurality of

urfactant agnd. the partjcle causes the part.icle be ..
by QRO RS gV WAL 1Y $10U FIACB DUy 980T ARh 4 BRI of

hycﬁ@(t,a%’cqr cRind agk ted ik r;’sugdeﬁéigﬁ 19d Wbefieile therdcb@Hish among the
portion and the gas portion define an encapsul ating

plutaligneiplgrdrqcattvae ahamsporti on further substantially

filli t | at i t t. .21. The cl '

et SR EETE oK BITE0 FHELO ST SRR G ¢ Fgeten
int@&dtd RAR (& pLRNORELA R DERMERNRs IhRoRanifit6 e anekld;had

surfactant” of the tri-state body. 22. "The cleanin
met teowva thetri-stett Hody @laaigrwitiOthe whigicksi from [fee surface of the substrate,

ulating transport is. .comdi.ned wi.th ot her .
o 6 RRRerRen PARERO e Tl o e Py 4Rg the partcle o be
renRRE@RIGHE ahthnBe tl-anepeEys of the foamapplying a force
to the surfactant that causes the surfactant to be

positioned proximate to the particle so as to initiate

20 TO gre’tﬂ!len%lga{n%% i?)%ﬁ]log CIVRER it iF %%aﬁrﬁ rf&&l‘h?’%&* 1212 %ﬂgﬁeppﬁtéon and the gas

iclré orrtne surface o e subs

poréibe dsfiMgaied@uladsy r@GbbRAthe as paitivn frthéruubleiitially filling the
conprising: activating the suspension of the surfactant

encg BApspePpl i cation of a base to the tri-state
body.

21.  The cleaning method, as recited in claim 19, wherein the interaction defines a

connection between the particle and the surfactant of the tri-state body.

22.  The cleaning method as recited in claim 20, wherein the encapsulating transport is
combined with other encapsulating transports to define a foam, the encapsulating transports
of the foam applying a force to the surfactant that causes the surfactant to be positioned
proximate to the particle so as to initiate the interaction between the surfactant and the

particle on the surface of the substrate.

23.  The cleaning method, as recited in claim 19, further comprising:

activating the suspension of the surfactant through an application of a base to the

tri-state body.




