1 METHOD AND MATERI AL FOR CLEANI NG A SUBSTRATE
BACKGROUND [0001] In the fabrication of sem conductor
devi ces such as integrated circuits, menory cells,

and the like, a series of manufacturing operations are
performed to define features on sem conductor wafers
("wafers"). The wafers incl%de integrated circuit
devices in the formof nmulti-Ilevel structures defined
on a silicon substrate. At a substrate |evel,
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are patterned and el ectrically 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

mat erials. [0002] During the series of manufacturing

operations, the wafer surface is exposed to various

types of contam nants. Essentially any materia

present in a manufacturing operation is a potentia

source of contam nation. For exanple, sources of

contam nation may inclu PERBERD dases, chemicals,

deposition material s, aggg%rqurgs—'annng ot hers. The

various contam nants may deposit on the wafer surface
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substgltltially 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? cl eaning technol ogy. It

shoul d be appreciated that the manufacturing
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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 DBSCRI 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

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 include a gas phase, a |iquid phase and a solid

phase. In one enbodi nent, the gas phase and |iquid

phase provides an internediary to bring the solid

phase into close proximty wth contam nant particles

102 on a substrate surface. 4For further explanation of

the conposition of the tri-state body cl eaning
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during the application of F. In one embodiment, the fluid is a gas such as air, nitrogen (N2),



during the application of F. In one enbodi nent, the
fluid is a gas such as air, nitrogen (NZ), 5 carbon
di oxi de (C02) and argon (Ar). In another enbodi nent,
the fluidis aliquid that is immscible with the
liquid portion 106 of the tri-state body 110. [0019]
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long as the resulting gas mixture can be combined with a liquid portion 106 and a solid

portion 108 to form a tri-state body 110 that can be utilized in substrate 112 cleaning or

preparation operations.



long as the resulting gas m xture can be conbined wth

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

112 cleaning or preparation operations. 6 [0021]
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embodiment, the solid portion 108 goes into suspension in the liquid portion 106 when a base
is added to the liquid portion 106 (i.e., by altering the zeta potential). Depending on their
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.



by the addition of one or nore conponents to form an

i nsol ubl e conpound. I n one enbodinent, the solid
portion 108 goes into suspension in the liquid portion
106 when a base is added to the liquid portion 106
(i.e., by altering the zeta potential). Dependi ng on
their specific chem cal characteristics and their
interaction with the surroufiding liquid portion 106,
the solid portion 108 may take one or nore of severa
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m xture of fatty acids defined by

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.



various carbon chain lengths extending fromGC1 to
about C-26. Carboxylic acids are defined by
essentially any organic acid that includes one or nore
car boxyl groups (COOH). Wien wused as the solid
portion 108 of a tri-state body 110, the carboxylic
acids can include m xtures of various carbon chain

| engt hs extending from C1 8hrough about C 100. Al so,
the carboxylic acids can include | ong-chain al cohols,
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applied to a substrate that may not be in the flat position, but may be at an angle, or vertically

arranged or held.



portion 106 and solid portion 108 of the first
tri-state body 110 contacts the sane in the second
tri-state body 110 causing a transfer in kinetic
energy fromthe first tri-state body 110 to the
second tri-state body 110. This transfer causes the
second tri-state body 110 to nobve towards the
contam nant particle 102 thes creating an interaction
between the solid portion 108 of the second tri-state
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| Ssperse IS a gas and "a conti nuous
agitpti@s end/or aeration to generate the tri-state body cleaning material 302. In another
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.



that is a liquid. [0030] In one enbodi nent, the
tri-state body cleaning material 302 is generated
using an applicator prior to application to the
substrate 112. The applicator taking the constituents
that nake-up the gas portion 104, liquid portion 106,
and solid portion 108 of the tri-state bodies 110 and
processi ng (by providing th® appropriate agitation
and/ aeration) themto formthe tri- state body
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part |c s in the particle 102 being renoved
ﬂmﬁmnnwﬂhe surface of the substrate 112 as the
j-State. b 10 | .
[Oﬂggiogllg}ugt 5315 f%ng 31[36%%‘%] 1{1&%%9&(; ﬁ)g uélﬁg g]gtt Igﬁtesﬁ%)rd?"il& @16% theRfrface of 2

subkfrite Sihateortady withGne enbedimeatiofte praseritigventien. sDiageases of the tri-

of the sub rate 11 The
suopaend i e ereTig! 1 hEateakou it i R g 4 Method
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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

nmet hod for using a tri-state body to clean the surface
of a substrate, in accordance with one enbodi nent of
the present invention. Diagranms of the tri- state body
and how they are utilized in this method are shown in
Figures 1, 2, and 4. Method 500 begins with operation
502 where a substrate with & particle deposited
thereon the surface 1is provided. As discussed
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ani sns i ncludi ng adhesion, collision, attractive
(0083 Inesne cartpdinednbnthe aurfastant isr@stnbuted 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

atri-state body with a surfactant as a solid phase

to clean the surface of a substrate, in accordance

wi th one enbodi nent of the present invention.
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and 4. Method 600 begi ns wiif2h operati on 602 where a

substrate with a particle deposited thereon the

urface | Loided, onk i ikfte body, thus
pagle s AR Fuork AR B iy P Ry i fhe body,
ma/itd the barftctanhscathstibistparkimate t of ¢outagting e particleg L]liyhﬁ force is applied

.portion in_a. liquid,phase, and . i 00 4i .
RSP st by by B SRR SRR 0 P8 e
staROEbAy| tswaidp ltﬂdees‘grﬂd& Shé sﬁhﬁ&@ten Sh B@othﬁ{ﬁnigmgtrmnt,tthatforceh is applied

generates and di spenses the tri-state odi es ontag the
by Sr gppartustdesigaednter aply pwc]éaﬁ&a{] Erce AT ﬁ%{r}-st?ﬁqre})o%y towards the
sublshhieStAt&. body is generated in a reservoir prior to
5ispen5|ng by the di spensing applicator. In still .
[0038b The megvd D riesmt moves oe te obergtien e)8hwhigre il Getidlp kpdyis removed
at the, point. of [ [ i8S i®fraction between th
o P DT AR Q0 AL a8 B s v
surfckan$ bied the batiyle cawesriie paitizleso e eendivep elvag ovithrtheriri-siate body. The

. di spensi ng aratus. [0037] In.one ephodi ment ;
int AT R PATLeD SR LB P ﬁ#@ﬁ@ﬂaﬂa P ity B gotabiifed through
on® Y thoR Hbhah@msdRblaRgaadbksioml Edllisiod, drastiveafobms, and chemical
chai ns having a carboxyl group attached to one end of
bowdieh of the plurality of hydrocarbon chains the are
' s i ' rQ8 be&h@ésBbed in detail
lﬂdgg] %gﬁ%edr gegv te%gﬁug%% ?gltﬂ%%pﬁ egeflﬂ%gﬁlgﬁ)gnbodi ment, the
herelins esheild e afdérbteod tryfthee arfitordisary skilli that B nreserfuigrenting may be

|jcation of a base.to th I 4= d ]

em%f’)‘ﬁ?‘i R ﬂrsge"ééc {5 OB)JE dg%%ﬁ#%? gﬁ&pérﬁg 0%882& grsope of the
invERidAP e Mkicfite 606 Meame ekiyaples iand sdnsfodirhonly ares tabpl ¢oadidered as

to the surface of the substrate such that.t . .
illugfgtivg cang ot rq%frtsi%taéﬂgm Rvenionyis HObQ’r‘Bﬁ @PE"*(Q ﬁO {h letails provided
thelBf, Bt S b@RBdifibd aREraB{H Uitk the s@pt O e appendpptinid.

to'the tri-state body, thus noving the surfactant so
Whatiatcldimed is: proxi mate to or contacting the particle.

The force is applied via a pressure supplied by a

fluid or adjacent tii-state bodies that are disposed

over the tri- state body towards the surface of the

substrate. In another enbodinent, the force is applied

by an apparatus designed to apply nechani cal force

agai nst the tri-state body towards the substrate

surface. [0039] The nethod 600 then nobves on to

operation 608 where the tri-state body is renoved

along with the particle fromthe 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 sns includi ng adhesi on, collision,
attractive forces, and chem cal bondi ng. [0040]
Al t hough a few enbodi nents of the present invention
have been described in detail herein, it should be
under st ood, by those of ordisary skill, that the
present invention nmay be enbodied in many other
specific forms wi thout departing fromthe spirit or
scope of the invention. Therefore, the present
exanpl es and enbodi nents area¥®s pe considered as
illustrative and not restrictive, and the invention is
not to be limted to the details provided therein,

1. but Andyanires meitlod,icedhpasidg:pr acti ced within the scope of

the a nded .c] ai ns.. What i I ' : ' .
1 RBRER HGSIrae RBnS € Srgier (it L g d e Hefon:
substdepdtRighayishge BodyWobmpeising kiselidporfiac @ liyaud pogtien, and a gas
particle thereon; generating a tri-state body
pod®ipri sing a solid portion, a liquid portion, and a
gas 4 lﬁ%? lhGhvce BRIt Bidstae HOdYC® pRotRilgith en trtéragioatbetvred yhe solid
to p?o gate an interaction between the solid
popontand thegadiddienparti cl e; and renoving the tri-state
body_ al on o b Gl i fcObf thBSubstrate,
subdrrt B el o Aok S A BRRGIC R B, SERcObe DS
suddathitithd @tecatinn svithtibe pati¢le cduses the bartigle tobewmgvedh with dhe tri-state
tri-state body. 2. The cleaning nethod, as recited in
body.ai m 1, wherein the interaction defines one of a
connection or transfer of nomentum between the
particle and the solid portion of the.tri-state .bog
2.3. Theclepnmmsofes ﬁ%fdt,eg Jclpigh ] tdgreim the gprgeyon lél?sgéi{“r? ofa
co%@ti&f&%gfep@f rhﬁﬂ&ﬁ@m@)fet\ﬁ‘éﬂ &l fAficldnd tRPsdldlipoftionbf the tri-state
e cleaning nethod, as recited in claim1, wherein
bodshe i quid portion and the gas portion define an
encapsul ati ng transport, the gas portion further
substantially filling the encapsulating transport. 5. ‘
3. TheTh¢ eleatiimgmembiiod reciisd irediitrely wheregh thie gpunectigreis@ng of adhesion

the gas portion is one of a gas
or repulsion.

4. The cleaning method, as recited in claim 1, wherein the liquid portion and the gas

portion define an encapsulating transport, the gas portion further substantially filling the

encapsulating transport.

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

mixture of,

ozone (03), oxygen (O;), hydrochloric acid (HCI), hydrofluoric acid (HF), nitrogen
(N,), and argon (Ar);

ozone (O3) and nitrogen (Na);

ozone (O3) and argon (Ar);

ozone (O3), oxygen (O,) and nitrogen (N2);

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



m xture of, ozone (03), oxygen (02), hydrochloric acid

(HA), hydrofluoric acid (HF), nitrogen (N2), and

argon (Ar); ozone (03) and nitrogen (N2); ozone (03)

and argon (Ar); ozone (03), oxygen (02) and nitrogen

(N2); ozone (03), oxygen (02) and argon (Ar); 14

ozone (03), oxygen (02), nitrogen (N2), and argon

(Ar); and oxygen (02), argbh (Ar) and nitrogen (N2).

6. The cleaning nethod, as recited in claim4, wherein

t he oeseaps ) baidengob); ARSpaT (N,), and e@obi{A®dandi t h ot her

encapsul ati ng transports to ine a foam the

encéﬁ&ﬁmépﬁh@gpFéﬁ@ﬁﬁ??gﬂgﬁb&f;lng a force that causes

the solid phase to cone in proximty to the particle

so as to facilitate the interaction with the solid )
6. por fThe nleam‘nlg méuogaastrmiteé ipelaimhd véierdinge e@fsaptsw\étmg transport 1s

CO@Eme OT eé Fré(iaﬁgﬁ:ﬁ %ﬁ&}%gtp g‘ﬁ%}%‘g ’al e i&%tgsggsu'loa{&tn% transports
app'lfymg a(faﬁze ﬂms:msemuﬂe aolid msedophms én pr®xifinty tolthfaparmie S0 as to
laim?7
tacgpi it e g 5y paenand BTl lfs REFisdor g substate
as recited in claiml1, wherein adjacent tri-state

bodi es positioned over the trj-state bod ﬁP % ‘ﬁf d
7. f or &be clzmngmétheﬂ,eaam*—%f@d Hetlpisyl, vherdipthesalyd poftied 1§ 9e5e

r layer between the solid
outmgtlogagro %ﬁdlﬁc%ro y ' [

por ynam c resistance to renove the
cont am nati on. 11 A cleaning material for preparing a

c on%%% tﬁfienlngtdll"l]lg e%%cntgd iy cl [:n 'Plfwh% E}’p{) e%blﬁwﬁ)ortlglr lncﬂlldésdfatty

conponen de
aci89l i ds that are dlspersed within the I|qU|d
conmponent; and a gas conponent interm xed with the
iquid conponent and the solid conponent, to define

9 therkd QamifOmbmbe ak alcitbdintelfial, heRihaljarpl thiathté bodidse
substrate. 12. The cleaning material for preparing a
positigissd puardhe tisstpte bpderppibhthe [k 11, wherein the |iquid

conponent includes a base.

10.  The cleaning method, as recited in claim 1, wherein the lubricating layer between the

solid portion provides hydrodynamic resistance to remove the contamination.

11. 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; 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.

12.  The cleaning material for preparing a substrate, as recited in claim 11, wherein the

liquid component includes a base.



15 13. The cleaning material for preparing a
substrate, as recited in claim12, wherein the base
i s an aqueous base selected fromthe group consisting
of ammoni a hydroxi de, potassi um hydroxi de, sodi um
hydr oxi de, and tetranet hyl anmoni um hydroxi de. 14. The
cleaning material for preparing a substrate, as
recited in claim1l, wherei¥ the solid conponent is a
fatty acid or a fatty acid salt. 15. The cl eaning
138t ght dleadifs mtegiBot PEp&iEUDRIbERIE as ABitEERI a6 1i2[1wherein the
claim11, erein the solids act as foantlnh é
basegs arpgreeTelNe Frieciadt T Hie SreHp Sonsisting % Wiyaxdreypide, potassium
hy@rox{de! Céoﬁﬁl% hﬂir&)&@é %é—f&trar‘ﬂgt%&ﬁhﬁl(ﬁlhﬁn h;&t)ilﬂe acid acts
as a surftactant. he cl eaning material for
preparlng a substrate as recited in claim14, wherein

the t d S
tor - S SIS BBl ER BRI BEjeal et T vhE e
soltd @ingpodentds a ﬂa&y adider e lfggnicidsattat eri al for prepar i ng a
substrate, as recited in claim1ll, wherein the solid
conponent is ionized by the Iiquid conponent to form
15t heTpd Medingd MatefialSort hréfaring Q- subdites hL@Bitddign RRLA N1 akhdroih the
preparing a substrate, as recited in claiml11, wher ei n
SNKHQM%séﬁbﬂnéﬁﬂﬁﬁﬁent has a carboxylic, sulfonic, or
phosphoni ¢ acid portion. 20. A cleaning nethod,
conprising: providing a substrate having a surface
16. t heTlseucrléamg atviial Jorprpparing elsebstiates goneitedge nlerratlﬁn@heaeln the
fat fSLaL sw%%t gflned by a surfactant in a
tgﬁﬁgtg tfﬁl K phase, a liquid portionin aliquid
phase, and a gas portion in a gas phase prior to
appllcatlon to t substrate; —and applying th .
17.¢ v Thy %taéu%avetwg %?rtPée%‘{tPg 38bstyptey %éggtfsét ?’atné ?‘é Jgjfrein the
fattl D& i ffecRldtRE IR Moup! BhA§tAGLF stbhdidadid CHACHL)CICOORR palmitic
removing the tri-state body along with the particle
acid, apdrolelreacelar f ace of the substrate, such that the
interacti on between the surfactant and the particle
causes the particle to be renoved along with the
18.tr iTIEtcﬂetaeidgonh}erial for piéyericg e sutistgfe vstrénitd imdaimetl, twdgrdimthe

m 20, . wh id t d,t
ol sPpPhicmiisr e 4 ‘bh Rt S ar el b A e p Iy 8Pl
portion further substantially filling the

19.  The cleaning material for preparing a substrate, as recited in claim 11, wherein the

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

20. 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 substrate;

and
applying the tri-state body to the surface of the substrate such that the surfactant

interacts with the particle;



encapsul ating transport. 22. The cl eaning net hod, as
recited in claim 20, wherein the interaction defines a
connection between the particle and the surfactant of

the tri-state body. 23. The cleaning nethod as recited

in claim?2l, wherein the encapsulating transport is

conbi ned with other encapsul ating transports to define

a foam the encapsul ating t¥ansports of the foam
applying a force to the surfactant that causes the

sur faaévang the ari-satehody hioagedh the mriictatient tbe suréacpaf the shbstrate,

sui ot RYFin OERES TR BT PR oL Al e epile o be

rerﬁ&%atal'cﬁ‘l Qvithifte triligte®b@@Ni Ng Nethod, as recited in
claim?2 wherein the surfactant is distributed in

t he I|qU|d portion to define a plurality of

21hydrpear Qﬁﬁ%@@%@ Sas I?&fac\ft'eﬁ th GaifiPIP %Xten%e ol utd%‘bﬁﬁ)ﬁrz}nﬁ@ the gas

to one en each o e plurality of hydrocarbon
potttlhaldnﬁnet dnadncapselaiing suspemshogasaodiondhsherdviestantialifilling the
cul ation among the plurality of hydrocarbon
en%ﬂgﬁﬁggaggﬂxﬁﬁe cleaning method, as recited in claim
24, further conprising: activating t he suspensi on of

the surfactant t hr ough I|ca i o f
22411 ‘?5? ganénggtgatg;od as recrtec? n C?EP 1[:1!1 ‘tlerelrrlt e 1n%erggls(’)?1 dte netsrae

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

23.  The cleaning method as recited in claim 21, 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.

24, The cleaning method, as recited in claim 23, wherein the surfactant 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.

25.  The cleaning method, as recited in claim 24, further comprising:

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

state body.



