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SEM CONDUCTOR SUBSTRATES Field of the Invention The present invention
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sem conduct or devices and a process for produci ng sem conduct or devices
using the cleaning formulation. Mre particularly, the present invention
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materials, organonetallic residues, organosilicon residues, sidewall
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down war d Bdchkgronad af thelsventimposes t he resist (10) not bl ocked by nmask (18).
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light/UV source, which are not blocked by the mask, resulting in a pattern on the wafer.

Figures 1(a)-1(d) depict four key photolithographic steps for an exemplary photoresist process. In
Figure 1a, photoresist (10) is deposited on a silicon dioxide, dielectric, hard mask, etch stop, and/or
barrier layer (12) on silicon substrate (14). A light source (16) (as indicated by the down ward
facing arrows) exposes the resist (10) not blocked by mask (18). The exposed resist (20), (the areas
where the down arrows penetrate the resist layer), is dissolved in a developing solution, leaving a
resist pattern identical to the mask (18). Figure 1(b) depicts the resist pattern (22) on silicon dioxide
layer (12) after dissolution of the exposed resist. In Figure 1(c), the silicon dioxide layer (12) is
then put into a plasma etch process or wet etch process typically using a fluorinated compound to
remove the oxide in areas not protected by resist (22), to create a patterned silicon dioxide layer of
vias and/or trenches. At this point, the photoresist has served its useful purpose and must be
removed by an ashing and/or wet stripping step. The resist must be entirely removed since it is an

organic material, which, if left on the wafer surface, would cause defects.
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with existing aluminum or new copper damascene processes has been difficult to overcome.

Low- dielectric constant films such as carbon-doped oxide (OSG) comprise Si-O, Si-H and Si-C
linkages. The film structure is preferably porous, whereby the porous nature of the film is due to
the loss of volatile organic species or the inherent structure of the precursor material(s). In the
presence of highly acidic or alkaline aqueous formulations, the Si-O and Si-H links are converted
to OH groups, destroying the integrity of the Si-O link and increasing the dielectric of the low-k
film.

One useful carbon-doped oxide (OSG) is a low-k material having a dielectric constant in the range
of 2.7-3.0. The trend to single wafer tools for photoresist removal and post plasma/ash residual
removal has mandated a short cleaning time to maintain wafer throughput. At the same time the

introduction of organosilica glass (OSG) dielectrics has made the alkaline strippers and post-ash

2.
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semiconductor wafer surface and inside and around via holes when low dielectric constant films

and conductive lines containing aluminum and/or copper are exposed to plasma etch and resist ash

conditions.

Further, there is a need for a cleaning formulation that is not effected by small changes in the

concentration of acidic and/or basic components.

Therefore, it is one object of the present invention to provide an improved cleaning formulation
that removes organic materials, organometallic residues, organosilicon residues, sidewall polymers
and inorganic residues from a semiconductor wafer surface when low dielectric constant films and
conductive lines containing aluminum and/or copper are exposed to plasma etch and resist ash

conditions

It is a further object of the present invention to produce a cleaning formulation having a pH in a
range that does not corrode metal and/or dielectric films and that is not effected by small changes

in the concentration of acidic and or basic components.



conductive lines containing alum num and/ or copper are exposed to plasma
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formul ation conprising a buffering system In a further aspect, the
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a bufferi rmgmmh_eamm@i de salt and a polar organic solvent and water.
In a stil l ;ﬂ;;es &5 \%ﬁtﬁ)o%cltelawgqo BIsEnituedddVeiiah grfoﬁrﬁdaﬁBﬁ"%ortsgmﬁ‘:oﬁﬁ%ﬁp%ﬁées

removi ng par roma sem conductor substrate which includes
provi di ng cempesing admﬁbmg s¥stzamiang # bwidmneiabie Peasessr fos iclegniag |Lsemigondigtor

system an e with the cleaning fornulation for a
y 60 AGhS B9 LRGNRLS Forbilfalide g

time sufficie renova of at | east of portion of the
particles. Brief Description of the Drawi ngs Figure 1(a)-1(d) shows four

key phot o |11|1 oneQ QJpé‘c‘E hfhg p?ets&? SnvbRHonF R R §TP Eéﬁlyaq{?&% QfeﬁﬁﬁgS ForBhIAERSOmprising a

buffering system.

In a further aspect, the present invention relates to a semi-aqueous cleaning formulation comprising

a buffering system, a fluoride salt and a polar organic solvent and water.

In a still further aspect the present invention relates to a method of removing particles from a
semiconductor substrate which includes, providing a semi-aqueous cleaning formulation
comprising a buffering system and contacting the wafer surface with the cleaning formulation for a

time sufficient to effect the removal of at least of portion of the particles.

Brief Description of the Drawings

Figure 1(a)-1(d) shows four key photolithographic steps for an exemplary photoresist process.
Figure 2 shows an aluminum metal line having residue, prior to chemical processing.

Figure 3 shows the aluminum metal line of Figure 2, after chemical processing.

Figure 4 shows a via structure having residue, prior to chemical processing.

Figure 5 shows the via structure of Figure 4, after chemical processing.



Figure 2 shows an alum num netal |ine having residue, prior to chem cal
processing. Figure 3 shows the alumnumnetal line of Figure 2, after
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The buffering system of the present invention should comprise from about 1.0 to 70% weight by
volume, and more preferably from about 5.0 to 45% weight by volume of the total composition.
The pH of the present solution should be maintained within the range of 3.0 to 8.0, more preferably
about 4 to 7 and, most preferably about 4.0 to 6.5. The term “buffer system” refers to a
combination of compounds that provide a buffering system in solution that exhibits buffering
capacity, that is, the capacity to neutralize within limits, either acids or bases (alkali) with relatively
little or no change in the original pH. The buffering system of the present invention serves to
maintain the pH of the instant formulation to within a pH of % 1, and as such the potential for oxide

etching and/or metal corrosion is limited.

As used herein, the term “buffering capacity” is defined as the millimoles (mM) of strong acid or
base (or respectively, hydrogen or hydroxide ions) required to change the pH by one unit when
added to one liter (a standard unit) of the buffer solution. The buffering capacity will depend on the

kind and concentration of the buffer components.



maintain the pH of the instant fornmulation to wwthin a pHof 1, and as
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ammonium fluoride;

ammonium bifluoride; |

tetraalkylammonium fluorides, wherein each alkyl group may be same or different and is

selected from the group consisting of C, to C4, such as

tetramethylammonium fluoride (TMAF); and

amine fluoride salts, such as,

methyldiethanolammonium fluoride (MDEAF);

triethanolammonium fluoride (TEAF);

diglycolammonium fluoride (DGAF);

triethylamine tris (hydrogen fluoride) (TREAT-HF).
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i nvention dmlene glycol monoethylether, diethylene glycol monopropyl ether, 1,3-dimethyl-2-

imidazolidinone and mixtures thereof.

In a further embodiment, the semi-aqueous cleaning formulation of the present invention may
further and optionally comprise a corrosion inhibitor and/or a cleaning agent. The cleaning agent
may be present in a concentration ranging from about 0 to 5.0% weight by volume of the total
cleaning formulation, preferably 0 to 2% weight by volume of the total cleaning formulation and
most preferably from about 0 to 2.0% weight by volume of the total cleaning formulation. The
corrosion inhibitor may be present in a concentration ranging from about 0 to 2.5% weight by
volume of the total cleaning formulation, preferably 0 to 1.0% weight by volume of the total
cleaning formulation and most preferably about 0 to 0.5% weight by volume of the total cleaning

formulation.

The corrosion inhibitor serves to react with the substrate surface, which may be metal or non-metal,
to passivate the surface and prevent excessive etching during cleaning. The cleaning agent is a
substance that chelates to specific metal or non-metal components to be removed, leading to
soluble components that can be readily removed during polishing. The corrosion inhibitor and
cleaning agent for the instant invention are preferably a carboxylic acid. More specifically, the

carboxylic acid may be chosen from, but not limited to glycine, oxalic acid, malonic acid, succinic



further and optionally conprise a corrosion inhibitor and/or a cleaning
agent. The cleaning agent nmay be present in a concentration ranging from
about 0 twO9308s58ki ght by volune of the total cleaning f@Cwiisas/nsang
preferably 0 to 2% wei ght by volune of the total cleaning formulation and
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fluoroboric acid, cystine, hal oacet i ¢ aci ds, glucose, dodecyl mer capt an and
m xt ures hherreemfbodena thtpirésbrt finventirrelieh ik eleaning f@ﬁwlé}ﬁlpéﬁ@fﬁmﬂsi%\ﬂé FEstORS may
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Sur fynol (r), Trlton(r) Tergitol (r), and Tween (r). In one enbodi nent, the
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Component Percent weight by volume
a buffer system comprising:

organic acid 0.11t035.0;

salt of organic acid or conjugate base 0.1 t0 40.0;

water 1.0 to 70.0; and

organic solvent system 0 t0 95.0; and

fluoride salt 0to0 25.0.

In one embodiment, the present invention relates to a semi-aqueous cleaning formulation
comprising: a lactic acid, ammonium lactate and water buffer system; a 1-cyclohexyl-2-

pyrrolidinone and N,N-dimethylacetamide solvent system; and ammonium fluoride.



bi -functional conponent, wherein at |east one conponent serves as both, a
conponent of the buffering system and/or solvent systemas well as at

| east onewofo3/osssehel ati ng agent, surfactant, corrosion i ®raThiSos0s4asd/ or
stabilizer. In one enbodi nent, the sem -aqueous cleaning fornul ati on of the
present invention conprises: Conponent Percent weight by volunme a buffer
system conprising: organic acid 0.1 to 35.0; salt of organic acid or

conj ugat elrhageredpréfetred @fb@imentyhesemi-aguepys Aepning faﬁ’élﬂat@iﬂg’gﬁ?ed’r%%‘l‘t\}’é‘ﬁf‘tl%‘yst em
0 to 95.0; and  fluoride salt 0 to 25.0. In one enbodiment, the present

i nvention ares to a sem -aqueous cleaning fornul ation corrpri sing: a
lactic acid, afoombuent! actate and water buff erceyiweight by volumes| ohexyl -

pyrrolidinone and.N, i hyl acet am de sol vent system and anmmoni um
fluoride. -8 V\bgbfﬁ?rég%%gg]a CI7'0S03/ 08408 In a nore preferred enbodi nent,

t he seni - aqueolmsticdoghni ng fornul ation of the8gfedeft invention conprises:
Conponent Per cent vei g ctat?y volunme a buffer 1§)2§tlg|ggcorrpr| sing: lactic acid
8.14-13.26; afiBRIUMm ate 13.25-16.95; water 8,2-10; and organic

sol vent systemwatonpri sing: 1-cycl ohexyl - 2- py¥2-B) Pléﬂ none 29.1-31.5;

N, N- di et hyl acet am de 34.0-36.8; and ammonium fluoride 0.27-0.33. O her
exenpl ary formul ati ons of the instant invention include but are not limted
to: Conponent oRanic aolventmsygn: chypprsihalme

=

1-cyclohexyl-2-pyrrolidinone 29.1-31.5;
N,N-dimethylacetamide 34.0-36.8; and
ammonium fluoride 0.27-0.33.

Other exemplary formulations of the instant invention include but are not limited to:

Component Percent weight by volume
a buffer system comprising:

formic acid 26.2;
1-(2-aminoethyl)piperazine (AEP) 37.0;

water 32.8; and

corrosion inhibitor: comprising:

iminodiacetic acid 3.5

ammonium fluoride 0.5.

Component Percent weight by volume
a buffer system comprising:

formic acid 28.7;
1-(2-aminoethyl)piperazine (AEP) 37.0;



a buffer systemconprising: formc acid 26.2; 1-(2-am noethyl)pi perazine
(AEP) 37.0; water 32.8; and corrosion inhibitor: conprising:

i m nodi acwDiog/osasBd 3.5 ammoni um fluoride 0.5. Conponent PeTaesas/osses ght by
volume a buffer systemconprising: formc acid 28.7,

1- (2- am noet hyl ) pi perazine (AEP) 37.0; -9 WO 03/083582 PCT/ US03/ 08408

wat er 33.8; and ammoni um fl uoride 0.5. Conponent Percent wei ght by vol une
a buffer systemmeonprising: formic acid 26.433.81and2- ani noet hyl ) pi per azi ne
(AEP) 37.6; water 32.5; and corrosion inhibitor: conprising:

i m nodi acetic acid 3.5 Conponent Percent weight by volume a buffer system
conpri sing: formnoniamiftho8de 0; 1- (2- ami noet h{5) pi per azi ne (AEP) 36. 1;

water 32.9 The cleaning fornulation of the instant invention may have
multiple cleaning uses and is not limted to post etch and resist residue
renmoval . For exanple, the cleaning formulation of the

Component Percent weight by volume
a buffer system comprising:

formic acid 26.4;
1-(2-aminoethyl)piperazine (AEP) 37.6;

water 32.5; and

corrosion inhibitor: comprising:

iminodiacetic acid 3.5

Component Percent weight by volume
a buffer system comprising:

formic acid 31.0;
1-(2-aminoethyl)piperazine (AEP) 36.1;

water 329

The cleaning formulation of the instant invention may have multiple cleaning uses and is not
limited to post etch and resist residue removal. For example, the cleaning formulation of the
instant invention when diluted with water in a ratio of from about 1 part formulation to 12 parts

water, is useful for post chemical mechanical polishing cleaning.

The cleaning formulation is useful in cleaning wafer surfaces of multiple particle residues,
particularly post etch and post ash residues from a carbon doped dielectric thin film. In one
embodiment, the instant invention relates to a method of removing particles from a semiconductor
substrate. Representative particle compositions include positive photoresists, electron beam resists,
X-ray resists, ion beam resists, and the like. Examples of plasma processing residue sidewall
polymers include among others, metal-organic complexes and /or inorganic salts, oxides,

hydroxides or complexes of the organic polymer resins of a photoresist.

In a further embodiment, the present invention relates to a method for removing particles from a

semiconductor wafer surface, said method includes providing a semi-aqueous cleaning formulation
/
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instant invention when diluted with water in a ratio of fromabout 1 part
formulation to 12 parts water, is useful for post chem cal nechanical

pol i shi ngwoloaasissy. The cl eaning fornul ation is useful i nPclrasas/oggosvaf er
surfaces of nultiple particle residues, particularly post etch and post
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particularly of gﬁ a”%b@l!relt% GRblTR R te%%gﬁlre {seiﬁ'tgé"?angé’vbf ﬁoﬁ BbRA/G or

conposi ti 6N 0 resent 1nvention time and at a tenperature
suffici entoohotempmatnee toh5°Ee sindithe. coBlartr time dy, fremgiabeitti rsecands e Pt pmHes. The

soni cat OB rre? ttxﬂ? lorah26 Y tﬂh‘@?ﬁi Rfitact IS TR 55'?0 2°1C. o k@R abduy 198Y0 be

used. The's S generally 1mrersed int e cl eani ng corrp05|t|on The
time and témper Fhafoenalrieondmyebariermorediiere dheowiafeley garmethed mrdibrdmey itathosei ng

removed f {sl?mrggnﬁﬁ{abﬁ{ "Evever ﬁ&%'ﬂ) , Yhe fBlJﬁﬁllattﬁﬁrPseﬂéﬁBWd%y s 1nld?y1ﬁ%] eGERPAG, 1A

from abou I'ent or roo rature to C, econ act tine is
f r om aboutvaB® is erfmaldy ripsedowith nuspb'snt sPple as pﬂlelﬁ@rqfehwﬁl@ﬁ‘i)é‘fa@f e compigtetthére of
cont act forre nngﬁfroée@é/entl onis 20 to 45 C. and fromabout 1 to 10 m nutes.
The formul" &t nmay "be renoved fromthe wafer by any nethod readily know to
t hose .ski IIed in the art. However, preferably, the formulation is renoved

by Spi n-d cmgg(ﬁ" e]% Itﬁé’ r%gyﬁt %n%{tﬁ)ﬁ ﬂeﬁte@ rtgf efn@ﬁiba of 'r&ﬁ@@né"b&rﬁcl@s %Qﬂnvgnt

such as e anol ioniz to conp cl eani ng process. In
one enbodmmndmdut:thle sqhs@a;e [eomprisiEen s istep Q‘feil‘oatnes apoingplatien Hiw of 2 rsemisondygtor

particles fbst(')rrqz"e a step of dry-etching the insulation film into a prescribed pattern and a step of cleaning
the resultant product with a semi-aqueous cleaning formulation comprising a buffer system, an

organic solvent system and a fluoride source.

In a further embodiment, the present invention relates to a method of removing particles from a
semiconductor substrate comprising a step of forming a conductive line pattern from a metal
material or a semiconducting material on a semiconductor substrate, a step of forming an insulation
film on the conductive line pattern, a step of forming a via hole in the insulation film by dry
etching and a step of cleaning the resultant product with a semi-aqueous cleaning formulation

comprising a buffer system, an organic solvent system and a fluoride source.
In a still further embodiment, the present invention relates to a method of removing particles from a

semiconductor substrate comprising a step of forming a film of a metal material or a

semiconducting material on a semiconductor substrate, a step of dry-etching the film into a
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sem conductor substrate conprising a step of formng an insulation filmon
a sem conductor substrate, a step of dry-etching the insulation filminto
a prescriweds3psisBern and a step of cleaning the resultantPCprusdsies4osv t h a
sem - aqueous cl eaning fornulation conprising a buffer system an organic
solvent systemand a fluoride source. In a further enbodi nent, the present
invention relates to a nethod of renoving particles froma _sem conductor
subst r at e coniuptivesinagatiers rpa sttp PHelpdning the raswlthnt pioduct Miths seai-tWEPHSFIFANE
metal — matgll akio@Lorhr R a%gﬂ%ggtér?%n%%aﬁfc'sallverﬁ@ys@en?ﬁmacﬂ?ﬂﬂﬂ&%ﬁfce.sUbSt rate,
a step of Tormng anm 1nSulatio II'mon the conductive line pattern, a
step of formng a via hole in the insulation filmby dry etching and a
step of chieanina. tenlﬁo&iﬁrgﬁ{! E@P’%etlﬁ)rdocq{’tﬁé indahthinferniB i d GMARY SorfprRd Ah Rgitating
formul ation™ conprising a buffer system an organic solvent system and a
fluori de gwmangevhetein theswafér| is fcmtthﬁ@?'/ wishrihsoileraive, formpdatiop @ad aeitaisd Bhipsy of
relates t%hﬁ(i\{sg %8% oF & SIRH cP@Htih 8Rg HhAPkfadRARY GPMEUGhsBhte STt e
conprising a step of for m ng a %I mof a netal material or a

sen condudtappey inwieeer teenchgs a seni conduct or substrate, a step of dry-etching
the filminto a - 11 WD 03/083582 PCT/ US03/ 08408 conductive |ine pattern
and a step of cleaning the resultant product with a sem -agueous cl eani ng

f or mul at i GFhepupnt inventipnas iififited toythe paviiculas embegimprts shorpapd desprated Rerging oy
fluoride %Hé‘t!';/%?dus Llﬂangesfaﬂﬁ%ﬁfﬁcﬁfmg%ﬁ@ﬁladé\bﬁoﬂ?&eﬁﬁ‘q&%froﬂa!ﬂ% sedpetadd bpirit of
invention may furtherf conprise an agitating neans, erein the wafer is
cont act ed th inkeriibe cl eani ng formul ati on and agitated by neans of shaking,
megasonic or ultrasonic to aid in freeing particles adhering to the
substrate surface or trapped in vias or trenches. The present invention is
not | i mi t ebhetfenturérpagpects inciakeantagesof dhanseses invenign anirhasaewbeih KErErato hut

t hat variqus.ch and. i1l L de without departing from
t he scopeotg?ltgﬁg‘g{lﬁgl?@n g?ﬂmgﬁgdr{lﬂrﬁ%%{n?%ﬁ)t T g&?gg?ures, aspects and

advant ages of the present invention are further shown with reference to

the follow ng non-limting exanple relghjng. to the invention. Exanple
Exanple 1: Metal Etch rates at 100% FO'r‘rT'lﬁﬁrﬁa'[ion:

Example 1: Metal Etch rates at 100%

Formulation:
pH of approximately 6
Component Percent weight by volume
a buffer system comprising:
boric acid 5.0;
formic acid 19.0
1-(2-aminoethyl) piperazine (AEP) 26.0;
water 48.6; and

corrosion inhibitor: comprising:

citric acid 0.4; and

ammonium fluoride 1.0

Recommended Process Conditions:
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pH of approxi mately 6 Conponent Percent weight by volume a buffer system
conprising: boric acid 5.0; formc acid 19.0 1-(2-am noethyl) piperazine
(AEP) 26.Wp 038158z 48.6; and corrosion inhibitor: conpri CAFIS0yd8408 ¢ aci d
0.4; and ammoniumfluoride 1.0 Recomended Process Conditions: -12 WO

03/ 083582 PCT/ US03/08408 Tinme: 10 M nutes Process Tenperature: 40C D H20
Rinse: 3 Mnutes Table 1. FilmEtch rate 100% AICu 1-8 AAmn Cu 1.2-4.1
Anmin TaNimg 6d0Mimitas Ti 0.55 A/min WO0.2 AAnmin TiN5.6 Anin Thermal X
3.0 A/ mi n PrivessyTeBipetvge: AD¥E n  Exanpl e 2: C eaning of Metal Lines The sane
for mul at i dM E29 Rised3 Minugsanpl e 1, was used to cl ean al um nuni copper netal

lines: Figure 2 and Figure 3 show the al um num copper netal |ines before
(Figure 2) and after (Figure 3)
Table 1:
Film Etch rate @ 100%
AlCu 1-8 A/min
Cu 1.2-4.1 A/min
TaN 13.6 A/min
Ti 0.55 A/min
W 0.2 A/min
TiN 5.6 A/min
Thermal Ox 3.0 A/min
Poly Si 0.6 A/min

Example 2: Cleaning of Metal Lines

The same formulation as used in Example 1, was used to clean aluminum/copper metal lines:

Figure 2 and Figure 3 show the aluminum/copper metal lines before (Figure 2) and after (Figure 3)
cleaning with the above formulation. Experimental conditions included a processing temperature of

40°C for a time of 10 minutes, followed by a deionized (DI) water rinse.

Example 3: Cleaning of Via Structure

The same formulation as used in Example 1 was used to clean a via structure:

Figure 4 and Figure 5 show a via structure comprising silicon dioxide, before (Figure 4) and after
(Figure 5) cleaning with the above formulation. Experimental conditions included a processing

temperature of 40°C for a time of 10 minutes, followed by a deionized (DI) water rinse.
Although the present invention has been described in detail, it should be understood that various

changes, substitutions and alterations can be made hereto without departing from the spirit and

scope of the invention as described by the appended claims.
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cleaning with the above fornul ati on. Experinental conditions included a
processing tenperature of 40C for a tinme of 10 mnutes, followed by a

dei oni zedwQDB)s83s8t er ri nse. Exanple 3: O eaning of Via StPartuso®osihe sane
formul ation as used in Exanple 1 was used to clean a via structure: Figure
4 and Figure 5 show a via structure conprising silicon dioxide, before
(Figure 4) and after (Figure 5) cleaning with the above formnul ation.

Experi nentEie Camadi t i ons i ncl uded a processing tenperature of 40C for a
time of 10 minutes, followed by a deionized (D) water rinse. Although the
present i nYbats @aimpdis: been described in detail, it should be understood

that various changes, substitutions and alterations can be nmade hereto

Wi t hout delpadrseinhegubousreleaniag fpinplationsfatisemicopguetes e viors CPRIEiiG N ISENEGRYEER bed
by the appended clains. -13 WO 03/083582 PCT/ US03/ 08408 The C ains Wat is
clainmed is: 1. A sem -aqueous cleaning fornulation faor seniconductor

devi ces cohihe ssmigausonugleaningformuypasionpd claim 1, firbercempisipg RRAIY g8 FPIYET

formul ation of claiml1, further conprising a polar organic solvent. 3. The
sem -aqueous cleaning fornulation of claim2l, further copprising a fluoride
source. 4.3 Thesadniueanudennngdomniationof deimm s Brthencomprizngs fyoride §pt&scei n sai d
buffering systemconprises at |east one organic acid. 5. The sem -aqueous
cleaning formulation of claim1, wherein said buffering system conprises at
| east one 4Ihanimi-aguéays glgeninghiormulptiongif clahie 1ovhgaein caid bpidering systpg comprises at
seni-aququ%t&k %%hﬁgcﬁprnulation of claim1l, wherein said buffering system
conpri ses at east one organic acid, at |east one conjugate base and

water. 7. The sem -aqueous cleaning fornulation of claiml, conprising from

about 1.0 § qplRe % W@'du? b ni%’oﬁﬁﬁl% bR Heersy $4i8 Bhf8ing EPQerdt €ohprRgdHOUS
on 0 cral 1, c

cl eaning fornulati _ , onpr[5|ga a pHin a range for from about
4 to 7. YeasToe wegmic-agigndths self efdhe erganioacidul ati on of claim 1, having a
buffering capacity of 100 to 1000 nM

6. The semi-aqueous cleaning formulation of claim 1, wherein said buffering system comprises at

least one organic acid, at least one conjugate base and water.

7. The semi-aqueous cleaning formulation of claim 1, comprising from about 1.0 to 75.0% weight

by volume buffering system.

8. The semi-aqueous cleaning formulation of claim 1, comprising a pH in a range for from about 4

to 7.

9. The semi-aqueous cleaning formulation of claim 1, having a buffering capacity of 100 to 1000

mM.

10. The semi-aqueous cleaning formulation of claim 1, wherein said buffering system comprises an
organic acid selected from the group consisting of: formic acid, trifluoroacetic acid, propionic acid,
butyric acid, valeric acid, heptanoic acid, lactic acid, oxalic acid, malic acid, malonic acid, succinic

acid, fumaric acid, adiptic acid, benzoic acid, phtalic acid and citric acid.

11. The semi-aqueous cleaning formulation of claim 1, wherein said buffering system comprises a

salt of an organic acid, wherein said organic acid is selected from the group consisting of: formate,
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10. The sem -aqueous cl eaning fornulation of claim11, wherein said
buffering system conprises an organic acid selected fromthe group

consi sti nyooBosI82z M ¢ acid, trifluoroacetic acid, propionPCTAISO#)8409Ut yricC
acid, valeric acid, heptanoic acid, lactic acid, oxalic acid, malic acid,
mal oni ¢ acid, succinic acid, fumaric acid, adiptic acid, benzoic acid,
phtalic acid and citric acid. 11. The sem -aqueous cl eaning formul ation of
claim 1, wriBlwapasetsigi grdpisnfter buiyratyy selsrate dieplenastss lactate goxalags, malater galanae,

aci d, whergjn sai ' o g om t he group consisting of:

f or mat e, Sgﬁ%%h%??%gggfggmg%#ﬁé%g?tg%%%g&g%r%tlref | uor oacet ate, propionate,
butyrate, valerate, heptanoate, |actate, oxalate, malate, nalonate,

succi nat e, ,f ' oG8R elai & 4 tobibh Al 12 mphife

sem - aqueolgsklfé?%g‘%?%%e%@o@%}ngtf?on o@ﬁ% g?%&f%th\%ﬁer e%@gi dg b}ﬁ??ler imrﬁ)g ‘s;st em
conpri ses anjugainpasgatlectishisen gl mapednsistiognof: hamgnpuistrenetbylannagushydardeoni a,

t et r amet hyl a\ [ i ) . i i . .
R
N, N- di et Hy,N-dim¢thyledr 2voeinbathoxystianelol , 1- ( 214krmwecthyl)pipsridiei di ne, 1142-

hydr oxyet | .he; 1-(2-am )Rl perazine, . o )
e e R N
N. N. N -t ridieebiyycioid AdBdesabteni ne, pent amet hy| dN&tNyririspediytamipgefhanolamine,

et hyl mor phal j.n ; |.mor phalyj 1. nopr opy! nor i -
triet hanolpgrrﬁarﬁlg‘fhylg}rl?g{y%?ﬁ%ﬁ%ﬁet han%}]{g%&r{%}@%. The sem -}Qg&gg}éu 1%?%}330#??1’9

f or nul at i cimindpradybmaerpholingtteethdnalaguiedandufietkyidiethanolagtinem conpri ses |l actic
acid, ammonium | actate and water. 14. The sem -aqueous cl eaning fornul ation
of claim1, wherein said cleaning fornulation further conprises a polar

or gani ¢ sol3v&ht seyiskeepus taniTh forelafionaefirbaims!, aihersivi satgt Yudfering sxsteancastpriéssai m
1, wherei qa%%iagidcm%g&ii&gl chergﬁh%i[epn further conprises a polar organic

sol vent system iWwherern at |east one conponent of the organic sol vent
systemis selected fromthe group consisting of. N, N-di nethyl acet am de, -
N, N- di et hy| i - 2-cpyEL Ql i AL D . i-ggne,
N cycl onexit ot Pafhedisqus fiy ARSI ¥, vierBA 1 e RERRMEGP A

1, 3- di et hoonpripsripdnergawt kolveshsysginycol , propyl ene gl ycol, phenoxyet hanol ,
sul f ol ane, gamabutyrol actone, 1,4 butanediol, N, N dinethyl acetoacetam de,

N-cycl ohexyl pyrrolidone, N-octylpyrrolidone, 1-phenoxy-2-propanol,
15. The semi-aqueous cleaning formulation of claim 1, wherein said cleaning formulation further

comprises a polar organic solvent system, wherein at least one component of the organic solvent
system is selected from the group consisting of: N,N-dimethylacetamide, N,N-dimethylformamide,
1-cyclohexyl-2-pyrrolidinone, N-methylpyrrolidone, N-cyclohexylpyrrolidone, N-
hydroxyethylpyrrolidone, N-octylpyrrolidone, 1,3-dimethylpiperidone, ethylene glycol, propylene
glycol, phenoxyethanol, sulfolane, gamabutyrolactone, 1,4 butanediol, N,N-
dimethylacetoacetamide, N-cyclohexylpyrrolidone, N-octylpyrrolidone, 1-phenoxy-2-propanol,
phenoxyethanol,  dimethylsulfoxide, diethyleneglycol — monobutylether, diethylenegylcol
monomethylether, diethylene glycol monoethylether, diethylene glycol monopropyl ether, 1,3-

dimethyl-2-imidazolidinone and mixtures thereof.

16. The semi-aqueous cleaning formulation of claim 14, wherein said polar organic solvent is

soluble in water.

17. The semi-aqueous cleaning formulation of claim 14, comprising from about 10.0 to 95.0%

weight by volume solvent system.
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phenoxyet hanol , di net hyl sul f oxi de, di et hyl enegl ycol nonobutyl et her,

di et hyl enegyl col nononet hyl et her, di et hyl ene gl ycol nonoet hyl et her,

di et hyl erwogB#®8Is82 nonopr opyl ether, 1,3- dinethyl-2-im dazeriwsosiesies and

m xtures thereof. 16. The sem -aqueous cleaning formulation of claim 14,
wherein said polar organic solvent is soluble in water. 17. The

sem -aqueous cleaning fornulation of claim 14, conprising fromabout 10.0
to 95.0% ReTlghtembyqueohsuiemnig foremiatioyof daim 14] Bhergin 53 0el36S 2anPVEST3#E8408

18. The sem. -a ean| L AL LR 9G] L4, wherein said polar
organic sé?ggﬁggggg%%%#cgglg@?ggéﬂgﬁ %east gﬁeacgﬁg%nent havi ng an am de
functional group. 19. The sem -aqueous cleaning formulation of claim1,
further ¢ s | i im 1 fartB& Tha KO clde kg
formul ati glrir;p?)%e %F‘gf“ﬂ%e%%?%?@ﬁé@ﬁg%ﬁ‘%}?%?“HS a pol armor gani c 0soI vent system
and a fluoride source. 21. The sem -aqueous cleaning formul ation of claim
1, further,C i Si : 20, 9% i iV fl Lge

- i ¥, Rt VUi Ugfvt
sour ce. 222.0' %53?3%8‘?@82{1@%3&2’%3%%%%5?8r nu?atftoncgl?farclzl agl mﬁ819,r5?gv(a/hecrei n said
fluori de swsternend sflseldesowe:. from the group consisting of: ammoni um
fluoride and derivatives thereof. 23. The sem -aqueous cleaning fornul ation
of claim 19, wherein said fluoride source is selected fromthe rogg6
consi st i ng2loThe smiroqicons dléanogifotemulatiompiaidinn, Birtheneenipteing fremebeut Ry ItaAn®Ri um
fluori des, rein each roup may be sane or different and is
sel ected fW%gﬁPﬁg&ﬁpgéﬁm%%ﬁ§#§%ing of C, to 4, such as tetranethyl ammoni um
fluoride (TMAF); and amne fluoride salts, such as,
met hyl di et | anmrond, W, f | )laim! 19! FhERAMLAMMRALY BufdeUosdideed
( TEAF) : dil% f}ﬁ% Siiraghes ﬁr‘r’wi#‘ﬁﬁ%?“?’&‘géIWﬁ‘)la;‘mﬁ o e

from the group consisting of: ammonium fluoride and derivatives thereof.

23. The semi-aqueous cleaning formulation of claim 19, wherein said fluoride source is selected
from the group consisting of:

ammonium fluoride;

ammonium bifluoride;

tetraalkylammonium fluorides, wherein each alkyl group may be same or different and is

selected from the group consisting of C, to Cj, such as

tetramethylammonium fluoride (TMAF); and

amine fluoride salts, such as,

methyldiethanolammonium fluoride (MDEAF);

triethanolammonium fluoride (TEAF);

diglycolammonium fluoride (DGAF); and

triethylamine tris (hydrogen fluoride) (TREAT-HF).

24, The semi-aqueous cleaning formulation of claim 1, further comprising a corrosion inhibitor.
25. The semi-aqueous cleaning formulation of claim 1, further comprising a cleaning agent.

26. The semi-aqueous cleaning formulation of claim 24, wherein said corrosion inhibitor is a

carboxylic acid.
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triethylamne tris (hydrogen fluoride) (TREAT-HF). 24. The sem -aqueous
cleaning fornulation of claim1, further conprising a corrosion inhibitor.
25. The swpiosaspsepus cl eani ng formul ati on of claiml, furPkErusodo§ans sing a
cl eaning agent. 26. The sem -aqueous cleaning fornulation of claim 24,
wherein said corrosion inhibitor,is a carboxylic acid. -16 WO 03/083582
PCT/ USO3/ 08408 27. The sem -aqueous_ cl eaning fornul ation of claim 25,
wherei n s&7d Td;lbe@ml Agreawse Alearing formultiony wf | daimas, dvbepgn spideclemsine- é%?ﬂfeéﬁué

cl eani ng f%{'&’} gn of claim 24, wherein said corrosion inhibitor is a
car boxyl i ¢ aci d&l'ected fromthe group consisting of. glycine, oxalic
acid, malonic acid, succinic acid, citric acid, tartaric acid, gluconic
acid, nitrjd %i—; a6l %ugcc'leg 1n% qﬁjrrfulacﬁ% to? cBid m%ﬁssagch&frﬁ)@lfon ifdbitof € a
sem - aqueous cleaning tornu ion of claim25, wherein said cl|eaning agent
is a carbwsbpkil asisi slested Homehe ﬁpquﬁétlrgr@u&W@é%@?@tcl 2614 Bplonig|agid; fgcinic
oxal i ¢ aci gy HRl.Q8iC aﬁﬁjicdaf(:lds%{ﬁﬁn{y i fﬁfrll&{na&h& 5.(!1& 11 sBlies dn@ AliRlrdeS theebd,

gl uconi c aci d, nltri otriacéfic aC| their salts and m xtures thereof. 30.
The sem -aqueous cl eaning formul ati on of claim 24, wherein said corrosion
i nhibitor bg 'ﬁil Abemitagh ouQrclJaﬁBéQ‘oﬁﬁlﬁéﬁgﬁyclf' QaiRCh8 wl?iérestﬁﬁi §1€£H1ﬁgaggé%9k'§ a
cl eani ng formulation of ‘claim herein said cleaning agent is a di, tri
or tetra wehokdiedcidselecied froghe Fieep swwistingoefeslyeing oaalisi asly. Melomig|asid; WﬁCIB*F
claim 24 | I Rl el le]
consi st 1 noteay PSP a A R L PR o, e iocell a5 BRSO AT bepBieDt
(BTA), tolytriazole, BTA derivatives, such as BTA car boxyl ic acids, boric
acid, fluogobpri ;s g&.\e@us g ff&‘ﬁ*lulatﬁ% 0G5k 29, AhLER saif km&%,mﬂ%%xél di, tri
ner capt an and m xtu fere . The sem -aqueous cleaning formul ation
of cl ai m 28 tetwtverbekylicggidd corrosion inhibitor is selected fromthe group
consisting of. ethylene-diam netetraacetic acid (EDTA), benzotriazol e
(BTA), tolytriazole, BTA derivatives, such as BTA carboxylic acids, boric
aci d, fl uc¥oBbe sanimqadys cleynistsi fomulitio ofeleint &5, adiersin saifl desne agend ifeicdy tri or
mer capt an %j rg%(ﬁ(%wa% thereof. 34. The sem -aqueous cleaning fornulation
of claiml conprising a surfactant. 35. The sem -aqueous cl eaning
formul ation of claim 1, wherein said buffer system conprises:

32. The semi-aqueous cleaning formulation of claim 24, wherein said corrosion inhibitor is

selected from the group consisting of: ethylene-diaminetetraacetic acid (EDTA), benzotriazole
(BTA), tolytriazole, BTA derivatives, such as BTA carboxylic acids, boric acid, fluoroboric acid,

cystine, haloacetic acids, glucose, dodecyl mercaptan and mixtures thereof.

33. The semi-aqueous cleaning formulation of claim 25, wherein said corrosion inhibitor is
selected from the group consisting of: ethylene-diaminetetraacetic acid (EDTA), benzotriazole
(BTA), tolytriazole, BTA derivatives, such as BTA carboxylic acids, boric acid, fluoroboric acid,

cystine, haloacetic acids, glucose, dodecyl mercaptan and mixtures thereof.
34, The semi-aqueous cleaning formulation of claim 1, further comprising a surfactant.

35. The semi-aqueous cleaning formulation of claim 1, wherein said buffer system comprises:

Component Percent weight by volume
organic acid 0.1to 25;

salt of organic acid or conjugate base 0.1 t0 25.0; and

water 1.0to 70.0.
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Conmponent Percent wei ght by volunme organic acid 0.1 to 25; salt of organic
acid or conjugate base 0.1 to 25.0; and water 1.0 to 70.0. -17 WO

03/ 083582WP@3/081588/ 08408 36. The seni -aqueous cl eani ng f ecmiisas/osans of
claim1l1, wherein said fornulation conprises: Conponent Percent weight by
vol une organic acid 0.1 to 25; salt of organic acid or conjugate base 0.1
to 25.0; water 1.0 to 70.0. organic solvent system10.0 to 95.0; and
fluoride salt 0.1 to 25. 37. The sem -aqueous cleaning formulation of claim

1, conpri S3@9he &e%ﬁlah&oﬁscél&mnémﬂlaﬂ% bddiAl1S whieih @kid fokmulation comprises:
- cycl ohexyl - pér roli d| none and N, N-di nmet hyf acet am de hand anmoni um

fluoride. 38. t aqueous cl eani ng f or muPeicersveight by Yolyme
said formul ati Ofkg SROR%Ed ses:  Conponent Percenp jwepght by volune |actic acid
8. 14-13. 26; ammnl um | actate 13.25-16.95; water 8. 2-10;

1- cycl ohexy! - 2- tof eigpri¢ pdher cpojugaighass, N, N- BilAR2hll acet ani de 34. 0- 36. 8;
and ammoni um flueride 0.27-0.33. 39. The senmjpagye@us cl eaning fornul ation
of claim36, diluted with water in a ratio of fromabout 1 part

formul ati on to TEapasdenigsen 40. The seni - adRBUY-Grehni ng fornul ati on of
claim1, whereifygrkLdyf ormul ati on conprises: o@ggponent Percent wei ght by
volune lactic acid 8.14-13.26; amonium|actate 13.25-16. 95;

wher ei n

37. The semi-aqueous cleaning formulation of claim 1, comprising: lactic acid, ammonium lactate

water, 1-cyclohexyl-2-pyrrolidinone and N,N-dimethylacetamide and ammonium fluoride.

38. The semi-aqueous cleaning formulation of claim 1, wherein said formulation comprises:

Component Percent weight by volume

lactic acid 8.14-13.26;
ammonium lactate 13.25-16.95;
water 8.2-10;
1-cyclohexyl-2-pyrrolidinone 29.1-31.5;
N,N-dimethylacetamide 34.0-36.8; and
ammonium fluoride 0.27-0.33.

39. The semi-aqueous cleaning formulation of claim 36, diluted with water in a ratio of from about

1 part formulation to 12 parts water.

40. The semi-aqueous cleaning formulation of claim 1, wherein said formulation comprises:

Component Percent weight by volume
lactic acid 8.14-13.26;

ammonium lactate 13.25-16.95;

water 8.2-10; and
1-cyclohexyl-2-pyrrolidinone 29.1-31.5;
N,N-dimethylacetamide 34.0-36.8; and

ammonium fluoride 0.27-0.33.
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wat er 8.2-10; and 1-cyclohexyl-2-pyrrolidinone 29.1-31.5;

N, N- di net hyl acet am de 34.0-36.8; and anmmonium fluoride 0.27-0.33. -18 WD
03/ 083582WP@3/081588/ 08408 41. The seni -aqueous cl eani ng f @cmiisas/vsans of
claim1l1, wherein said fornulation conprises: Conponent Percent weight by
volume formc acid 26.2; 1-(2-am noethyl)piperazine (AEP) 37.0; water
32.8; and imnodiacetic acid 3.5 ammoniumfluoride 0.5. 42. The

seni - aqueofis T8F exmieAvrorbslrmngtfPamlasion of deim b Whepsiarsaid forgulagion eqmpayises i on

conprises: ConpgRgphenter cent wei ght by vol umpefRhiWdsidbvYdokie’
1- (2- am noet hyl }E%er?zi ne (AEP) 37.0; water . 8, and ammoni um fl uori de
0.5. 43. The seffM¥dG¥ous cl eani ng formul ati oR%8f claim 1, wherein said
fornul ation conmpyi-s8octh{IHIRGNAR cent wei ghp, by volume formc acid
26.4; 1-(2-am noethyl)pi perazine (AEP) 37.6; water 32.5; and

i mi nodi acetic atPf 3.5 44. The semi - aqueous cP&&mMg fornul ation of claim
1, wherein saidifigsdatt@dtdqn conprises: Conpongnt Percent weight by vol une
formc acid 31.0; 1-(2-am noethyl)pi perazi neO(SAEP) 36. 1;

ammonium fluoride

42, The semi-aqueous cleaning formulation of claim 1, wherein said formulation comprises:

Component Percent weight by volume
formic acid 28.7;
1-(2-aminoethyl)piperazine (AEP) 37.0;

water 33.8; and

ammonium fluoride 0.5.

43. The semi-aqueous cleaning formulation of claim 1, wherein said formulation comprises:

Component Percent weight by volume
formic acid 26.4;
1-(2-aminoethyl)piperazine (AEP) 37.6;

water 32.5; and

iminodiacetic acid 35

44. The semi-aqueous cleaning formulation of claim 1, wherein said formulation comprises:

Component Percent weight by volume
formic acid 31.0;
1-(2-aminoethyl)piperazine (AEP) 36.1;

water 329

45. A method for removing particles from a semiconductor wafer surface, said method comprising
contacting the wafer surface with a semi-aqueous cleaning formulation for a time sufficient to
effect the removal of at least of portion of the particles from the wafer surface, said cleaning

formulation comprising a buffer system.
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water 32.9 45. A nethod for renoving particles froma sem conductor wafer
surface, said nethod conprising contacting the wafer surface with a

sem - aquewo3sxmani ng fornulation for a time sufficient tecrafshead4os he
renmoval of at |east of portion of the particles fromthe wafer surface,
said cleaning formulation conprising a buffer system -19 WO 03/083582
PCT/ US03/ 08408 46. The method of claim40, wherein said cleaning _
for mul at i off- filie tprdrodcofnplpirs & Whereip gaid| deanigy | forantatioy Spigher sAAPHESSE 20 PY e
source. 47gvEReyseh Bnda acGREdbg. t 0 claim 40, wherein said particle is a
metal oxide residue. 48. A nethod of renoving particles froma

sem conduct or substrate conprising: formng an insulation filmon a

sem conduciDThSMBabd Aerding iy cl8htdV, Rberbii 8aill Pabiats Ofetiliokiderddid@e.a prescri bed
pattern, thereby producing particles conprising at | east one resultant
product fromthe insulation filmon the sem conductor substrate; and

cl eani ng t4g A efkokadt reRloPHY Parties Mrddn 2 E¥ RAURRN SubstaRAEUNisthOT foh@b| AN

conprising a buffer system an organic solvent systemand a fluoride
source.  4igsulatiopdilmoer BsemieARAMFIRY Sypsietpciinsstohing the, nsulationo filwy dtte 2 MeAsEbsdat e

conpri si NGpattt@l tHefRBy BrodaRE PN EIniphiSinP af fef Bnd fediRaft FroYRt FORLBE idhlatn @
sem conducting material on a sem conductor substrate; form ng an.
i nsul at i onfilf Pintlsnsqpgendugierusibstiade; | 4nd elsgaing dhe, respinhipraguet Wit 2 isME2qu§oEshe

insulatio ncléainln?f&mu%xn %rﬁﬁﬂsf}% 2 Bufte $98¥m i QaGic REIvAR kfstedh AR ARIBRAd L, at
| east one resultant product romthe insulation filmor the nmetal materi al
on the sem conductor substrate; and cleaning the resultant product with a

sem - aqueors £|RAdner tovH gaﬁdr%escﬁmré SérhiBorRiuétbll biftistraty ToRPHisif? BfARiaC

sol vent system and a fluoride source. -20 _ ) _ i
conductive line pattern from a metal material or a semiconducting material on a semiconductor
substrate; forming an insulation film on the conductive line pattern, forming a via hole in the
insulation film by dry etching, thereby producing particles comprising at least one resultant product
from the insulation film or the metal material on the semiconductor substrate; and cleaning the
resultant product with a semi-aqueous cleaning formulation comprising a buffer system, an organic

solvent system and a fluoride source.
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