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Sem . Pure Water and Chem cals, pp. 245-256 and Singer, P. Sem ..
International, p.88, Oct. 1995. Patents that teach nmethods for cleaning
prime waf qbésc t;(,golfg\g;a&al,@pl utions include 25 US Patent 5,560,857 and

5, 645, 737, 849; 5,705 089 USI ng fluori de chem strl es
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co nb i ne wat er
orgamc contaminants or surface residues (particles). These contaminants have been shown to

have significant impact on the electrical integrity of simple test device structures and they
20  need to be efficiently cleaned without ﬁnpaiﬂng their integrity. Such cleaning methods could -
include techniques discﬁssed in the technical literature, for example, mt. Conf. On Solid State
Devices and Materials, 1991, pp. 484-486 or Kujime, T. et al., Proc. of the 1996 Semi. Pure
Water and Chemicals, pp. 245-256 and Singer, P. Semi. International, p.®, Oct. 1995.
Patents that teach methods for cleaning prime wafers with low pH solutions include
. 25  US Patent 5,560,857 and 5,645,737; 5,181,985; 5,603,849; 5,705,089. i
Using ﬂuonde chemlstnes (usually HF) asa final RCA cleaning step will cause the.
o sﬂxcon wafer surface to be in a hydrophobic state (the surface is covered with Sl—H groups)
which will repel water. During this cleaning step a certain proportion of the wafer surface is
dissolved (removed) Unless the cleaning conditions are carefully monitored (time.
30 temperature solution composition) the substrates can be damaged, as reported by Rafols, C.
et al. J. Electroanalytic Chem. 433. pp. 77-83, 1997. Numerous compositions combine water
and organic solvents. The water concentration in these I-IF solutions is very critical. Silica



and organic solvents. The water concentration in these I-IF solutions is

very critical. .Silica WO 01/05524 PCT/US00/ 19333 2 oxide has an etch rate
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containing fluoride chem stri have been used extensively over the years
to etch rrenaﬁ“éhs(eﬂ“jonﬁ'éér?fgsa#sgfgg‘tri cs. The fluoride chem stries can be very
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atggay’s needs for tight critical dimension control, though there have been attempts to control
the isotropic etch through statistical process control techniques, as reported by Taylor, D.,
Solid State Technology, July 1998, p. 119.
The usual plasma etching process involves anisotropic (unidirectional) etching while
at the same time the byproducts (composed of photoresist, etching gasses and etched
25  materials) are deposited on the sidewall of etched openings as residues.

A disadvantage of forming this protective sidewall deposit is that it can be very
difficult to remove the residue after the etching procedure. If the components in these residues
are not removed or neutralized in some manner then the residues will absorb moisture and
form acidic species that can corrode the metal structures. The resultant acid corrodes wiring

30  materials to bring about an adverse effect such as an increase in electrical resistance and wire

disconnection. Such problems frequently occur, in particular in aluminum and aluminum
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pp. 1-12 (C1997), and possibly the dielectric constant. Previous
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polymers by aggressively attacking the via sidewall of the dielectric and therefore changing

the dimensions of the device, as taught by Ireland, P., Thin Solid Films, 304, pp. 1-12 (1997),

and possibly the dielectric constant. Previous chemistries that contain HF, nitric acid, water

and hydroxylamine are aggressive enough to etch silicon, as taught by U.S. Patent 3,592,773

25  issued to A. Muller. Recent information also indicates that the dilute HF solutions can be -

ineffective for cleaning the newer CF~ etch residues, as taught by K. Ueno et al., “Cleaning of
CHF, Plasma-Etched SiO,/SiN/Cu Via Structures with Dilute Hydrofluoric Acid Solutions,”
J. Electrochem. Soc., vol. 144, (7) 1997. Contact holes opened on to the TiSi, have also been
difficult to clean with HF solutions since there appears to be an attack of the underlying TiSi,

30 layer. There may also be difficulty with mass transport of the chemicals in the narrow
hydrophilic contact holes, as taught by Baklanov, M.R. et al., Proc. Electrochem. Soc., 1998,
97-3 5, pp. 602-609.
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with hydrofluoric acid and water while a second phase contains a nonpolar organic solvent
(ketones, ethers, alkanes or alkenes) (US Patent 5,603,849). Other formulations include
hydroxylamine and ammonium fluoride (US Patent 5,709,756, issued to Ward). Additional
examples include quaternary ammonium salt and fluoride based compositions, as disclosed in
published European Application 0662705, and organocarboxylic ammonium salt or amine
25  carboxylate and fluoride based compositions, as disclosed in US Patent 5,630,904.

Some chemistries have also included chelating agents to help remove ionic and
anionic contamination from the wafer surface (PCT US98/02794) but chelating agents such
as citric acid, gallic acid, and catechol among others, can be aggressive toward the aluminum
oxide that covers the Al metal lines. Studies by Ohman and Sjoberg show that the strong

.30 complexing ability of citric ions can increase the aluminum oxide solubility and thereby

expose the metal to further corrosion, by factors of 166 and 468 at pH 5 and 6 (see Ohman et
al., J. Chem. Soc., Dalton Trans. (1983), p. 2513).
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3. Ion complexion by removing adsorbed metal ions by adding acid (i.e. ion
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20 4. Oxidation or decomposition of impurities, which involves oxidation of metals,
organic materials or the surface of slurry particles, will change the chemical
forces between the impurities and substrate surface. The éhemical reaction can
either be through redox chemistry or free radicals;

5. Etching the oxide surface, which releases the impurity while dissolving a

25 certain thickness of the substrate surface.

Currently available fluoride-based chemistries can help in items #2 and 5, but the
cleaning conditions must be carefully controlled. In many cases, the components of the
cleaning compositions are relatively toxic reactive solvent mixtures and thus must be subject

30 to stringent use conditions and require hazardous chemical handling procedures and wearing
of safety garments and apparel by users so as to avoid contact with the cleaning compositions.

Additionally, because many of the toxic components of such cleaning compositions are highly
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SUMMARY OF THE INVENTION
20 The novel cleaning compositions of the invention exhibit synergistically enhanced
cleaning action and cleaning capabilities at low temperatures that are not possible from the
use of the individual components, or the components in combination with other cleaning
components, or the components in combination with other cleaning components such as
ethoxyethanolamine or alkylamides.
25 It is a general object of the invention to provide a semiconductor substrate cleaning
composition that is effective at low temperatures.
It is a further object of the invention to provide a post etch residue cleaning
composition that inhibits redeposition of metal ions.
It is a further object of the invention to form such a cleaning solution that is not
30  flammable.
It is a further object of the invention to provide such a cleaning solution having low
etch rates of silicon oxide.



SUMVARY OF THE | NVENTI ON 20 The novel cleaning conpositions of the
invention exhibit synergistically enhanced cleaning action.and cleaning
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having -l ow _etch rates of silicon oxide. WO 01/05524 PCT/US00/19333 7 It
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is a further object of the invention to provide such cl eaning sol ution
and a pr diselossd hogeinch renoves post etch residues fromvias. 51t is a
further objec Is thdb.:?é@- : ' {:Sggl [on and a
process whi cAhcé)JelPr(%\t}g’g 'ﬁlp%és%t e ckﬁlﬁeﬁsgdyggﬁﬁgﬁ}lt%wa g?%é?%s(ﬁén?mese and
rel atled sibsteai¢ssand iscombtncammeniivunnamshaying ¢acbaxylatedfteet h eornpriseofromiabout 8104 pr ocess

he ol eaRRg: Bt wrigh) BARGTT0 byt b o B0 SR & il ot oSt R, and

am ne caatvax30 pereent byeweigltito alsoup50 percent byoweighowdterDfrbii abgi 20 pérterdhy Wei ght to

about 10 perceni by, wei ght of, on r nore fluoy)de _conpounds,, from about
50" per coMPIERLHo Ak RO PErEeh fs HeigBTPL 30 POLLR B A6 OGRS Vgt bout - 20
percent Bitcent\6f #htrgdnft saiforiie SQGILRAI sobvent. e vSihShaitioR hada IR BétRESowENt and

fromO to about 50 weight percent of an organic sulfoxide or glycol

sol viént . andabowtdfpddditionally,the compesitipe pptianallyeantpinszorrosiemighibiterss  10.
Addi ti onglelafing hitntsCAFRORMS, 1a0fds AkiBa8d2l | y contains corrosion inhibitors,

A process for cleaning residue from a substrate in accordance with this invention
comprises contacting the substrate with an organoammonium and amine carboxylate free
composition comprising one or more fluoride compounds, water and lactam solvent at a

20  temperature and for a time sufficient to clean the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS
Figures 1 and 2 are triangle diagrams plotting cleaning results achieved in practice of

the invention as a function of composition.
25 Figures 3 and 4 are triangle diagrams plotting corrosion resuits achieved in practice of

the invention as a function of composition.

DETAILED DESCRIPTION OF THE INVENTION
The cleaning composition of this invention is organoammonium and amine
30  carboxylate free. Several advantages are achievable by being able to eliminate
organoammonium and amine carboxylate compounds from the compositions. Eliminating

these compounds reduces cost of the product, Organoammonium and amine carboxylate




chel ating agents, surfactants, acids and bases. A process for cleaning
residue froma-substrate in accordance with this invention conprises

cont acti ng B%uﬁégg‘strate wi th an organoammoni um and am nepepuBRN¥sgate free
it conposition conprising one or nore fluoride conpounds, water and |actam
solvent at a 20 tenperature and for agine sufficient to clean the
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class of conpound called phase transfer catalysts. npounds under
certain scfompeundsarpmmenivn fuprides smmeniumebifivntids andihydzogendloridaThe ons; i . e.

tivati i ' acki ' .can.&orr,o t al
Surf oes) Piemed MG Sty At b REANGOR ad ft BONEAD A RHAR I pyiiogdn
Practilfal flhoride issmpldymd,ciimiier mbfabe reqaifd to Brisg the pHrtesseen about B@nd Avut Bt a,
GA. Th f th cogpounds in . the chem striesg ca | so i ptroduce
adldi t | onal THEAHORAF CompRIRs A7 (HeTably Riesert i aBipuskot o shoptd PhperesstPees. The
cl eani ng oweighttd Aboun 1¢ weight pefcett) frefkabiPfr6im aboif 0i08 Sy Srdéfl fo aboti § abl e

fluoride caqnpounds are a nium f |l uori de, ammoni um biftluoride and hydrogen
f1 uori de. W%W&?‘ﬁ%&ﬂ&f@&ﬂ?%ﬂ@mm%f@e&mﬁ? campqundin the and

ammoni um highlpeitib] e HigheP it ARRatdk of hddGeeds4Ebi.s €MDl oyed, a buffer may be

required to bring the pH between about 2 and about 10. The fluoride

conpodfds are ddicleaning cqsmposition coniaingonerns meore lactamysolventh Switalle Btamer cent by
bor gent | ¢ o Mot ik icils b B 4 & S GE R HUBRELD 1% R0 2t on
of the fl walkylded alkerycubstitited lattems and 5 to 7 member ring alkane substituted lactams. .
Suitable specific examples of lactam solvents include piperidones, such as 1 to 5 carbon atom
alkyl, dialkyl and alkoxy, dialkoxy piperidones, including N-methyl piperidone, dimethyl
20  piperidone, N-methoxy piperidone, dimethoxy piperidone, N-ethyl piperidone,

diethylpiperidone. diexthoxy piperidone, and the like; cyclohexyl analogues of these
piperidones. such as N-methy] pyrrolidone, N-2(hydroxyethyl-2-pyrrolidone, N2(cyclohexyl)-
2-pyrrolidone, and the like. The preferred lactam solvents are N-methy! piperidone. dimethyl
pipetidone and N-methyl pyrrolidone. Dimethy! piperidone is commercially available as a

25  mixture of predominantly 1,3 dimethy! piperidone and a minor amount of 1,5 dimethyl
piperidone. The lactam solvents can be used either singly or as mixtures. The composition
optionally contains alkyl sulfoxides such as dimethyl sulfoxide and/or glycols, such as
propylene glycol.

The cleaning composition contains water. Typically high-purity deionized water is
30  used



conposition, the higher the tenperature of use needs to be. 15 The cl eaning
conposition contains one or nore |actarn solvents. Suitable Lactam
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i ncl ude i paly@mPi dcdhiol)'add Pol§@thiyenéinine).as ammoni um pot assi um sodi um and
rubidiumnitrate salts, alumnumnitrate and_zinc nitrate. The conposition

~optional ly comomerombrationsiof sompansats requiss the gaditionofjagids ansd/orbases to adist 5
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30, 1997 to whi'ch is incorporated herein by reference. Preferred

chel at i ngoriperganic. The peidscap dncluda aitric, sulfuric, phasphosie; hydrashlorieacids (though d, citric

aci d.y<pe . . ST ) e : y
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10 anionig,. cats ond C ni oni ¢, ' I 1 i cone based. Preferred
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conbi nati ons of conponent s Gesealistractiredorahclorpamddacids: aci ds and/ or bases to
adj ust

. o) ’
20 | ” I
| R-C-C--OH
X
25 X =-OH, -NHR, -H, -Halogen, -CO;H and -CH,-CO,H, -CHOH-CO,H

R = generally aliphatic, H or aromatic
Concentrations of the acids can vary from about 1 to about 25 wt percent. The
important factor is the solubility of the acid and base products with any additional agents in
the aqueous solutions.
30 The caustic components suitable for use to adjust the pH of the cleaning solution can
be composed of any common base, i.e. sodium, potassium, magnesium hydroxides, or the

like. The major problem is that these bases introduce mobile ions into the final formulation.




the pH to an acceptable value. The acids suitable for use in the present

i nvention are organic or inorganic. The acids can include nitric,

sul furic, %ﬂﬁ&ﬁlc’ hydrochl ori c acids (though 15 hydr opbirfikbemofsi d can
be corrosive to netals) and the organic acids, formc, acetic, propionic,

n-butyric, isobutyric, benzoic, ascorhgc, gluconic, malic, nmalonic, oxalic
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100C and the cofhAimpokifiBns' of tHe'iNEnBGIPME paticularly useful for removing residue from

metal and via features.

The compositions of the invention are particularly useful on low-k dielectrics. Low-k
dielectrics are known in the art and include fluorinated silicate glass (FSG), hydrido organo
20  siloxane polymer (HOSP), low organic siloxane polymer (LOSP), nanoporous silica
(Nanoglass), hydrogen silsesquioxane (HSQ), methyl silsesquioxane (MSQ), divinysiloxane
bis(benzocyclobutene) (BCB), silica low-k (SiLK), poly(arylene ether) (PAE, Flare,
Parylene), and fluorinated polyimide (FPI).
Examples of cleaning compositions and processes according to the present invention

25  suitable for removing resist mask or residues from a substrate are set forth in examples below.

Example 1. A group of cleaning chemistries containing the ingredients of ammonium
fluoride, water, and one of dimethyl piperidone, acetonitrile and hydroxylamine were tested
with metal wafers which have stacks of TEOS / Ti / TiN /AlCu /TiN (from Bottom to Top)

30 etched with C1,/BC1; plasma in a commercially available AMT DPS etcher. The resulting
metal wafers with residues were cut into small sample pieces, and then the sample pieces

were immersed into the chemistry solutions in Table 1 for cleaning for 5 minutes at room



seconds to 60 mnutes. The preferred tenperature and tinme of contact for
this inventionis 20 to 45C from2 to 60 mnutes. Cenerally the substrate
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Clean Al Ti TIN Oxide water A1 35 64 10 7 10 10 10 108135645108
10 10 10 best cleaning performance with the smallest extent of corrosion, in the form of a slight attack

on aluminum. On this basis, DMP was chosen for further study to provide an enhanced
formulation.

25 Example 2. Based on the results in Example 1, formulations with low ammonium
fluoride concentrations were evaluated to determine a lower limit for the ammonium fluoride
in the cleaning formulations with ammonium fluoride and water and DMP. A commercially
available LAM TCP9600 etcher with a Cl,/BC1, plasma was used for etching metal wafers
with a stack of Oxide / Ti / TiN /A1Cu /TiN (from bottom to top). The resulting metal

30  wafers with residues were cut into small sample pieces, and the sample pieces were
immersed into the cleaning solutions in Table 2 for cleaning for 5 minutes at room
temperature. The sample pieces were taken out, rinsed with deionized water and dried with a
flow of N,. SEM was performed with a Hitachi 4500 FE-SEM for evaluating cleaning and
corrosion effects. Residue removal and corrosion effects on the metal stack were assessed by

35  visual comparisons and were all ranked on a scale of 1 to 10. The formulations in table 2 are

shown in weight percent.
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Ti retention: 10 - no change, <5 - see attack
TiN retention: 10 - no change, <5 - see attack
Oxide retention: 10 - no change, <5 - see attack

" These results show that significant cleaning results are obtained with compositions

containing as little as about 0.1 weight percent of the ammonium fluoride, with no corrosion.

Better cleaning results in a shorter treatment time are obtained with an ammonium fluoride

concentration of 0.2 weight percent in the formulations.

- Example 3. The procedure of Example 2 was repeated with formulations containing

.3 weight percent or 1.0 weight percent of ammonium fluoride and with propylene glycol
added as an additional solvent. The results are shown in Tables 3 and 4.
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PCT/ USO0A 19883 | 13 FprgguT tign na.l %Taplg 3 T Metlale LI Nngs :['or mul a
NHF(IJ] vt —Crefm AT —OrToe 1 0586
10 1891 : Bioh o slox d 18 1h Yo In®olz'ud ¥ 4o ¥ 4 85 4 10
10 10 0 O0s8 79.08 1D 20 % 977 J0140|105s PP 0.3 79. 4 B0 |3@ 5 81010{10 10 10
QQ 0.3 39. 0 [10,40110,1011G,1q RR Of 3,274 7,64 % 9 31§ [10,,10]10 10 SS
0.3 27.7 T 1—F T2 7017051+ 1t616—16
w 03 297 a5 25 5 7 10 10 10 10
v 0.3 29.7 25 45 5 7 10 10 10 10
15 wWW 0.3 29.7 69 0 5 1 10 10 10 10
XX 03 307 35 35 5 7 10 10 10 10
Reaction Temperature: Room Temperature Metal Retention for Metal Lines
DI water: Deionized water Clean tines: 10 - complete, 1- not clean at all
20 DMFP: 1,3-Dimethylpiperidone At retention: 10 - no change, 1- Al layer gone
PG: Propylene glycol Ti retention: 10 - no change, 1 - Ti layer gone

TiN retention: 10 - no change, 1 - TiN layer gone
Oxide retention: 10 - no change, 1- Oxide layer gone

25




UJU 0.3 29.7 45 255 7 10 10 10 10 WO0.3 29.7 25 45 5 7 10 10 10 10 15 WV
0.329.769.05 110 10 10 10 XX 0.3 30.7 35 35 5 7 10 10 10 10 Reaction
Tenper at ur ewdtapsszdenperature Metal Retention for Metal Liegewsddioznst er.

Dei oni zed water Clean tines:: 10 - conplete, |- not clean at aII 20 DIVP:
1, 3-Di net hyl pi peri done At retention: 18- no change, |- Al uqmgaww PG
Propylene glycol Ti retention; 10 - no change, | - Ti Iayer gone
retention:] 10 - no chamg®s | - TIN | aygfmegorje i de fghigati on: %0 no
change, |- I deT T ayer ne W _ fdfri‘soo tA—
Form%l ati c (}%(m"g h&% 'I'agﬁe E l@)me al ¥Phd<Sem ) mdt a| Nk B °P;=O(g/lon.5)
Cl ean I[I\I X1 ae T 910201581101t p—Mt+—59—
10 6 10 1C 1nL 1'40/|\r,\\k31n DA Y, M N 0% yoTioli¥ 4 ¥4 18 1p 10 P
1 39 30 3.6 ™ 1) 20 10 520 o2 1 2P 24 48 § 10 10610} 10 J010 B L027|67 5 5
9.5 9.5 104 1010 § 12757} 15,5 {10,410{10G 1q 10 |T.I _9100’7 3 8|RLU 10 10
10 U 1 29252515 10110 10 t0 1615V ri—29125~4y 5 8+—36—+4—=210—W 1 30
60 0 5 10 tz—ab 1b 20 Ix ™ 2o 3% 25 8 glc 5011 10 fo | 1° 10 10
P 1 39 30 30 S 7 10 10 10 10
10 Q 1 27 24 48 5 10 10 10 10 10
R 1 27 | 67 5 5 95 9.5 10 10 10
s 1 27 57 15 5 10 10 10 10 10
T 1 29 o 70 5 3 10 10 10 10
U 1 | 2 a5 25 5 10 10 10 10 10
15 v 1 29 25 45 5 8 10 10 10 10
w 1 30 69 0 5 10 7 10 10 10
X 1 29 35 35 5 8.5 10 10 10 10
Reaction Temperature: Room Temperature Metal Retention for Mstal Lines
20 DI water: Deionized water : Clean tines: 10 - complete, 1 - not clean st all
DMP: 1,3-Dimethylpiperidone At retention: 10 - no change, 1 - Al layer gone
PG: Propylene glycol i retention: 10 - no change, 1 - Ti layer gone
' TiN retention: 10 - no change, 1 - TiN layer gone
Oxide retention: 10 - no change, 1 - Oxide layer gone
25

In order to understand the results obtained with the formulations shown in Tables 3
and 4, the data was plotted in the four triangle diagrams of Figures 1-4, showing
respectively, residue cleaning performance as a function of water, DMP and PG
concentration in the low fluoride and high fluoride solutions, and aluminum corrosion as a

30  function of water, DMP and PG concentration in the low fluoride and high fluoride
solutions. A comparison of Figure 1 with Figure 2 shows that higher fluoride concentrations
are sometimes necessary to obtain satisfactory cleaning results with high water and high
DMP concentrations. Figures 3 and 4 show that the least corrosion occurs with a high
concentration of DMP relative to water.

35 Example 4. As a result of the above experimental work, an especially preferred
composition was determined to be 0.75 % of 40% concentration by weight in water
ammonium fluoride, 17% by weight DMSO (dimethyl sulfoxide), 57.25 % by weight DMP
(dimethy! piperidone) and 25 % by weight D.I. Water. Further tests in accordance with the



Reaction Tenperature: Room Tenperature Metal Retention for Metal Lines 20
DI water. Deionized water Clean tines: 10 - conplete, 1 - not clean at all

DWVP: 1, 3- [@v%%%&‘oi pcridone At retention:10 -no change, pcridechdy$r gone

PG Propyl ene“glhycol Ti retention: 10 -no change, | - Ti layer gone Ti N
retention: 10 - no change, | - Ti N | gger ?one Oxide retention: 10 - no
change, Iproceddxs ofExampler2 gave eorrasn(nymberd of 1@ and pletping mumbers hE1¢ fox all 06

obtained wth.the fo Is in Tables 3 and 4, the data was
o S T R i TS O 4

pl otted e ria agrans ‘of Figures 1-4, show ng
respecti vel y, Tabie 5pbelove)shaws the cpation snd clkeaning zesulin st varivus pHwslwes, DVP and

PG concentrati,on in the.,lLow fluqgside, and high fluoride | uti ons, and
1 U B P LS 1 Smposkions atcaring Y5 pik Rrpupe acpsion, SBE BECAINA AT 2 on i 1
the 19w frbpiiMdddR Figiite §inahe nkasukédWith 52 I0HINEK520maan ik ghesplf Figure 1
with Figure 2 shows that higher fluoride concentrations _are sonetines

necessar glecwodss Eable & demensixates the effestivencss ¢f comppsitignsaccording tathe:r and high
DVP conc | sonl B Wil rdhoe R ¥Hivafilest e | €ast corrosion occurs
with a hﬁ’g Eﬂ%‘%ﬁ%ﬁ?%ﬁd n&g? DVP reqiatp%/lte to water. 35 Exan;gl_e_4. As a
result of the above experimental work, an especially pref EyPRimie®bHpositi on
was detefnined to be 0. 7amd of 40%.concent | atuheOr] bResishdyiaditiéni) Vat er

anmopi umt oo o, 7% 0 ) (I g SUrtTextrgef, .o7.125 % by
wei gm DYF | mg?‘fw mb"l"% aﬁ%na)’%a 2'% 9 B@Xii\kiéélﬂ't D1 . V\%‘?er. Furt her
tests inlaccord4Rb®¥ hitn {he WO b—p+dcedur e of

Exanpl e P gawve jcowroki®h nhunM¥er$ dof 10 #nd] cl%eari i® puibel s6-bf |10 for all

of the $ubgirdtesnefenhals &is{ed i Tabl gs s3 dnde 4| Teab| ersd, |bel ow, shows

the corr ¢gsromgmd-crHEan My TESUI S, at| Vil pus, pir val e a|variety of

conposi t {and€adedPdihf T olt k¥ ot estent BahiiSn. 'H?e p?—? whi-dbs-las 5

reported|i naFi dures 5| viese [ mesasul ede wilt hoan| QS o) NSPOMet edd wilt h gl ass pH
T & b

el ecy¢ odq e i denp@astrabes|the dffgct|vaneds of | cappsss i qns accordi ng
to the presert=TTvetT Ot UTYTOUT (@ W OF Tange .ol P v IS, For mul ati on
. . 68, . 5 1 10 10 : :
in wt. %M%Mﬂdtt'm
AG 03 29.7 10 60 0 s 10 10 3.0
AH 03 2045 | 6925 ‘10 0 s 10 10 3.0
Al 03 2045 6425 15 0 5 10 10 30
20 . A 03 2045 2425 55 0 ‘5 10 10 30
AK 03 2045 435 75 0 5 10 10 30
AL 03 187 78 3 [} 5 10 0 4.0
AM 03 19.7 60 20 ) s 10 10 40
AN 03 27 s 72 0 5 10 10 4.0
25 AO 03 | 2895 4575 25 0 5 10 10 4.0
Reaction Temperature: Room Temperature Metal Retention for Metal Lincs
D1 water: Deionized water . Clean tines: 10 - complete, 1+ not ciean at 2l
DMP: 1,3-Dimethylpiperidone At retention: 10 - no change, 1- Al layer gone
30  PG: Propylene glycol
DMSO: Dimethylsubfoxide

Substitution of other fluorine compounds, lactam solvents, organic sulfoxides and
35  other glycols gives similar advantageous results.
One skilled in the art will recognize from the foregoing examples that modifications
and variations can, and are expected to be made, to the foregoing cleaning solution in

accordance with varying conditions inherent in the production process. The embodiments

T



10 Formula NHUF DI water DMP DMSO PG (M n.) Clean At pH (40% aqg.) AA 0.3.
39.7 24 0 48 5.10 10 6.7 AB 0.3 27.7 67 05 5 10 10 7.85 AC 0.3 27.7 57 0
15 5 10 10 .45 59.25 20 0 5 10 TO 3.0 AD 0.3 15 AEQuRoi@sd5 44. 25
35 05 10 1 ‘%‘?‘(S’QAF 0.3 20A5 4925 30 0 5 10 10 3..0. AG o.§Q29.7 10 60 0 5
10 10 3.0 AH 0.3 20A5 69.25 10 0 5 1gl0 3.0 Al 0.3 20A5 64.25 15 0 5 10
10 3.0 20 Aovesreves byavayHf SEnples ForexadplR, e specifealiossonof dislegsic) 5 10 10

P ey e e
ST et i s
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Propyl ene gl ycohn pibifatidas aBd Patérit dppliviticie m%uﬁaieatimﬂxmgeaﬁcaﬁbﬂ% hedeitPr i ne

conpounds, | actam sol vents, organic sul foxides_ and 5 ot her glycols gives

simlar adintArmamtsdby refessneate thesame sxientias if epch ipdividyplpublication erepigst ze from
the T or egobyliofleh! s 3ectially Afindiviabihy3idioard S bé HdoRlorfiiPbyRftrendllC 2" €

expected to | o the for gﬁgl ngc ef;ml_n?J ution | accor'dgnce W th
varyi ng condi t i Shesinvention aew being descolterd; itiviH bp pppracent to orisef erdirad skilht s HI M

WO 0110552 411n ﬁgyt W W&%ﬁges %gd modifications can be made thereto without departing from

10 the spirit or scope of the appended claims.



above are given by way of exanple. For exanple, the specific discussion of
dielectric preservation is indicative of other netal, netal .alloy, and
polysilico ures protected by the proposed cl eani ‘,on and :
nmet hod. Thgmﬁgégﬁ%ng exanples do not Iimt the present ?%y@%FH%%? which is
defined by the followi ng clains. 5 Al publications and patent applications
ment i onedWHALLS; ‘cation are herein incorporated by reference to

the sane extent as,if Ladi Vi . lcatien or pat.en application
was specifi calrily aﬁﬁﬂr%?g%ﬁ“ﬁﬁgﬁ"?‘?g (?%llngg%é%f&?%eﬁ%e‘f%@gﬁbﬂ 8 by

ref erence. The I nveetningwfiresidueefron shibstiates,demprisigflomiaboutl0l peRemppar ent to
one of ordinary skill 1:ion t'gﬁ artenkpat r@gx changes and _nodi ficatl ons can
be nade thereto w PREH 88?) D Prrgent Py Wt ft‘%‘?ﬁ%‘g‘r’ﬁ uofide compounds; ¢ he
appenfled cl ai ns. \WRol bb6t 20 perdcéat b SRl BUB3ut I0/ertett By FefhbFhlet, Foml 7 1. AN

or ganoanmoni um and am ne car boxyl ate free conposjtion for the cleaning of
resi dues from subs?W&PeW‘x@BWQOP‘?W%MtWUilgbfé%fééaﬁaﬂbwlvemai ght to

apout 10 per cent  DinaRird0to SlouStnd i Pefobn o R biegfic SRR GIveal {1 Om abou!
by wel 8

20 percent by weight to about 50 percént t water, m~ about 20
percent by wei ght %odveahstid cgopgsitiondavingg phidietyreen atiout2 hrdbtbant 0l vent  and
fromO to about 50 wei ght percent of an organic sul foxide or glycol.

sol vent, said conposition having a pH between about 2 and about 10. 10 2.
The d®npositi 2on oThedonipesition of ciimd lin which ithedadam selvene ista lactarh hivdsg am havi ng

from4 to 7 menber Al IiS. a 1 t.0 carbpon ato Kk or al koxy
substituted | act amE%’r“;égg??e%%%eﬂé‘Hﬁse‘?’“dl’?ﬁg%ﬁﬁﬁﬁ@”é‘%%‘ﬂy XY actam 3.
The conposition of subtitited Biciam otlaisab 7tnkeentepdh@dlkdn® sabsHivedackane. 15 4. The

conposition of claim3 in which the piperidone is a Ito 5 carbon atom
al kyl, dial kyl al koxy or dial koxy piperidone. 5. The conposition of claim4

i n which the pi perTkiagpositidh sfldin'2 iR WhShHROIRGam iPpifiidiehd)y! Ppi peri done,
N- net hoxy pi peridone, di nethoxy piperidone, N-ethyl™ " piperidone,
di et Fr?/l pi peridone or diexthoxy piperidone. 6. The conposition of claim2 in

whi ch the | ackam i Phedofpbiitod SFLREm i [ﬁkepﬁé?ﬁB "Ny l.alm6 in
whi ch the pyrrolidone ?I? NZ(hydroQ%gr%/clh- 2- ' 9&&5&%’59&&&6@
alkyl, dialkyl alkoxy or dialkoxy piperidone.

S. The composition of claim 4 in which the piperidone is N-methyl piperidone,
20 dimethyl piperidone, N-methoxy piperidone, dimethoxy piperidone, N-ethyl
piperidone, diethylpiperidone or diexthoxy piperidone.

6. The composition of claim 2 in which the lactam is a pyrrolidone.

25 7. The composition of claim 6 in which the pyrrolidone is N-2(hydroxyethyl-2-
pyrrolidone or N-2(cyclohexyl)-2-pyrrolidone.

8. The composition of claim 2 in which the lactam is N-methy] piperidone,
dimethy! piperidone or N-methyl pyrrolidone.
30 .
0. The composition of claim 8 in which the lactam is dimethy] piperidone.
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pyr\rAﬁ! i ﬂo?ﬁ olr N£2(c_ycl cl\)rex%/Ih) ||mﬂmuml(“muﬂ“ : ;I'Eel CoNposi éi on of claim?2
in ic e lactamis nmet hy . yl pi peridone or

N- et hyl pywoditiessahe. 30 9. The ‘corfpodit fon®of “ cl ai m 8 i npamDstaoBE | act am
is dimethyl piperidone. This Sheet Has Been Replaced X111111 111111 11111

11111 11 1111 L1} = g LR LT 8 ] L 01/05524 C L Ms

ACT/ UsG 16333 190 ThE lé‘l‘lé%ﬁsriﬁ‘c?é of iz & {n Wiith the Baonkd? cofipRiiis admgnities
conpound i s ammoni utfiuodde,iammasinmaiftovride or Iididgen fluckedeor hydr ogen fl uori de.
11. The conposition of claim1 in which the fluoride conpound is ammoni um
5 fluoride, amoni um bifluoride or hydrogen fluoride. 12. The conposition

of Caim1 furtiher Qhepshpositionaf €1aihd Dii which M iARbHE compdind iJ RBmBRARESI ti on
of Caiml further co i sing a chel ating agent. 10 15. The conposition of
daimP further con%@%%°@%%§%9rhmge¢ﬂéowposi tion of daimil
further conprising an acid. 15 16. The conposition of Caiml further
conprising a base. 17. The conposition of Claim1 conprising amoni um
fluoride, wat erl2and Theirorenasigion of Glaim d derther canpirising Brverrosiompinbibitoon of cl ai m
17 further conprising dinmethyl sulfoxide or propylene glycol. 19. A
process for cleaning residue froma substrate, which conprises contacting

the substrate i3t h The compsitiamoHClaim Anthersonpeising aleholytingtagedti ne 25
corrpo?otion conprising one or nore fluoride conpounds, water and an |actam
solvent at a tenperature and for a tinme sufficient to clean the substrate.

20. The procesg4of Thetdmposition of\iafih 1 iflithet EsRHsRHaW Brfadtadt OM about 20 to
about 100C. 30 | ,

15.  The composition of Claim I further comprising an acid.
15 16.  The composition of Claim I further comprising a base.

17.  The composition of Claim 1 comprising ammonium fluoride, water and
dimethyl piperidone.

20 18.  The composition of claim 17 further comprising dimethyl sulfoxide or
propylene glycol.

19. A process for cleaning residue from a substrate, which comprises contacting
the substrate with an organoammonium and amine carboxylate free
25 composition comprising one or more fluoride compounds, water and an

lactam solvent at a temperature and for a time sufficient to clean the substrate.

20. The procéss of claim 15 in which the temperature is from about 20° to about
100°C.
30

21.  The process of Claim 16 where the temperature is about 20° to about 45°C,
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21. The process of Claim 16 where the tenperature is about 20 to about 45C.

Thi s Sheet Has Been Replaced 11111~I1111121111111~11~ WO 01/ 05524
PCT/ USOO/ 19@%i0ssh9 22. The process of claim16 in which pe¢EUstonssss s from
about 3 mnutes to about 10 mnutes. 23. The process of claim 15 in which

bercont by wedine BB eyt b B S BB RSB abion 50

percent by wei ght {®Pmafeldt 50 percent by weight of the water, from about
20 percent by weight to about 80 percent by weight of the |actam solvent,
the conposition having a pH between about 2 and about 10. 10 24. The

process of cl %gm 19nd é’&i&&ﬂ”bléu'ﬂ%%%ﬁﬁh{e'c%k ntdoﬁilj}ﬁkésﬁoﬁf){ﬂ%{d GFs up to
about 50 wei ercent of an organi ¢ sul foxide or col solvent.

111214211141 | | | | per¢emt by weight tp abouC19 peypept h&hwslglswééhe qnagr mewflwddt aced
, I 111111 1 J:c!mp]o?n]f&s:,l‘ﬁ'oﬂnlab&ut hb ercent by weight to about 50 percent by weight
of the water, from about 20 percent by weight to about 80 percent by weight
of the lactam solvent, the composition having a pH between about 2 and
about 10.
10

24.  The process of claim 19 in which the composition additionally comprises up
to about 50 weight percent of an organic sulfoxide or glycol solvent.
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