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AGENTS FOR VAPOR REACTORS 5 Field of Invention The invention relates to the
use of flworoisdied ket ones as wet cleaning agents for vapom/usezetosTs and
vapor reactor parts. Background of Invention 10 The em ssion of gl obal
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and are difficult to trap or treat with gas scrubbers. The chanber walls
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cuch 35" BROERSRABRAERRAHER etnld RCouiR I BRI Sliont R BUBRIHOZ 2T POnS

per fl uor oemisgivns, hydrofl uorocarbons, and hydrof | uor oet her s. Water and
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etching chambers are widely used in the semiconductor industry in connection with the
manufacture of various electronic device and components. Such chambers use reactive
20  gases or vapors to deposit, pattern, or remove various dielectric and metallic materials.
Over time, undesirable deposits, typically fluoropolymers containing carbon, fluorine,
hydrogen and oxygen atoms, inevitably build up on both the walls and parts of the
chamber. These deposits are a source of potential contamination for the product being
manufactured in the chamber and must be removed periodically. Perfluorocarbon gases
25  such as C,F¢ and C;F; as well as perfluorinated nitrogen compounds such as NF3; have
been used extensively for in situ plasma cleaning of the chamber. However, these gaseous
materials are extremely stable compounds that contribute to global warning and are
difficult to trap or treat with gas scrubbers.
The chamber walls and components can be cleaned using various liquid chemicals.
30 The liquid cleaning agents currently used include water, various hydrocarbons such as
acetone or isopropanol, and various fluorochemicals such as perfluorocarbons,
hydrofluorocarbons, and hydrofluoroethers. Water and hydrocarbons do not readily

dissolve the fluoropolymer residue. Additionally, water requires long drying times and the
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non-fluorine halogen atoms including bromine, chlorine, and iodine attached to the carbon
backbone. One or more heteroatoms can interrupt the carbon backbone of the molecule.
The cleaning agent éan also include an auxiliary halogenated compound that is miscible

20  with the fluorinated ketone. Preferably, the auxiliary halogenated compound is a
hydrofluoroether. The cleaning agent can be applied by wiping, spraying, soaking, and the
like.

Detailed Description of Illustrative Embodiments of the Invention
25 This invention provides a method of cleaning a chemical vapor deposition

chamber, a physical vapor deposition chamber, or an etching chamber using a liquid
cleaning agent comprising a fluorinated ketone compound having 5 to 10 carbon atoms,
preferably 6 to 8 carbon atoms. The fluorinated ketones typically are liquids at room
temperature with boiling points up to about 150°C. Preferably, the fluorinated ketone is a
30 perfluoroketone.
As used herein, the term "vapor reactor” includes chemical vapor deposition

chambers, physical vapor deposition chambers, and etching chambers. Such chambers use



As used herein, the term "vapor reactor"” includes chem cal vapor deposition
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perfl uorocarbons. As 2% used herein, the term"cleaning” refers to renoving

t he unwannetdeadilyolissobvetthafluonopolymepresisiuer Additionally, watervequisss fong dsgings of a
vapor r eag;[ngg and the hydrocarbons are flammable; these are both undesirable properties for a
cleaning agent. The invention provides an alternative approach that avoids these
20 undesirable properties in a manner that is more environmentally friendly than at least
some prior approaches. The fluoropolymers and other residue that deposit on the reactor
walls and parts can be dissolved using a liquid fluorinated ketone cleaning agent having 5
to 10 carbon atoms. This method of cleaning a vapor reactor can be used to partially or
completely replace the conventional cleaning process with gaseous perfluorocarbons. As
25  used herein, the term "cleaning" refers to removing the unwanted deposits that build up
over time on the walls and parts of a vapor reactor.
The fluorinated ketones of the invention typically have a total of 5 to 10 carbon
atoms and preferably have 6 to 8 carbon atoms. The cleaning agent can be a
perfluoroketone, a compound in which all of the hydrogen atoms on the carbon backbone
30 are replaced with fluorine. Alternatively, the fluorinated ketone cleaning agent can have

up to two hydrogen atoms and up to two non-fluorine halogen atoms including bromine,

chlorine, and iodine attached to the carbon backbone.
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f 1 uor Ihat CBOGFHOYCEEHhe gas as described in U S. Patent No. 5,399,718

(Costello et afybroketones can be prepared by known methods. One approach involves the

dissociation of perfluorinated carboxylic acid esters of the formula R{CO,CF(R¢'); with a
nucleophilic initiating agent as described in U.S. Patent No. 5,466,877 (Moore). Rgand
R{ are fluorine or a perfluoroalkyl group. The fluorinated carboxylic acid ester precursor
20  can be derived from the corresponding fluorine-free or partially fluorinated hydrocarbon
ester by direct fluorination with fluorine gas as described in U.S. Patent No. 5,399,718
(Costello et al.).
Perfluorinated ketones that are alpha-branched to the carbonyl group can be
prepared as described in U.S. Patent No. 3,185,734 (Fawcett et al.). Hexafluoropropylene
25 is added to acyl halides in an anhydrous environment in the presence of fluoride ion.
Small amounts of hexafluoropropylene dimer and/or trimer impurities can be removed by
distillation from the perfluoroketone. If the boiling points are too close for fractional
distillation, the dimer and/or trimer impurity can be removed by oxidation with alkali
metal permanganate in a suitable organic solvent such as acetone, acetic acid, or a mixture
30 thereof The oxidation reaction is typically carried out in a sealed reactor at ambient or

elevated temperatures.



Perfluorinated ketones that are al pha-branched to the carbonyl group can be
prepared as described in U S. Patent No. 3,185,734 (Fawcett et al.).
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Preferably, the auxiliary cleaning agent is a hydrofluoroether such as C4FsOCHj,
20  C4Fs0C,Hs, C3F,CF(OC,Hs)CF(CF3),, and the like.

The fluorinated ketone cleaning agents can be applied by, for example, by wiping,
spraying, and immersion of the parts for soaking or dipping. The cleaning agent can be
combined with an inert propellant such as nitrogen, argon, or carbon dioxide to direct the
cleaning agent to specific surfaces that need cleaning. The cleaning agent can be applied

25  at either ambient or elevated temperatures, for example, up to 150°C.

The perfluoroketones of the invention have much lower global warming potential
(GWP) than the conventional perfluorocarbons used in the semiconductor industry. As
used herein, "GWP" is a relative measure of the warming potential of a compound based
on the structure of the compound. The GWP of a compound, as defined by the

30 Intergovernmental Panel on Climate Change (IPCC) in 1990 and updated in 1998 (World
Meteorological Organization, Scientific Assessment of Ozone Depletion: 1998, Global

Ozone Research and Monitoring Project — Report No. 44, Geneva, 1999), is calculated as
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The commonly accepted ITH is 100 years representing a compromise between
short term effects (20 years) and longer term effects (500 years or longer). The
concentration of an organic compound in the atmosphere is assumed to follow pseudo first
order kinetics (i.e., exponential decay). The concentration of CO; over that same time

15  interval incorporates a more complex model for the exchange and removal of CO; from
the atmosphere (the Bern carbon cycle model).

CF;CF,C(O)CF(CF3); has an atmospheric lifetime of approximately 5 days based
on photolysis studies at 300 nm. Other perfluoroketones show similar absorbances and
thus are expected to have similar atmospheric lifetimes. A measured IR cross-section was

20  used to calculate the radiative forcing value for CF3CF,C(O)CF(CF3); using the method of
Pinnock, et al. (J. Geophys. Res., 100, 23227, 1995). Using this radiative forcing value
and the 5 day atmospheric lifetime, the GWP (100 year ITH) for a perfluoroketone with 6
carbon atoms is 1 while the GWP for C;F¢ is 11,400. The perfluoroketones of the
invention typically have a GWP less than about 10. As a result of their rapid degradation

25  in the lower atmosphere, the perfluorinated ketones have short lifetimes and would not be
expected to contribute significantly to global warming.

Additionally, the fluorinated ketones have low toxicity. For example, the
perfluoroketone CF3CF,C(O)CF(CF;), has low acute toxicity based on short-term

inhalation tests with rats. Based on a four-hour exposure period, the LCso concentration is
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subsequent syntheses, was spray dried, stored at 125°C and ground shortly before use.

The contents of the reactor were stirred while 21.0 g (0.13 mol) of C,FsCOF
(approximately 95.0 percent purity available from 3M Company, St. Paul, MN) was added

20 tothe sealed reactor. The reactor and its contents were then heated, and when a
temperature of 70°C had been reached, a mixture of 147.3 g (0.98 mol) of CF,=CFCF;
(hexafluoropropylene, available from Sigma Aldrich Chemical Co.) and 163.3 g (0.98
mol) of C;FsCOF was added over a 3.0 hour time period. During the addition of the
hexafluoropropylene and the C;FsCOF mixture, the pressure was maintained at less than

25 95 psig (7500 torr). The pressure at the end of the hexafluoropropylene addition was 30
psig (2300 torr) and did not change over the 45-minute hold period. The reactor contents
were allowed to cool and were one-plate distilled to obtain 307.1 g containing 90.6%
1,1,1,2,4,4,5,5,5-nonafluoro-2-trifluoromethyl-butan-3-one and 0.37% CgF)2
(hexafluoropropylene dimer) as determined by gas chromatography. The crude

30 fluorinated ketone was water-washed, distilled, and dried by contacting with silica gel to
provide a fractionated fluorinated ketone of 99% purity and containing 0.4%

hexafluoropropylene dimers.



Into a clean dry 600 nL Parr reactor equipped with stirrer, heater and

t hernocoupl e were added 5.6 g (0.10 nol) of anhydrous potassium fl uoride
(avai | ablwo oknesmwsi gna Al drich Chem cal Co., M| waukee, WpCTarsd2/2887 g of
anhydrous diglynme 15 (anhydrous diethyl ene glycol dinethyl ether, available
fromSigma Aldrich Chemcal Co., MIlwaukee, W). The anhydrous potassium
fluoride used in this synthesis, and in all subsequent syntheses, was
spray dried, sAdrationited Abalimatet kptonendaderesrdesoyibed hbove wasapurifietdef cont ent s of
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Into a cl &8 rrér, heater and

t her mocoupbltectisd! Bavitile purty ggeadér thared9.6%adyigle arld contagniag np deretablem

per manganate, and 301 g of the above-described fractionated 5

1, 1, 119, 4hexadlugropropylene | difpers 08 tHIRETE) yor omet hyl - but an- 3- one. The reactor was
seal ed and heated to 60C, while stirring, reaching a pressure of 12 psig
(1400 torr). After 75 mnutes of stirring at 60C, a |iquid sanple was

t aken usi ngCsFET(O)OREF3)Nel, b2, 4,5)8666,phaslecahioro-2-trifluoromethylhexan-3-
one
Into a clean dry 600 mL Parr reactor equipped with stirrer, heater and
20  thermocouple were added 5.8 g (0.10 mol) of anhydrous potassium fluoride and 108 g of
anhydrous diglyme. The contents of the reactor were stirred and cooled with dry ice while

232.5 g (1.02 mol) of n-C3F7COF (available from 3M Co., approximately 95.0 percent

purity) was added to the sealed reactor. The reactor and its contents were then heated, and
when a temperature of 72°C had been reached, 141 g (0.94 mol) of hexafluoropropylene
25  was added at a pressure of 85 psig (5150 torr) over a 3.25 hour time period. During the
addition of hexafluoropropylene the temperature of the reactor was increased slowly to
85°C while maintaining the pressure at less than 90 psig (5400 torr). The pressure at the
end of the hexafluoropropylene addition was 40 psig (2800 torr) and did not change over
an additional 4-hour hold period. The lower phase was fractionally distilled to give 243.5
30 gramsof 1,1,1,2,4,4,5,5,6,6,6-undecafluoro-2-trifluoromethylhexan-3-one, having a
boiling point of 72.5°C and a purity of 99.9% as determined by gas chromatography. The
structure was confirmed by gas chromatography and mass spectrometry (GCMS).



and the | ower phase was washed wth water. The sanple was anal yzed usi ng

gl ¢ and showed undet ect abl e anbunts of hexafl uoropropyl ene di ners and smal |
anount s oWold/ok@gnf | uor opropyl ene trinmers. A second sanpl @cmasor/edo8n 60
mnutes later and was treated simlarly. The glc analysis of the second
sanpl e showed no detectable diners or trinmers. The reaction was stopped
after 3.5 hours, and the purified ketone was phase split fromthe acetic
acid and the | ower phase was washed twice with water. 261 g of the ketone
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t he hem ketal to_ all ow
from 3M Co., approximately 97 percent purity) was added to the sealed reactor using

isolated vacuum. With the reactor at 80° C and pressure of 80 psig (4900 torr), 154 g (1.03
mol) of hexafluoropropylene was gradually added over a 3%2 hour time period. Following

20  a one hour reaction hold time, the product was recovered from the reaction mixture by
distillation and phase split prior to fractionation to give 100 g of 1,1,2,2,4,5,5,5-octafluoro-
1-trifluoromethoxy-4-trifluoromethylpentan-3-one, having a boiling point of 77°C and a
purity of 99.8% as determined by gas chromatography. The structure was confirmed by
gas chromatography and mass spectroscopy.

25
CICF,C(O)CF(CF3)2 - 1-chloro-1,1,3,4,4,4-hexafluoro-3-trifluoromethyl-butan-2-
one

To a clean dry 600 mL Parr pressure reactor was charged 53.5 g (0.92 mol) of

anhydrous potassium fluoride, 150 g of anhydrous diglyme and 150 g of

30 chlorodifluoroacetic anhydride. With the reactor set at 80°C and 92 psig (5500 torr), 123
g (0.820 mol) of hexafluoropropylene was charged over a 3 hour period at a tank pressure

not exceeding 120 psig (7000 torr). Following reaction for ¥ hour at 80°C, the reactor

9



distillation of the reaction solvent. 1272 g of the resulting hem ketal was
slowy added to 1200 nL of concentrated sulfuric acid, and the resulting
reacti on woxosa@Inas re- fractionated to yield 1554.3 g ofPCI/USDh2/04087
1,3,3,4,4,5,5,6,6,7,7,8, 8, 8- hexadecaf | uoro-octan-2- one, having a boiling
poi nt of 97C and having a purity of 98.4% as neasured by nuclear 10
magneti c resonance spectroscopy. CF3OCF2CF2C(O CF(CF3)2 -
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treat
lower phase. The lower phase was retained and mixed with lower phases saved from

previous analogous reactions. To 604 g of accumulated lower phases containing 22%
perfluoroisobutyryl fluoride and 197 g (1.31 mol) of hexaﬂﬁoropropylene was added 8 g
(0.1 mol) of anhydrous potassium fluoride and 50 g of anhydrous diglyme, and the

20  resulting mixture was allowed to react in the Parr reactor in the same manner as before.
This time 847 g of lower phase resulted, containing 54.4% of desired material and only
5.7% of perfluoroisobutyryl fluoride. The lower phase was then water washed, dried with
anhydrous magnesium sulfate, and fractionally distilled to give 359 g of
1,1,1,2,4,5,5,5,6,6,6-octafluoro-2,4-bis(trifluoromethyl)pentan-3-one having 95.2% purity

25  as determined by gas chromatography and mass spectroscopy (“gcms”) (47% theoretical

yield) and having a boiling point of 73°C.

CFs3(CF3)sC(O)CF(CFs),
- 1,1,1,2,4,4,5,5,6,6,7,7,8,8,9,9,9-heptadecafluoro-2-trifluoromethyl-nonan-3-one
30 A mixture consisting of 2027 g of trifluoroacetic acid pentadecafluoroheptyl ester
(made by reacting heptyl acetate with fluorine gas as described in U.S. Patent No.
5,399,718 (Costello et al.)), 777 g of 3M™ PF-5052 Performance Liquid (a mixture of

10



material, 46.1 g (26% of theoretical yield) of (CF3)2CFC(O CF2Cl, a clear
colorless liquid, was obtained having a purity of 98.8% as determ ned by
gas chronwbagnspby. 5 (CF3) 2CFC(O) CF(CF3)2 - PCT/US02/04087
1,1,1,2,4,5,5,5,6, 6, 6-octafl uoro-2,4-bis(trifluoronethyl)pentan-3-one 8.1
g (0.14 nol) of anhydrous potassiumfluoride, 216 g (0.50 nol) of
perfluoro(isobutyl isobutyrate) (nade by reacting isobutyl isobutyrate with
fl uori ne perfuaknaléd shbwants, beailable frors3MPEompPakY), 3l 7Ag0ofandydrous diglyinee and al . ))

and 200 grans.of, anhydrous. di gl yne wer rged hean  dr. O nmL Parr
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of accunul ated | ower phases contai ning 22% perfluoroisobutyryl fluoride
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54. 4% of desired material "and only '5.7%of perfluoroisobutyryl fluoride.
The | ther npiraskong havinga badlingrpoivt ofi d314° Charideai98ap Yorpurisy a8 dpteroinadelyrgasi um
sul fate, and fractionally distjlled to give 359 g of

1,1,1,2,4° ,"B‘?B",gé*fpé‘?'@pgé’{aé? PRYGYBEC9PY- bi s(tri f | uor onet hyl ) pent an- 3- one
having 95.2% purity 25 as determ ned by gas chromat ography and nass
spectroscopy ("gcns") (47% theoretical yield) and having a boiling point

of 73C. CE3FLFCH5C myrilmocsityl methyl ether _
1,312, .  §\fuedv S b RSBl ARG A Tl S5 ARa-nonan-3

-one 30 A mxfure consisting o uoroacetic ac

pent agecabhulovNept yl ester (nmade by reacting heptyl acetate with fluorine
gas as described in U S. Patent No. 5,399,718 (Costello et al.)), 777 g of
3MIM PF-5052 Performance Liquid (a m xture of 10

C4Fs0C;Hs - perfluorobutyl ethyl ether
3MT™ NOVEC™ HFE-7200 specialty liquid (available from 3M Company).

20 C;F,CF(OC;Hs)CF(CF;); - 3-ethoxy-perfluoro(2-methylhexane)
3M™ NOVEC™ HFE-7500 specialty liquid (available from 3M Company).

Example 1 and Comparative Examples C1-C3
In Example 1, CF3CF,C(O)CF(CF3),, a perfluoroketone, was evaluated as a wet

25  cleaning agent for removal of fluoropolymer build-up on quartz gas distribution plate tools
removed from Model P-5000 etch chambers commercially used for processing 8 inch (20
cm) wafers (obtained from Applied Materials, Santa Clara, CA).

For each evaluation, approximately SO0 mL of wet cleaning agent was applied to
the tool with polymer build-up, and the tool was allowed to soak at room temperature.

30  After 30 minutes of soak time, an attempt was made to remove the polymer by employing
gentle manual scrubbing (i.e., very slight force was applied perpendicular to the tool for

five minutes) using a clean room wipe (available from Texwipe, Saddle River, NJ)

11



WO 02/ 086191 PCT/ US02/ 04087 perfluorinated solvents, available from 3M
Conpany), 3171 g of anhydrous diglynme and 79 g of anhydrous potassium
fluori de were/nsdded to a 2-gallon (7.6 L) stainless steel PCIN2/RMSPr essur e
vessel . The vessel was heated and 1816 g of hexafl uoropropyl ene was added
over a 2-hour period while maintaining a reaction tenperature of about 50C.
The 5 vessel was held at 50C for an additional 1 1/2 hours after the
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a perfluoroket gne .eval uated as a wet 25 cl eaning agent for renoval of
fl uorI)(%JoI é/ﬁg’r‘mgfﬁ ‘i’fos\-g%%tlglﬁﬁquartz gas distribution plate tools renoved from
Model P-5000 etch chanbers comrercially used for processing 8 inch (20 cm

waf ers (obtained from Applied Materials, Santa Clara, CA). For each
eval uati ofxamples2z8 nptel y 500 nL of wet cleaning agent was applied to the

tool wth pol yg?%\%({?ngélkg%-%pthe??ﬂjo&ing L8R hatYPRetFhds WEE ebAuRORY rBOm’ 0OM

tenperature. 3 m nutes of soak tine, an attenpt was nade to
renove t heempetatureras iwet clemiing agents: ge O F-€(OMCE(EIF: s Exdtiplag),(i . e., very slight
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CICF,C(O)CF(CF3), (Example 5), (CF3),CFC(O)CF(CF3), (Example 6),
CF3(CF;)sC(O)CF(CFs), (Example 7) and CF3CF,C(O)CF(CFs); (Example 8 — same
ketone as used in Example 1). Each ketone was evaluated for its ability to clean chamber
gas shower heads contaminated with fluoropolymer from commercial operation

20  (contaminated heads obtained from Tokyo Electron Ltd., Tokyo, Japan). For each
cleaning test, approximately 20 mL of each solvent was used to clean except for
CICF,C(O)CF(CF3),, in which case 40 mL of the solvent was used to allow for that
solvent’s higher volatility. A portion of each contaminated gas shower head was soaked in
the test fluorinated ketone solvents for about 5 minutes and then was gently scrubbed

25  manually with a 1/8 inch (0.3 cm) thick polytetrafluoroethylene slab wrapped with a clean
room wipe as described in Example 1. As polymer removal was somewhat difficult in
each case, each contaminated shower head was soaked for an additional 5 minutes in the
test fluorinated ketone solvents (for a total of 10 minutes of immersion) and was scrubbed
again. This time, the fluoropolymer was easily removed from the contaminated head with

30 all the fluorinated ketone test solvents.
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WO 02/ 086191 PCT/ US02/ 04087 wrapped around a 1/8 inch (0.3 cm thick

pol ytetrafl uoroet hyl ene slab. After 30 m nutes of soak tine, approximtely
hal f of twe oposeieer deposit was renoved. After an additi oralr/usepo4wBnut es of
soak (for a total of 60 mnutes), essentially all of the polynmer deposit
was renoved by scrubbing. 5 In Conparative Exanples O -C3, essentially the
sane eval uation procedure was followed as described in Exanple 1 except
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C3F7CF( OC2H5) ctlvel 60 m nufes f -S0 tine,
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cl eaning agents: n-C3F7C(O CF(CF3)2 (Example 2), 15 CF3(CF2)5C(0O) CF3

(Exanpl e 3), CF30CF2CF2C(O) CF(CF3)2 (Example 4), ClCF2C(O) CF(CF3)2
(Example 5), (Ehh tHefbieabink dehadsd déstrptia © wall be etitiert Chat)nddifidation CEdd) bk
(Exampl e 7) and CF3CF2C( O CF(CF3)2 (Exanple 8 - same ketone as uysed in
Exanpl e 1madeindhe methads ofithe rastho aﬁf 'F‘&?“tl"E‘WHIﬂ“F fepprting %"Bél?F Pdrier gas
shower d l; i, on
(cont am i Ba0p HeHvATb; ThEklb:t it QT RBRI TR ol o RS Bl R
each cl edéparting fesrh theagpinitoofi th@hﬂhx}tndﬁ@:omc withie dehscopd ofthe claass arskbtlieir 0 cl ean
except for . ClCF2C( 0O CK( CF3)2 in which case 40 nL of the solvent was used
to al Ibw $BHValeNt  sol vent's higher volatility. A portion of each

cont am nat ed gas shower head was soaked in the test fluorinated ketone
solvents for about 5 m nutes and then was gently scrubbed 25 manually with
a 1/8 inch (0.3 cm thick polytetrafl uoroethylene slab wapped with a cl ean
roomw pe as described in Exanple 1. As polyner renoval was sonmewhat
difficult in each case, each contam nated shower head was soaked for an
additional 5 mnutes in the test fluorinated ketone solvents (for a total
of 10 m nutes of immersion) and was scrubbed again. This tinme, the

fl uoropol yner was easily renoved fromthe contam nated head with 30 all
the fluorinated ketone test solvents.
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12 WO 02/ 086191 PCT/ US02/ 04087 Exanples 9-10 CF3CF2C( O CF(CF3) 2 was

eval uated further evaluated as a cleaning solvent at 40C (Exanple 9) and
at a few wegreeasbel ow its boiling point (Exanple 10). Polpgmarso2/ospval
rate increased with increasing solvent tenperature. 5 Fromthe foregoing
detailed descriptionit wll be evident that nodifications can be nade in
the nmet hods of the nethods of the invention w thout departing fromthe
spirit or WE€IpeIMf the invention. Therefore, it is intended that all

nodi fications and variations not departing fromthe spirit of the
invention come within the scope of the clainms and their 10 equivalent. 13

WO 02/ 086191 PATh&HeE 60 ng N\Ea;gfﬂd&orl;omﬁnﬁﬁ% apslyink aCdl@mitignigent theresy

reactor conprising_appl g a cleanin ent thereto conprising a liquid
f1 uori nat e@nnxreqnm@hﬂwdut%@nsatpé kq_t@ne:harvmﬂw 2 Yhearberdatams @ad ppgP BVhy dr ogen
atons.¢ 2 gﬁh of claim1, wherein the fluorinated ketone has 5 to 7
carbonSat}cljwin}8g Q&Ee met hod of claim1, wherein the fluorinated ketone
further has up to two 10 halogen atonB sel ected fromthe group consisting
of chlorine, m ne, . odi and a tyr ereof . 4. The nmet hod of
claimi, amere;f ¢ msthion af s1aiT 4s Bieredh Hf UPUMtFéPetereﬁ#aa. 38 TREPBratompy e

het er oat oms interrupting the carbon atons, said heteroatons selected from
the group 15 consisting of oxygen, nitrogen, and sul fur. 5. The nethod of
claim 1, ®her elThe methodlofclaimdt edieteat tha dlubgnate¢ketbne furtberchas g to 6wo The rret hod

of claim wherein th rfl oroketone cted fromthe gr

consi L0 1 niigEea S stip s Efbrs 00 BoUR 3Tl ol EhFHE brop Bl SR o5y -
CF3( CF2) 2&dikhfeithéread 2, CF30CF2CF2C( O CF(CF3) 2, perfl uor ocycl opent anone,
perfl uorocycl ohexanone, CF3CF2C( O CF2CF2CF31 CFBOCFZCFZC( O CF( CF3) 2,

4, The method of claim 1, wherein the fluorinated ketone further contains one or
more heteroatoms interrupting the carbon atoms, said heteroatoms selected from the group
15  consisting of oxygen, nitrogen, and sulfur.
5. The method of claim 1, wherein the fluorinated ketone is a perfluoroketone.
6. The method of claim 5, wherein the perfluoroketone is selected from the group
20 consisting of CF3CF2C(O)CF(CF3)2, CF3C(O)CF(CF3)2, (CF3)2CFC(0)CF(CF3)2,
CF3(CF,):C(O)CF(CF3),, CF30CF,CF,C(O)CF(CF3),, perfluorocyclopentanone,
perfluorocyclohexanone, CF3CF,C(O)CF,CF,CF3, CFs0CF,CF,C(O)CF(CF3),,
CF;0CF,C(O)CF(CF3),, and mixtures thereof.
25 7 The method of claim 1, wherein the fluorinated ketone is n-C3F,C(O)CF(CF3),.

8. The method of claim 1, wherein the fluorinated ketone is CF3C(O)(CF)sCFs.

9. The method of claim 1, wherein the fluorinated ketone is
30 CF3;0CF,CF,C(O)CF(CF3),.

10. The method of claim 1, wherein the fluorinated ketone is CICF2C(O)CF(CF3),.

14



CF30CF2C( O CF(CF3) 2, and m xtures thereof. 25 7. The nethod of claim1,
wherein the fluorinated ketone is n-C3F7C(O CF(CF3)2. 8. The nethod of
claim1l, woanese9i he fluorinated ketone is CF3C( O (CF2) 5CPeT/USO2/0M87 net hod
of claim1, wherein the fluorinated ketone is 30 CF3OCF2CF2C( O) CF( CF3) 2.

10. The nmethod of claim1l, wherein the fluorinated ketone is

CICF2C(O CF(CF3)2. 14 WD 02/086191 PCT/ US02/ 04087 11. The nmethod of claim
1, wherein the fluorinated ketone is (CF3)2CFC(O) CF(CF3)2. 12. The net hod

of claim wherein .t he [l uorinat ed ketone is 3( CE ~ D 13.
The et hobl-of  aPaied REflliEin SPHEN e SP o S RGP CRETOICH R
CF3CF2C(O CF(CF3)2. 14. The nethod of claim1l, wherein the cl eaning agent
further conprises an auxiliary cleaning agent selected fromthe %roup
consi sti ni2.of Zheynethed|afslairmds whereimthe Bparivated ketenq is SFo(( ib&AO)CF(CF3)..

per fl uorocarbon, perfluoropolyether, hydrofluoroether,

hydr of 1 uor opol yet her, hydrochl orof | uoroether, fluorinated aromatic
conpound, 13.chl Thefdettadafetaan, wheeimthe dlaodraedketondis @RECRICIO)CF(CH:npcar bon,
hydr obr onocar bon, i odof | uorocarbon, hydrobronofl| uorocarbon, and m xtures

t hereof. 15 15. The nethod of claim 14, wherein the auxiliary cleaning

agent i s @4 hy§RofeHdUR e 1, Mereid e TRAMAL a@ént%xﬂidf”c&ép?mmeaégicl%l_%ﬂﬁ

hydrof | uoroether 1I's selected fromthe roup consisting o
CAF90C2 Ho¢leG8 g EnOSdeEBCfF 0OORBY groupcdnmstingwf e hydtofluersficarbopp 17. The net hod

(::L)fSO(él r5n %}"droc qcr)r%lflﬂogorclzgrbfc)ln,u;?errhlpoarggagb&n?tpgrrfll%onho%%)ly%th%g'hly'dpcglugpdemer,up to about
hydrofluoropolyether, hydrochlorofluoroether, fluorinated aromatic compound,
chlorofluorocarbon, bromofluorocarbon, bromochlorofluorocarbon, hydrobromocarbon,

iodofluorocarbon, hydrobromofluorocarbon, and mixtures thereof.

15 15.  The method of claim 14, wherein the auxiliary cleaning agent is a

hydrofluoroether.

16.  The method of claim 15, wherein the hydrofluoroether is selected from the group

consisting of C4FsOCHj;, C4FsOC,Hs, C3F7CF(OC,Hs)CF(CFs),, and mixtures thereof.
20

17.  The method of claim 1, wherein the fluorinated ketone has a boiling point up to

about 150°C.
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