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nitrogen compounds typically used in the semiconductor industry include CF4, C3Fs, NFs,
and CsFs. These materials are extremely stable compounds and are difficult to trap or treat
with gas scrubbers.
20 Chemical vapor deposition chambers, physical vapor deposition chambers, and
etching chambers are widely used in the semiconductor industry in connection with the
manufacture of various electronic devices and components. Such chambers use reactive

? gases or vapors to deposit, patiern, or remove various dielectric and metallic materials.

Perfluorocarbons and perfluorinated nitrogen compounds are widely used in conjunction

25  with vapor reactors for etching or patteming materials and for removing unwanted
deposits that build-up on the reactor walls and parts. The semiconductor industry needs
alternative chemicals for vapor reaction techniques that do not contribute to global
warming. This invention provides methods of using a perfluoroketone in a vapor reactor
as a reactive gas to remove unwanted deposits, to etch dielectric and metallic materials,

30  and to dope materials. The perfluoroketones perform as well as or better than
perfluorocarbons while offering the advantage of significantly lower global warming
potential. Additionally, the perfluoroketones are less toxic than NF;, another gas widely

used in the semiconductor industry for cleaning purposes.



5 AUG 2005

gl obal # potential. Additionally, the perfluoroke ess
t oxi c t%gr%ﬁmﬁg,”anot her gas widely wused in the sem condh@&ﬁs‘)%ﬁsﬂétry
for cleaning purposes. 0 5 AU6 2005 WD 02/086192 PCTI US02107509 Sunmary
of the Invention The invention provides a nmethod for cleaning a chem cal
vapor deposition .chanber, a physical vapor deposition chanber, or an ;
et ching chanber using a reactive gas 5 conprising a perfluoroketone with
4 to 7 carbon atons. The per f¢uamaké P ife i fogrally mxed with oxygen
gas and a radi o frequency pl - pboth the cleaning tine

and gl obal weFhe ingemitngsovides samethdé femcdeaningom chémicplowpor depskiien gener at e
t he pl as the_pressure jnside the chanber, the gas flow rate, and the

ratio ofbasaben anhysicel yapordspositignehamber.cor aneetefing fusingrdreacveegas

em i oRe BB AARYOKuONC RN 175 7 ol ot ik Ry HGS scneraty

seni congiivéd with'ckygen ¥asdnd A radio Heduerieflasnta isHeRbrated Bdth it cithfing time

invention also provides a nmethod for étching a dielectric or netallic

mat er i aand globalywarmingemissiong are depepdent ongheppwertused togenerate the plasmat o 7
carbon atons. The rat f .etching is caonparable to th of materials
cormon fhe gt s e fhambet, e B8 At Ao dhe mslo ol pedivarokeions s cra,
CAFE, cp mlmem et658°Q64ni ir@%ﬂﬁ [ | . t hod
for usi ngé reactive gas CO‘%DSII::I SI ng%“ uor oket gﬁgﬂﬁ%ﬁ%ﬁéu@e‘g& bon
at ol asndilowenREC efnissions comparédto the standardtcleaningf gasés wsed by thent ai ni ng or

fluorine dopeq materials. 20 t g l.ed ription of Illustrative

Enbodi WB&"%&"@HW@F%@%@&& -ﬁwi;%s met hods of using a
per fl uor oket : : w A Iiﬁﬁ&?l idchi ca%%r- | n,a
vapor react oﬂ?ﬁ,&sﬂéﬁ@ggﬁﬁg el nfl&t e ggrﬁ?"vapgghreac o?apﬂ]lér@ﬁgw
chgm’ cauiiugpaeactwh nb 't:bmpd.«:rt’]ﬁmbarﬂnorqide;cme' avith 4 epD cardhon atdrhs. OThe Raeber S,
an et chi hg chanber Suc eactors use reactjye gases, or vapors to
deposi tFtch%'éPH{“PGWi’?ét“ﬂ%ﬁt scoEmprdy ased for ghiithe semicendudion) s.
I n rtg RV | QI RIO U a nethod for using a reactive gas
con%grii s? ng agglrx% ﬁso‘r:lg‘k%‘r]e V\nquﬁdj%ﬁ? carbon atons for in situ :
cl eani ng of Ancbaraspetofihe invEiton provitles @ inéthedforusingdtgadtivegdrod for
using a reactive gas conprisjing a_perfluoroketone with 4 to car bon

at ons aSompnsngeperiiyoroketone with 4 to 7 carbon atoms as a source of fluorine for

preparation of fluorine containing or fluorine doped materials.

perfl uorocarbons while offering-the advantage of significantly | 8

20 Detailed Description of Nlustrative Embodiments of the Invention
The invention provides methods of using a perfluoroketone as 2 reactive cleaning

gas, etchant, and dopant in a vapor reactor. As used herein, the term "vapor reactor”
includes chemical vapor deposition chambers, ph‘ysical vapor deposition chambers, and
etching chambers. Such reactors use reactive gases or vapors to deposit, pattern, or

25  remove various dielectric and metallic materials. In particular, the invention providesa
method for using a reactive gas comprising a perfluoroketone with 4 to 7 carbon atoms for
in situ cleaning of a vapor reactor. The invention alsc provides a method for using a
reactive gas comprising a perfluoroketone with 4 to 7 cdrbon atoms as an etchant to
pattern or remove dielectric and metallic materials. Adﬂitionally, the invention provides a

30 method for using a reactive gas comprising a perfluoroketone with 4 to 7 carbon atoms as
a source of fluorine to prepare fluorine containing or fluorine doi:ed materials.
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ratent 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. Ifthe boiling points are too close for fractional
20 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

thereof. The oxidation reaction is typically carried out in a sealed reactor at ambient or
elevated temperatures.
Linear perfluorinated ketones can be prepared by reacting a perfluorocarboxylic
25  acid alkali metal salt with a perfluorocarbonyl acid fluoride as described in U.S. Patent
No. 4,136,121 (Martini et al.) Such ketones can also be prepared by reacting a
perfluorocarboxylic acid salt with a perfluorinated acid anhydride in an aprotic solvent at
elevated temperatures as described in U.S. Patent No. 5,998,671 (Van Der Puy).
In the manufacture of various electronic devices or components, vapor reactors are
30  used for depositing as well as etching dielectric and metallic materials. With both
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The volumnmﬁbn,ratlo of perfluoroketone to oxygen typically ranges from
about
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The use of a cleaning gas comprising a perfluoroketone can result in shorter
cleaning times and lower global warming emissions compared to the standard gases used
to clean vapor reactors such as C;Fg and CsFs. Both the cleaning time and global warming

20  emissions are dependent on the power used to generate the plasma, the pressure inside the
- vapor reactor, the gas flow rate, and the ratio of perfluoroketone to oxygen.

The volumetric ratio of perfluoroketone to oxygen typically ranges from about
0.10 to about 0.90, and preferably from about 0.30 10 about 0.70, to 1.0 of oxygen gas
(O2). The ratio of perfluorcketone to oxygen affects which radicals form in the plasma as

25  well as which by-products form during the etching process. The perfluoroketoneis
typically destroyed quickly in the plasma. One of the primary by-products of the process
is COFy, a gas that can be removed from the exhaust with a scrubber containing water.
Lower ratios of pexﬂuorok&one to oxygen favor the foﬁnation of atomic fluorine and
COF:; as by-products rather than CF,. Other by-products include carbon dioxide, carbon

30  monoxide, hydrofluoric acid, and possibly fluorine. Either no or negligible quantities of
CaFs or C3F; are produced as by-products of the reactions in the vapor reactor.
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trifluoride. The plasma conditions are similar to those described above.
The material that is etched by the perfluorinated ketone / oxygen plasma can
include a variety of dielectric and metallic materials but typically comprises silicon-based
20  materials such as, for example, silica, silicon oxide, silicon carbide, and silicon nitrides.
The silicon-based material can be doped with boron, phosphorus, arsenic, and the like.
The radicals in the plasma react with the silicon-based material to form a volatile
compound such as SiFs. The SiF, and other by-products are swept out of the reactor as
part of the exhaust gas. The rate of etching by the perfluoroketones is comparable to that
25  of perflucrocarbons commonly used for etching in the semiconductor industry such as
CF., CaoFs, and C3F;.
The mass of etching gas delivered to the vapor reactor and exiting the reactor can
be used to calculate the utilization efficiency of the etching gas. Asused herein, the
mutilization efficiency” refers to the percentage of the etching gas that reacts to form other
30 products. A higher utilization efficiency generally correlates with lower emissions of the
etching gas. The utilization efficiency is dependent upon the structure of the etching gas
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perfluoroketone having a boiling point less about 80°C containing 4 to 7 carbon
atoms as a source of fluorine for the deposition of fluorine containing or fluorine doped
materials. Preferably, the perfluoroketone contains 5 to 7 carbon atoms. The
20 perfluoroketone is typically mixed with oxygen gas and a radio frequency plasma is
generated. The plasma conditions are similar to those described above.
Such a process can be used, for example, to lower the dielectric constant of a film
on a wafer support by doping the film with both carbon and fluorine. _
The perfluoroketones of the invention have much lower global warming poteatial
25 (GWP) than the conventional perflucrocarbons 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
Intergovernmental Pane! on Climate Change (IPCC) in'1990 and updated in 1998 (World
Metearological Organization, Scientific Assessment of bzone Depletion: 1998, Global
30  Ozone Research and Monitoring Project — Report No. 44, Geneva, 1999), is calculated as
the warming due to the release of 1 kilogram of a compound relative to the warming due

to the release of 1 kilogram of CO; over a specified integration time horizon (JITH):
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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
interval incorporates a more complex model for the exchange and removal of CO; from
15  the atmosphere (the Bern carbon cycle model).
CF,CF,C(O)CF(CFs); 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
used to caleulate the radiative forcing value for CFsCF2C(0)CF(CFs); based on the
. 20 method of Pinnock, et al. (J. Geophys. Res., 100, 23227, 1995). Using this radiative
forcing value and the S-day atmospheric lifetime, the GWP (100 year ITH) for a
perfluoroketone with 6 carbon atoms is 1 while the GWP for CoF¢ is 11,400. The
perfluoroketones of the invention typically have a GWP less than about 10. As a result of
their rapid degradation in the lower atmosphere, the perfluorinated ketones have short
95 lifetimes and would not be expected to contribute significantly to global warming. The
low GWP of the perfluoroketones make them well suited for use as gases in a vapor
reactor.
Additionally, the perfluoroketones can have low toxicity. Fpr example,
CFsCF2C(O)CF(CFs); has low acute toxicity based on short-term inhalation tests with rats.
30 The LCso concentration of CFsCF;C(O)CF(CFs)s was found to be 100,000 ppm in air
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houRd not bR AkATAY 00 FiLrE T {AGor SRHBPRIAIHILh SUEHe heRArBhLe. Ll ess
speci fi qflermocouple were added 5.6 g (0.10 mol) of anhydrous spray-dried potassium fluoride
(available from Sigma Aldrich Chemical Co., Milwaukee, WI) and 250 g of anhydrous
diglyme (anhydrous diethylene glycol dimethyl ether, available from Sigma Aldrich
Chemical Co.). The anhydrous potassium fluoride used in this synthesis, and in all
20 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 to the 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;
25 (hexafluoropropylene, available from Sigma Aldrich Co.) and 1633 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
95 psig (5700 torr-absolute). The pressure at the end of the hexafluoropropylene addition
was 30 psig (2300 torr-absolute) and did not change oi#;ar the 45-minute hold period. The
30 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-pentan-3-one and 0,37%
CéF12 (hexafluoropropylene dimer) as determined by gas chromatography. The crude
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The cru“gg&gII MW%MQMZIEQ@SQ fl ll.IOI’I nat ed ketone vvas
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prowdeafractlonatedquorlnat d ket ope of 9% gl NQ
0.4% hiasaied similay o Fhe glecanalvsis of thegeco Wﬁf ?&ﬁ%ﬁaﬁaﬂ%%r?g made
as flescrlRgd TROYG A whb kbppedhAef 3.5 hours, and the punﬁed ketone was phase split
from the acetic acid and the lower phase was washed twice with water. 261 g of the
ketone was collected, having a purity greater than 99.6% by glc and containing no
detectable hexafluoropropylene dimers or trimers.

20 2. CF;C(O)CF(CFs): - l,l,1,3,4,4,4-11eptaﬂnoro-?o-triﬂuoromethylbutan-z-one
A mixture consisting of 421 g of trifluoroacetic anhydride (availabie from Sigma

Aldrich Co.), 319.5 g of anhydrous diglyme, 131 g of anhydrous potassium fluoride and
315 g of hexafluoropropylene was heated in a 3-liter HASTELLOY™ pressure vessel
(Haynes, Inc., Kokomo, IN) under autogenous pressure at 50°C for 16 hours. The gaseous
25  product was fractionally distilled to give 319.1 g of 1,1,1,3,4,4,4-heptafluoro-3-
triflioromethyl-butan-2-one having a boiling point of 25°C. Purity was 99.6% as
determined by gas chromatography. The structure was verified using nuclear magnetic

resonance spectroscopy.

30 3. CF3;CF;CF; - perfluoropropane
Perfluoropropane is available with 99+% purity from Fluorochem USA, West
Columbia, SC.
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was mixed with oxygen gas at a 0.33 volumetric ratio. Initially, the RF power was kept
off and the organofluorine/oxygen gas mixture was allowed to pass through the chamber
and spectrometer unreacted. Then the RF power was tumed on and a plasma was formed.
The gas mixture was allowed to react. The mass of each cleaning gas delivered to the
chamber and exhausting from the chamber (including degradation products) was
determined. Flow rates were chosen such that the cleaning rates of the various gases were
comparable based on the concentration of SiF, in the exit stream. As a result, flow rates of
the perfluoroketones could be significantly lower tfxan the flow rates for either C3F;z or c-
CFz0 to achieve the same rate of cleaning, )

" The utilization efficiency of each cleaning gas was calculated using the formala

given below:

(C:F,Oipp-oms 1~ [C.F, :mr—aN]
[CF,0; o]

Y% Utilization = x100

where [C<Fy0;] represents the molar concentration of the cleaning gas measured before
and after the RF power is turned on. A higher percent utilization is desirable to maximize

10
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For CF3C{O)CF(CFs),, the effect of cleaning gas flow rate on SiF,4 removal rate
(normalized to a flow rate of 35 sccm) and cleaning gas utilization efficiency are shown in
TABLE 2. During these five experiments, the CVD chamber pressure was maintained at
15 0.1 torr-absolute, RF power was set at 250 watts and each organofluorine test gas was
mixed with oxygen gas at a 0.33 volumetric ratio.

11



greenhouse gases. The PFC enissions were nmeasured for each cl eg@mw
The em Dy € nornalized based on the em ssions fr%T

perfl uo?i‘ﬁd[))raopa‘%\%r The utilization efficiency was 5 also ca Igﬁ?,é?é'%g The
data in TABLE‘l show that the perfl uoroketones provide a higher

utilization efficiency and also offer a very significant 97-98% reduction.:

in PFC compar t 0. F80. TABLE 1: Conpari son of

A eani n'gmg if"é%\ﬁ“?ﬁ&'@‘ P@%‘aﬁ;’ﬂ' ow Rate% utilizationRel ative
PFC% Heduc ‘ZELL v Ratd - ( CF3) 290 titiltsatiaw / 2CF31]

2C( O 2 /!.E A5250-855-C2C
CF3C( @ CF(CF3) 3; the ef f 5ct of cl eaﬁl ng gas fljow rate on "SI F4 renoval
rate |(nornali28d to a flowrate of1 35 sccm qnd cl eani ngiogas utili z.ﬁ;tion
ef f i ci jerey—ate<gheowi—i-a—tFAREE—2- ~-Rg—these -E—8¢pe S——the-{CVD
chanbeyr pressurlﬁ was nai pitai ned at™ 0 1 ton-fabsohrte, Iﬁ’! power was |set
at 25(0 watts ang each orfanofl uori,® test gas {was mxedawth oxygenjigas

G canijng Gas Fibw Fate .10 5 AUp 2805 - PCT/ USdp/ 07500 F1.dk Fare. |
(sccm Normaliacd SiF. Renoval Rate% Utilization 35140 23140 1S0. 9241
120 7541 The data in TABLE 2 show that the utilization efficiency of the perfluorinated
ketone cleaning gas was nearly independent of gas flow rate, and the normalized SiFy
5  removal rate was slightly lower at lower cleaning gas flow rates. These results indicate
that the perfluoroketones of this invention can be used as very low flow rates to effectively
remove silicon based materials from a CVD chamber.

F Lloavnord rvnn+ S Lhn

E les 3-4 mparative Exampl 4
10 The same test procedure and candidate evaluation was conducted as described in
Examples 1-2 and Comparative Examples Cl-CZ,'a:cept for this experimental series
silicon oxide-treated wafers were etched in the CVD chamber. Again, the CVD chamber
pressure was maintained at 0.1 torr-absolute, RF power was set at 250 watts and each
organofluorme test gas was mixed with oxygen gas at & 0.33 volumetric ratio.
15 To conduct the etch gas study, oxidized silicon wafers were first prepared, having
a thermally grown silicon dioxide layer of approximately 10,000 angstroms thickness.
The silicon wafers used were 8 inch (20 cm) diameter wafers, available from MEMC
. Electronic Materials, Inc., St. Peters, MO. Thermal oxidation of each wafer was carried
out at 1000°C for approximately 5 hours in humidified oxygen gas. Oxide layer thickness
20  was determined using a NANOMETRICS™ Nano Spec/AFT 180 ellipsometer (available-
from Nanometrics, Inc., Sunnyvale, CA).
For each etch gas, the silicon oxide-coated wafer was etched in the CVD chamber
for 2 minutes, and the amount of silicon oxide removed from the wafer was determined by
I uitoring the SiF, emissions using FTIR. The flow rates were chosen to produce the
25  same amount of SiF, for each etching gas. A much lower flow rate could be used with the
perfluoroketones to achieve the same rate of etching. The PFC emissions were normalized
based on the emissions for perfluoropropane. The perfluoroketones reduced the emissions

12
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TABLE 3: Conparison of Etching Gases at Sane Rate of Etching Ea. Etscﬂl
GasFi awRel ati ve Anmount of % Reduce Oxi deOF m EVAI LOM 6 2005
3CF3C( O) CF( CF3) 223197 4CF3a2C( C) CF( CFF) 21998 0c- C4F 04515 C4USs010 5 From
t he-foregoing detailed description it will be evident that nodifications
can be nmade in the nethods of the invention w thout departing from
the-spirit or scope of the inventi&hAIM®refore, it is intended that all
nodi fications and variations not departing 10 fromthe spirit of the
invention come within the scope of the clainms and their equivalents. 13 0

5 AN 200%. CLAMBethodAdMeid0MglepbsitsOitoMth HARP Tedctor dodiPrRingRittacifg the "
conprising contacting the depoSits with a reactive gas conprising a

per f | uor deposinwithaveanyive gapcomprisitgmperfloowketdne Faningrd ti 3 darbon atomism 1,
wherein the reactive gas further conprises oxygen. 3. The nethod of claim
1, wherein the reactive gas is a plasma. 4. The method of claiml,

wher ei n bhe PEhE kHLHARASTICPRS 1 &,héﬁéi@ﬁ{e%la&iw%ﬁﬂﬁh&r@ﬁﬂmseg)aﬂg%h! ng of
CF3CF2C( O) CF2CF3, CF3C(O) CF(CF3) 2, CF3CF2C(©) CF(CF3) 2,

CF3(CF2)2C(O CF(CF3) 2, (CF3)2CFC(O CF(CF3) 2, perfluorocycl opentanone,
perfl uorgcycl exanone, % m xtureg thereof. 5. 'l'he met hod of claim1,
wherei n fhe pelf M g I w egetiveg9Sis aplaside et hod of claim 1,
wherein the perfluoroketone is CF3CF2C(O CF(CF3)2. 7. The nmethod of claim
1, wherein the perfluoroketone has a global warm ng potential |ess than
about 104. 8. Zhermtdtiall 6DHclairh dhiwlgrein diceparfluoioketone ieselddted fromi theigrbup N a

vapor reactor., comrising.c ti the dielectric or._ netallic materi al
e o eSS, | OF g CECRCOIRECEY R COICR T, CCRCREO)CFEE

CF3(CF2)2C(O)CF{(CF3),, (CF3,CFC(O)YCF(CF3)a, perfluorocyclopentanone,
perfluorocyclohexanone, and mixtures thereof.
5. The method of claim 1, wherein the perfluoroketone is CF3C(O)CF(CFs),.

6. The method of claim 1, wherein the perfluoroketone is CF3CF2C(O)CF(CF3),.

7. The method of claim 1, wherein the perfluoroketone has a global warming
potential less than about 10.

8. A method for etching a dielectric or metallic material in a vapor reactor
comprising contacting the dielectric or metallic material with a gas comprising a
perfluoroketone having 5 to 7 carbon atoms.

9. The method of claim 8, wherein the reactive gas further comprises oxygen.

10. The method of claim 8, wherein the reactive gas is a plasma.

11.  The method of claim 8, wherein the perfluorcketone is selected from the group
consisting of CF3;CF,C(O)CF,CFs, CF;C(O)CF(CF3);, CF3;CF,C(O)CF(CF3),,

14



perfl uoroketone having 5 to 7 carbon atons. 9. The nethod of claim 8,
wherein the reactive gas further conprises oxygen. 10. The met!ﬂlB(AUszws
claim8, wherein the reactive gas is a plasma. 11. The method of claimS8,
wherein the perfluoroketone is selected fromthe group consisting of
CF3CF2C( Q) CF2CF3, CEF3 O%ﬂ:CF( CF3) 2, CFSCFZJ?&:CI)‘) CF(CF3)2, 14 0 5 AUG 2005

CF3( CF2) @F@hﬁ@lﬁlﬁ%’@ 3) 2CHF DHUCIEFC aer f | upedilyoroeyslapentanone,

perfl uor | ohe one, and,n.xt ur t hereof . 12. The net hod of claim 8,
wherein %@ngyﬁﬁg?wg?%ﬁgd@x%gﬁﬁ‘g( CF3) 2. 13. The method of claimS8,
wherein the perfluoroketone is CF3CF2C(O CF(CF3)2. 14. The nethod of claim
8, wherein the dielectric or netallic material conprises a silicon-based
mat er i al 1215, Thamethadefclam & vdienis thegeeflwiroketdre ip EFC(Q)AR(EFIne has a

gl obal warm ng potential |ess than about 10. 16. A nethod of doping a
material in a vapor reactor conprising contacting the material with a
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14.  The method of claim 8, wherein the dielectric or metallic material comprises a

silicon-based material,

15.  The method of claim 8, wherein the perfluoroketone has a global warming
potential less than about 10.

16. A method of doping a material in a vapor reactor comprising contacting the

material with a reactive gas comprising a perfluoroketone having 5 to 7 carbon atoms.
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