Al kyl di one Peroxi des As O eaning Sol utions For Wafer Fabs BACKGROUND OF THE
| NVENTION (1) Field of the Invention The invention relates to a nmethod of
cl eaning equi prment surfaces in the fabrication of integrated circuits,

and nore particularly, to a nmethod of cleaning copper, cobalt, or nickel
from equi pnent surfaces in the manufacture of integrated circuits. (2)
Description of the Prior Art Managenent of copper contam nation is an

i nportant aspect of future high-tech wafer fabs. The current procedure of
cl eani ng broken wafers that incorporate copper filns (100% copper) in

mul ti -1 evel Alkpildicnaneersxides A PeaningeiSbdutédneqRopneatemnFdls Wit h

i sopropyl al cohol (IPA) and/or use a vacuum hose to suck out broken

pi eces. However, | PA does not dissolve copper, so copper remants wll
still exist in the equipnent. Furthernore, copper pieces on w pes, gloves,

and clean room suits may accidentallé cont am nat e waf er processing. The
af orement i oned cont ani FALTORSPaPEo THEpEV¥EARF Y 0 cobalt and nickel . U. S,

Patent 4,714,517 to Malladi et al teaches copper cleaning using a mld

organic acid solution. TMAH cleaning is also nentioned. U S. Patent
5, 882, 4381} Field of the Invention

The invention relates to a method of cleaning
equipment surfaces in the fabrication of integrated circuits,
and more particularly, to a method of cleaning copper,
cobalt, or nickel from equipment surfaces in the manufacture

of integrated circuits.
(2) Description of the Prior Art

Management of copper contamination is an
important aspect of future high-tech wafer fabs. The
current procedure of cleaning broken wafers that
incorporate copper films (100% copper) in multi-level
interconnects is to wipe the effected equipment parts with
isopropyl alcohol (IPA) and/or use a vacuum hose to suck out
broken pieces. However, IPA does not dissolve copper, so
copper remnants will still exist in the equipment.
Furthermore, copper pieces on wipes, gloves, and clean room
suitg may accidentally contaminate wafer processing. The
aforementioned contamination ig also applicable to cobalt and

nickel.

U.S. Patent 4,714,517 to Malladi et al teaches
copper cleaning using a mild organic acid solution. TMAH

cleaning is also mehtioned. U.S. Patent 5,882,433 to




1 Ueno discloses a spin-cleaning nethod using IPA. U S. Patent 5, 650, 356
to Givna et al teaches a hydrogen peroxide solution to prevent corrosion
on netal surfaces. U S. Patent 4,814,408-to Itoh et al discloses a

sel f-adhering silicone conposition including alkyldi one peroxides. SUMVARY
OF THE | NVENTI ON A princi pal object of the present invention is to provide
an effective and very manufacturable nethod of cleaning netals from

equi pnent surfaces in the fabrication of integrated circuits. Another
object of the invention is to provide a nethod of cleaning netals from
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surfaces of the equipnment. Yet another object of the inventionis to
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SUMMARY OF THE INVENTION

A principal object of the present invention is
to provide an effective and very manufacturable method of
cleaning metals from equipment surfaces in the fabrication of

integrated circuits,

Another object of the invention is to provide
a method of c¢leaning metals from equipment surfaces without
corroding or destroying the parts and surfaces of the

equipment.

Another object of the invention is to provide
a method of cleaning elemental copper from the surface of
equipment hardware in the event of wafer breakage without
corroding or destroying the parts and surfaces of the

equipment.

Yet another object of the invention is to
provide a method of cleaning elemental copper, cobalt, or
nickel from the surface of equipment hardware in the event of
wafer breakage without corroding or destroying the parts and

surfaces of the equipment.



surfaces of the equipnent. 2 Yet another object of the invention is to

provi de a nethod of cleaning elenental copper fromthe surface of

equi pnent hardware in the event of wafer breakage using a novel alkyl dione

per oxi de solution without corroding or destroying the parts and surfaces

of the equipnent. A further object of the invention is to provide a nethod

of cleaning el enental copper, cobalt, or nickel fromthe surface of

equi pnent hardware in the event of wafer breakage using a novel alkyl dione

per oxi de solution wthout corroding or destroying the parts and surfaces

of the equipnent. A fUkﬁh@mcthECbbh&ctOoﬁrﬂNédfnfEﬁKEﬁﬁ igaldeyl di one
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further obiect is to prOV|de a novel  al kyl di one per oxi de solutlon for
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this invention a method of cleaning e enent coppe

A further object of the invention is to
provide a method of cleaning elemental copper, cobalt, or
nickel from the surface of equipment hardware in the event of
wafer breakage using a novel alkyldione peroxide solution
without corroding or destroying the parts and surfaces of the

equipment.

A further object is to provide a novel
alkyldione peroxide solution for cleaning elemental copper,
cobalt, or nickel from the surface of equipment hardware in

"the event of wafer breakage without corroding or destroying

the parts and surfaces of the equipment.

A still further object is to provide a novel
alkyldione peroxide solution for cleaning elemental copper,
cobalt, or nickel from the surface of equipment hardware in

non-wafer breakage events.

In accordance with the objects of this
invention a method of cleaning elemental copper, cobalt, or
nickel from the surface of equipment hardware in the event of
wafer breakage is achieved. A solution comprising an
alkyldione peroxide is used to oxidize the metal and form

soluble complexes which are removed by the cleaning solution.



ni ckel fromthe surface of equi pnent hardware in the event of wafer
breakage is achieved. A solution conprising an al kyl di one peroxide is used
to oxidize the netal and form sol uble conpl exes which are renoved by the
cl eaning solution. 3 Also in accordance with the objects of the invention,
a novel al kyl di one peroxide solution for cleaning elenental copper,

cobalt, or nickel fromthe surface of equipnent hardware in the event of
waf er breakage is provided wthout corroding or destroying the parts and
surfaces of the equi pnent. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The

cl eani ng process of theummei&nbcbawaahbenw1ﬁh0@@§e@bfé&ﬁﬁtdﬁ'ﬁﬂeternative to

| PA cleanln of eqU|pnent the event of wafer_breakage. | PA does not
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

The cleaning process of the present invention
proposes a better alternative to IPA cleaning of equipment in
the event of wafer breakage. IPA does not dissolve copper
or other metals, so metal remnants may remain on the
equipment after wiping with IPA. Additionally, copper
pieces, for example, may become attached to wipes, gloves,
and cleanrcom clothing, thus presenting a copper
contamination problem in the manufacture of integrated
circuits. The novel cleaning solution of the invention
oxidizes copper and forms soluble complexes. This chemical
methodology is excellent for cleaning elemental copper, as
well as cobalt, nickel, elemental titanium, and titanium
nitride from the surface of hardware equipment in the event

of wafer breakage.

The novel cleaning sclution of the present
invention comprises an alkyldione peroxide dissolved in IPA
or other alcohols. The alkyldione peroxide has a weight or
volume percentage of 0.1-100% of the solution and may be
contained in a wash bottle. The cleaning solution may then
be sprayed onto wipes which are then used to remove the

copper, cobalt, or nickel from the contaminated parts and




nitride fromthe surface of hardware equi pnent in the event of wafer
breakage. The novel cleaning solution of the present invention conprises
an al kyl di one peroxi de dissolved in IPA or other al cohols. The al kyl di one
per oxi de has a wei ght or volune percentage of 0.1-100% of the solution
and. may be contained in a wash bottle. The cleaning solution may then be
sprayed onto wi pes which are then used to renove the copper, cobalt, or

ni ckel fromthe contam nated parts and 4 surfaces of the equi pnent. The

-al kyl di one peroxides include, but are not restricted to the foll ow ng:

2, 4- pent awetihore gperthda deuiphed 6, 6-t et r anet hyl - 3, 5- hept anedi one per oxi de,
2, 5- hexanedi one peroxi de, 2,4-hexanedi one peroxide, 3,5- heptanedi one

per oxi de, and others. These peroxides along wth their non-peroxide

counterparts, can be dim‘eoIa\l&@rlidaonb%er&rﬂ@d@@nmmw@ depouHernparts, such
as 2, 4- entanedlone 2,2,6,6-tetranet hyl -3, 5- heptanedlone and 2, 5-
hexanedi BRstE¥ttSd ke sy diald oMRETaddr # 1 BANBRNERHPER) RET Pk de and
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heptanedione peroxide, and others. These peroxides along
with their non-peroxide counterparts, can be dissolved in
IPA. The non-peroxide counterparts, such as 2,4-
pentanedione, 2,2,6,6-tetramethyl-3,5-heptanedione, and 2,5-
hexanedione, etc. may require the addition of hydrogen
peroxide and dimethyl phthalate in alcohols.
2,4-pentanedione peroxide is available commercially from
Aldrich Chemical Co., Inc¢ (Milwaukee, WI) as a 34 weight %
solution in dimethyl phthalate and proprietary alcochols. 1In
this case, dimethyl phthalate is a non-active ingredient
since it functions as a stabilizing agent. Other peroxides

mentioned are not currently commercially available.

The process of the present invention provides
a method for removing copper or other metals such as cobalt
and nickel from the surface of equipment hardware in the
event of wafer breakage. A novel alkyldione peroxide
solution is emplcoyed to effectively remove the metal
contamination. The alkyldione peroxide solution does not
corrode nor damage the equipment parts and surfaces whereupon

it is applied.

The process of the pregsent invention can also
be extended to the removal of copper or other metals such as

cobalt and nickel in non-wafer breakage events. Such events




this case, dinethyl phthalate is a non-active ingredient since it
functions as a stabilizing agent. O her peroxides nentioned are not
currently conmercially avail able. The process of the present invention
provides a nethod for renoving copper or other netals such as cobalt and
ni ckel fromthe surface of equipnent hardware in the event of wafer
breakage. A novel al kyl di one peroxide solution is enployed to effectively
renove the netal contam nation. The al kyl di one peroxi de sol uti on does not
corrode nor danmage the equi pnment parts and surfaces whereupon it is

appl i ed. ifrthlauqbfe cpﬂ%\serdfi\tdwma;inﬁwnhcbnuadt tha tastaheso afiterext emded to t he
removal Qascb$ger oregthe @%s such as,_ cobalt and nickel in non-wafer
br eakage avents. SBuch € €§1§ EnEANdE™FFEvent i ve mai nt enance and t he
instance after a wafer has been processed in the equi pnment. Wiile the

i nvention has been particularly shown and described wth reference to the
preferred enbodi nent s HHefedf® iPVERFLopeh BficRPeR R LYCHIFOF skilled in

the art shabn Vaid QussGhangesich karev-andedebaihs ;{5@4 @Leredmde wi t hout
departing fromthe spirit and scope of the inven
embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be
made without departing from the spirit and scope of the

invention.



Clainms 1. A nethod of cleaning netal from equi pnent surfaces conprising:
cleaning said netal using a solution conprising an al kyl di one peroxide. 2.
The net hod according to daim1l wherein said solution further conprises
one or nore al cohols. 3. The nethod according to Claim1l wherein said
solution further conprises dinethyl phthalate or other stabilizing agent.
4. The method according to Caim1l1 wherein said alkyldione peroxide is
chosen fromthe group containing: 2,4-pentanedi one peroxide,
2,2,6,6-tetranet hyl -3, 5- hept anedi dexiges oxi de, 2, 5- hexanedi one per oxi de
2, 4- hexanedi one peroxide and 3, 5- hept anedi one peroxide. 5. The net hod
according to Caiml wherein said alkyldione peroxide conprises 0.1-100%
wei ght or Yol dneetipet cehtdgamines aiet adoFubinoaqubpmdie skt tgkaccording to
Claim1 wherein.said solution oxidizes said netal thereby form ng sol uble
conpl exes “RFEH°tHH° be renoved by said cleaning. 7. The nethod according
to Caiml whetbean by GdRl Met00MRANGES 8BEuOL ok hEobOLP: PRI Ni Ng

copper, cobalt.,  nickel, titanium and titaniumnitride.
. alkyldione peroxide.

2. The method according to Claim 1 wherein said solution

further comprises one or more alcohols.

3. The method according to Claim 1 wherein said solution
further comprises dimethyl phthalate or other

stabilizing agent.

4. The method according to Claim 1 wherein said
alkyldione peroxide is chosen from the group containing:
2,4-pentanedione peroxide, 2,2,6,6-tetramethyl-3,5~
heptanedione peroxide, 2,5-hexanedione peroxide, 2,4-

hexanedione peroxide and 3,5-heptanedione peroxide.

5. The method according to Claim 1 wherein said
alkyldione peroxide comprises 0.1-100% weight or volume

percentage of said solution.

6. The method according to Claim 1 wherein said solution
oxidizes said metal thereby forming soluble complexes

which can be removed by said cleaning.

7. The method according to Claim 1 wherein said metal
compr;$§$ one of the group containing copper, cobalt,

nickel, titanium, and titanium nitride.



7 B. A nethod of cleaning copper from equi pnment surfaces conprising;

cl eani ng sai d copper using a solution conprising an al kyl di one peroxi de.

9. The nethod according to Claim8 wherein said solution further conprises
one or nore al cohols. 10. The nethod according to Caim8 wherein said
solution further conprises dinmethyl phthalate or other stabilizing agent.
11. The method according to Caim8 wherein said alkyldione peroxide is
chosen fromthe group containing: 2,4-pentanedi one peroxide,

2,2,6, 6-tefrafetpyhod 6t dlbpraieyli aegiefoxidequipehexanethore per oxi de,

2, 4- hexangQEggngS%OX|de and 3, 5- hept anedi one peroxide. 12. The net hod
according to alrm®8 wherein said al kyldione peroxide conprises 0.1-100%
wei ght or vol unkeapinges bf eca@fpeaaiuhise) ut isolutldn ¢bepreshng @according to
Claim8 Mh§éﬁiﬂdsald sol ution oxidizes said copper thereby form ng sol uble
conpl exes €hCtANT LRETEoved by said cleaning. 14. A netal cleaning

sol ution conprising an al kyl di one peroxide. 15. The netal cleaning

sol ution accordlng to Claim14
9. The method according to Claim 8 wherein said solution

further comprises one or more alcohols.

10. The method according to Claim 8 wherein said
solution further comprises dimethyl phthalate or other

stabilizing agent.

11. The method according to Claim 8 wherein said
alkyldione peroxide is chosen from the group containing:
2,4-pentanedione peroxide, 2,2,6,6-tetramethyl-3,5-
heptanedione peroxide, 2,5-hexanedione peroxide, 2,4-

hexanedione peroxide and 3,5-heptanedione peroxide.

12. The method according to Claim 8 wherein said
alkyldione peroxide comprises 0.1-100% weight or volume

percentage of said solution.

13. The method according to Claim 8 wherein said
solution oxidizes said copper thereby forming soluble

complexes which can be removed by said cleaning.

14. A metal cleaning solution comprising an alkyldione

peroxide.

15. The metal cleaning solution according to Claim 14
wherein said solution further comprises one or more

alcchols.




wherein said solution further conprises one or nore alcohols. 8 16. The
nmetal cleaning solution according to Caim114 wherein said solution
further conprises dinmethyl phthalate or other stabilizing agent. 17. The
nmetal cl eaning solution according to Caim14 wherein said al kyl di one
peroxide is chosen fromthe group containing: 2,4-pentanedi one peroxide,
2,2,6,6- tetranethyl -3, 5-heptanedi one peroxide, 2,5-hexanedi one peroxide,
2,4-hexanegion§ %eroxife and 3, 5- hept anedi one peroxide. 18. The netal

cl eani ng sofut FBR BRoot AT PR FOISaintisn wesperangatd @M divne per oxi de
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netal cleanjng solution according to Claim wherein said netal conprises

copper. 20PhThRalake oPr Pl Rif 30 litdiow ageotding to Caim 14 wherein said
metal conprises one of the group containing copper, cobalt, nickel,

titanium and titaniumnitride. 9
17. The metal cleaning solution according to Claim 14

wherein sald alkyldione peroxide is chosen from the
group containing: 2,4-pentanedicne peroxide, 2,2,6,6-
tetramethyl-3, 5-heptanedione peroxide, 2,5-hexanedione
peroxide, 2,4-hexanedione peroxide and 3,5-heptanedione

peroxide.

18. The metal cleaning solution according to Claim 14
where;ntaid alkyldione peroxide comprises 0.1-100%

weight or volume percentage of said solution.

19. The metal cleaning solution according to Claim 14

wherein said metal comprises copper.

20. The metal cleaning solution according to Claim 14
wherein said metal comprises one of the group containing

copper, cobalt, nickel, titanium, and titanium nitride.



