1 Decenmber 2005 ALKYLDI ONE PEROXI DES AS CLEANI NG SOLUTI ONS FOR WAFER FABS
BACKGROUND OF THE INVENTION (1) Field of the invention The invention
relates to a nethod of cleaning equipnent surfaces in the fabrication of
integrated circuits, and nore particularly, to a nmethod of cleaning
copper, cobalt, or nickel from equipnment surfaces in the manufacture of
integrated circuits. (2) Description of the Prior Art Managenent of copper
contam nation is an inportant aspect of future high-tech! wed&™tabs200he
current procedure of cleaning broken wafers that incorporate copper filns
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The invention relates to a method of cleaning
eguipment 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 ¢f 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/cr use a vacuum hose to suck out
broken pieces. However, IPA does not dissolve copper, soO
copper remnants will still exist in the equipment.
Furthermore, copper pieces on wipes, gloves, and clean room
suits may accidentally contaminate wafer processing. The
aforementioned contamination is also applicable to cobalt and

nickel.

U.S. Patent 4,714,517 to Malladi et al teaches
copper c¢leaning using a mild organic¢ acid solution. TMAH
¢cleaning is also mentioned. U.3. Patent 5,882,433 to

Ueno discloses a spin-cleaning method using IPA. U.S. Patent



Ueno di scl oses a spin-cleaning nethod using IPA. U S. Patent 1 1 Decenber
2005 5,650,356 to Givha et al teaches a hydrogen peroxide solution to
prevent corrosion on netal surfaces. U S. Patent 4,814,408 to Itoh et al
di scl oses a self-adhering silicone conposition including alkyldione

per oxi des. SUMMARY OF THE | NVENTI ON A princi pal object of the present
invention is to provide an effective and very manufacturabl e nmet hod of

cl eaning nmetals from equi prent surfaces in the fabricatioh Beceptegrdied
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SUMMARY QOF THE INVENTION

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

integrated circuits.

_ Another object of the invention is to provide
a method of clieaning 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 cbject 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 corrceding or destroying the parts and

surfaces of the equipment.



surfaces of the equipnent. 1 Decenber 2005 Yet another object of the
invention is to provide a nethod of cleaning el enental copper fromthe
surface of equi pnent hardware in the event of wafer breakage using a novel
al kyl di one peroxide solution w thout 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 s%&gace
of equi pnent hardware in the event of wafer breakage usi gD%9 2005

al kyl di one peroxide solution wthout corroding or destroying the parts and

surfaces of the equipmenle duydiheh obieck Lhct 9naLavide asnpyel
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el emental copper, cobalt, or nickel fromthe surface of equipnent hardware

in the event of
A further object c¢f 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

eguipment.

2 further object is to provide a nowvel
alkyldione peroxide solution for cleaning elemental copper,
cobalt, or nickel from the surface of equipmeﬁt 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 sclution comprising an
alkyldione peroxide 1s used to oxidize the metal and form

soluble complexes which are removed by the cleaning solution.



waf er 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 cleaning solution. 1 Decenber 2005 Al so in accordance with the
objects of the invention, a novel alkyldione peroxide solution for
cleaning elenental copper, cobalt, or nickel fromthe surface of

equi pnent hardware in the event of wafer breakage is provided wthout
corroding or destroying the parts and surfaces of the eqbifppesitber 2005
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS The cl eani ng process of the

present invention propases a _better alternative to ] PA cl eapi of
equi pment in the event S“Vdfbﬁcﬁfggﬁgﬁg.wﬂéh ﬁggsohé?cHFsgglgﬁecopper or

ot her met ahseniSiometalndwwMantks, iYynkeFar-Bx08et Be1uequhpaBat cadieiny pi ng
with I PA. Additionally, copper pieces, for exanple, may becone attached to
Wi pes, gl oveRSntaEhFEHRS soaditot Ritng L CkRds fpPesEhRei AYLhaespper

cont am naég@ oM PP B duh ddhe famdf ackuie oef wherkegrakelaggi fguits. The novel
cl eaning solution of the invention oxidizes copper and fornms sol uble
conpl exesPTIRI & et grsitesdoidogy deséxewsliihentheopacteanndg el ement al

copper, a§urf§%§sé%%(%ﬁgﬂéqp#§ﬁ% gl , elenental titanium and titanium
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nitride f e surface o war e equi pnment in the event of wafer
br eakage.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The cleaning process cof the present invention
propcses 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 cleanroom 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
methodeclogy 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 solution 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 spraved onto wipes which are then used to remove Lhe

copper, cobalt, or nickel from the contaminated parts and -



The novel cleaning solution of the present invention conprises an
al kyl di one peroxide dissolved in IPA or other al cohols. The al kyl di one
per oxi de has a wei ght or volunme percentage of 0.1-100% of the solution and
may be contained in a wash bottle. The cleaning solution my then be
sprayed onto w pes which are then used to renove the copper, cobalt, or
nickel fromthe contam nated parts and 4 1 Decenber 2005 surfaces of the
equi pment. The al kyl di one peroxides include, but are not 1rge¢emesed et he
foll owi ng: 2, 4-pentanedi one peroxide, 2,2,6,6-tetranethyl-3,5-heptanedi one
per oxi de, _2, p= . gxgpqghgqﬁmp roxi.de, 2,4-hexanedi one peroxide, 3, 5-

na* o

hept anedi one pér oxi de, 16rs.” These peroxides along wth their

non- per oxi de counterparts, can be dissolved in |PA The non-peroxide

counterparts, such as 2,4- p tgpedione, ) ,
2,2, 6, 6-tetranet hyl - 3, 5-1Ept igirde RRgosigeshdranBaronB tefES HaY
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al cohol s. 2,€-$entanedione peroxide is available commercially from
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phthalate is a non-active indgredient since it functiohs as a stabilizing
agent . cx%gptﬁﬁ#Qﬁ@Qﬁxperoxide, and others. These percxides 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 alcohols. In
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 employed to effectively remove the metal
contamination. The alkyldione peroxide sclution does not
corrode nor damage the equipment parts and surfaces whereupon

it is applied.

The process of the present 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



mentioned are not currently commercially available. The process of the
present invention provides a nethod for renoving copper or other netals
such as cobalt and nickel fromthe surface of equi pnent hardware in the
event of wafer breakage. A novel al kyldione peroxide solution is enployed
to effectively renove the netal contam nation. The al kyl di one peroxi de
sol ution does not corrode nor damage the equi pnent parts q? sur face
whereupon it is applied. The process of the present invention éﬁ§35 be
extended to the renoval of copper or other netals such as cobalt and
nickel 1 niAOMNE!SFe REAGKADS LY Sn SUSRLYRA! Sl REEMBLL,2005, 4 ACt ude
preventive maintenance and the instance after a wa Been processed
in the equ@preern wMdes gtk dimvdet iegmipasnieen particularly shown and
described with reference to the preferred enbodinents thereof, it will be
understood by those skilled in the art that various changes in form and
details nay be made wi tdioute deparihiveg tiibanhbBebsphr phrandussope of the
invention EECe$b r 20 5 Clains 1. A nmetal cleaning solution conprising
an aIkyIdI % ed with reference to the preferred

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.



2. The netal cleaning solution according to Caim1 wherein said solution
further conprises one or nore alcohols. 3. The netal cleaning solution
according to Claim1l wherein said solution further conprises dinethyl

pht hal ate or other stabilizing agent. 4. The netal cleaning solution
according to Caiml wherein said al kyl di one peroxide is chosen fromthe
group containing: 2,4-pentanedi one peroxide, 2,2,6,6-
tetramet hyl - 3, 5- hept anedi one peroxi de, 2,5-hexanedi one perdRFEEesT 2005

2, 4- hexanedi one peroxi de and 3, 5- heptaggdione peroxide. 5. The netal

cl eaning solution according to Claim1 wherein said al kyl di one peroxide
conprises 0.1-100% weight or volune percentage of said solution. 6. The

met al cl eaningasgLLio dgi ) ' : LN _sal | conprises
copper. 7. The neta% c?%éﬁ#%g o) d%?%%q2%%g%ﬂfﬁ%%{%Bcﬁggkgfqg&%erein sai d
nmet al conprpsesxbde. of the group containing copper, cobalt, nickel,

titanium and titaniumnitride.

2. The metal cleaning solution according to Claim 1
wherein said solution further comprises one or more

alcohols.

3. The metal cleaning solution according to Claim 1
wherein said solution further comprises dimethyl

phthalate or other stabilizing agent.

4. The metal cleaning solution according to Claim 1
wherein said alkyldione peroxide 1s 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 metal cleaning solution according to Claim 1
wherein said alkyldione peroxide comprises 0.1-100%

weight or volume percentage of said solution.

6. The metal cleaning solution according to Claim 1

wherein said metal comprises copper.

7. The metal cleaning solution according te Claim 1
wherein said metal comprises one of the group centaining

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



