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during or after Chem cal Mechanical Planarization (CVMP). A "sem conduct or
wor k- pi ece” is a mcroelectronic device that has not conpleted the
fabrication process, typically a silicon wafer with active regions forned
in or on the surface of the silicon wafer. Connections to the active
regions are made using nultiple to layers of netal, typically copper and
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10 fayers of metal, typically copper and tungsten, which has been deposited

- on the silicon substrate. When copper is used as the interconnect material,

a damascene process is used whereby the copper is deposited into lines
etched into the inter-layer dielectric and then the excess copper is removed
and the surface planarized using a CMP process, followed by a cleaning

15  step. The goal of the cleaning pfocess (“Post-CMP cleaning”) is to remove
residues left by the CMP step from the semiconductor work-piece surface
without significantly etching the metal, leaving deposits on the surface, or
imparting significant contamination to the semiconductor work-pisce.
Furthermore, it is desirable to protect the metal surfaces from corrosion by

20  various mechanisms such as chemical efching, galvanic corrosion or
photo-induced corrosion. Cor\rosion of the metal surfaces results in metal
recess and thinning of the metal lines. Since neutral to alkaline slurries are
often utilized in copper and barrier CMP, it is desirable to have a cleaning
solution that is effective in the alkaline pH regime where the abrasive

25  particles are highly charged and can be removed efficiently. Alkaline
chemistries are often utilized in a brush scrubber or megasonic cleaning
unit for Post-CMP cleaning. |

A cleaning solution may contain various chemicals that perform

different functions during the cleaning process. A cleaning solution must




unit for Post-CMP cleaning. A cleaning solution nmay contain various

chem cals that perform different functions during the cleaning process. A
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"cleaning agent."” A "cleaning agent” is the conponent of solution that
renoves residual CWP slurry particles, typically particles of netal, from
the surface of the sem conductor work-piece. A cleaning solution nmay al so -

contain."chel ating agents,"” "corrosion-inhibiting conpounds,"” and/or 5
"surface-active agents.” A "chelating agent” hel ps prevent re-deposition of
renmoved netall onto the sem conduct or k- pi ece by conpl exing the netal

in the cleaning solution. A "corrosion-inhibiting compound” is the
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Thus, 10  solution, oxidation, post cleaning corrosion, galvanic attack, or photo-
induced attack. A “surface-active agent” is a component of the cleaning
solution that modifies the wetting characteristics and prevents watermark
formation. '
U.S. Patents 6,200,947, 6,194,366, and 6,'492,308 disclose relevant
15  to the chemistries of cleaning solutions. However, these references suffer
from one or more of the disadvantages discussed below.
The ability of the cleaning chemistry to remove residual metais and
retain them in the cleéning solution is an important characteristic of a Post-
CMP cleaning solution. Chemicals that can complex the residual metal in
20  the cleaning solution are effective cleaning agents because the residual
metals are not re-deposited on the semiconductor work-piece after they are
removed. Cleaning solutions using chemistry that cannot complex the
residual metals typicél!y perform poorly at the desired cleaning task. Thus,
it is desirable to have a cleaning solution that includes a chelating agent.
25 Some commercially available alkaline chemistries have poor
performance at the desired function of removing residual metal, particularly
copper, from dielectric lines because the do not contain a chelating agent.

Such chemistries typically comprise an aliphatic alcohol compound




it is desirable to have a cleaning solution that includes a chel ating
‘agent. 25 Sonme commercially available al kaline chem stries have poor

per f or mange @bsadagsdesi red function of renoving resi duapcvesess/oooost
particularly copper, fromdielectric |lines because the do not contain a

chel ating agent. Such chem stries typically conprise an aliphatic al cohol
conpound WO 2005/ 085408 3 PCT/ |1 B2005/ 000081 cont ai ning a nercapto group,
such as 2-nercapt oet hanol or thioglycerol, and a solution of an al kaline
conpound, such as a hydroxide. It is inportant to protect sem conductor
wor k- pi eces fromcorrosion of the netald surfaces by providing a
corrosion-inhibiting conpound in the 5 cleaning solution. The netal
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function 18 y ‘fi'n%@?ﬁisé&gh'gﬁ)%& R8ults in poor performance or failure of the

semiconductor device. The cleaning solution’s corrosion preventing abilities
are quantiﬁéd by measuring the sfatic etch rate or the surface roughness
(quantified by RMS, root méan'square, value) of a metal surface that has
been cleaned with the subject solution. A high static etch rate indicates

45  dissolution of the metal surface is occurring. A high RMS value indicates a
rough surface caused by attack of the metal at the grain boundaries. An
effective corrosion-inhibiting compound reduces the corrosion of the metal
as indicated by lower static etch rate and RMS values measured after the
cleaning step.

20 Corrosion-inhibiting compounds function by either reducing the
surface of the metal, providing a protection film on the surface of the metal,
or scavenging oxygen. Some cleaning solutions available in the art do not
provide effective corrosion-inhibiting agents and thus suffer from a high
static etch rate and/or high RMS value.

25 Some commercially available alkaline cleaning chemistries are
affected by exposure to air and/or have a high static etch rate of the metal.
Such chemistries typically contain a quaternary ammonium hydroxide, such
as TMAH, a corrosion-inhibitor of the oxygen scavenging type, such as

gallic acid or ascorbic acid, and an organic amine, such as




surface of the netal, providing a protection filmon the surface of the
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deposi ting contaninants on the surface. Thus,” it is desirable to use a
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surface i ncbofposition |vﬁm9d@séty&ﬁfédﬂthé)%§ﬁom{am &ftHbiseniiabngdger of rinsing
with water or an _inhibitor solution nsing, particularly with water, can
result 1t | davicagCleaning solutions that require a nnsmg step can also resulf in
depositing contaminants on the surface. Thus, it is desirable to use a
cleaning chemistry that will not leave any residue on the semiconductor
surface.
It is also desirable to clean and protect the semiconductor surface in
15  a single step. Some chemistries for planarizing a wafer surface include a
cleaning step followed by an additional step of rinsing with water or an
inhibitor solution. Rinsing, particularly with water, can result in leaving
deposits on the surface of the semiconductor work-piece, thus
contaminating the wafer. Adding a second step is also a drawback due to
20 the fact that it lengthens the manufacturing process, complicates the
process by having to handle more chemicals and more steps, and provides
one more possible source of contamination or other quatity control
problems. Clearly, a process that cleans and protects the surface of the
semiconductor work-piece is desirable.
25 it may also be desirable to have a surface wetting agent in the
clearung solution. Surface wetting agents prevent contamination of the
semiconductor work-piece by helping to stop spotting of the surface caused
by droplets clinging to the surface. Spotting (also called watermarks) on the




deposits on the surface of the sem conductor work-piece, thus

contam nating the wafer. Adding a second step is also a drawback due to 20
"the fact wdatshsssbengt hens the manufacturing process, e@TaBR@ahenst he
process by having to handl e nore chem cals and nore steps, and provides

one nore possible source of contam nation or other quality control

problenms. Clearly, a process that cleans and protects the surface of the
sem conductor work-piece is desirable. 25t may al so be desirable to have a
surface wetting agent in the cleaning solution. Surface wetting agents
prevent contam nation of the sem conduBtor work-piece by helping to stop
spotting of the surface caused by droplets clinging to the surface.
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Summary
This invention relates to cleaning chemicals used after Chemical
Mechanica[ Planarization (CMP) of semiconductor substrates containing
" metal, particularly copper. Alkaline chemistries are often utilized in a brush
15 scrubber or megasonic cleaning unit for removal of slurry particles and
organic residues from the wafer surface. The current invention is a
composition of a cleaning solution for cleaning a semiconductor work-piece
that satisfies the need to protect the metal from corrosion, prevents
oxidation of the metal surface, removes particles efficiently, removes metal
20 from the dielectric surface, is close to the pH of the prior CMP step, and
does not contaminate the semi conductor surface. Furthermore, the
cleaning and protecting the metal surfaces are completed in a single step
with a single solution.
| The cleaning solution of the current invention is alkaline in nature to
25 match the pH of alkaline CMP slurries. Silica based CMP slurries are often
stabilized in the alkaline pH region where the particles exhibit a highly
negative surface charge. Cleaning with an alkaline pH chemistry resuits in
efficient particle removal due to the charge on the particles and their
repulsion from the similarly cherged surface. A chelating agent is present




conposition of a cleaning solution for cleaning a sem conductor work-piece
that satisfies the need to protect the netal fromcorrosion, prevents

oxi dat i or'W@R0ASHE548t al surface, renpves particles effi cPEHIBAO/QWMEDyes
metal 20 fromthe dielectric surface, is close to the pH of the prior CW
step, and does not contami nate the sem conductor surface. Furthernore,
the <cleaning and protecting the netal surfaces are conpleted in a single
step with a single solution. The cleaning solution of the current
invention is alkaline in nature to 25 match the pH of al kaline CW
slurries. Silica based COWP slurries areBoften stabilized in the alkaline
pH regi on where the particles exhibit a highly negative surface charge.
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The cleaning agents of the current invention efficiently clean the
surface of the semiconductor work-piece by removing CMP slurry particles
from the semiconductor work-piece as well as cleaning residual metal from
the dielectric surfaces. Preferred embodiments of cléaning solution include

15 ammonium hydroxide, and/or é tetra alkyl ammonium hydroxide as
cleaning agents.

Preferred embodiments of the cleaning solutions of the current
invention include chelating agents to effectively complex the metal removed
and prevent re-deposition of the removed metal on the surface of the |

20 semiconductor work-piece. Preferred chelating agents include one or more
of ammonium citrate, ammonium oxalate, aspartic acid, benzoi_c acid, cittic
acid, cysteine, ethylene diamine, glycine, gluconic acid, glutamic acid,
histidine, hydroxylamine, isopropanolamine, isopropylhydroxylamine,
nieic acid, ¢ -alic acid, salicylic acid, or tartaric acid.

25 Pref: 4 embodiments of cleaning solutions include corrosion-
inhibiting compounds to protect the metal of the semiconductor work-piece
from corrosion. Corrosion-inhibiting agents may be reducing agents, film-
forming agents, and/or oxygen scavenging agents. Forming a film on the
metal of the semiconductor work-piece that protects metal surfaces from




the dielectric surfaces. Preferred enbodi nents of cleaning solution include
15 ammoni um hydr oxi de, and/or a tetra al kyl anmoni um hydr oxi de as cl eani ng
“agents. Mvebeswestoenbodi nents of the cl eani ng sol uti onPCIFTBLIVS/068T ent
invention include chelating agents to effectively conplex the netal renoved
and prevent re-deposition of the renoved netal on the surface of the 20
sem conduct or work-pi ece. Preferred chel ating agents include one or nore

of amonium citrate, ammoni um oxal ate, aspartic acid, benzoic acid, citric
acid, cysteine, ethylene diamne, glycine, gluconic acid, glutam c acid,

hi stidine, hydroxyl anine, isopropanol am/ne, isopropyl hydroxyl anine, maleic
acid, alic acid, salicylic acid, or tartaric acid. 25 Prefered enbodi nents
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10  or vanillic acid. :

The cleaning solution of the current invention is alkaline. Alkaline

post CMP cleaning chemistry is desirable because some CMP processes -
-use alkaline slurries. By using an alkaline cleaning solution, the problems

associated with swinging the pH in the process equipment can be avoided.

15 Preferred cleaning solutions of the current invention clean the
semiconductor work-piece and protect the metal surface against corrosion
in the same step. Because the cleaning and corrosion inhibiting is
accomplished in a single step, there is less likelihood of accidental
contamination by handling a completely separate corrosion-inhibiting

20  solution. Furthermore, valuable processing time is saved by not having to
add an additional inhibiting step.

Some preferred cleaning solution embodiments include a surface-
active agent, also referred o as a surface-wetting agent. The surface-
active agent helps prevent spotting (watermarks} on the surface that can be

25  a source of contamination or hide defects in the semiconductor work-piece.
A surface-active agent may be a non-ionic, anionic, cationic, zwitterionic or

amphoteric surfactant.
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Description The present invention is a cleaning solution for cleaning a 10
sem conduct or work-piece that is alﬂf@éérrbet[' n nature. The conposition of the

The present invention is a cleaning solution for cleaning a

10 semiconductor work-piece that is alkaline in nature. The composition of th.e
cleaning solution comprises a cleaning agent, a chelating agent and a
corrosion-inhibiting compound. Preferred cleaning agents include
ammonium hydroxide and a tetra alkyl ammonium hydroxide (methyl, ethyl,
propyl, butyl, etc.). Preferred chelating agents include ammonium citrate,

15 ammonium oxalate, aspartic acid, benzoic acid, citric acid, cysteine,
ethylene diamine, glycine, gluconic acid, glutamic acid, histidine,
hydroxylamine, isopropanolamine, isopropylhydroxylamine, maleic acid,
oxalic acid, salicylic acid, tartaric acid, and mixtures thereof. Preferred
corrosion-inhibiting compounds include acetamidophenol, aminophenol,

20  benzotriazole, caffeic acid, cinnamic acid, cysteine, dihydroxybenzoic acid,
glucose, imidazole, mercaptothiazoline, mercaptoethlanol,
mercaptopropionic acid, mercaptobenzothiazole, mercaptomethylimidazole,
methoxyphenol, tannic acid, thioglycerol, thiosalicylic acid, triazole, vanillin,

| vanillic acid, and mixtures thereof. Preferred cleaning solutions may contain

25  mixtures of more than one corrosion-inhibiting agent.

Some preferred embodiments contain mixtures of more than one
chelating agent and/or corrosion-inhibiting compound. For example, the
corrosion-inhibiting agent of one preferred cleaning solution comprises a
mixture of acetamidophencl and methoxyphenol. The corrosion-inhibiting




«cl eani ng sol ution conprises a cleaning agent, a chelating agent and a
~corrosion-inhibiting conpound. Preferred cl eaning agents include ammoni um
hydr oxi dév@aeps483408 r a al kyl ammoni um hydroxi de (net hyl ,PGEBZ03/00498DpyY| |
‘butyl, etc.). Preferred chelating agents include ammoniumcitrate, 15
amoni um oxal ate, aspartic acid, benzoic acid, citric acid, cysteine,
et hyl ene di am ne, glycine, gluconic acid, glutam c acid, histidine,
hydr oxyl am ne, i sopropanol am ne, isopropyl hydroxyl am ne, naleic acid,
oxalic acid, salicylic acid, tartaric acid, and m xtures thereof. Preferred
corrosi on-inhi biting conpounds include &cetani dophenol, ami nophenol, 20
benzotri azole, caffeic acid, cinnamc acid, cysteine, dihydroxybenzoic

acid, gluco | Ip i i %ﬂ(&l,
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agent. Sone prefe i : pial L g t han one

chel ati ng agent aﬁﬁ?g’f@é@%&@,@%ﬁ{%%ﬁ%‘?b?@@ﬁ%@ﬁﬁ . pﬁgégexarrpl e, the
corr osi on% i netianidthgapgeoiunf hyahexige céttylened didmare, mgpdsomititienofconpri ses a

20051 085408 FEHAMIIOBNOH0S voOlidg Lie DTS FURUE OF B8 oRHEing |0
sol uti on Conz%rbﬁﬁe@ctgﬂ@gn‘&ra‘ﬁ%)ﬂé of ?ﬁ%t\ﬁm{d@%ﬁ{é?wléﬁl% “f'nlaﬂ dioxid®

corrosion-in I hg agent of sti another ~ preferred cleaning sol ution
conpri ses nmewhtxgthlylme diamihe, 2075 Wit.% aCeingdeplesna dnd|leahVngarsititut i on

nmbodi t L 5 tet I } hy i.d | di am ne, d
it 6 of PORAS SRPABRRTGR ImikloAi Hltion WAtk Ogrieneed iR Rer o of 't his

e ;‘3;’8; Fﬁ@t SR b29RaGO PRSP Bdd. Qiotidr preferrelt cldahifl 'SINRIORYRFRIsUM

tetramethylammonium hydroxide (2.75 wt.%), ethylene diamine (8 wt.%),

and a mixture of acetamidophenql (0.5 wt.%) and methoxyphenal (1.5
-wt.%). Still another preferred cleaning solution comprises
tetramethylammonium hydroxide (2.75 wt.%), ethylene diamine (8 wt.%),
15  and a mixture of methoxyphenol (1.5 wt.%) and vanillin (0.5 wt.%).
Preferred cleaning solution embodiments of the current invention
have a neutral to alkaline pH. Even more preferred is a pH of about 10 to
about 13, '
The cleaning solution may be supplied in concentrated form, or
20 diluted with water or other suitable diluents known to one skilled in the art.
One preferred cleaning solution embodiment includes a surface-
active agent to promote even wetting of the semiconductor surface.
Preferred embodiments include, but are not limited to, non-ionic, anionic,
cationic, zwitterionic or amphoteric surfactants or mixtures thereof.
25 One skilled in the art can produce the cleaning solutions of the
current invention using conventional chemical mixing techniques without

undue experimentation.




W . % et hyl ene di amine, 0.75 wt.% acet ani dophenol and | wt.%vanillin. For
this enbodinent, a 15X to 25X dilution with de-ionized éﬁ%%}am@ter 10 shoul d.
be made pYQ&M085408e. Another preferred cleaning sol ut i Bn/{B3MH50SL :
t et ramet hyl anmoni um hydroxide (2.75 w.%, ethylene diamne (8 w.%, and
a mxture of acetam dophenol (0.5 wt.% and net hoxyphenol (1.5 w.%.

- Still another preferred cleaning solution conprises tetranethylamoni um
hydroxide (2.75 wt.%, ethylene diamne (8 w.%, 15 and a m xture of

met hoxyphenol (1.5 wt.% and vanillin (5 w.%. Preferred cleaning

sol ution enbodi nents of the current invention have a neutral to al kaline
pH Even nore preferred is a pH of about 10 to about 13. The cl eaning
solution may be supplied in concent regsdpfey m or 20 diluted with water or
other suitable diluents known to one ski FI ed inthe art. One preferred

cl eani ng sol ut i onTkerpoesensinveniignuigelusiraiad fin dacreadetalleviily saterence fdnot e

even wetting,of. the sem conductar .S : i i.ncl ude,
ot are not e elSBGEBRIeR Wi Hid BiTuetr b TlRsSTRAR SRS el c,
anphot eri ¢ sy EagstANBEa® imiling theastobbef @ pre¥enOiwenkibh] ed in the art can
produce the cl eaning s%l dlinil oﬁrgs of tEe cur?ent I nvention using conventi onal

chem cal 3m xi ng techni ques wi thout undue experinentation. W 2005/ 085408
PCT/ | B2005/ (E)OO'E&) %8 Exanpl es The present invention is illustrated in nore
detail with ratOPEIE 10 the fol I ow ng Exanples; which are for illustrative

purposes and shoutBemdals betheomebentsavation weis egtddisy serechémidm present
i nvention. 5 Exanple 1: . - . . .

impedance sprectroscopy (EIS) to determine their corrosion resistance
compared to commercially available alkaline post-CMP cleaners. Blanket

10 copper wafers were immersed in dilutions of the chemistries and connected
to an electrochemical cell. The open circuit potential was measured as a
function of time to determine the steady state conditions for wafers
exposed to each chemistry. Once the steady state condition was found,
AC voltages were applied to each wafer and resistance and capacitance

15  valu- s were obtained which give information on the corrosion rates and
resistances of each chemical. Corrosion resistance of a preferred
embodiment of the current invention were measured as 25,843 Ohms-cm2.
Corrosion resistance of a commercially available product were measured at
19,226 Ohms-cm2. These results clearly demonstrate that the present

20 invention provides a higher copper corrosion resistance when compared fo
a commercially available alkaline post-CMP clean. A higher corrosion
resistance is important to minimize copper loss from the interconnect lines
as well as to prevent the formation of lower conductivity species, such as
oxides and hydroxides, on the surface of the copper lines.

25
Example 2:

In a second siudy, patterned Cu/low k and blanket copper wafers

were exposed to chemicals of the present invention as well as

commercially available alternatives, in order fo determine the




Chem cal s of the present invention were tested by el ectrochem cal
| npedance sprectroscopy (EIS) to determ ne their corrosion resistance

" conpar ed wo 20638®i0gi al | y avail abl e al kal i ne post - CVP clmamspersoblognket 10
copper wafers were imersed in dilutions of the chem stries and connected
to an el ectrochemcal cell.; The open circuit potential was neasured as a
function of time to determine the steady state conditions for waférs
exposed to each chem stry. Once the steady state condition was found, AC
vol tages were applied to each wafer and resistance and capacitance 15 val ue
wer e obtai ned which give information ontthe corrosion rates and

resi stances of each chem cal. Corrosion resistance of a preferred

~ enbodi t of the 4 t i ti d 20, 843.Chns- cnk.
Corrosi on r oSIURAUENGE of CEIRTRR P AlAKTBS PBBLMSer o Wacur ed at

19, 226 Onms- gfijonf bREA, fRSHdriistl SRl eBRRsvERE SohilitxihbeoBpesmNt 20

i nvention provides a higher copper corrosion resistance en conpared to a
commer ci al | ysalution &bfasilitateatmoyaplsem-thnrlieleetn regions ghedrshosid bei on

el 1 as t BelsBed iRcnt el ot BB it B8ras BbVEL AUREERAL " CLch ae”
oxi des argl hff@ﬁpﬂﬁb%‘ﬁ)pepﬁhé&ﬂé's!ftfc@qﬁisCl{)eelHd?ﬁ)rP@m&heHicag?er%feﬁxafm' e 2. In

a second study, patterned Cu/low k and bl anket copper ers were exposed
t o cheni cal spigices mere espesed tadibiions of akkaliae chemistdesdar T minutes avdi | abl e

Ao ek RO S P RE Bl 0000 12
efficient clg@aferddhethen ®8l stiahied ke dbtbritheihcantémaofabughemhgdangeg¢opper in
solution to facilitate renoval fromthe dielectric regions, but should be
by the chemistry. Figure 1 shows a 20 x 20 micron AFM scan of a copper '
10  pad on a patterned wafer exposed o a 1:20 dilution of a preferred
embodiment of the present invention (Tetramethyl ammonium hydroxide +
-ethylene diamine + acetamidophenol + vanillin). The RMS roughness of
_this region following chemical exposure is 1.6 nm compared o an initial
value of 1.0 nm, demonstrating that the chemistry slightly roughens the
15  surface and highlights the copper grains, but does not substantially attack
the copper. This information combined with ICPMS measurements of the
copper dissolved into solution during the exposure, gives a means of
comparison of the chemistries of the present invention to commercially
available products.
20 Regions of Cu/low k lines on patterned wafers were also studied by
AFM following exposure to dilutions of alkaline post CMP cleans. Figure 2
is an example of a region of alternating copper (light regions) and low k
(dark regions) lines on a wafer cleaned with a preferred embodiment of the
present invention (Tetramethyl ammonium hydroxide + ethylene diamine +
25  acetamidophenal + vanillin). The copper lines of Figure 2 are not
substantially recessed by the cleaning solution. The chemistry is capable of
preserving the integrity of the copper lines during the cleaning process,
removing particulate, organic and dissolved copper residues without

attacking the copper to result in detrimental line recess.




bal anced with corrosion inhibition to prevent excess renoval of material 5
fromthe copper lines. To study this behavior, patterned co B)qr waf er .
pi eces V\/EWQZE'QZ@&%“@& to dilutions of alkaline chenistri ePsC"f’Bﬁ /4084t es and
t hen anal yzed by Atom c Force M croscopy (AFM . Copper regions on the

waf er can then be scanned to determ ne the extent of roughening caused by
the chem stry. Figure 1 shows a 20 x 20 m cron AFM scan of a copper 1o pad
on a patterned wafer exposed to a 1:20 dilution of a preferred enbodi nent
of the present invention (Tetranethyl aﬁ:oni um hydr oxi de + ethyl ene

di am ne + acet am dophenol + vanillin). e RMVS roughness of this region
follow ng chem cal exposure is 1.6 nmconpared to an initial value of 1.0
nm denonstrating that the chem stry slightly roughens the 15 surface and
hi ghli ghts the copper grains, but does not substantially attack the
copper. This i nf cAlilesuighrtheqrbseridnvéntion lervseendesaribedhn cossidenablecopper

ot e ehem dstall Satheraracs e datain o aratersang erarb oner rgiehf ool "
ducts. 20 i Kspd ;
product s %,gﬁﬂ%pﬁeﬂfor%%dn%, tHd é&ﬁ%ﬁk&?}?m%&e&a‘éﬁé@d f w@c@géf/g

studi ed by OW ng exposure to of " al kal i ne post
cl eans. B guotbeltharspast-GMBmtaning. an addition, e cleaning af segieomsitstor( | i ght

regions) and low k (dark regions),li,nes on fer '

preferred enbodi rrent*é gan Pﬁ@C%BFEi')éH?d ii@gﬂ'ﬁg’ng\?cﬁépﬁﬁkéﬁﬁoﬁﬁ#gﬂﬁgm
hydroxi de + giifidien8mperdtiRCartd 36naliBhaIT HaRIRIAS, the iriritiohmhay Bee copper
lines of Figure 2 are not substantially recessed by the cl eaning sol ution.

' The cheni stused t© caamblvariety ofpsurfanes, mgluding but rejdinileddo suitacespper | i nes
during the cl eanin [ 0CESS,. _.Ienovi.n r&icu r LG . di ssol ved
copper resi &fggaw&g?ﬁpe?aﬂ'%kiaﬁ@ qlﬁ%(:@@p%@% #@é';%g%’%l’ g@%&gggﬁ? mental |ine
recess. {40 20Q5L085AEGQpPRendéPaRiths APRRIndide limited to the description of

one p:: - red versions contained herein. The intention of the applicants is

to cover all madifications, equivalents, and alternatives falling within the

spirit and scope of the invention as defined by the appended claims.




Al t-hough the present invention has been described in considerable detail
~with reference to certain preferred versions thereof, other versions are

possi bl e.wlbanososasgel e, the conposition may be practi cedpCnmResmomBssS 5

‘ot her than post-CW cleaning. In addition, the cleaning of sem conductor
-as can be acconplished at a variety of concentrations of cleaning
solution, tenperature and conditions. Furthernore, the invention may be
used to clean a variety of surfaces, including but not limted to surfaces
cont ai ni ng copper, silicon, and dielectric filnms. Therefore, the spirit and
1o scope of the appended clains should 1®t be [imted to the description of
one pr: ;ed versions contained herein. The intention of the applicants is
to cover all _modifications, equivalents, and alternatives falling within
the spirit Qh&“@@épe of the invention as defined by the appended cl ai ns.

. WD 2005/ 085408 PCY/ | B2RQa Q08 b3 ol sethicohdiiagbrkimecd or cl eaning

a sem conduct or work-plece’ conprising: (a) cleaning agent, wherein said
cl eani ng agecompsismgt ected from 5 the group consisting of anmoni um

hyd d d t | kyl h d id t,

Thor o oni d ohel .LSC‘&%@ adborhepina e gpalls AR %or

anmoni umgi trate, ] 0 t hﬂ1 u@@n@%ﬁn %?Qﬂfnﬁd)rﬁu#ﬂhﬁiroﬁﬂ@zéh@ aaeird, citric
e etﬂe

acid, cysteine, i am ne, “glycine, glduconic acid, glutamc acid,
hi sti di ne, hydroxyl am a!kyl almrrp)fmpmrm’ldmﬁldfé i sopropyl hydr oxyI amine, naleic

e o R g ol e el K tgeh e =o'
: from the group consisting of ammonium citrate, ammonium
oxalate, aspartic acid, benzoic acid, citric acld, cysteine,

10 ethylene diamine, glycine, gluconic acid, glutamic acid,
histidine, hydroxylamine, isopropanoclamine,
isopropylhydroxylamine, maleic acid, oxalic acid, salicylic
acid, tartaric acid, and mixtures thereof; and

(c)  a corrosion-inhibiting compound, wherein said corrosion-

15 inhibiting compound is selected from the group consisting of
acetamidophenol, aminophenol, benzotriazole, caifeic acid,
cinnamic acid, cysteine, dihydroxybenzoic acid, glucose,
imidazole, mercaptothiazoline, mercaptoethanol,
mercaptopropionic acid, mercaptobenzothiazole,

20 mercaptomethylimidazole, methoxyphenol, tannic acid,
thioglycerol, thiosalicylic acid, triazole, vanillin, vanillic acid,

and mixtures thereof.

2. The composition of claim 1, wherein said corrosion-inhibiting
25 compound comprises a mixture of at least two chemicals selected from the
group consisting of acetamidophenol, aminophenol, benzotriazole, caffeic
acid, cinnamic acid, cysteine, dihydroxybenzoic acid, glucose, imidazole,

mercaptothiazoline, mercaptoethanol, mercaptopropionic acid,




15 inhibiting conpound is selected fromthe group consisting of
acet am dophenol , am nophenol, benzotriazole, caffeic acid, cinnam c acid,

cyst ei ne, Wa2M@BH benzoi ¢ acid, glucose, imdazole; METYHGMIE ol ne,

mer capt oet hanol, nercapt opropi oni ¢ aci d, nercapt obenzot hi azole, 20
mer capt onet hyl i m dazol e, net hoxyphenol, tannic acid, thioglycerol,
thiosalicylic acid, triazole, vanillin, vanillic acid, and m xtures

thereof. 2. The conposition of claim1l1l, wherein said corrosion-inhibiting
25 conpound conprises a mxture of at |east two chem cals selected fromthe
group consi sting of acetam dophenol, aﬁli4nophenol , benzotriazole, caffeic
acid, cinnamc acid, cysteine, dihydroxybenzoic acid, glucose, imdazole,
mer capt ot hi i t RO IAShexasheno VW 5/ 085408
PCT/ 1 B2005/ 8@%%dg?%bf}%ﬁgg%?gb@%%pﬁ?@gwwy mer capt omstx 2§I i m[daz@?‘g,

met hoxyphendds: t alogiyceral, thiosalicylip §cidy wiazolehvagliing apd ivandis acidi ri azol e,
vanillin, and vanillic acid. 3. The conposition of claim1, further
conprising a diluent. 5 4. The conposition of claim1, further conprising a
surface- active agent.THgomPEBIASH F @RiAM, AhtidPchmprising andiRhe
surface-active agent 10 is Selected fromthe group consisting of

non-ioni & anionic, cationic, zwitterionic, and anphoteric surf-. utants,

and m xtures thergof. & The conposict| 0 [ . reincthe pHis
bet ween about 9 to abdtft © '%.poil '?.Of?l?irﬂéohﬂ@iﬁa}tq@@rb%\m@aa%%afg wher ei n
sai d cl eani ngntR@efent. _

2. The composition of claim 4, wherein said surface-active agent
10 s selected from the group consisting of non-ionic, anionig, cationic,
zwitterionic, and amphoteric surfztants, and mixtures thereof.

6. The composition of claim 1, wherein the pH is between ellbout
9 to about 13.
15
7. The composition of claim 1, wherein said cleaning agent

coniprisa';:.:'.-'- tetramethyl ammonium hydroxide.

8. The composition of claim 7, wherein said chelating agent

20 comprises ethylene diamine.

9. The composition of claim 8, wherein said corrosion-inhibiting

compound comprises acetamidophenol.

25 10.  The composition of claim 9, wherein said corrosion-inhibiting

compound further comprises vanillin.

11.  The composition of claim 10, further comprising a diluent.




.conprise_- tetranethyl anmonium hydroxide. 8. The conposition of claim7,
wherein said chelating agent 20 conprises ethylene diamne. 9. The
conposi ti\)@(ﬁ'z@gmgs@ m 8, wherein said corrosion-inhi bitipgg/1esRsHsdsd

“conpri ses acetam dophenol. 25 10. The conposition of claim9, wherein said
corrosion-inhibiting conpound further conprises vanillin. 11. The
conposition of claim 10, further conprising a diluent. WO 20051085408 15
PCT/ 1 B2005/ 000081 12. The conposition of claim 10, further conprising a
surface- active agent. 13. The conposition of claim 12, wherein said
surface-active 5 agent is selected froqgthe group consisting of non-ionic,
anionic, cationic, zwtterionic, and anphoteric surfactants, and m xtures
thereof. 14. The conposition of claim9, wherein said corrosion-inhibiting
conpound furt her 1@onprihseeompositicsy phelabn .10i@"§’?r99mpﬂ$@€’c%§ﬁﬁc§??‘l on of
claim 14, further copprising a diluent. 16. The conposition of claim 14,
further comfi¥? #9°8 surface- active agent. 17. The conposition of claim
16, wherein said surface-active agent is selected fromthe group

consi sting of non-ionic, anionigc, catjoni sztte&ionic, and anphoteric

.C oni ¢,
surfactants, and #-xt urhescemppsitien 0@9[35[@!151'%'35%%@ SHIRFSRCMELi m 8,
wherein sai d, CokfOSL8BE YRS BRoup"QSHANG FFHBHLARS afRNRYLBGRE! -

zwitterionic, and amphoteric surfactants, and mixtures thereof.

14.  The composition of claim 9, wherein said corrosion-inhibiting

compound further comprises methoxyphenol.

10
15.  The composition of claim 14, further comprising a diluent.
16.  The composition of claim 14, further comprising a surface-
active agent.
15 |
17.  The composition of claim 16, wherein said surface-active
agent is selected from the group consisting of non-ionic, anionic, cationic,
zwitterionic, and amphoteric surfactants, and mixtures thereof.
20 18.  The composition of claim 8, wherein said corrosion-inhibiting
compound comprises methoxyphenol.
19.  The composition of claim 18, wherein said corrosion-inhibiting
compound further comprises vanillin.
25

20.  The composition of claim 19, further comprising a diluent.

21.  The composition of claim 19, further comprising a surface-

active agent.




25 19. The conposition of claim 18, wherein said corrosion-inhibiting
conpound further conprises vanillin. 20. The conposition of claim19,
further SVARYOSHSTOP a diluent. 21. The conposition of clRTHABRYSUPYUE] hey
conprising a surface- active agent. WD 2005/ 085408 PCT/ M2005/ 000081 16 22.
The conposition of claim21, wherein said surface-active age;,. ,.:

sel ected fromthe group consisting of non-ionic, anionic, cationic,
zwitterionic, and anphoteric surfactants, and m xtures thereof. 5 10 15 20
25 3. A nmethod for the cleaning a sem conductor work-piece, the method
conprising the steps of: (a) providing 16 seni conduct or wor k- pi ece,
contacting said sem conductor work-piece with a cleaning solution
conprising: (lI) a cleaning agent, wherein said cleaning agent is selected
fromthe group consisting of ammonium hydroxide, and a tetra alkyl

amlrmmt U(T ]bydr oxihdez. aThéebatposiicagerdaimbbneherelnsaid sisfageraniivagent i s

sel ecte romthe I St ' ' |

as part i c aci agenbeﬂgé‘%z)?%ﬁﬁg%t telgr} USfCO%SiS ]r?(;!] g nog“ké[{’ica);télenioraﬁmgﬁo%%,Oxal ate,

zwitterionic, and amphoteric surfactants, and mixtures thereof.

2. A method for the cleaning a semiconductor work-piece, the
method comprising the steps of:
(a) providinga éemiconductor work-piece,
contacting said semiconductor work-piece with a cleaning

10 solution comprising:

() a cleaning agent, wherein sa2id cleaning agent is
selected from the group consisting of ammonium

~ hydroxide, and a tetra alkyl ammonium hydroxide;

(i) - a chelating agent, wherein said chelating agent is

15 selected from the group consisting of ammonium
citrate, ammonium oxalate, aspartic acid, benzoic acid,
citric acid, cysteine, ethylene diamine, glycine, gluconic
acid, glutamic acid, histidine, hydroxylamine,
isopropanolamine, isopropythydroxylamine, maleic

20 acid, oxalic acid, salicylic acid, tartaric acid, and
‘mixtures thereof; and

(i)  a corrosion-inhibiting compound, wherein said
corrosion-inhibiting compound is selected from the
group consisting of acetamidophenol, aminophenol,

25 benzotriazole, caffeic acid, cinnamic acid, cysteine,
dihydroxybenzoic acid, glucose, imidazole,
mercaptothiazoline, mercaptoethanal,
mercaptopropionic acid, mercaptobenzothiazole,
mercaptbmethylimidazo!e, methoxyphenol, tannic acid,




ci.tric acid, cysteine, ethylene diamne, glycine, gluconic acid, glutamc
acid, histidine, hydroxylam ne, isopropanolam ne, isopropyihydroxylam ne,
“mal eic  3agh9gossdogC acid, salicylic acid, tartaric acigbr/a00s/08008i ur es
‘thereof; and a corrosion-inhibiting conpound, wherein said
corrosion-inhibiting compound is selected fromthe group consisting of

acet am dophenol , am nophenol, benzotriazole, caffeic acid, cinnam c acid,
cystei ne, dihydroxybenzoic acid, glucose, imdazole, mercaptothiazoline,
mer capt oet hanol, nmercapt opropi oni ¢ aci d, nercaptobenzot hi azol e,

mer capt onet hyl i m dazol e, net hoxyphenol ,{fannic acid, WO 2005/ 085408
PCT/ | B2005/ 000081 17 thioglycerol, thiosalicylic acid, triazole, vanillin,

vanillic acid, and m xtures thereof. 24. The rr.ﬁtPod ﬁ% cl ?Ii m 23 [.vvherei n
sai d seni conductor work- 5 pieaycerahhipsalicYAC Aeidatriazolts vagily, vanilic

material, and a dielectric. %&éﬁ@ﬁg?ﬁﬁ%@}%ﬁ’m aim 24, wherein said netal

| ine conprises copper. 10 2 claim 25, wherein said barrier
material conprises materials selected fromthe group consisting of Ta,

TaN, Ti, TiN, W _and WN. 27. The neth of claim.26, .wherein said cl eani ng
agent 15 conpri s24- t etihen@efipd efiFieim 2&& Wb@m?@g.s%?o MR of claim

27, wherein sabd SRS The, § BERdSARHRNENRNE dRIcHicE.

25.  The method of claim 24, wherein said metal line comprises

copper.

10 26. The method of claim 25, wherein sald barrier material
comprises materials selected from the group consisting of Ta, TaN, Ti, TiN,
W, and WN.

27. The method of claim 26, wherein said cleaning agent

15  comprises tetramethyl ammonium hydroxide.

" 28. The method of claim 27, wherein said chelating agent

comprises ethylene diamine.

20 29. The method of claim 28, wherein said corrosion-inhibiting

compound comprises acetamidophenol.

30. The method of claim 29, wherein said corrosion-inhibiting
- compound further comprises methoxypheno!.

25
31. The method of claim 29, wherein said corrosion-inhibiting

compound further comprises vanillin.




20 29. The method of claim28, wherein said corrosion-inhibiting conpound
conpri se 1 dophenol . 30. The nethod of claim 29, wherein said :
corrosi oﬁvlégﬁ)lg@?%@%g conmpound further conprises net hoffﬁ@ﬁ%‘fﬂo@ﬁl 31. The
met hod of claim29, wherein said corrosion-inhibiting conmpound further
conprises vanillin. WD 2005/085408 PCT/|B2005/ 000081 18 32. The met hod of
claim 28, wherein said corrosion-inhibiting conpound conprises

met hoxyphenol . 33. The nmethod of claim 32, wherein said
corrosion-inhibiting 5 conpound furthe 8corrpri ses vanillin. 34. The met hod
of claim 23, wherein said cleaning solution further conprises a diluent.

10 35. The nethod of claim 23, wherein said cleaning solution further

conprises a surfag2- acThe methehdf clafim 2Bheheptihsaidtoredsiomidibitinger ei n sai d
surface-active agent is selected fromthe group consisting of non-ionic,
ani oni ¢, catFYRAPEUNA SoMRriEe MEIRPPheAE! anphot eri ¢ surfactants, and

m xt ures thereof.

33. The method of claim 32, wherein said corrosion-inhibiting

5 compound further comprises vanillin.

34, The method of claim 23, wherein said cleaning solution
further comprises a diluent.

10 35.  The method of claim 23, wherein said cleaning solution
further comprises a surface-active agent.

36.  The method of claim 35, wherein said surface-active agent is
selected from the group consisting of non-ionic, anionic, bationic,

15  zwitterionic, and amphoteric surfactants, and mixtures thereof.




