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1 | MPROVED ALKALI NE CHEM STRY FOR POST- CMP CLEANI NG Backgr ound

Manuf acturing of electronic wafer chips involves a step wherein 5

sem conduct or work-pi eces are cleaned with a |liquid solution during or
after Chem cal Mechani cal Planarization (CWP). A "sem conductor

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 10 | ayers of netal, typically copper and
tungsten, which has been deposited on the silicon substrate. Wen copper
is used as the interconnect material, & damascene process i s used whereby
the copper is deposited into lines etched into the inter-layer dielectric

and then the excempROVESALKALIREOHEMISTRY FOR POSTaMpPRiignaNiNGd using a
CWP process, followed by a cleaning 15 step. The goal of the cleaning
process("Post-CMP cleaning”) is to renove residues |eft by the CWP step
fromthe sem conduct or work-pi ece Slgd‘cq(ggouﬁ/& t hout significantly etching
the metal, |eaving deposits on the surface, or inparting significant
contami nation to tHéardastedrgioicalesirapis walpr elties invelves Aetempwherain i s
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mechani sns such as c¢ al vani ¢ corrosi on O-i nduced
corrosi on. Cor€beiisal idéchdanicarPlaslarizationgCoH)r sskmécandudiet wbrk-piecelss and
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10 layers 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 fs 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 process-(“Post-CMP cleaning”) is to remove
i'esidues 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-piece.
Furthermore, it is desirable to protect the metal surfaces from corrosion by
20 various mechanisms such as chemical etching, galvanic corrosion or
photo-induced corrosion. Corrosion 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 effeclive 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
cl eaning solution nmust 2 contain a "cleaning agent." A "cleaning agent" is
t he conponent of solution that renoves residual CWP slurry particles,
typically particles of nmetal, from the surface of the sem conduct or

wor k- pi ece. A cleaning solution may also contain."chelating agents,"”
"corrosion-inhibiting conmpounds,” and/or 5 "surface-active agents." A

"chel ati ng agent" hel ps prevent re-deposition of renoved netal onto the
sem conduct or wor k- pi ece by conplexing the nmetal in the cleaning solution.
A "corrosion-inhibiting compound" is thé& conponent of the cleaning
solution that protects the netal surface from attack by nechani snms such as
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corrosion, galvanic attack ot o- induced attack 'surface-active
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charact f i Sti Chodlifaff GMABEMIBLABI ork AECEIN Aani Solufid £l 2id 200. 947,
6, 194, 366, and 6, 492, 308 di sclose relevant 15 to the chem stries of

cl eani ng sol ut¢antain “thskadingragenisé<eonesien-hibiingseneunds,’ emlione or nore of
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sem conduct or cmnpionpn’e@fethab)eamngrwwtlan ¢hat pesteste the Kﬁle@ﬁusuﬂg:es@dmt i ons usi ng
chemi stry t hatat‘%%ﬁ B?tmec %nﬁlsms sucﬁ as the aggressive nature of the cleaning
10  solution, oxidation, post cieanlng 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,;192,308 disclose relevant
15 1o 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 metals aﬁd
retain them in the cleaning 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 typicélly perform poorly at the desired cleaning task. Thus,
it is desirable to have a cleaning solution thét includes a chelating agent.
25 Some commercially available alkaline chemistries have poor
performance at the desired function of removing residual metal, particutarly
copper, from dielectric lines because the do not contain a chelating agent.

Such chemistries typically comprise an aliphatic alcohol compound




residual netals typically performpoorly at the desired cl eaning task

Thus, it is desirable to have a cleaning solution that includes a

chel ating agent. 25 Some commercially avail abl e al kal i ne chem stries have
poor performance at the desired function of renoving residual netal,
particularly copper, fromdielectric |ines because the do not contain a
chel ating agent. Such chem stries typically conprise an aliphatic al cohol
conpound 3 containing a nercapto group, such as 2-mercaptoet hanol or

t hi ogl ycerol, and a solution of an al kaline conpound, such as a hydroxi de.
It is inportant to protect seni conductor work-pieces fromcorrosion of the
metal surfaces by providing a corrosion nhibiting conpound in the 5
cl eaning solution. The netal surfaces of the sem conductor work-piece,

typically copp&fmaiﬁmp@ met%aﬁfarqiel@ﬁ,isﬂgh pabhaerbplobthapendaniodyctol, waf er .
Due to the very small" size of Teatures on sem conductaor wafers, the netal

lines are as tdrid aslufiersei an akeltiel corgune, ueh a5 By Rddetesi red el ectric-
current. Any corr q&ﬁ,ﬁ@ﬁﬁ?@%& 2ERIRhdNRELFSIKieddisTdmR talrogians es

thinning of the io ssolution) and results in poor performance or
failure of theofdhaimataidudaces kicwovidingrheorasiaminhgitine|cemnesnd nther osi on
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conpound reduces the corrosion of the netal, as .ndicated .b ywer static
etch rate and AVESTRNREONESIFELS OF 6Pt f theéﬁ‘%ﬁ‘n‘fa\ﬁﬁeiﬁgﬂ‘.ma’& the

10 lines (dissolution) and results in poor performance or failure of the
semiconductor device. The cleaning solution’s comrosion preventing abilities
are quantifiéd by measuring the siatic efch 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 eich 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/for high RMS value.

25 Some commercially available alkaline cleaning chemistries are
affected by exposure to air and/or have a high static eich 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




20 Corrosion-inhibiting compounds function by either reducing the surface
of the netal, providing a protection filmon the surface of the netal, or
scavengi ng oxygen. Sone cl eaning solutions available in the art do not
provi de effective corrosion-inhibiting agents and thus suffer froma high
static etch rate and/or high RVS value. 25 Sone commercial ly avail abl e

al kaline cleaning chem stries are affected by exposure to air and/or have
a high static etch rate of the metal. Such chemi stries typically contain a
guat er nary anmoni um hydr oxi de, such as TMAH, a corrosion-inhibitor of the
oxygen scavengi ng type, such as gallic acid or ascorbic acid, and an
organi ¢ am ne, such as 4 nonoet hanol arff ne. Because these chenistries rely
on an oxygen scavenger to prevent corrosion, exposure to air is
detrinental tgmdnbeihapslamiieredbariues tdae chbmistes relyAdrsan okfyenl ack of a

protective surface filmand, the_ aggressiveness of .the chem stries towards
the netal resﬁq’acvepﬂe@orﬂr‘ag‘f?ngcgf%ﬁ“?’g%éF%Wr?gq ar ‘ﬁ/ﬁ%t@ﬁe'ﬁtﬁbwtgﬁuses recessed

lines. Anot hepefaiiEpRe BF B2l chemiidd hABbeal 18ek SrbroRitte sifacelhagRs 1s the
deposi tion of contaminants on the surface of the sem conductor device. Any

cl eani ng sol ulieaagressiiengepeidne cagmistripsiiewaids|tee meta) refultin adigh abl e
conposi ti ap Wablic 8R%SaBClich G balde skl Race of the sem conduct or 10
device. Cleaning solutions that require a rinsing step can also result in
deposi ting cont amAifer commoreproblehmwish clflsbing semitanddeior safdeestis use a
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surface. It is a 0 Clean ana p tor
surface in 1A8nnclsamgy eolstians thebdepasiieres arfewsndleculed ainadesiratde a waf er
surface incl ucgoefnﬁosition will adversely affect the performance of the semiconductor
10  device. Cleaning soiutions that require a rinsing step can also result 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 semiconducior surface in

15  a single step. Some chemistries for planarizing a wafer surface include a
cleaning step foliowed 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 fo

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 quality controi
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
cleaning 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




cleaning step followed by an additional step of rinsing wwth water or an

I nhi bitor solution. Rinsing, particularly with water, can result in |eaving
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 that it |engthens the manufacturing process, conplicates the
process by having to handl e nore chem cals and nore steps, and provides
one nore possi ble source of contam nation or other quality control
problens. Clearly, a process that cleans and protects the surface of the
sem conductor work-piece is desirable. 25 It may al so be desirable to have
a surface wetting agent in the cleanind solution. Surface wetting agents
prevent contam nation of the sem conductor work-piece by helping to stop

spotting of tharkideianeafinatedetrdhigytosR!tRitmédsufDiighd pbit HBRcRUTHLACE.
Spotting (also called watermarks) ©on the 5 surface can saturate netrol ogy

tool s that nedBaskng felketsinifn saaicardustorpikpiepaski ng defects in the
sem conduct or wor k?@rﬁ?eefo_ré:g{bﬁngt Jé%s&ﬁ,?c%ﬂé@ra’b%%ﬁi\{i%% g?laﬁ(aqﬁél rable to

provide an alkaline chemstry that protects the rom-corrosion,
prevents oxi daiestistar thehprotegisibeanetelfrdm serrosienpreweniapxidaliansofdéhé i ci ent | y,

renoves netal dj LG SN | of the prior
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invention makes use of multiple additives to provide a solution that fulfills all
of the above needs.

10
Summary
This invention relates to cleaning chemicals used after Chemical
Mechanical 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 chemisiry results in
efficient particle removal due to the charge on the patticles and their
repulsion from the similarly charged surface. A chelating agent is present




Mechani cal Pl anarization (CWP) of sem conductor substrates containing
netal, particularly copper. Al kaline chemstries are often utilized in a
brush 15 scrubber or nmegasonic cleaning unit for renoval of slurry
particles and organic residues fromthe wafer surface. The current

I nvention is a conposition of a cleaning solution for cleaning a

sem conduct or work-piece that satisfies the need to protect the netal from
corrosion, prevents oxidation of the netal surface, renoves particles
efficiently, renmoves nmetal 20 fromthe dielectric surface, is close to the
pH of the prior CWP step, and does not contam nate the sem conductor
surface. Furthernore, the cleaning and@rotecting the netal surfaces are
conpleted in a single step with a single solution. The cleaning solution

of the curr entyoldapiibi Al Sordltf Bbilitish, kit e kémod ofBl ser b . Of

alkallneCIVPsurr I ca urrles are often stabilized in
the al kal i ne phieleeigicandyirevantingengiaireidepesitienentaitive wafergihg clesaiat i ve
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cleaning sol Ladaoawgérsﬁatqgaatalyzsd by ¢y presérpe-dfebppér, togrtageninirhizat prevents
the oxidation, of ' ttack of the surface by
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the possibility of corrosion. Optionally, wetting agents can be added to

nodi fy the wetting Feefarrgeemhostments Qﬁ@ie@?'ﬁgéﬁlﬂt'%ﬁ‘émﬁﬁﬁ@ £82REgi on.
10  agent, a chelating agent, and a corrosion-inhibiting compound.

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 a. 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, benzoic acid, citric
acid, cysteine, ethylene diamine, glycine, gluconic acid, glutamic acid,
histidine, hydroxylamine, isopropanoclamine, isopropylhydroxylamine,
maleic acid, oxalic acid, salicylic acid, or tartaric acid.

25 Preferred 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 agenis, and/or oxygen scavenging agents, Forming a film on the
metal of the semiconductor work-piece that protects metal surfaces from




Preferred enbodi mnents of cleaning solution conprise a cleaning 1o agent, a
chel ating agent, and a corrosion-inhibiting conpound. The cl eani ng agents
of the current invention efficiently clean the surface of the

sem conduct or work-pi ece by renoving CWP slurry particles fromthe

sem conduct or wor k-piece as well as cleaning residual netal from the
dielectric surfaces. Preferred enbodi nents of cleaning solution include 15
anmoni um hydr oxi de, and/or a tetra al kyl amoni um hydr oxi de as cl eani ng
agents. Preferred enbodi nents of the cleaning solutions of the current

I nvention 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 chelating agents include one or nore

of ~ammoni um C'&)fl@ét%n ﬁm&m%ﬁeﬁﬁ@élag?a?varﬁ?ﬂﬁéhﬁoﬁﬂu@ed laaaa@am@cl d, citric
acid, cysteine, yl ene di am ne cl ne % uconi ¢ aci d, glutam c acid,

hi sti di ne, hydamgftqﬁhmleamgg@t&mﬁmr@tﬁpm’f e SRl SWTRRG TPBXGask ne, mml ei c
acid, oxalic | rred
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to protect thedamedlthlofﬁnasa@ndalmﬂmdjawmg oRnacity Ryeterrefdrapiosionr osi on.
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and/ or oxyden scavéngi ng agenh mng a al of the
sem conduct or [vmﬂstr;azeleecaffm aq:)d,odamamcraetdabyseiné acﬁlagairbxwmnioic axiddat i on,
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surface, or bymseapRPEPichiexNdomerdaptobeRzethiazelbainBaptemettdgihitagblé i ckness
and el ectrical met %gqu hengl %aa nlccééla/ thljgggﬁr];grrof %c]iioga :Ic{/llcsac:d triazole, vanillin,
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 étep. Because the cleaning and corrosion inhibiting is
accomplished in a single step, there is less likelihcod 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 to 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.




5 inhibitors include one or nore of acetam dophenol, am nophenol,

benzotri azole, caffeic acid, cinnamc acid, cysteine, dihydroxybenzoic
acid, glucose, imdazole, nercaptothiazoline, nercaptoethanol,

mer capt opr opi oni ¢ aci d, nercapt obenzot hi azol e, nercaptonet hyli m dazol e,
met hoxyphenol , tannic acid, thioglycerol, thiosalicylic acid, triazole,
vanillin, 10 or vanillic acid. The cleaning solution of the current
invention is alkaline. Al kaline post CW cleaning chem stry is desirable
because some CWVP processes use alkaline slurries. By using an al kaline
cl eaning solution, the problens associated with swinging the pHin the
process equi pnment can be avoided. 15 Préferred cl eaning solutions of the
current invention clean the sem conductor work-piece and protect the netal

surface agai nst corrosion mUég@,-M@ﬁ StAe DrR®ARYsse the cleaning and
corrosion inhibiti acconplished in a single step, there is |ess

n
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corrosi on-i nhiQifd I,Jége%% éﬁtlocﬁh ,ﬁgéﬁttb%rnore val uabl e processing tine is
saved by not Having to an a ditional inhibiting step. Sone preferred

cl eani ng sol uti on enbodi rrents i nclude a surface- active agent, also

referred tq as a sy fAace gxgﬁaﬁ%% ?ﬁéu%ndﬁ%@kﬁ”% gﬁﬂ%@ieégmggrent hel ps

prevent spotting ( er mar surface t sour ce of
cont am nat i on expobidie alpfefertesd embmmmeﬂéuﬁtbem’dmotlm. wor k- pi ece. A
surface-active agent may be a non-ionic, anionic, cationic, zwitterionic or
anphoteric surfactant. 8 Description of the Draw ngs Figure 1 IS an i mage
of a Cu pad on a patterned wafer ex[Dsesiptiona

The present invention is a cleaning solution for cleaning a

10 semiconductor work-piece that is alkaline in nature. The composition of the
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 acetamidophenol and methoxyphenol. The corrosion-inhibiting




preferred enbodi nent of the invention. 5 Figure 2 is an inmage of Cu and | ow
k lines on a patterned wafer exposed to a preferred enbodi nent of the
i nvention. Description The present invention is a cleaning solution for
cl eaning a 1o sem conductor work-piece that is alkaline in nature. The
conposition of the cleaning solution conprises a cleaning agent, a
chel ating agent and a corrosion-inhibiting conpound. Preferred cl eaning
agents include ammoni um hydroxide and a tetra al kyl amoni um hydr oxi de
(methyl, ethyl, propyl, butyl, etc.). Preferred chelating agents include
ammoni um ci trate, 15 ammoni um oxal ate, aspartic acid, benzoic acid, citric
acid, cysteine, ethylene diamne, glyci%e, gluconic acid, glutamc acid,
hi stidine, hydroxylam ne, isopropanolanine, isopropylhydroxylanine, naleic

acid, oxalic aglfly, féﬁéth%rbferéﬁ'c%ant r tioﬁ c% g@se@ﬁ%&?u?@b‘fr es thereof.

Preferred corrosion-in tin i nclu acet am doPhenoI
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For this embodlment a 15X to 25X dilution with de-ionized (DI) water
10  should be made prior to use. Another preferred cleaning solution comprises
tetramethylammonium hydroxide (2.75 wt.%), ethylene diamine (8 wt.%),
and a mixture of acetamidophenol (0.5 wt.%) and methoxyphenol (1.5
wt.%). Still ancther preferred cleaning solution comprises
tetramethylammonium hydroxide (2.75 wt.%), ethylene diamine (8 wt. %),
15  and a mixture of methoxypheno! (1.5 wt.%) and vaniilin (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 weitting 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 conventicnal chemical mixing techniques without

undue experimentation.




agent of another preferred cleaning solution conprises a m xture of

acet am dophenol and vanillin. The corrosion-inhibiting agent of still

anot her preferred cleaning solution conprises nethoxyphenol and vanillin.
One preferred cl eaning sol uti on enbodi nent conprises 5 tetranethyl amoni um
hydr oxi de, ethyl ene diamne, and a m xture of acetam dophenol and

vanillin. One preferred m xture of this enbodi nent conprises
concentrations of 2.75 wt. % tetramet hyl ammoni um hydroxi de, 6 w. % ethyl ene
diam ne, 0.75 wt.% acet am dophenol and 1 w.%vanillin. For this

enbodinment, a | 5X to 25X dilution wth de-ionized (D) water 1o should be

made prior to use. Another preferred cl &ning solution conprises

t et ramet hyl anmoni um hydroxide (2.75 w.%, ethylene diamne (8 w.%, and

a mxture of acetam dophenol (0.5 w g@niplés met hoxyphenol (1.5 w.9%.

Still another preferred cleaning solution conprises tetranethylamonium

hydroxi de (2.75 wt .Tg, present isyentian asillyetratgd\ip mgre defaibwith defersicgrte of

met hoxyphenol i -0 anil-b.i ; 90, . i ng

sol ution errbocff' %ﬁ{oﬁu%ﬁ@%&e\éf %lr?b ?ﬁ&%ﬂ’tﬁ %'é(l)ﬁnati%a?\llj A (gs%%gé{?? r aog{uﬁﬁtgl kal i ne

pH. Even nor e b ednsirued ais dinstingHhe cepizonftthd prasent iakeniion13. The cl eani ng

solution may be supplied in concentrated form or 20 diluted with water or

ot her suitable diluents known to one skilled in the art. One preferred

cl eani ng sol utExamplebladi ment i ncl udes a surface- active agent to pronote

even wetting of the,sem condyctor surface. Preferred odi nent s incl ude,
& JoFEh Y TSR aT o

but are not |inite&EHIC %f?? Aresen [RvERHQn weredppisH HPBhi ¢ or
anmphot eri ¢ surifnpet@ideSspREctrassbpy g:ss foadctsrining hePwordkichlresstancé he art can
produce the cleaning solutions of t, %Ie giﬂélirneentoslt-r(]:\ll\ﬁ:[’]tclleg:Qerg.s |Brllégnk%?nvent i onal
chemical ni xi F@MREEMhiaERIBMEIGHY gvaila P )
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  values 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 to
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:
ih a second study, patterned Cu/low k and blanket copper wafers
were exposed to chemicals of the present invention as well as

commercially available alternatives, in order to determine the




undue experinentation. 10 Exanples The present invention is illustrated in
nore detail with reference to the follow ng Exanples; which are for
illustrative purposes and should not be construed as limting the scope of
the present invention. 5 Exanple 1: Chem cals of the present invention were
tested by el ectrochem cal inpedance sprectroscopy (EIS) to determne their
corrosion resistance conpared to comrercially avail able al kaline post-CW
cl eaners. Bl anket 1o copper wafers were imrersed in dilutions of the

chem stries and connected to an electrochem cal cell. The open circuit
potential was neasured as a function of tine to determ ne the steady state
conditions for wafers exposed to each dhenistry. Once the steady state
condition was found, AC voltages were applied to each wafer and resi stance
and capaci t ancgockas3iries olhch aftirfitd] 38latthtichia b WeppdlmeaRbPay On the
corrosion ratesan resi stances of each chem cal. Corrosion resistance of
a preferred -esfficidhinaiean, die chamistny skeottd be efectivermt gemplexingstappdr ins 25, 843

OChns-cnR.  Cor ' gk f ] ' oduct were
measur ed at 1@%%%%@@%&@%%%@% esu: E% Eﬂg?é%%?@éc é#mgllraés"ﬁ? g{%e that the
present 20 i nvieslanece withosorobsionainhibijioaito peyperexcess mnaval pEsariahce when

conpared to connerci al l.y avail abl e .a| kal |. ne ?:NP clean. A higher
corrosion % esir@pgllﬁ%goqpser*lﬁ%rf%ﬁﬁgyﬁ'uﬂbél?%lt{ep%geﬁ% CORRES “falrr]%-m t he
i nterconnect | pisess wers adpbbed® dintipfeyfaikalinb ehénisids fons efinliteeand
ductivit [ h ' h ' h f f th
gggpg(r: ::”neg 5 gﬁ Iaﬁglyzeséj l():y Aﬁ)sinic%lrc(:jeeﬁlic?gs%opy ?Alﬂ\)ﬁ)l d(?gbpe?'rl!egt]ior?s 8# {heace ot the
wafer can then be scanned to determine the extent of roughening caused

by the chemistry. Figure 1 shows a 20 x 20 micron AFM scan of a copper

10 pad on a patterned wafer exposed to 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 to an initial
value of 1.0 nm, demonsirating 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 acetamidophenol + 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.




25 Exanple 2: In a second study, patterned Cu/low k and bl anket copper
wafers were exposed to chem cals of the present invention as well as
comercially available alternatives, in order to determine the 11

aggr essi veness of each chem cal in attacking the copper |ines. For an
efficient clean, the chem stry should be effective at conpl exi ng copper in
solution to facilitate renoval fromthe dielectric regions, but should be
bal anced with corrosion inhibition to prevent excess renoval of material 5
fromthe copper lines. To study this behavior, patterned copper wafer

pi eces were exposed to dilutions of alkaline chemstries for 5 m nutes and
t hen anal yzed by Atomic Force M croscopy2(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 o0 pad
on a patterned wafer exposed to a 1:20 dilution of a preferred enbodi nent

of the present invéfhpesh freaireesantinvpntiemianbesn dRrsribd econsicerabie ene
diam ne + acethAgairaginte KA BroferkfvdRibhd SAHISHeersibhit S T edi on

foll owi ng chem cal exposure iIs m conpared to an initial value of 1.0
nm denonst r atdragossible. Forexaimpié, dhe gompogjten may baghaticed iea proasssf ace and

i ghl i QNS of Ny CORRSY 00808 o dindl O % aiRbo SHRSIBRGA b ld B kor t e

copper.. Thi"s inforna h conbi hie measur copper
di ssol ved i nt avarklipidcies mad bei atgomnplshexEd aureetygif voncentmmtians obfleardogrpar i son
of the chem str'%s of the

br oduct s. 20" KBRS BPSraIpiecaearoeE i ertaf B e diee mefial o
studi ed by used to clean a variety of surfaces, including but not limited to surfaces
~ containing copper, silicon, and dielectric films. Therefore, the spirit and
10  scope of the appended claims should not be limited to the description of
one preferred versions contained herein. The intention of the applicants is
to cover all modifications, equivalents, and alternatives falling within the

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




AFM fol | om ng exposure to dilutions of alkaline post CWP cleans. Figure 2
is. an exanple of a region of alternating copper (light regions) and | ow k
(dark regions) lines on a wafer cleaned with a preferred enbodi ment of the
present invention (Tetramethyl amoni um hydroxi de + ethyl ene dianm ne + 25
acet am dophenol + vanillin). The copper lines of Figure 2 are not
substantially recessed by the cleaning solution. The chem stry is capabl e of
preserving the integrity of the copper lines during the cleaning process,
removi ng particul ate, organic and disstd ved copper residues w thout
attacking the copper to result in detrinental line recess. 12 Al though the
present invegiamshas been described in considerable detail wth reference
to certain preferred versions thereof, other versions are possible. For
exanpl e, the conposition nay be practiced in a process 5 other than
post-CMP cl eanin In Ltdan, §ﬁ$g- 1 uct or wor k- pi eces
can be. acconpli sg1e'd atﬁ?l g%/ta(%p?gtc&ég&gcc%ncens'[h?)arﬁfog%gegg&%gjeani ng solution,

t enper at ur e serdicontiton work-pises afterratieast ond &N veanufasiunngystep, used to
clean a variety of surfaces, including but not limted to surfaces

cont ai ni ng cgﬂﬁeﬁ?n%ilicon, and dielectric films. Therefore, the spirit and
to scope of the apendedeshing agesthankbebimedidtedning dgshttconiphigeslascri ption of
one preferred versions contalned herein. The intention of the applicants is
to cover all nodificatiP®halkyeRmer|usnhydrogifg: al t ernatives fal ling within

the spirit and pe i i ; dedl rﬁ@{g@gded cl ai ns.
13 CLAIMG 1 A Dbt a?ﬁ*ﬁ%ﬁ‘gaﬁéﬁgwé‘%%ﬁﬁ?@ TheRfiflg Ryehiiey ng a

sem conduct or wor k- pi éthkyleite épmine;lasdst one CVMP nanuf acturing step,
{c) a corrosion-inhibiting compound, wherein said corrosion-

inhibiting compound comprises acetamidophenol.

2. The composition of claim 1, wherein said corrosion-inhibiting
compound comprises a mixture of the acetami-dophenol and at least one
other chemical selected from the group consisting of aminophenol, caffeic
acid, cysteine, dihydroxybenzoic acid, glucose, imidazole, mer-
captothiazoline, mercaptoethanol, mercaptopropionic acid,
mercaptobenzothiazole, mercaptomethylimidazole, methox-yphenol, tannic

acid, thioglycerol, thiosalicyclic acid, triazole, vanillin, and vanillic acid.
3. The composition of claim 1, further comprising a diluent.

4, The composition of claim 1, further comprising a surface-

active agent.

5. The composition of claim 4, wherein said surface-active
agent is selected from the group consisting of non-ionic, anionic, cationic,

zwitterionic, and amphoteric surfactants, and mixtures thereof.




conprising: (a) a cleaning agent, wherein said cleaning agent conprises a
tetra al kyl ammoni um hydroxi de; (b) a chelating agent wherein said

chel ating agent conprises ethylene diamne; and (c) a corrosion-inhibiting
conmpound, wherein said corrosion- inhibiting conpound conprises

acet am dophenol . 2. The conposition of claim1l, wherein said
corrosion-inhibiting conpound conprises a mxture of the acetam -dophenol
and at | east one other chem cal selected fromthe group consisting of

am nophenol, caffeic acid, cysteine, ™ hydroxybenzoic acid, glucose,

i m dazol e, mer captothiazoline, nercaptoethanol, nercaptopropionic acid,

mer capt obenzot hi agol e, THERéRRISRTRL P dif fadfiréin the bROX b¥RMdbot anni ¢
aci d, thloglgcerol, t hiosalicyclic acid, triazole, vanillin, and vanillic

acid. 3. The9d&®apedit3 on of claim1, further conprising a diluent. 4. The
conposition of claiml1, further conprising a surface- active agent. 5. The
conposition of claim4, wherein said surface-active agent is selected from
t he group consi sti.ng ofhen@nmapasition, of ki, syhecaihisaiti ayrrosiowi-inhiitingni ¢, and
anphoteric surfactrfaggtts and m'.xtureil.thereof. 14 6. The conposition of
claim1, wheFd'KOY uBtp‘eggorB%rf%gev NBWbut 9 to about 13. 7. The conposi tion
of claim1, wherein said corrosion-inhibiting conpound further conprises

vanillin. 8. The conpagsition of claim?7, further conprising a diluent.
8. The composition of claim 7, further comprising a diluent.

9. The composition of claim 7, further comprising a surface-

active agent.

10.  The composition of claim 9, wherein said surface-active
agent is selected from the group consisting of non-ionic, anionic, cationic,

zwitterionic, and amphoteric surfactants, and mixtures thereof.

11.  The composition of claim 1, wherein said corrosion-inhibiting

compound further comprises methoxyphenol.
12, The composition of claim 11, further comprising a diluent.

13.  The composition of claim 11, further comprising a surface-

active agent.

14.  The composition of claim 13, wherein said surface-active
agent is selected from the group consisting of non-ionic, anionic, cationic,

zwitterionic, and amphoteric surfactants, and mixtures thereof.

15.  The composition of claim11, wherein said corrosion-inhibiting

‘compound further comprises vanillin.




9. The conposition of claim?7, further conprising a surface- active agent.
10. The conposition of claim9, wherein said surface-active agent is
selected fromthe group consisting of non-ionic, anionic, cationic,
zwitterionic, and anphoteric surfactants, and m xtures thereof. 11. The
conposition of claim1, wherein said corrosion-inhibiting conmpound further
conpri ses net hoxyphenol. 12. The conposition of claim 11, further
conprising a diluent. 13. The conposition of claim 11, further conprising
a surface- active agent. 14. The conpogtion of claim 13, wherein said
surface-active agent is selected fromthe group consisting of non-ionic,
anionic, cationic, zwitterionic, and anphoteric surfactants, and m xtures
t hereof. 15. The conpgsition of clainll, wherein said corrosion-inhibiting
conmpound further Honpriheeompasition of claim 15 further sorpripitgia dibienbf cl ai m 15,
further conprising a diluent. 17. The conposition of claim15, further
conprising a surface- active agent. 18. The conposition of claim17,

wher ei n sai d sur ftte- ddiei coenpasiomt ofickimel 5 furteer tooprising aswigeeeonsi sti ng of
non-i oni c, anitoni C, {:ati onic, zwitterionic, and anphoteric surfactants,
and ni xt ur es®¥'HEAISH™ 19. A nethod for the cleaning a sem conductor

wor k- pi ece after at |east one CMP manufacturing step, the nethod
conprising the steps of: (a) providing a sem conductor work-piece; and (b)
contacting said sthi cdh@uronositional siaide! wmheren spidasuiriage-active

agent is selected from the group consisting of non-ionic, anionic, cationic,

zwitterionic, and amphoteric surfactants, and mixtures thereof.

19. A method for the cleaning a semiconductor work-piece after
at least one CMP manufacturing step, the method comprising the steps of:
(a)  providing a semiconductor work-piece; and
(b)  contacting said semiconductor work-piece with a cleaning
solution after at least one CMP manufacturing step, said
solution comprising
(i) a cleaning agent, wherein said cleaning agent
comprises a tetra alkyl ammonium hydroxide;
(i} a chelating agent wherein said chelating agent
comprises ethylene diamine; and
(i)  a corrosion-inhibiting compound wherein said
corrosion-inhibiting compound comprises

acetamidophenol.

20. The method of claim 19, wherein said semiconductor work-

piece comprises a metal ling, a barrier material, and a dielectric.

21.  The method of claim 20, wherein said metal line comprises

copper.




solution after at |east one CMP manufacturing step, said solution
conprising (i) a cleaning agent, wherein said cleaning agent conprises a
tetra al kyl amroni um hydroxide; (ii) a chelating agent wherein said

chel ating agent conprises ethylene diamne; and (iii) a
corrosion-inhibiting conmpound wherein said corrosion-inhibiting conpound
conpri ses acetam dophenol. 20. The nethod of claim 19, wherein said

sem conduct or work- piece conprises a netal line, a barrier nmaterial, and a
dielectric. 21. The method of claim20e wherein said netal |ine conprises
copper. 16 22. The method of claim?21, wherein said barrier materi al
conprises materials selected fromthe group consisting of Ta, TaN, Ti, TiN,
W and WN. 23. The nethod of claim 19, wherein said corrosion- |nh|b|t|ng
conpound further %%npfﬂyé@eﬂﬁﬂﬁﬁﬁkwﬁéﬁoWhegﬂﬂSaﬁéxﬁﬁ@mmamﬂﬁlclaln119

wher el n sai deRblos e Ay ALADoRATBONT, LlddEh GAIPThReS YRR 111 25

The nmethod o sard co tonpound further
conpri ses vaW,ldndVWWN26. The net hod of claim 19, vvherel n sal d cl eani ng
solution further conprises a diluent. 27. The nethod of claim 19, wherein

sai d cl eaning solution
23.  The method of claim 19, wherein said corrosion-inhibiting

compound further comprises methoxyphenol.

24.  The method of claim 19, wherein said corrosion-inhibiting

compound further comprises vanillin.

25.  The method of claim 23, wherein said Cerosion-inhibiting

compound further comprises vanillin.

26. The method of claim 19, wherein said cleaning solution

further comprises a diluent.

27.  The method of claim 19, wherein said cleaning solution

further comprises a surface-active agent.

28. The method of claim 27, wherein said surface-active agent is
selected from the group consisting of non-ionic, anionic, cationic,

~zwitterionic, and amphoteric surfactants, and mixtures thereof.

29. A post CMP cleaning composition for cleaning a
semiconductor work-piece after at least one CMP manufacturing step,

comprising:



further conprises a surface-active agent. 28. The nethod of claim 27,
wherein said surface-active agent is selected fromthe group consisting of
non-ionic, anionic, cationic, zwtterionic, and anphoteric surfactants,

and m xtures thereof. 29. A post CWP cleaning conposition for cleaning a
sem conduct or work-piece after at |east one CVP nmanufacturing step,
conprising: 17 (a) cleaning agent, wherein said cleaning agent is selected
fromthe group consisting of anmoni um hydroxi de, and a tetra al kyl ammoni um
hydroxi de; (b) a chelating agent, wher#i n said chelating agent is selected
fromthe group consisting of ethylene diam ne and isopropanol an ne; and

(c) a corrosion-iahi bididarhecagapunterei &l cleafiigthgeaf saiddfed fbbI ti ng
conmpound i s sel ected fromthe group consisting of acetam dophenol and

met hoxy phenofh® FOUP Fersistigs ammemuek ek axids. Zﬁg‘d lstiaaf eREn@HeMat i ng agent
i's isopropap@rayee and further conprises gluconic acid.

(b}  achelating agent, wherein said chelating agent is selected
from the group consisting of ethylene diamine and isopropanolamine; and

{c)  acorrosion-inhibiting compound, wherein said corrosion-
inhibiting compound is selected from the group consisting of

acetamidophenol and methoxyphenol.

30.  The composition of claim 29, wherein the chelating agent is

isopropanolamine and further comprises gluconic acid.




