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imparting significant organic (such as carbon) contamination to the semiconductor

20  work-piece. Furthermore, it is desirable to protect the metal surfaces from corrosion
by various mechanisms such as chemical etching, galvanic corrosion or photo-
induced corrasion. Corrosion of the metal surfaces resuits in metal recess and
thinning of the metatl lines. Acidic cleaning solutions are often quite efficient at
removing organic contamination from the wafer surface and complexing residual

25  copper. Thus itis desirable have a cleaning solution that is effective in the moderate
to low pH regime. Acidic chemistries are typically utilized in a brush scrubber or
megasonic cleaning unit for Post-CMP cleaning.

A cleaning solution may contain various chemicals that perform difierent

functions during the cleaning process. A cleaning solution must contain a “cleaning

30 agent.” A “cleaning agent” is the component of solution that removes residual CMP
slurry particles, typically particles of metal, from the surface of the semiconductor

” R

work-piece. A cleaning solution may also contain “chelating agents,” “corrosion-

inhibiting compounds,” and/or “surface-active agents.” A “chelating agent” helps
prevent re-deposition of removed metal onto the semiconductor work-piece by




prevent re-deposition of renoved netal onto the sem conductor work-piece by
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semiconductor device. Therefore, it is important to protect the metal surfaces from

20 corrosion by forming a suitable corrosion resistant film on the surface of the metal.
Some cleaning solutions available in the art do not provide a film forming agent, and
thus suffer from a high static etch rate and/or higﬁ RMS value.

The cleaning solution’s corrosion preventing abilities are quantified by
measuring the static etch rate or the surface roughness (quantified by RMS, root

25 mean square, value) of a metal surface that has been cleaned with the subject
solution. A high static etch rate indicates dissolution of the metal surface is occurring.
A high RMS value indicates a rough surface caused by attack of the metal. An
effective protective film reduces the corrosion of the metal as indicated by static etch
rate and RMS values after cleaning. The corrosion resistance of a cleaning solution

30  can also be directly measured using electrochemical means known to those skilled in
the art.

One preferred method of protecting the metal surface from oxidation corrosion

is by passivating the metal surface after or during cleaning. Some existing acidic




rate and RVS val ues after cleaning. The corrosion resistance of a cleaning
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devi ce cofdpiadrigh¢hemicals are referred to as “chelating agents,” Cleaning solutions using
chemistry that cannot complex the residual metals typically perform poorly at the
desired cleaning task. Thus, it is desirable to have a cleaning solution capable of
)0 removing and complexing the dissolved metal in the cleaning solution.

Another common problem with cleaning semiconductor surfaces is the
deposition of contaminants on the surface of the semiconductor device. Any cleaning
solutions that deposits even a few molecules of undesirable composition, such as
carbon, will adversely affect the performance of the semiconductor device. Cleaning

)5  solutions that require a rinsing step can also result in depositing contaminants on the
surface. Thus, it is desirable to use a cleaning chemistry that is will not leave any
residue on the semiconductor surface.

It may also be desirable to have a surface wetting agent in the cleaning
solution. Surface wetting agents prevent contamination of the semiconductor work-

30 piece by helping to stop spotting of the surface caused by droplets clinging to the
surface. Spotting (also called watermarks) on the surface can saturate metrology
tools that measure light point defects, thus masking defects-in the semiconductor

work-piece.




?5 solutions that require a rinsing step can also result in depositing
contam nants on the surface. Thus, it is desirable to use a cleaning
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ammonium oxalate, aspart:c acid, benzoic acid, citric acid, cysteine, glycine, gluconic
acid, glutamic acid, histidine, maleic acid, oxalic acid, propionic acid, salicylic acid, or
tartaric acid, or combinations of more than one of these cleaning agents. The

20 corrosion-inhibiting compound is either ascorbic acidbenzotriazole, caffeic acid,
cinnamic acid, cysteine, glucose, imidazole, mercaptothiazoline, mercaptoethanol,
mercaptopropionic acid, mercapfobenzothiazole, mercaptomethylimidazole, tannic
acid, thioglycerol, thiosalicylic acid, triazole, vanillin, or vanillic acid, or combinations
of more than one of these corrosion-inhibiting compounds.

25 The cleaning agents of the current invention are also chelating agents. The
cleaning action of the current invention efficiently removes residual particles from the
surface of the semiconductor work-piece and also complexes the metal that is
removed in solution. Thus the cleaning efficiency is improved by presenting metal
from re-depositing on the semiconductor work-piece surface.

30 The corrosion-inhibiting compound of the current invention protects the metal
of the semiconductor work-piece from oxidation, and corrosion. The corrosion-
inhibiting compounds are effective at forming a film on the metal of the
semiconductor work-piece that protects metal surfaces from chemical, galvanic and
photo-induced attack during and after the cleaning step. One preferred embodiment
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cl eaniaggnts alist refarredtd udes aurfacefweettn gcagard. The surface-active agent helps

prevent spotting (watermarks) on the surface that can be a source of contamination

or hide defects in the semiconductor work-piece.

DESCRIFPTION
The present invention is a cleaning s olution for cleaning a semiconductor
work-piece. The compasition of the cleaning solution comprises a cleaning agent
and a corrosion-inhibiting compound. Preferred cleaning agents are ammonium
,  citrate, ammonium oxalate, aspariic acid, benzoic acid, citric acid, cysteine, glycine,
gluconic acid, glutamic acid, histidine, malei ¢ acid, oxalic acid, propionic acid,
salicylic acid, tartaric acid, or mixtures thereeof. Preferred corrosion-inhibiting
compounds are ascorbic acid, benzotriazole, caffeic acid, cinnamic acid, cysteine,
glucose, imidazole, mercaptothiazoline, mercaptoethanol, mercaptopropionic acid,
I mercaptobenzothiazole, mercaptomethylimi dazole, tannic acid, thioglycerol,
thiosalicylic acid, triazole, vanillin, vanillic acid, or mixtures thereof.
Preferred cleaning solutions may coratain mixtures of more than one cleaning

agent. Furthermore, preferred cleaning agents may perform more than one function.




agent, also referred to as a surface-wetting agent. The surface-active
agent hel ps prevent spotting (watermarks) on the surface that can be a
source of contam nation or hide defects in the sem conductor worKk-piece.
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may be supplied in concentrate orm or lute
not limited to, non-ionic, anionic, cationic, zwﬁfterlomc or amphoteric surfactanis or

mixtures thereof.
One skilled in the art can produce the cleaning solutions of the current
20 invention using conventional chemical mixing technigques without undue

experimentation.

EXAMPLES
The present invention is illustrated in more detail with reference to the
25 following Examples, which are for illustrative purposes and should not be construed
as limiting the scope of the present invention.
EXAMPLE 1
Chemicals of the present invention were tested to determine the particle
removal efficiency compared to commercially available acidic post-CMP cleaners.
30 Blanket copper wafers were contaminated with a commercially available Barrier
CMP slurry comprised of silica particles. The wafers were then cleaned with
samples of the chemicals of the present invention in a megasonic tank followed by
rinsing and spin rinse drying. A control wafer that was not exposed to any slurry
particles, as well as a contaminated wafer that was only cleaned with DI water vwere




water or other suitable diluents known to one skilled in the art. 15 One
preferred cleaning solution includes a surface-active agent to pronote
even wetting of the sem conductor surface. Preferred enbodi nents include,
but are not limted to, non-ionic, anionic, cationic, zwitterionic or
amphot er i VAMWHBBAnt s or nixtures thereof. One ski | PEHENPSOIS ¢ can
produce the cl eaning solutions of thée current 20 invention using

conve c t tion.
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refer @ﬁ@éﬁ\taﬁleﬁh@f Cﬂ@ embpbdivieny obtagrpiressnt whvemioar at ferpoyal| efstesisitpl e

pur po e [ pr esent
venti O PR din 1At c8RpEoRTcH s, Bompatid (6 LARTRASRA, Aol 047G
det er miltematige. paing iparticle conmsadn def walfesfrrdgaoedpﬂﬂ‘ed?e cheoister of #id y

avai | abl e aci di ost - C\VP I ean t fer

cont arﬂrﬁsﬁr@dm{/ﬁ”?ﬂga[n%%sr%q Yal P né%ﬁ %g%'l & ré;é)?rslifafp%%‘ée \é\:?ergrc?/os‘gg{r’?p“ sed of
si i cahgwy of Qh@amcaih@nwaétea swaver enthiewec lteanethewivtafer slaapdd withf thehe

chem cal s of. resFE&"J' avent ion in a negasonic tank followed by rinsing
and spCHR¢ @ cofttol wafer that was not exposed to any slurry
particles, as vveII as a contam natseek wafer that was only cleaned with DI
wat er were WO 2005/ 093031 PCT/ 1 B2005/000165 7 included in the study for
conpari son. The—+esw-ts-shownin Tablet-dermppst+ate—the—effectiveness of
one enbodi nent pf the present invention a 2 T‘P\t!al$ edi dual slurry
particles fromphe cdpgapinsubhgsdsty conp red'“i o p EBfEnerdcially avail able
alternative. The particle counts on the wafei#lcl ean# witlh the chemistry of
the i present inventionConraslvesfeby a st aphdard2KLA- TROgicqr SP1 reci pe were
close to thosel of Thepngaiadicdal €d Wal pr 6gad11 pveg4dngqn the wafer
cleaned with th C?;'Hfﬁﬁﬁréialﬁe%fstWS[ -PYRggd=Ean 1388’94 1 Defect Totals

Citric + Ascorbic + Cysteine 1457 1451

) Table 1: SP1 particle removal data for Cu wafers exposed
to silica particle slurries and cleaned with DI water, a
commercially available product =and a preferred
embodiment of the present invention. “ All" means the total
of all defects. “Lpd” means light point defects. “[#]" means

j number.

EXAMPLE 2
In 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 efficiency of chemicals in protecting copper
and barrier materials from corrosion and dissolution. Table 2 shows one set of data
from these experiments, illustrating that a preferred embodiment of the present
~invention is much more effective at preventing barrier dissolution (example of
prevention of galvanic corrosion) than a commercially available acidic post-CMP
i cleaner. The data also suggest that this chemical is also more protective of the
copper against corrosion, and yet is still capable of cleaning the particles from the

surface more efficiently as evidenced by Example 1.




Cleaning Chem stry All Lpd [#] [#] Control Wafer 742 706 DI Water C ean
65431 65402 Commercial Chem stry 1852 1368 Citric + Ascorbic + Cysteine
1457 1451 Table 1: SPl1 particle renoval data for Cu wafers exposed to
silica pargj rries and cleaned with DI water, a ially

avai l abl e \Blr)gb u@?éoglnd a preferred egbodinent of the EFE@%@%\%&%H on.
"All" nmeans the total of all defects. "Lpd" neans |ight point defects.
"[#]" means nunber. EXAVPLE 2 | n Raigegond study, patterned Cu/low k and
bl anket copper wafers were exposed to chemicals of the present invention
as well as commercially available alternatives in order o determne the
efficiency of chemicals in protecting copper CHnd hBanrier terials from
corrosi on and di §sol utGleanin@GaBhemstsihiows one(ppdd df Gapll from t hese

experiments, ill yst Citic rAdcantic & Qystbiper ed erogdi nent<m§ the present
invention is much Norgghi&EEl FBemistRf EVENL I Ngq bar|i i €B4di spol ution (exanpl e
of prevention ol t f f avai | abl e acidic

post-CMP cleaner. The data al so suggest that this chemcal is also nore

protective of th&ablgoEpeCopysri it GariadsiddRoludad yahbers 36 |1 | capabl e of
cl eaning the parti the surface nore efficient]y as evidenced by

ticl f
Exanple 1. WO 208%%@5%63&’3%/?@2’69%/ @@m@eﬁﬁﬁgl’ea‘@'%ﬁ'e%r rier O eaning

Chesi stry (ppb) papit &Ad rd CprefdewP hBodimeist i Mige 2Prederi0- 5 Commer ci al
Chem stry 41 34 Table 2: Copper_ and barrier dissolution nunbers for
invention.  The preferred embodiment is capable of

protecting the barrier material from galvanic corrosion.

Although the present invention has been described in considerable detail with
10 reference to certain preferred versions thereof, other versions are possible. For
example, the composition may be practiced in a process other than post-CMP
cleaning. In addition, the cleaning of semiconductor work-pieces can be
accomplished at a variety of concentrations of cleaning solution, temperature and
conditions. Furthermore, the invention may be used to clean a variety of surfaces,
5 including but not limited to surfaces containing copper, silicon, and dielectric films.
Therefore, the spirit and 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, equivalenis, and alternatives falling within the
spirit and scope of the invention as defined by the appended claims.




patterned wafers exposed to a comercially available 5 product and a
preferred enbodi nent of the present invention. The preferred enbodi nent is
capabl e of protecting the barrier material from gal vanic corrosion.

Al t hough the present invention has been described in considerable detail
with 10 PWEX8P¥N¥S1to certain preferred versions the&GB28YHRISS ver si ons
are possible. For exanple, the conposition may be practiced in a process
ot her tda@ost-CVP cleaning. In addition, the cleaning of sem conductor
wor k- pi eces can be acconplished at a variety of concentrations of cleaning
solution, tenperature and conditions. Furthernore, the invention may be
used t d.cheampasitian fetcleapingsusdnaicesducts warlsipiegentjelsampasitioni m ted t o
surfaceér{ﬁ&r% ni ng copper, silicon, and dielectric filns. Therefore, the
spirit rgdpe of the appended claims should not be linited to the

desari pt i @oleahingragept, wﬂwermreelaide:minmggeuhlsaielmtbdfewr&itha grobip i ntention of

t he ppllcant5|sto dlflcatl u

al ternatives fRNFEHY %’:qrﬂmﬂmy%m a5 gm{nogmﬁxﬁ] 8%%%% %ﬁp%{ﬁ@éé%}%ﬂ? P6n as
defined by th%oﬁp@&?@@adlcdyatem gw@néo@ﬁé@ﬁaaam @(IfémchaaaamWS 9 CLAI M5
: 1. A conposition for cleani a.sem c ct or j ece e conposition
conpri sing: 5 M2EIC HéalESg?éff{]%r%%W%F‘ﬁ' 'ﬁyilﬂaec\:'ﬁtﬂéap Feit @ Pg sel ected
fromthe groupnixa@esinstddrtRf amoni um cit rat e anmmoni um oxal ate, aspartic

acid, benzoic acid, citric acid, cysteine, CI n@) | uconi c  acid,
gl Ufani c 2EPESIoN-4iiRiNgecomnpang; ‘@h%F@IrbGa'%R%rq’% rh@f' 't‘nngBB]p@HF‘é'Sam d,

salicylic aci dedopdd %m(ihéiﬁr'oqp cBRSlstind oftadE8Sid d, ehzotARbld Caffsic

corrosion-inhibiting conpound, wherei'n said corrosion- i nhi biting conmpound
is selected fackhcimemit @i wsiediss olusgsaimidsgsiepmercaptothiazlingot ri azol e,

caffeic acid, éfﬂca&@a!h%n@icargma@@r@quaﬁc B FRPGptdEhSGRRLSle,

mer capt ot hi azol ine. - mer capt oe merca toprop| oni ¢ aci d,
mer capt obenzotrmerazbﬂomethm&mrdeapleoteémma!dnﬂaaglac@o! t'ﬂ@ﬂﬁ“@yhécﬁctﬂi, t hi ogl ycerol,

thijgsal i eyl i ¢ agifl, AR Lk SoicVaMH hhidhos YRbbA 1 ¢ aci d. and mixtures

t hereof .
2. The composition of claim 1, further comprising a surface-active agent.
3. The composition of claim 2, wherein said surface-active agent is selected from
20 the group consisting of non-ionic, anionic, cationic, zwitterionic, and amphoteric
surfactants, and mixtures thereof.
4. The composition of ciaim 1, further comprising a diluent.

25 5. The composition of claim 1, wherein the pH is between about 2 to about 6.

6. The composition of claim 1, wherein said cleaning agent comprises ammonium

citrate.

30 7. The composition of claim 6, wherein said corrosion-inhibiting compound

comprises ascorbic acid.

8. The composition of claim 7, further comprising cysteine.




2. The conposition of claim1, further conprising a surface-active agent.
3. The conposition of claim2, wherein said surface-active agent is
selected from 20 the group consisting of non-ionic, anionic, cationic,

Zzwitterioqi nphoteric surfactants, and m xtur I 4. The
ot AoghiRiRile 3. 00

conposi ti arm 1, further compyising a diluent. onposi tion
of claim1, wherein the pH is between about 2 to about 6. 6. The

conmpos, ttﬁ@c@:ttpeéuﬁd:ﬂrbflolammrfeﬁtﬁera:@h@nglhgmmc@gmtvecéymtI ses amoni um
citrate. 30 7. The conposition of claim®6, wherein said

corrosion-inhibiting conpound conprises ascorbic acid. 8. The conposition

of cl ajgnrhe chHf bEﬁbn &P BRI §' RHer@i SRl Qﬁfac\é@c%@@%g%%@%éel@%&ﬁ%ﬁ%/ 000165

10 9. The conposition of claim8, further conprising a surface-active
agent th&groum@netsmgf BOIPNis, anuoaicmtaglonus)héwéteﬁoﬁm, ang @mpiwderict i ve agent is

SelSECts%gfaf:{aﬂ{Q ahg?mgt[lﬂe Hh&%@)?l sting of non-ionic, anionic, cationic,

ZzZwWwtterionic teric’5 surfactants, and m xtures thereof 11. The
conmposi tion of claim 10, further conprising a diluent. 12. The conposition

of cl furth I rca ro nic acid. 13. The

corrpos1 éﬁcgfnpgp P%Oﬁgg' P’F'ﬂgf}e Hgolnl“sggr?g@,g%gﬁrface active agent. 14. The
conposi tion of claim13, wherein said surface-active agent is selected from
t he grQup, consistij.n f no ani oni ¢ tio terionic, and
bt 1B COTRRRLET shelal Attt hessopTtRls eheraRte FBPORIEA bimos <1 on of
claim 14, further conprising a diluent. 16. A nmethod for the cleanl ng a

sem conductor wor ece, the t hod conpri si the ste providing a
sem cor%JE?&P“\H@?‘PQ’EPE@@',m 3%&9&5@59@@%@”& Bs%tﬁlagﬁtﬁ%\teoﬁ’gﬁr k- p| ece with a

cl eani ng sol ution conprising: a cleaning agent, wherein said cleaning

agent is selected fromthe gr oup . consi sting of amonj um ci trat e, ammoni um
oxal at'¥. The sarppsitiar pclaim panyksreingaidsuricercivaagent yasiested Mol yei ne,

gl uconp¢ gafiphongisHiG B forffonfh, anionic, cationic, zwitterioric, and amphoteric

5  surfactants, and mixtures thereof.
15. The composition of claim 14, further comprising a diluenk.

16. A method for the cleaning a semiconductor work-piece, £he method comprising
) the steps of:
providing a semiconductor work-piece,
contacting said semiconductor work—biece with a cleaning solution comprising:
a cleaning agent, wherein said cleaning agent is selected from the group
consisting of emmonium citrate, ammonium ox alate, aspartic acid,

benzoic acid, citric acid, cysteine, glycine, gluconic acid, glutamic acid,

bl

histidine, maleic acid, oxalic acid, propionic aci d, salicylic acid, tartaric
acid, and mixtures thereof; and

a corrosion-inhibiting compound, wherein said corrosi on-inhibiting compound
is selected from the group consisting of ascorb ic acid, benzotriazole,

) caffeic acid, cinnamic acid, cysteine, glucose, i midazole,
mercapfothiazoline, mercaptoethanol, mercaptopropionic acid,
mercaptobenzothiazole, mercaptomethylimida=ole, tannic acid,
thioglycerol, thiosalicylic acid, triazole, vanillin, vanillic acid, and

mixtures thereof.




hi stidine, maleic acid, oxalic acid, propionic acid, salicylic acid,
tartaric acid, and m xtures thereof; and a corrosion-inhibiting conpound,
wherein said corrosion-inhibiting conpound is selected fromthe group
conS|st|nq, Jﬁﬁggib is acid, benzotriazole, caffeic,@Hrbhoskdolidam ¢ acid,
cystei ne, i m dazol e, nercgptothiazoline, nercaptoet ano
nercaptoproplonlc acid, mercaptobenzot hi azol e, nercaptonethyllnldazole,
tanni c acid, thioglycerol thiosalicylic acid, triazole, vanillin,
vanillic acid, and mxtures thereof. WO 20 102 1 PCT/1B2005/ 000165 11
15 T HRTIHISR G T So oK 1, CeaM IO BIAN R TEbFI BT ¢ her

CoNpri §&faca- ac‘ii‘c}éfaﬁﬁﬁrs@édté@fr@fﬁ% gfRbeehsRtihg emdnbienigr Mighiconsi sti ng of
non-ionic, anioni¢, cationic, zwtterionic, and apphoteric surfactants,

and i satignies zwiiterienic, ami a@phataec pwTarsantssand @Pﬁﬁ"lr%t eW?ér ein said cleaning
solution further conprises a diluent. 19. The nethod of claim 16, wherein
said sem conductor work-piece conprises a tO netal line, a barrier

mat er i 48., Thenethodi alclainriBewh@ein SHie cleaningdsobition Iferther compiigasrai n sai d et al
l'i ne cgﬂ}% éses copper. 21. The nmethod of claim 20, wherein said barrier
mat er i 5"rrpri ses materials 15 selected fromthe group consisting of Ta,
TaN, Ti, TiN, W and WN. 22. The method of claim21, wherein said cleaning

29T e DRt e . BhisRl s SomiPradls: TRhM o ES e et hod
of 16! aetd Bne WB&EINB &1, e@dmodiélestricnhi bi ti ng conpound further conprises

cystei ne.
1

20.The method of claim 19, wherein said metal line comprises copper.

21. The method of claim 20, wherein said barrier material comprises materials

5 selected from the group consisting of Ta, TaN, Ti, TiN, W, and WN.

22. The method of claim 21, wherein said cleaning agent comprises ammonium

citrate.

20 23. The method of claim 22, wherein said corrosion-inhibiting compound comprises

ascorbic acid.

24. The method of claim 23, wherein said corrosion-inhibiting compound further

comprises cysteine.




