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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 corrosion. Corrosion of the metal surfaces results in metal recess and
thinning of the metal 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 different

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
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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
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thinning of the lines (dissolution) and results in poor performance or failure of the

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 high 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 aiter 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
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solution are effective cleaning solutions because the residual netals are
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even compgieximgl chentieals afe vefeasttabseclelatus agents,” Gleznieg 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
20 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
25 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 wetling 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. '
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corrosion-| ound i's corbi c aci dbenzo rlazo1e caffeic
aci d,ammonium oxalate, aspartic acid, benzoic acid, citric acid, cysteine, glycine, gluconlc

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, mercapiobenzothiazole, 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—biece 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 protécts metal surfaces from chemical, galvanic and

photo-induced attack during and after the cleaning step. One preferred embodiment
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DESCRIPTION
The present invention is a cleaning s olution for cleaning a semiconductor
work-piece. The composition of the cleaning solution comprises a cleaning agent
and a corrosion-inhibiting compound. Preferred cleaning agents are ammonium
» citrate, ammonium oxalate, aspartic acid, benzoic acid, citric acid, cysteine, glycine,
gluconic acid, glutamic acid, histidine, malei ¢ acid, oxalic acid, propionic acid,
salicylic acid, tartaric acid, or mixtures there of. Preferred corrosion-inhibiting
compounds are ascorbic acid, benzotriazole, caffeic acid, cinnamic acid, cysteine,
glucose, imidazole, mercaptothiazoline, fnercaptoethanol, mercaptopropionic acid,
) mercaptobenzothiazole, mercaptomethylimi dazole, tannic acid, thioglycerol,
thiosalicylic acid, triazole, vanillin, vanillic acid, or mixtures thereof.
Preferred cleaning solutions may conitain mixtures of more than one cleaning
agent. Furthermore, preferred cleaning agents may perform more than one function.
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mixtures thereof.
One skilled in the art can produce the cleaning solutions of the current
20 invention using conventional chemical mixing techniques 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 fested to determine the particle
removal efficiency compared to co'mmercially 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 were
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o) 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 clefects. “[#]" means

) 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
} al_temaﬁves, 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 preferreed 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 capabie of cleaning the particles from the

surface more efficiently as evidenced by Example 1.
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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,
15 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 fo cover all modifications, equivalents, and alternatives falling within the
spirit and scope of the invention as defined by the appended claims. .




Commerci al Chem stry4134 Table 2: Copper and barrier dissolution nunbers
for patterned wafers exposed to a commercially available product and a

pr ef err eW@HIOEIABNt of the present invention. The pr@Canpads/emivesdi nent is
capabl e of protecting the barrier material from gal vanic corrosion
Altthﬁg\ _present invention has been described in considerable detai

W th I erence to certain preferred versions thereof, other versions
are possi ble. For exanple, the conposition may be practiced in a process

vor k- o e ek for BRI 2 seh o dbl P AR ROABeRlB T of el cani ng

sol ut i momptisingger at ure and conditions. Furthernore, the invention may be

’usgd to clean, a variety of surfaces, 15 including but not limted to

suf f aces? El?ﬁﬂﬁl%@g@“cw%ﬁ@"? s3id ¢leaning aggntiseyededted om thesorougner ef ore, the
spirit and 50@%- t : [ LJqa e
‘description o orlléeﬁﬂ r%%ﬁgﬁwzgg%g%s@rgﬁpmgégﬁeﬁ’g%ﬁgh%éeﬁgrﬁempon of
the appli caradd, diriccacid)\aystené, gipcind,i glatordo acide glitaraloeadis, histidine,
alternatives fag&)n% within the spirit and scope of the invention as
defined by t HEAGHaHHeX@Icadd. Propippicerid srRicyl agidriatigroasidhendess o
CLAIMS @ 1. AnS@imeeshdieon dify cl eaning a sem conductor work-piece, the
conposition conprising: 5 a cleaning agent, wherein said cleaning agent is
sH} ect ek eomosiohdnhjbitiog coowrmirst, whgreifi saithooirosioe-irthikitieg campoohdis oxal at e,
aspartic acid, benzoic ,acid, citric¢ acid, cysteine, glycine, gluconic
acid, glut anj-si,el%cgfsé?mﬂi' g Q.ﬁoHQ,CO”ﬁI%B? of éﬁ?‘?ﬂ%'%ﬁ%{ ilﬁe’%&¥réﬁ20§?s&&iﬁ8ﬁi c acid,
salicylic aciabid!afdicadt|dstdiie] gliitod ifflalkOR! RreaiBihidife

corrosion-inhibiting conpound, wherein said corrosion-i I’lﬁlllll iting conmpound
is sel ect ed Mewaptosthanumeteanivpopispioacidsaertaptobeniadthinzaiept ri azol e,

caffeic aci i ] I ei.ne,. glucose, | m.dazol .
" mer capt ot hi agﬂ?@ﬁ@%“%?@@ﬁ%@%i icagidy hﬁ%&%‘?%’b%‘ﬂﬁ%"cﬁ? geid,
NEY capt obenzatifizéte OVanillin, vanillic acid, and mixtures thereof.
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 claim 1, further comprising a diluent.

)5 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.




mer capt onet hyl i m dazol e, tannic acid, thioglycerol, thiosalicylic acid, 15
triazol vani I lin, vanillic acid, and m xtures thereof. 2. The conposition.
of cl ai 5?9,2%&@?{'%& conprising a surface-active agent. PET/IRNESR850si t i on

of claim2, wherein said sur f ace- actPve agent is selected from 20 the

ot aneonatuet] of Pl 30kt BoRBuingc bURBbE:adle <80 11 on of claim

1, further conprising a diluent. 25 5. The conposition of claim1l, wherein

t he 'EQH is between about 2 to about 6. 6. The conposition of claiml,
wher 8- hecamposiien afclaie . vdwapin seid sufaeampolive eigentisselgoter frame

o oL ai . o Con- i rhibi ti q
conrie cho8 chsigdl B fon WLy o0, SRl SRIEHHAG, Bt ARaRSRBR Compr i si ng
Gy stRirfaetani€ b PasthBfddf1B2005/ 000165 10 9. The conposition of claim

8, further conprising a surface-active agent. 10. The conposition of claim
9, wherein said surface-active agent is selected from the group consisting

of N-rrond A QN| i~0R| i i oniG, d anphoteric 5

sur ?glé;Fg%&c,ﬁﬂ%‘?l#'dr}npéfﬂ?fe\@ioh@#@%&%&gm&' 9@%@. tion of claim 10, further
conprising a diluent. 12. The conposition of claim7, further conprising
merc&oiljt)1 prog'[.l)i onic acid, _13. The conposition of claim 12, further

conpta dNEFARRFH et daim Ve fygharcomyisinp@ereario Sropionioacidl ai m 13, wherein
gai d surface-active agent is selected from the group consisting of
non-ionic, anionic, cationic, zwitterionic, and anphoteric 5 surfactants,
and 8. Thercesnpdeiiicrodt clabn 12haurthmmosiprisiony ®Eudheeradive Agerither conprising a
diluent. 16. A nethod for the cleaning a sem conductor work-piece, the

met hod conprising the steps of: providing a sem conductor worKk-piece,
contfactr i Fﬁ-pb 0 il SRIES FraMat i i

com:??li' gf’%gx’?'%a (I:t eanfﬂgﬂggghgv,h%gsgz n szﬂ@g %@%%‘ﬁgﬂg%gsrﬁ%%ﬁgﬁct ed from
t he tye gegup consisting of non-ionic, anionic, cationic, zwitterioric, and amphoteric

5 surfactants, and mixtures thereof.

15. The composition of claim 14, further comprising a diluént.

16. A method for the cleaning a semiconductor work-piece, the method comprising
Y 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 émmonium citrate, ammonium ox alate, aspartic acid,

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

N0

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

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

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




consi sting of amoniumcitrate, ammoni um oxal ate, aspartic acid, 5 benzoic
acid, citric acid, cysteine, glycine, gluconic acid, glutam c acid, '

hi sti di n&YO ¥9b8%3@31aci d, oxalic acid, propionic acid, sHATABRIS/HEIGT,
tartaric acid, and m xtures thereofll and a corrosion-inhibiting conmpound,
wherein said corrosion-inhibiting conpound is selected fromthe group
consisting of ascorb is acid, benzotriazole, <caffeic acid, cinnam c acid,
Cyst e PeThGIRGE of Lali1826Rkfoin sARI G iﬂg@oﬂﬁfﬂd fﬁﬂhef’fdrﬁ 4 hanol ,

mer capt opropi oni ¢ aci d, frercaptobenzothidzole, nercaptonethyl i m dazol e,

t anni surfmtedactivchagegit wetzobdd fromm tbeajrouy tonsistingl of hon-irid,eniordai 111 n,
vanilli,c acid, and, m xtures thereof. WO 2005/ (_)93032s PCT/ | B2005/ 000165 11
“17. THAIQRG RytteRonis.And aBphalesicsURaskangs ATKhMAYres dDeRE0hn f ur t her
copprises a surface-active agent selected fromthe group consisting of
non-ionic, anionic, cationic, zwitterionic, and anphoteric surfactants,
and &t Themeathed eblaind 168whEhen seidnaeaninhg sotitionlf6rtheheomaprsessaa d ¢l eani ng
soluti,on further conprises a diluent. 19. The nethod of claim 16, wherein
sai d @g’rﬁ”&onduct or work-piece conprises a 10 netal line, a barrier
material, and a dielectric. 20. The nethod of claim 19, wherein said netal
-l'ine conprises copper. 21. The nethod of claim 20, wherein said barrier

mat er 1&l Thoomsthedsf chaine 1 Bawberels ssiel senniednfuctor woek-giecea goognisiestd ng of Ta,
TaN, Ti a1 N, and .. 22. The. hod of claim 21, wherein said cleaning
a@:ntmgwpﬁs@yagm%{@ﬁﬁﬁénpr &QEEC%@'ZS. The nethod of claim 22, wherein
sai d corrosion-inhibiting conpound conprises ascorbic acid. 24. The net hod

of claim 23, wherein said corrosion-inhibiting conpound flurther conprises
cyst e2hdhe 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

ciirate.

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.




