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AQUEQUS CLEANI NG COVPGOSI TI ON FOR SEM CONDUCTOR COPPER
PROCESSI NG Fi el d of the Invention [0001] The invention
relates to an aqueous cleaning conposition used in
post chem cal nechanical planarization (CVWP) in
integrated circuit processing. Background of the

I nvention 10 [0002] Sem conductor el enments nowadays
are developing toward the trend of smaller Iine width

AQ‘%?% Giiaie? %‘E‘*S;@%’ﬁsgﬁ-‘.ﬁ% F@?@%&i?&?&*ﬁﬁ%d&?ﬂa

0.25 um the tine deI ) caused by the
resi stance of the netal MAre |tself and the spurious
capaci tance of the 15 dielectric |ayer has becone a
cruci al influencEigiqd o€ ther anventiemte of the
el ements. Therefore, in order to increase the
operation rate of the elenents, currently copper netal
[0001ji r ke hawveentbieen mpladeal ty adoptedoisn digdrilreyvelonposition
processi ng below 0.13 pmto replace the traditiona
used alnupiositmebeppes 1 ahd eyawd ¢£5.p120rQ083L ohhecappl igati on
of chem cal nechanical planarization technology in

intedre ceioppecufet pkodé s & ff ocessi ng may not only
overcone the problem of patterns being difficult to

define due to phbegibddd Wi lehedTneRRREbAMEL @l et chi ng,
but al so forma prane W tnh grobal pldndrlty upon

[0002730|$§1ﬂ&9'1d1§&0t3:h%t1e gﬁtguhge@%aygg é{!é %rpqg‘lgs%lo@grd the
may be easily carrle r|nC|p %
h sthat h .
L
li shi I th I d
ene AR TTRE KR 1T DR AR e e St Fate Pegspsed

r enov rate to high pressure while the 5 | ow
Ef“%nre%% ‘%}rafyac(@cﬁﬁ@lﬁyl ) ofiPFERDVAY PRt ertfifestance
| ow pressure, ‘and thereby the purpose of gl oba

of thﬁl BRARTt YiEanl bRl aclieVéd SPUGORNS| aRRRCHURMES toToshef

fine polishing particles and chem ca
dielectric layer has become a crucial influence on the operation

 rate of the elements. Therefore, in order to increase the

operation rate of the elements, currently copper metal wires have
been gradually adopted in high-level processing below 0.13 um to
replace the traditiénal aluminum-copper alloy wires.

[0003] The application of chemical mechanical planarization
technology in the copper metal wire processing may not only
overcome the problem of patterns being difficult to define due to
the difficulty of copper metal etching, but also form a plane
with global planarity upon polishing, so that the multilayer wire

processing may be easily carried out. The principle of chemical
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aids in the polishing slurry and the scraps peel ed
during 10 polishing may attach to the chip surface
during polishing of the chem cal nechanica

pl anarization. In general, the conmon contam nants
found on the chips after polishing are netal ions,
organi ¢ conpounds and polishing particles and the
like. If there is no effective cl eani ng procedure to

e Ve: scrr ont.am,nant s,
nechd BIRIC ciaR-SPEAELERTEY Y B GPPuRTeaRhR 4Lt nerogresd on
the & the relia |I|t of the Ie nts wll be decreased.
© PAiSettir&2CehaY NG BPEELCERP BOIF S MgShing
has becone . a crucral technolo y to determ ne whet her
slurrgwidthn chemétatedsdsn INLeLgHY 6@ hdobesicBnaficker uneven
processin 20 [0005] In the polishing slurry used in
surfagsppas gr géeeSrﬁrgcyvabelrﬁz‘fcﬁ rdvez dloe hiBTAprapduire swhile the
derivatives and ascorbic acid are often enployed as a
low sddver o$i ohei nhéebet osuriacd herscentlam mantsalf oane due tthe low
waf ers after polishing in the copper processing,
pressorganiaadr eBeddes stemapdBRAofeigtobalepl BRaADSY can be
difficult to 2 renove, mainly because the BTA
achiepadli cl es are bonded on the copper wres by chem ca
adsor ption. Physical renoval nethods such as static

[00047ePtH i/ @ fa01tG @1 4l bEABOREC ait@@tﬂéﬂbéyetayceueaunehemlcal
with a polyvinyl alcohol %Nmo brush etc., are

aids lﬁaghE'BB§L£Hl ?%%FHH;S%E% h?ra%?%?%ﬁg%elg qgﬁfﬁﬂbEi

good cIeanlng

pollslh@agt eg§t gttt%&ﬁ'te&trﬂe cﬁrtg \éﬁe'fggé §pat, .h I8 A8y of the

enrcal cal anariza
clean d ni a solutlon an
Cheml??uorlnea%c%? i éﬁﬁﬁ%ﬁ%&nd%“ BaPeFAL, aB % eommon
sol ut&on? not sui able for the 10 wafers of caopper
contagapaptyi fey” éﬁGFFoHO%fFFl%%e®%ﬁnWFtal ions,

corrode the surface of copper netal, resultlnq{
Orga“&&aFQ@ﬂfﬂﬁdSW?RQ RYIIGHing. PeREAFRPRGARBNPBRINES Y (5 there
not only coarsen the copper surface but al so cost
1s nonBfEerhlver el iiupae coatiary tor seBeYE ofhe arftb waastascribed

solution treatnment in order to avoid doing harmto
contaminants, the subsequent processing will be affected, and the

vield and the reliability of the elements will be decreased.
Therefore, the cleaning processing after CMP polishing has become
a crucial technology to determine whether CMP can be successfully
applied in semiconductor processing.

[0005] In the polishing slurry used in copper processing,

benzotriazole (BTA)} and its derivatives and ascorbic acid are

~often employed as a corrosion inhibitor. In the contaminants

found on the wafers after pelishing in the copper processing,

organic residues such as BTA, etc. are the most difficult to
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15 human health and to the environnment. [0007] A
pol i shing conposition that can effectively renove
tantalum nmetal froma substrate is disclosed in Ina et
al., US  Patent No. 6,139,763, which consists of
pol i shing particles, an oxidant that can oxidize
tantalum netal, a reducer that can 20 reduce tantal um
oxi de (such as oxalic acid) and water. This polishing

remov%onﬁﬁ§h§yoﬂe8§ﬁ%§LﬁﬂénﬁTﬁxﬁgyih%ﬁe@'Q?éaﬁb e&abn the copper

ni t rogen-cont ai ni ng heterocyc i'C organic

w1resA% EHEHQC%QO | 820 ﬁs uquf B oﬁ%%?hggmowf H{a@ﬁé&%' N€h as

be use e’ co per ayer urlng
.nOoLi o] revent the farmation, o
Sta“?nﬁsﬁ’mgg SRR el VaP R of bt dpine with @

whi .also c rqotect the polishing surface so as to
poLyw i 8LR ALY ech, Lhe pollshl ng surface, 09,85, g, .
pi perazine in an aqueous cleanin sol uti on
it lseﬁﬁloﬁgﬁylFP MEPISE A @éﬁaﬁéeﬁaﬁfg%

pl anari zation in the copper processing is not t aught

[00064; Liaghddreal pyteaal even/meypooBlelsqratifogndi W plugs that

renovi ng chem cal residues froma surface of a netal
have ppegi bfezted ¥ aymmicsldivechesédal noBmmdt i zdtiSn Rateent

No. 6, 546,939 (Taiwan Patent No. 396202), wherein an
USualéquebﬂsna@ wﬂﬁnﬂxﬂmmqmiaMsbhuaiphlbﬁdﬂﬁenffhdkﬁnu}dbﬂﬁiining

placed in contact with the netal or dielectric |ayer
compofindsa ipet i ok afbdvamsosuftfiibaseatet ot ream Id&or the

chem cal residues. This aqueous conposition conprises
wafer@noor gamber atdtthlhamMi-eg . "AL- amRbni & sdTuf 1 tiionalunevenly

groups, a buffering amount of a base of quaternary

corroddl fige éﬁ&@&ﬁéﬂﬁfl%oﬁﬁg&oﬁbggl,h%@é&?@@ﬁﬁnfﬁlcoarsenlng The
hydr oxyl am ne salt or hydrazine salt, @and a chollne

fluorhﬂgié%ﬂﬂginﬁﬂpQ§kméuﬁhgaﬂh@9 §8§n %%éf%%ﬁﬁ#%§% e SSPRS*

et al Pat ent No
surfa@@egﬁtqgﬂﬁi%&%tpﬁmﬁengﬂ'ngﬁacggrf taQ%ﬁf %%%tectlon

quat ernary am nes and sur e reten
and wgg{g éfhgfé%nt%%g %%H% 9'ycrdérp{gg¥$§ﬂfcgj%Fo%arm to
human health and to thé environment.
[0007] A polishing composition that can effectively remove
tantalum metal from a substrate is disclosed in Ina et al., U.S.
Patent No. 6,139,763, which consists of polishing particles, an
oxidant that can oxidize tantalum metal, a reducer that can
reduce tantalum oxide (such as oxalic acid) and water. This

polishing composition can further comprise piperazine (a

nitrogen-containing heterocyclic organic base). According to Ina

et al.’s teaching, the piperazine can be used on the surface of

the copper layer during polishing to prevent the formation of
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pol yet hyl ene oxi de and m xtures thereof, and is used
to clean the residues of the chem cal nechanica
pl anari zati on processing. [0010] A cleaning agent is
di scl osed in Naghshineh et al., US. Patent No.
6,492, 308. The cl eani ng agent consists of 4
t et raal kyl anmoni um hydr oxi de, pol ar organi c am ne and
a corrosion inhibitor, and is used to clean a
p ni egrated .circu [00111 .
surféﬁ% E%angﬁég%t gﬁb%lscﬁ%gégses, dlshbp% Pt it . wq§ch
of

863 344 The ani ent. consi sts
Calso ZapBRALRG Fa% U SHETECeatBt 18 BRI ACRHRF et Hrror-

and is used to clean sem conductor el enents, wherein
like SHELGEPUNBOTSET$T OfPeacts ©faéhg PiBerazine in an aqueous
t et ramet hyl anmoni um hydroxide is preferably 1 to about
cleangpg spootppn semkdiRfl o cheapr§ ahewhtebriecharical
substrate with 10 copper wires on its surface is
planagiigekbdsedin ntiMasadider @iroalessilbdgSis Rat epduddot or suggested
6, 716, 803. The cl eaning agent used in this nethod
by Ineosprbases a surfactant and a nitrogen-containing
al kal i ne substance. (00131 A cleaning agent is
[0008di SCIlresedd BrVWERoeEngl ched &1 RadsBRtueslFrNR. a surface of
5,988, 186. The cl eani ng agent consists of a

a metWat 8%- §0L Ubk€r: PalAferSqlsVentc188eQr JaNGEa BN NE, San(i?a%ent
benzene ring corrosion inhibitor, and is used t

No. 6r9ﬁr@vga@rggawarartdaee@§r RN %%%??t APCESe 5 r{ang'AanLf%ous

fetraal ky moni um hy roxi de” and surfactant

compo@?gé&rl sztgn aaf CE%Q—Lrb% w%rén' %hl bh}l a£§ }%Ejfac? c?s_u{ I'<]:<::r1tact with

conponent s eani ng |on r|or art
escrib bove., Tetr IannDnlu d
the mﬁivg S e AT ( %% oPEETRL S & e R e to
erature of 20 'Q), h toxici and stron
removsdBﬁ? Cf@mwal i SigeRandred a b?%?.%?f@? s1Gdonqamprises

cause damage to humans and 5 the enV|ronnent The
an Or@?%ﬁ%l?ﬁf@ﬁ %ﬁﬁnQﬁMQHﬁercPéanPﬁgtEb%%%%ﬁ%QQﬁﬂ groups, a

buffering amount of a base of quaternary amine, ammonium
hydroxide, hydroxylamine, hydroxylamine salt or hydrazine salt,
and a choline hydroxide.

[0009] A cleaning agent is disclosed in Small et al., U.S.
Patent No. 6,498,131. The cleaning agent consists of a ncnionic
surfactant, amines, quaternary amines and a surface retention
agent selected from ethylene glycol, propylene glycol,
polyethylene oxide and mixtures thereof, and is used to clean the

residues of the chemical mechanical planarization processing.

- [0010] A cleaning agent is disclosed in Naghshineh et al., U.S.

Patent No. 6,4922,308. The cleaning agent consists of




can be enhanced by way of adding the surfactant or
changing the surface electrical property of the
contam nant and/ or the substrate, but this cannot act
on contam nants produced by 5 chemi cal adsorption.
The corrosion inhibitor can protect the surface of
copper netal during cleaning to avoid the excessive
corrosi on of the copper netal surface induced by the

It . .
tetras'&?ﬁ‘&%;ﬁmopﬁéﬁi%a%‘%%?loéné‘r i o TEeerr Ry PR FPRPILon
. e surface of cop taI after 10 cl eanin
i G PR TR BPERnFe § i e S OGS TP T AL £F B nt eagated

rior art as descri bed above cannot neet the

cireyidauirenents for a cleaning sol ution used in post

chem cal nechani cal planarization in copper
L0011 ok 33 h a9e@ti Agustpglosahele Namstll9. Xagesitr Ho.
for an aqueous cl eaning conposition 16 useful for post
5,863 Rédi- cAheneéhani eal agiranardingdsicen offn teheaneppgtammonium
processing. This ideal conposition would be one which

‘hydrd&idﬁotaChtghl§CV®I&ndlwaténxsamd adouseddoesaltarn enmai n

10

20

on the wafers after cleaning, and can effectively
semicpenneect helersh tsal wicardiamivhantsluheopnt he sordasese ofcid
t he copper process chips that have been 20 treated by

to tethefienl]smabanie alydianad zat besrapdopyovi €8 ddwut s0.
copper netal wires with a better surface roughness.

[0012FUMrBat HJa the chrugnhb 08 LRSI, Fhe JmidQRieetki ¥erAf

the invention is to provide an aqueous cl eaning

coppeQOQﬁgébtanly§e§hffbdgxi chemhcakaMeghaii ol xo ot a1., u.s.

| anari zation in copper proceSS|ng, conprising a
I {;,0gen 0 [ ter 0 bas
Pate“"’-l hBROPMILEPEs S, Tl NG RLLE-PLIER, o pAREs me”chod
er - cont aj ni con uct or waf f hat ve been
compz BB B B e R B e o DR U i o
b t5 effectlve period of time, the aqueous cleaning
SULSLEBHBosi tion of the present invention can effectively
renove residual contam nants fromthe surfaces of the

[0013)aterd e @it Is ARARE ah@ odsT L Prestilde Wl etopper Wi PesPatent

with a better surface roughness.

No. 5,988,186. The cleaning agent consists of a water—-scluble

polar solvent, an organic amine and a benzene ring corrosion
inhibitor, and is used to remove organic and inorganic
substances.

[0014] A tetraalkylammonium hydroxide and/or a surfactant and/or
a2 corrosion inhibitor are used as the components of the cleaning
solution in the prior art as described above. Tetraalkylammonium
hydroxides have a high volatility (a vapor pressure of 18 mm Hg
at a temperature of 20 °C), high toxicity and strong odour. If it

is not handled appropriately, it will cause damage to humans and
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[00171 A feature of the present invention is to avoid
using 10 volatile conponents such as
t et raal kyl ammoni um hydr oxi de (e. g.
t et ramet hyl ammoni um hydr oxi de), so as to decrease the
potential hazards regarding the escape of sol ution
into the environnent and to human heal th. Another
feature of the present invention is to effectively
renmove the residual contaninants fromthe surfaces of, |
the SHYVHAIMGIE s TR5s ELPaRUTY o TREC A% 106 COSRRLPY Composition
surfactant and a corrosjon inhibitor (such as BTA
can bg, NOAnces 8¥r K%t PLeARdd G gl surdeicdanknart peangkey the
: used for protecting the copper surface durin
surfeqeegliengriand pooBERLY t@hedis |dpFpendatt hed%@pp@hae
wres with a better surface roughness, so as to avoid
substirigg epobyitbithisycahaet tdet 200 surftaotiaantangrotieced by
corrosion inhibitor remain on the wafers. Brief
chemibPesc ridsbironiof. t hiee Drawt oy JIOA BB bEitgur eat showsct hiehe
_ atomc force mcroscope (AFM inage of the copper
surfaChi pE cbepsedmytih diei o} eARiag nGORROSbEANLRE dh€ssive
present invention (No. 1). [00191 Figure 2 shows the
corrcdiQm ©rf eneechbSEPSHORE (AEMWaddBe8ueka bhetkOPP&tnical
chi ps cleaned wth an inproper cleaning conposition
subst@N%eslgh'tE@téiégﬁhéﬁﬁ%aﬂﬂgéfyloﬂt hgﬁebg¥en%%§rhé§rosion

[ 00201 The aqueous eani ng conposi tion of
- ntion, -i hcl udes. . based.on the total weight of. the
i B ERET Bl Ay PR b BRI ERER, BhenSednt arridiy 2 trer
1 heterocyclic organic base, 0.1 to 35 w % of an '
CLeAINEonOF=Ent MY alfd WetEH-© F§F211*°Fn t he aqueous
¢l eani ng_conposition of the invention, the 10
[0015]; + THgen- WSt &' RGREL BF bcye | 13 Tr R @hipase crangsefeet
to increase the basicity of the conposition, thereby
the rg@oilgPREthef B e oFleadvimsnise 1e6Iiani sacthat Ravt cdimeical
' serious coarsening of the copper surface, volatile
mechanacpanel apk ahpdbi eim iy diorpiede prandsal kal innetalindustry.
hydroxi des that will cause netal-ion contam nation. On
Theret he ethét 4d5ddminds fidwe amnsigacedsekéetnbng padmso aift itdre
nitrogen atomon the
useful for post chemical mechanical planarization in the copper

processing. This ideal composition would be one which is not
highly volatile, has no odour, doesn’f remain on the wafers after
cleaning, and can effectively remove the residual contaminants
from the surfaces cof the copper process chips that have been
treated by chemical mechanical planarization and provide the
copper metal wires with a better surface roughness.

Summary Of the Invention

[0016] The main objective of the invention is to provide an

aqueous cleaning composition used in post chemical mechanical
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heterocyclic ring of the nitrogen-containing
heterocyclic organic base will bond with the copper
wires, so as to prevent the re- adsorption of the
organi ¢ contam nants that have left the copper wres
20 [ 00221 The nitrogen-contai ning heterocyclic
organi c base used in the invention is preferably
sel ected fromthe group consisting of  pi perazi ne,
2-.(| - pi perazi ne) et hanol , I-p| razi ne) et hyl am ne,
pLensipaz ol b OR BT OGRS L hvd CROPS 51 B of b § deh
pi perazi ne. The. , anount of the ni trogen-cont aj ni ng
ContaHé’tlélﬂoE‘%?Feclﬁ‘F]gJa%%r%% FSEF 83 na ﬁ%h?hv@mn%rﬁnd water.
ran%es fromO0.1 to 15 % preferably 0.1 to 10 w%
Upon §ﬁ REFeVpiBf ePRlfty L aid ity weoy cpadeaten thidvtdiat
ight of the conposition. [0023] The al cohol am ne

~have @@@a treehedi hyent¢lomica lpimeicheablpl Blaedebialyisn ofar an

the group consisting of ethanol am ne, diethanol am ne,

effeatiivet handband hel; g 0 gdreolcavicoes shdanivgnbimatsonion of the

thereof, and nore preferably selected fromthe group
presengnshnsehhgon ofadi ef frarmlvatiynesnbreetbahohah o tamichants
conmbi nation thereof. The anount of the al cohol am ne

from whedsupribesi oW erid o farygesintr eimil0tfndoti 9l BoMPhde the

preferably 0.1 to 30 wt% and nore preferably 0.5 to

coppeddwik- & paseds atihe- tbrala eei-gliynatsthe conposition.

[0024] As described above, the corrosion inhibitor
goom(:sw@ffeaa%u%%forchbt Erg§éht‘_’a{z‘n)’@r§tﬂfn ASL UDLG g Q)sln?

used 1n the polishing slurry for chem cal nechanlca

volatt@%@”%}n?éﬁéx?{‘s :cél%cﬁuo%%ertel%rr%%ﬁ%ghggmﬁﬂ%&%gyc?%h &

e surfaces o e wafers
[ d dj ff [t t
e AT it b e RS 70 Wt
e PR BV 1 S RoP Bony 0 BB one

ogen-cont ai ni ng heterocyclic organi c base and the
to hu%‘én ARGk~ oIS ContaP nERSToE Ha e Barihg > to

osition of the invention can increase the
effecgéyg}gt@@n%Yﬁlﬁﬂq|Q%§q§uaﬂh§ontamlnants from the surfaces of

the wafers after polishing, without using a surfactant and a
corrcsion inhibitor (such as BTA and/or its derivatives, ascorbic
acid, and the like) used for protecting the copper surface during
cleaning, and to simultaneously provide the copper wires with a
better surface roughness, so as to avoid the possibility that the
surfactant and the corrosion inhibitor remain on the wafers.

Brief Description of the Drawing

[0018] Figure 1 shows the atomic force microscope (AFM) image of

the copper chips cleaned with the cleaning composition of the

~ present invention_(No. ).
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organi c residues (such as BTA) in the cleaning
‘conposition, so as to provide a higher driving force
to dissolve the BTA particles. A better cleaning
ef fect can be achieved by conbining a 9 traditiona
physi cal renoval nmethod with the cleaning conposition
of the present invention. [00261 The cl eani ng
~conposition of the invention can be used directly, or
oo B Hees ALAEL LU B0 ML D, SUREL, B Wae os
transportation and,storage, .a conposition.with a |
the GEPBRET CBOREeM TRRT oM GehdmRELYpFoGRELRY SHPETdr oD
used after dilution with super pure water in end use.
(No. %ﬁé'conposition is typically diluted at a
mul tiplication, in the range of 10 and 60, depending
on the prRetailed Rgscuiphilon of fheclnvenpien g
requi renents, such as saving processing tine, a
[0020d| e&ret ripucomsosilepoingt ockpresl ttdrorofnittie dniviegliépn
concentration can be used directly to clean the
incluwiaker bas§0027) tHdh et adanigigghcopposhti oompdstiheon, 0.1 to 15
i nvention can be used at roomtenperature. The
wt$ o€l aank BgogOMPOSHtd QNS Hltasedyenieoptgstic ibasd t Ip theo 35
copper-contai ning sem conductor wafers that have been
wts offr 6at 8debNoCham £al s JeGhanical planari zation for an
effective period of time, which can effectively
100211 STRY G @ 28Ul 0o 6005 AEBAAN S {0t RESULGBGESAT e
he wafers after polishing and sinul taneously provide
nitro?gﬁwggggg{nmvé]er?e%Jitol?:\@l %t %%rgaﬁyéfggge 23(.)8 rl?éjezwnceossincrease
n generar, en a’lower ‘concéntration is used , a
| onger coptact tinme (e..g. 1-3 m I S needed;, and wh
the bS8l rSF A5t dmniorione | 1BahebY ohTo  SLhorte ChiR Ad
tinme ie.g. shorter than 1 mn) is needed, In
AMMONAE AEPT R EFCRSE2 T HEToAUTE SESLPRF afPORS AV Het e dl'® (FOPPET
concentration of the cleaning conposition and the
surfaggnt getatite ol ane tdetlermonsdnbyy e 92 bl egrbralkall metal

nmet hod. [0028) The present invention will be further
hydroxﬂﬁggttbﬂtxw1AAtqﬂ;se metal-ion contamination. On the other

hand, the unshared electron pairs of the nitrogen atom cn the
heterocyclic ring of the nitrogen-containing heterocyclic organic
base will bond with the copper wires, so as to prevent the re-
adsorption of the organic contaminants that have left the copper
wires

[0022] The nitrogen-containing heterocyclic organic base used in
the invention is preferably selected from the group ccnsisting of

piperazine, 2-{l-piperazine)ethanol, 2-(l-piperazine)ethylamine,

‘and a combination thereof, and more preferably piperazine. The

amount of the nitrogen-containing heterocyclic crganic base used
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foll owi ng exanples, but is not intended to be Iimted
by the 5 exanples. Any nodifications and vari ations
that can be easily achieved by those having ordinary
skill in the art are contenplated within the scope of
the invention. Exanple 1 [0029] Considering the
factors regarding the concentrations of 10
pi perazi ne, diethanol anmi ne and tri et hanol am ne,

sol utions mﬁtqjqufer

, | i , t iti ,

in e FAUCR0 0RO b AR e b o R RO T RR Ea Py T £o 10
o ff t ft ts, 1. - t , i i ,

WS, GG RRRG] RRFASTARY cmorich Wolie oR2PRE. DBL 455 taigtle weight

studi ed, ;and then 40 X diluted solutions of the
of theorPBEPELbAS™ 15 were nmeasured for the ability to
di ssol ve copper and the saturation solubility of BTA.
[0023]00Bty afrebsi IBFdpet Bsafisibl Vee coppsitines ireasefedabyy
cutting a blank copper wafer into chips each with 1.5
selecgrdpdrhmi hhe etk apriis Mdtdily, opr ethenplagitde chips to
renove copper oxide fromthe 20 surfaces prior to

_ diethpeichgninppetrisativarzoGinime,t @esbpsoblitmbdng, amud 4 hembination

taking out the chips after 1 min. The concentration of

" therecodppendi nose i pir4 frergdlwitseQrcras Teragsuted yolERdSisting

[0031] The saturation solubility of BTA was measured

of dikyhphatamgne! herti@starsalawtine) HAHEs EBGLCRMEH & Ahdfeor.
the constant tenperature 11 of 25 OC, adding an

The a@¥GRESHY etREDINEoHY1 BIAAMheaSthr £h80; fhent SH WdRRs from

to dissolve BTA, and then filtering off insoluble

| t test byt i 4
0.1 t%uég apges,fLamtihe, tes t%03|@ w@,aswmor{%&éeae%r}%%y 0.5

TA concentration’in the solution was ana
o hi.gh I'O i-d g h Q). 0032
o 2o gl PRGBS e TSR ol e 207
C

Iugkgbgy Qﬁ BTA for. dif.feren

aturati on.so an
% e corrosicn inhibiter sucﬂgas BTA

{0024io§§bsﬁffgﬁsef2

or its derivatives or ascorbic acid) used in the polishing slurry
for chemical mechanical planarization in copper processing may

remain on the surfaces of the wafers after polishing. These

' ¢rganic residues are difficult to remove using only commonly

known physical methods such as static repulsion force, ultrasonic
vibration, and scrubbing with a polyvinyl alcohol (PVA) brush.

[0025] The nitrogen-containing heterocyclic organic base and the

alcohol amine compounds contained in the cleaning composition of

the invention can increase the saturated solubility of the
organic residues {such as BTA) in the cleaning composition, so as
to provide a higher driving force to dissolve the BTA particles.

A better cleaning effect can be achieved by combining a
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traditional physical removal method with the cleaning composition
of the present invention.

[0026] The cleaning composition of the invention can be used
directly, or can be used after dilution.with super pure water. In
order to reduce the cost of production, transportation and
storage, a composition with a higher ccncentration is generally
provided, and then used after dilution with super pure water in
end use. The composition is typically diluted at a multiplication
in the range of 10 and 60, depending on the practical use. In the
case of special requirements, such as saving processing time, a
cleaning composition stock solution with a higher concentraticn
can be used directly to clean the wafers,

[{0027] The cleaning composition of the invention can be used at
room temperature. The cleaning composition is placed in contact
with the copper-containing semiconductor wafers that have been
treated by chemical mechanical planarization for an effective
period of time, which can effectively remove the residual
contaminants from the surfaces of the wafers after polishing and
simultaneously provide the copper wires with a better surface
roughness. In general, when &4 lower concentration is used , a
longer contact time (e.g. 1-3 min) is needed; and when a higher
concentration is used , only a-short contact time (e.g. shorter

than 1 min) is needed. In practical use, the optimal correlation

10
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between the concentration of the cleaning composition and the
contact time can be determined by try-and-error method.
[0028] The present invention will be further illustrated by the
folliowing examples, but is not intended to be limited by the
examples. Any modifications and variations that can be easily
achieved by those having ordinary skill in the art are
contemplated within the scope of the invention.

Example 1
[0029] Considering the factors regarding the concentrations of
piperazine, diethanolamine and triethanolamine, cleaning

solutions with different compositions (No. 1~8) were prepared

~using Taguchi Method L8, and the effects of the components, i.e.

water, piperazine, diethanolamine and ammonia solution (No. 9~12)
were studied, and then 40 X diluted solutions of the compositions

were measured for the ability to dissolve copper and the

saturation solubility of BTA.

[0030] The ability to dissolve copper was measured by cutting a

blank copper wafer intoc chips each with 1.5 cm both in length and

width, pretreating the chips to remove copper oxide from the

‘surfaces prior to being dipped into a 50 ml test solution, and

then taking out the chips after 1 min. The concentration of
copper ions in the solution was measured by ICP-MS.
[0031] The saturation solubility of BTA was measured by placing

the test solution under the condition of the constant temperature

11
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the saturation solubility of BTA in the cleaning
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[0033] The results for the above compositions 9 and 10 show that
both water and piperazine exhibit no dissolution abkility for
copper metal, while the addition of piperazine can increase the
saturation solubility of BTA in the cleaning compesition. The

results for the above compesitions 11 and 12 indicate that the

addition of ammonia solution can significantly increase the

etching dissolution rate of copper metal and can obviously
increase the saturation solubility of BTA in the cleaning
composition. The results for the above compositions 1~8 and 11
show that the alcohcl amine has the etching dissolution ebility
for copper metal and also can increase the saturation solubility
of BTA in the cleaning composition. With a stronger dissolution
ability for copper metal and a higher saturation solubility of
BTA, the cleaning composition wili allow a better cleaning effect
on the contaminants on copper metal and the organic contaminants
such as BTA to be achieved. However, it should be noted that an
improper etching dissclution ability for copper metal (e.g., too
fast and/or unevenly) will adversely affect the roughness.
Example 2 |
[0034] The cleaning compositions shown in Example 1 were used to
clean.a polished blank copper wafer on Ontrak(a c¢leaning table).
The cleaning time was two minutes and the flux of the cleaning

agent was 600 ml/min. After cleaning, the surface roughness (the

14
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average roughness Ra and the root mean sguare roughness Rqg) of
the copper wafer was measured by atomic force microscope (AFM).
[0035] Table 2: The surface roughness of the copper wafer

cleaned with different cleaning compositions

15
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Conpari sons between Conposition 1 (Fig. 1) and
Composition 3, Conposition 1 and Conposition 2, and
Conposition 1 and Conposition 5 reveal that both a

hi gher anmount of piperazine and a higher anount of

al cohol amne will increase the surface 5 roughness,

03K, ST S8 Lt ORI 5 g,
cond3095A" 3, CEORGOLIELLEN, TR Do U ELeD 00,580 YErson
anct ERHENIERD. 01 copeer TBLAL e, (SSULLLON of giperaine
and a higher amount of alcohol amine will increase the surface
roughness, but still maintain it at a good level. This shows that
the cleaning compositions of the invention at a wide range of
concentration may not only etch and dissclve copper metal, but
also maintains a better surface roughness of copper metal. The
results from Composition 12 (Fig. 2) show that ammonia solution
will seriously erode the copper surface, thus resulting in a very
bad roughness. It has been found from the results from
Composition 10 that since piperazine itself doesn’t have etching
dissolution ability for copper metal, the treated copper surface
still exhibits an excellent roughness.

Example 3
[0037] Blank copper wafers were dipped into a polishing slurry
containing the corrosion inhibitor BTA used in copper processing

for 1 min so as to be contaminated. After contamination, they

were rinsed with super pure water on Ontrak {a cleaning table)

-for 18 seconds fcllowed by spin drying. Then, the numbers of the

particles on the contaminated wafers were measured using a TOPCON

WM-1700 wafer particle counter. The contaminated wafers on which

the particle numbers had been determined were scrubbed on COntrak

(a cleaning table) with different cleaning compositions for 2

17




10 will seriously erode the copper surface, thus
resulting in a very bad roughness. It has been found
fromthe results from Conposition 10 that since

pi perazine itself doesn't have etching dissolution
ability for copper netal, the treated copper surface
still exhibits an excellent roughness. 15 Exanple 3

[ 0037] Bl ank copper wafers were dipped into a

min, %%ld' %Ehgglgl Plideq qpﬂ?l@'éqgéq EJQ? C%%EQ?' 98::' g&? %éé ¥l lowed

use copper proces M n §0
A
oy Sp%nﬁgmgt “Bip B et ot ek ReET kR Hor (5 ng*’afers

for econds pin_dryin Then, the
were RasEPedofsTie 5%49%%%?9 VRESEORE AR ALE ciP B s The
were neasyred using a TOPCON WV 1700 wafer particle
removgd AREF  OFhes Corf HTAIEF WEPEAEL6R WRF cHI® (i ticulate
particle nunbers had been determ ned were scrubbed on
Contamflﬁaks P2 Eredmify talfarewver arifeterrdcl eaning
conpositions for 2 17 mn, and finally rinsed with
[0033§u§'@b1®r36 wat efhe drrerrmfaée@fﬁ@bltowédth@yClSmWIw yi ng.
Again, the particle nunbers on the cleaned wafers
compowg kéoneadur ethalsiany: IFIREONNWh760r faferoparis cdapper wafer
counter. The renoval rate of each cl eaning
conposition for the particulate 5 contam nants on the
waf er surface was cal cul ated. [0038] Table 3: The
renmoval effect of the cleaning conpositions for the
particles on the surface of the copper wafer 18 E
0
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[0039] The results shown in the above table reveal that good
cleaning results cannot be achieved by using piperazine or
alcchol amine alone, while the cleaning efficacy can be
significantly increased when piperazine and alcohol amine are

used together.
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results shown in the above table reveal that good

cl eani ng results cannot be achi eved by using

pi perazine or alcohol am ne alone, while the cleaning

efficacy can be significantly increased when

pi perazi ne and al cohol am ne are 5 used together. 20

Claims What is clainmed is: 1. An aqueous cl eaning

conposition used in post chem cal mechanica
nari zation, conprising (a) 0.1 to 15 wt%of a 5

~nitrogen-containing heterocyclic organic base; (b) 0.1

Whatoigselggngdiis al cohol anmine; and (c) water. 2. The
conposition according to claim 1, wherein the organic
bate A3 s@leTtedfoamhncheogpogptéonsised ngp gfosip chemical
pi perazi ne, 2-(I-piperazine)ethanol, 2-(I-

mechaperaki peyrethydadnione, camgprasdogbi hat i onl therldofwttand a
wherein the alcohol amne is selected fromthe group

nitcogsn-stomig iofingethhkaraloawicnec direthanobase ne(o) 0.1 to 35
tri et hanol am ne, propanol am ne, and a conbi nation

wt2tber@ofalddha. alieegorpasiionadgeording to claiml,
conprising (a)

2. The composition according to c¢laim 1, wherein the
organic base is selected from the group consisting of
piperazine, 2-(l-piperazine)ethanol, 2-(1-
piperazine)ethylamine, and a combination therecf, and wherein
the alcohol amine is selected from the group consisting of

ethanolamine, diethanolamine, triethanoclamine, propanclamine,

and a combination thereof.

3. The composition according to claim 1, comprising {a)

0.1 to 15 wt% of piperazine; (b) 0.1 to 35 wt% of an alcohol

amine, wherein the alcohol amine is selected from the group

consisting of diethanolamine, triethanolamine and a

combination thereof; and {(c) water.

4. The composition according to claim 1, wherein the
nitrogen-containing heterocyclic organic base is used in an

amount of 0.1 to 10 wt%.

21
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0.1 to 15 wm % of piperazine; (b) 0.1 to 35 wt% of an
al cohol am ne, wherein the alcohol amne is selected
fromthe group consisting of diethanol am ne,
tri et hanolam ne and a 20 conbi nation thereof; and (c)
water. 4. The conposition according to claiml,
wherein the nitrogen-containing heterocyclic organic
base is used in an anount of O 1 to 10 w% 21 5. The
tlon accqr.di to.c n the
OBk O %&cé’rtg&%‘l £8' GLGLRI b DIREFT R s

ogen cOo alm
anoun to 10 ww% 5 6. The conposition

nltﬁe%%?d‘f?f@tﬁlduagaﬂﬁffrqm&rléﬁnOFﬁ@naFc%%fF hinweed sin an
in an anmpunt of 0.1 to 30 wt% 7. The conposition
amo‘é’&’&o‘?%l%gz t%® Ai%i"%h%:, wherein the al cohol anine is
used in an anmpunt of 0.5 to 25 wt% 10 22

" ©&. The composition according to c¢laim 1, wherein the

alcohol amine is used in an amount of 0.1 to 30 wtg.

7. The composition according to claim 1, wherein the

alcchol amine is used in an amount of 0.5 to 25 wt%.
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