10

15

20

25

1 IMPROVED ALKALINE CHEMISTRY FOR POST-CMP CLEANING
Cross References to Related Applications This application is related to
and claims the benefit of U.S. Patent 5 Application No. 11/831,161, filed
July 31, 2007. This application is incorporated herein by this reference.
Background Manufacturing of electronic wafer chips involves a step
wherein 10 semiconductor work-pieces'are cleaned with a liquid solution
during or after Chemical Mechanical Planarization (CMP). A
"semiconductor work-piece" is a microelectronic device that has not
completed the fabrication process, typically a silicon wafer with active

regiolRROVE D AL HATINEICHEMIS TRYSHOR POST-CMPOLLBANING
the active regions are made using multiple 15 layers of metal, typically
copper and tungsten, which has been deposited on the silicon substrate.

When copper is (GaskasRbéerdats teRensted Appitatiaseene process
is used whereby the copper is deposited into lines etchegd info the
inter-layerhaslqu% ’r?@%%rgp re?ﬁhee e%%%% %Igwgﬁ%e%%@&ftghg.tﬁ@tent
sukfaieaiandiizetldiig1® CXIRpIocess, Riowety appeeaing 20 step.
The goal of, thehcleani rocess ("Post-CMP cleaning") is to remove
re‘&%%@so TgF? By e ’8%%%{8[{‘#8 & semiconductor work-piece surface
without significantly etching the metal, leaving deposits on the surface, or
imparting significant contaminatiqg_to, the semiconductor work-piece.

Furthermore, it is desirable to pro eac(i‘iﬁgor%@ | surfaces from corrosion by
25 varioddamefzinigmsod etbcao nlewadat ettpingvohleanicstop osiersds
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oftzimentilizé echambez| &drizaireti @MEMPs destabletntaveavterpkge”

S%ug%]ié@géiigc%%%?g\aeebrf(}g ?h%.{( %grslengh c%en%igg?eete\a’vcp e ge?g r%%%%?%";? rocess,
typically a silicon wafer with active regions formed in or on the surface of
the silicon wafer. Connections to the active regions are made using multiple
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 is used whereby the copper is deposited into iines
etched into the inter-layer dieiectric and then the excess copper is removed
and the surface planarized using a CMP process, followed by a cleaning
step. The goal of the cleaning process (“Post-CMP cleaning”) is {o remove
residues left by the CMP step from the semiconductor work-piece surface
without significantly etching the metal, leaving deposits on the surface, or
imparting significant contamination to the semiconductor work-piece.
Furthermore, it is desirable to protect the metal surfaces from cotrosion 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. Since neutral to alkaline slurries are
often utilized in copper and barrier CMP, it is desirable to have a cleaning

solution that is effective in the alkaline pH regime where the abrasive
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2 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 5 different functions during the cleaning process. A
cleaning solution must contain a "cleaning agent." A "cleaning agent" is
the component of solution that remove residual CMP slurry particles,
typically particles of metal, from the surface of the semiconductor
work-piece. A cleaning solution may also contain "chelating agents,"
"corrosion-inhibiting compounds,” and/or 10 "surface-active agents.” A
"obhaititieg agehiyhlylph preed rtne-cep bsitiomofad eibiceshithetal laatmehe
sem| oL work-piece. ing.th al in the_cleanin .
S e R P R RSB i
cloaitifey sulstiCiRatipaciogts the metal surface from attack by

mechaniamp A IRAIMES SRS B D deanig daeauion,
oxidation, post c ning corrosion, galvanic a %IaC , Or p%o o- Ind ceg
attiiterent funtdemadivingdbnt tisantamponens of thie zféagisgiudiointionst

A O AR AL S gy st
releabran2e/ s tesichiainishiie sbiryezarirgeso | atposti-oartues iesetal, from
o B AN oS8 e s
re@@ilntaﬁeﬁ@hneiatéjgle@ﬁimgédmrom@aﬂﬁmpkbingmmhamméﬂé’tw@r
e B R S e AL LR e DU e aair & Bebation o
theerasicdiihmatstaiptarthaciaridopdsittel e thepsarmibynuuoidewogktindece
22@&3%@4@@8 SRIOHG SRR A SRS LA ARG USRI FANRL
component of the cleaning solution that protects the metal surface from
attack by mechanisms such as the aggressive nature of the cleaning
solution, oxidation, post cleaning corrosion, galvanic attack, or photo-
induced attack. A “surface-active agent’ is a component of the cleaning
solution that modifies the wetting characteristics and prevents watermark
formation.

U.S. Patents 6,200,947, 6,194,366, and 6,492,308 disclose relevant
to the chemistries of cleaning solutions. However, these references suffer
from one or more of the disadvantages discussed below.

The ability of the cleaning chemistry {o remove residual metals and
retain them in the cleaning solution is an important characteristic of a Post-
CMP cleaning solution. Chemicals that can complex the residual metal in
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 typically perform poorly at the desired cleaning fask. Thus,

it is desirable to have a cleaning solution that includes a chelating agent.
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residual metals typically perform poorly at the desired cleaning task. Thus,
it is desirable to have a cleaning solution that includes a chelating agent. 3
Some commercially available alkaline chemistries have poor performance
at the desired function of removing residual metal, particularly copper,
from dielectric lines because the do not contain a chelating agent. Such
chemistries typically comprise an aliphatic alcohol compound 5 containing
a mercapto group, such as 2-mercaptoethanol or thioglycerol, and a
solution of an alkaline compound, such as a hydroxide. It is important to
protect semiconductor work-pieces from corrosion of the metal surfaces
by provioﬁmgmwmamémryilaﬁagatnmamaﬁdémmmammmselpt'n@m The

ta surfaceso h emlc duc orw rk- ece 10t pe
B RUATES B ST A ER RIS oK Ee A Ry
&mmﬁéeahmeseb@imnndmmwhm*amammethe mﬁtabdtaesaawamtmg agent.
pc§S| le_while still cfarr in the des,lred eleﬁ?h? urr corrosu&n on

cHeMTs T gp COMPIISe an g Io&‘gpoun

the SUMACE OF Tecas
(dissdhition) amdenesylts grqnqm,rs:mfoam&mmurafpihsﬁxahme)rlﬁnogiyceroi,
semi ondqchrde ice, I( cleanin sol tlon i}corrosgyglp eventing

alfifitied Are qounaﬁ ift gaa i)y rf?éea%%?ﬂ Sﬁ"ﬂ”{c Stefr 8 surface

roughnedsis(quantifed toyRME rmhmeadtﬁquamﬂame)mé frometabrrosion
su S een Ieaned ith the subject solution. A high static. etch
%glca% gl% ssou OI¥ 8][ c\:fv gta Cotv. éion inhibi m %ﬂya %tt%

rate in al surface is occurrl
vactimmd@atdsthOTrbelgheéaﬂmémeﬁtbg a&auktﬁfdhetme/t@ramlme

BRSSO
vaﬂh&imémumfu mfmtltbeedédeﬂgmm@mmsmmmwé:mm}mm
fonslen Ry A eduEg e A SRS, RG MEBL 1Y R current.

Any corrosion on the surface or recess ofthe metal causes thinning of the

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

semiconductor device. The cleaning solution’s corrosion preventing abilities
are quantified by measuring the static etch rate or the surface roughness

(quantified by RMS, root 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 vaiue 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.

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 cieaning solutions availabie in the art do not
provide effective corresion-inhibiting agents and thus suffer from a high

static etch rate and/or high RMS value.
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or scavenging oxygen. Some cleaning solutions available in the art do not
provide effective corrosion-inhibiting agents and thus suffer from a high
static etch rate and/or high RMS value. 4 Some commercially available
alkaline cleaning chemistries are affected by exposure to air and/or have a
high static etch rate of the metal. Such chemistries typically contain a
quaternary ammonium hydroxide, such* as TMAH, a corrosion-inhibitor of
the oxygen scavenging type, such as 5 gallic acid or ascorbic acid, and an
organic amine, such as monoethanolamine. Because these chemistries
rely on an oxygen scavenger to prevent corrosion, exposure to air is
detrimentairte thenpesfaiaigrmeadbtiie ahaimeatiddsinghehEvisties are

pr, i ur film. and the aggressiveness of the chemistries toward
th%r%%t%? r%éé%%l%%uﬁl;? TIE) %?éﬁgrgf‘c Y ¥ e‘?} @ ie a{%eér}%aﬂas%sor%%ees@ee al
ligsciAnbemeisties hyricalybtemtaithecieandrg g miconoiictor sgdfageeissuch
th dﬁ&% ition 0 ' nthe surface of the semicqonductor

de%*lce. ﬂnyé;%%ﬁ%%gsé Wg ri% ?ﬁi{%gpoﬁg gVen a few 'r'ﬁ%?é’glﬁ eguo%h as
ugedigirabié crampogitivacivll andersalygaiies timnpefocmasce of the

SSiRRRUsIaTIRine vies. Clanind solignshaL eayie ainsing.sep
can also resultin depositing con AMminants on the sur¥ace.a‘Fhusy, IS
desiableger s e \eehnorgosiemBsrycsiatewill aot dedwitney taisiddecon

th ' fis al irable to_cle 1d_protect t
S B A, R BB B i anc
plitasigiprg seivaferssunfibe idaﬁmsmlasléam@fstémfmmler@@wgn a high
a%‘i'ét!f&”&{c%t?gﬁgf M?éﬂgt%ﬂ“c‘%%geéﬁ"(e%%s@ﬁﬂ%éo'““0”- Rinsing,
particularly with water, can result in leaving deposits on the surface of the
semiconduetewotknsistepthbie roonttintieatiriggdisewafendaddinguafaces is

S%%%ﬁ%tiﬁﬁ@c@rﬂ%ﬂ%l&d&? e surface of the semiconductor device.
Any cleaning solutions that deposit even a few molecules of undesirable
composition will adversely affect the performance of the semiconductor
device. Cleaning solutions that require a rinsing step can aiso 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 fo clean and protect the semiconductor surface in
a single step. Some chemistries for planarizing a wafer surface include a
cleaning step followed by an additional step of rinsing with water or an
inhibitor solution. Rinsing, particularly with water, can result in leaving
deposits on the surface of the semiconductor work-piece, thus
contaminating the wafer. Adding a second step is also a drawback due to
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 guality control
problems. Clearly, a process that cleans and protects the surface of the

semiconductor work-piece is desirable.
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25 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
control problems. Clearly, a process that cleans and protects the surface
of the semiconductor work-piece is desirable. 5 It may also be desirable
to have a surface wetting agent in the dleaning 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 5 surface can saturate metrology
tools thalt megsalsligh desintefertsa thus sadskany etieg agartha the
semiconductor.work=piece, For.the foregoing reasons, if is desirabl

p%le d%rﬁq]sgi%tm%k%%grgng&}r%ﬁt Qgt%%\gss ﬁge\len eﬁofrr\{amma%on c%%ﬂe

rovi atrpr eme om corrosion,

prevants rokidabiowaiktipee cadigl el facet o ehopvesaintictd S leffmieiatts caused

B S R S R A R e

cheniistey @it tuaEnnéirdogpionskiémuseatoralligl additidetdots, thus
Prr%‘é'gﬁﬁgf@é‘é&?{% tRahiilis, Al of the, Abave peeds. 15 Summary This
Ion

inven elates to cleaning chemicals use &F Chemical Mechanical
Planariz&tiorii€ iRy gufise méesndacibissidxsnaits tcoptainiega maliedjine
pagti K Ikali istri len utilized jn a brush
B e o S M TR R R A Bt e
omgatid sesidoesriomvbe peafeles fitieTthe cemeonenverttibfrdsrathe

c if] ean| luti ing: j ctor

COBEER AN RO 0 SR SRR I8 g v
preveiar ioxiddtiersefitheomdtalsusiatacee Movas partittg s eifieientient
rqmpé’rﬁ?o%]%@kes use of multiple additives to provide a solution that fuffills all

of the above needs.

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
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 io protect the metal from corrosion, prevents
oxidation of the metal surface, removes particles efficiently, removes metal
from the dielectric surface, is close to the pH of the prior CMP step, does
not add organic residue to the work-piece, 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

match the pH of alkaline CMP slurries. Silica based CMP slurries are often
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from the dielectric surface, is close to the pH of the prior CMP step, does
25 not add organic residue to the work-piece, 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 match the
pH of alkaline CMP slurries. Silica bas€d CMP slurries are often 6
stabilized in the alkaline pH region where the particles exhibit a highly
negative surface charge. Cleaning with an alkaline pH chemistry results in
efficient particle removal due to the charge on the particles and their
rajakﬁimﬁmmlaeaﬁmiimmldhmgjed siréaedhA pheiatexgeaddit & picgdent
lex n, faci atln he.removal of copper fr
thﬁegég{%%t%%@am? prev t|r?8 Irgné etalte (ﬁepos i(Efn ontd’ ?—Y l\‘/va erﬁg S0 in
cleﬁmlegt paidtoea msmwahtams@twmogerdmbhmgaa@ekﬁstlmmwents

[ f im th attack af t .metals faceb
e S R RS R, A S s
sda\mgpkebha’ue&adamlgm@ddyube p‘msﬁahe@ﬁimepﬁmomlfnﬁbepmnfmmethe

th ilit rro | nal wettin nts can e added to
&é} %%ﬁgulé évé‘é) g C ar§ er‘%lcs an %?g'{/é%% Waﬁemark ormat Oehclieanmg
Prefeitied aishodimiaints atoleasion-sdiltiongegaridba pleasinig thgent, a

C'ESJ@‘ @@j’é&ﬁé‘%%&%’ﬁm '{?{%@% s« PH{‘éjml%'i 'aec%”bygthe

agen Invention e iciently C ean e SUI’ ace O the

s@iﬁmomgmgmmoﬂ@p.goeajm tneostiegrGIP slayry ioles domehe
Rl e AT (B RN BRI LR fimize

arthe eaissbHd oikice) caidiior @natraedtharhhm aigen isychoxXidecaki20 to
C'ﬁ%ﬁﬁ? A SR LR APSLRNRAAR N AVER (RALIRGLROKSIANR 8h the

curren
Preferred embodiments of cleaning solution comprise a cleaning

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 metai from
the dielectric surfaces. Preferred embodiments of cleaning solution include
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 effeciively complex the metal removed
and prevent re-deposition of the removed metal on the surface of the
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, isopropanolamine, isopropylhydroxylamine,

maleic acid, oxalic acid, salicylic acid, or tartaric acid.
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invention include chelating agents to effectively complex the metal
removed and prevent re-deposition of the removed metal on the surface
of the semiconductor work-piece. Preferred chelating agents include one
or more 25 of ammonium citrate, ammonium oxalate, aspartic acid,
benzoic acid, citric acid, cysteine, ethylene diamine, glycine, gluconic
acid, glutamic acid, histidine, hydroxyldmine, isopropanolamine,
isopropylhydroxylamine, maleic acid, oxalic acid, salicylic acid, or tartaric
acid. 7 Preferred embodiments of cleaning solutions include corrosion
inhibiting compounds to protect the metal of the semiconductor work-piece
from corforeifeTré2bemsiodiinditiitiof cemmtsgnsayuiie rie ducingeagaintsiditm-

forming.agents, and/Qr oxygen scavending agents. Forming a film on, the 5
P A g RS S e et S Bk csemeen etk risiece
ofidationrasébfro@cchesitoah igbitiagieget o hotg -t vedulciithaly et ngim-
a e cleaning,step, By protecting.the metal surface from.attack
e e AR O B e AR s A A on the
desired dhitleessiswhdlettrioabdaipidng tepiasiticPrefertd sorfasienfrton

inhijpi include one ar more .of acetamidophenol, aminophepol, .
B B 0 - B o el dhing
aadd gfterdde, disidaing estere By poiteaiognibennestaiptodentom attack,

AR A P SRR, b e sy

thitsgliyedrtiljthinesssieylit aleittrickd taazahe, apdliity oP vafittiecacutrddien

Y L e

alkamqetﬂmd;&s. @jfe?;irag:?am cilezdimécciesihing stelutionjitherprybleneic acid,

SR RO DA S e e
mercaptopropionic acid, mercaptobenzothiazole, mercaptomethylimidazole,
methoxyphenol, propyl galiate, tannic acid, thioglycerol, thiosalicylic acid,
triazole, vanillin, 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.

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

in the same step. Because the cleaning and corrosion inhibiting is
accomplished in a single step, there is less likelihood of accidental
contamination by handling a completely separate corrosion-inhibiting 25
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 8 a source of contamination or
hidesdefeetsfinchtasendtiondudiiteviefeptede. the sefsicerabiivie agent-piece.

m an=ioni ioni iQnic, zwitterignic or amphoteric ... .
e B P R SRR JRIONE Brineroniger
oz patieneduiaigeekposed to a preferred embodiment of the invention.
Figure 2 is an image of Cu and low k lines on a patterned wafer 10
exposed to a preferred embodiment of the invention. Description The

present invention is a cldaesgipdiotionf fthrec Basmimirgs semiconductor

work-pie td lj ture, The,compasition of the 15 cleanin
solution Egir%gns{(jg %I@%n%g%ggeﬁg g%ce?mg atﬁaaégeérr}? gnv&aafle ' exposeg toa
caresiordrenbiiiincenipddne .ifrefdivad cleaning agents include
ammonium hydroxide and a tetra alkyl ammonium hydroxide (methyl,

ethyl, propyl, butyl, etc.). Preferred chelating agents include ammonium

citrate, amgirenalis wxalaegeashauieatibvbéries acid, pitteraed, wafer
CyslEine. 20, SRt e ms, ANEREoBHETRAF, dlutamic acid

histidine, hydroxylamine, isopropanolamine, isopropylhydroxylamine,
maleic acid,

Description

The present invention is a cleaning solution for cleaning a
semiconductor work-piece that is alkaline in nature. The compaosition 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, ethyt,
propyi, butyl, etc.). Preferred chelating agents inciude ammonium citrate,
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,
benzotriazole, caffeic acid, cinnamic acid, cysteine, dihydroxybenzoic acid,
glucose, imidazole, mercaptothiazoline, mercaptoethanol,
mercaptopropionic acid, mercaptobenzothiazole, mercaptomethyiimidazole,
methoxyphenol, propy! gallate, tannic acid, thioglycerol, thiosalicylic acid,
triazole, vanillin, vanillic acid, and mixtures thereof. Preferred cleaning

solutions may contain mixtures of more than one corrosion-inhibiting agent.
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oxalic acid, salicylic acid, tartaric acid, and mixtures thereof. Preferred
corrosion-inhibiting compounds include acetamidophenol, aminophenol,
benzotriazole, caffeic acid, cinnamic acid, cysteine, dihydroxybenzoic
acid, 25 glucose, imidazole, mercaptothiazoline, mercaptoethanol,
mercaptopropionic acid, mercaptobenzothiazole,
mercaptomethylimidazole, methoxyph%nol, propyl gallate, tannic acid,
thioglycerol, thiosalicylic acid, triazole, vanillin, vanillic acid, and mixtures
thereof. Preferred cleaning solutions may contain mixtures of more than
one corrosion-inhibiting agent. 9 Some preferred embodiments contain
mixturesSafmeopectiesired resvdbeditieg Bogemttand fontoressid mAnteHitag one
comnayRg-Jear emple. e, Serasiapiaing. agent olone argiorrele
cléaning soluation comprises a mixture of acetamidophénol an
meshosyphanobilhe agenkisreihibitfersdgdronaratiaéto prefeneies a
cleani lyti omprise Pxtur tamidaphenol and vanillin,.
R N R R R e i lne
cagpnisesanethexppeEnatdotaanitisolliorchelapnigegentoftameotiier

P@ég{g‘?ﬁ&@%@ﬂg; %%ﬁ?&hﬁf?ﬁ“ﬁ@%‘eé 2are, ﬁ%ﬁchoaSi%r?ﬂ)df gf[?l?another
isopropanolamine. ne preferred c(feanlng solution embodimen
ccp_mfeie“esl clateaingtisylrionosiunp fiyelsoxiskcatyhene diad inen dind  he
misiure o} agelamidaphenel aadyanilin, Qe ASIGHSI HER Mifure
embodim&nt® comprises conkentrations of 2. 1% Wt 9%

tetfoghetbylamend andnisnphiexdtslamivte2o ethylene diamine, 0.75 wt.%

: o i . . 15%
o ot aE e A SOl S R RO a8 o
Atithsrairefanredaiiamihy dokiden etwiprisedistetiren ety lammixturia of

PR A YRR RS 8 8 DS

presfetrsisetecrinng RioRiiTe irdprised. % tetramethylammonium hydroxide, 6
wt.% ethylene diamine, 0.75 wt.% acetamidophenol and 1 wt.% vanillin.
For this embodiment, a 156X to 25X dilution with de-ionized (D) water
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.%). Another preferred cleaning solution comprises
tetramethylammonium hydroxide (4.8 wt. %), Isopropanocliamine (8.5 wt. %),
gluconic acid (2.0 wt. %) and propyl gallate (2.4 wt. %). Still another
preferred cleaning solution comprises tetframethylammonium hydroxide
(2.75 wt.%), ethylene diamine (8 wt.%), and a mixture of methoxyphenol
(1.5 wt.%) and vanillin (0.5 wt.%).

Preferred cleaning solution embodiments of the current invention
have a neutral to alkaline pH. Even more preferred is a pH of about 10 to
about 13.

The cleaning solution may be supplied in concentrated form, or

diluted with water or other suitable diluents known to one skilled in the art.
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20 tetramethylammonium hydroxide (4.8 wt. %), Isopropanolamine (8.5
wt. %), gluconic acid (2.0 wt. %) and propyl gallate (2.4 wt. %). Still
another preferred cleaning solution comprises tetramethylammonium
hydroxide (2.75 wt.%), ethylene diamine (8 wt.%), and a mixture of
methoxyphenol (1.5 wt.%) and vanillin (0.5 wt.%). 25 Preferred cleaning
solution embodiments of the current in{ntion 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 diluted with water or
other suitable diluents known to one skilled in the art. 10 One preferred
cleaningGokutiosf emdsbdiaaam gnehidisraesufad eractive digéat @ gudause
t ic ctor.surfa Preferred odiments
A o B B T SR R e AR o
ampifeteed smifactznen s intkide Diterenh & dndeskiite hontimart @aionic,

@g{}bq-ﬁ#hg,& ?g}fgﬂ%soﬂléﬁl]qgv REhes ﬁ rent invention, us usm conventional

chemical mixing techniques thout undas ex erimaRtation xamples
10 The p@&‘@abit&rﬁﬂﬂmmrﬂmﬂn@e@cﬁm@ﬁne d@ammglsmefhwscefttb\ethe

f°4!8 (ﬁ V{ﬁéc@o%ﬂ?efn‘{;o& ?%ﬁé}‘ne Lfﬁ%‘?%%s Aneid og 5%0
cons rue scope of the presen IhVent xarﬁ &1
cueﬁummtmqmtagem invention were tested by electrochemlcal
impedance sprectroscopy (EIS) to determine their corrosion resistance
compared to commercially available alkaline post-CMP cleaners. Blanket

copper wafers were immersed in ddugomsiesthe chemistries and

connected, 100 GIGCHRENRMTICA Gllst B ARE YR L BRF IR Wk rence to

measured as
the following Exampies; 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 by electrochemicai
impedance sprectroscopy (EIS) to determine their corrosion resistance
compared fo commercially available alkaline post-CMP cleaners. Blanket
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 {o each chemistry. Once the steady state condition was found,
AC voltages were applied to each wafer and resistance and capacitance
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-cm?2.
Corrosion resistance of a commercially available product were measured at
19,226 Ohms-cmZ2. These results clearly demonstrate that the present
invention provides a higher copper corrosion resistance when compared to

a commercially available alkaline post-CMP clean. A higher corrosion
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20 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
values were obtained which give information on the corrosion rates and
resistances of each chemical. Corrosion resistance of a preferred 25
embodiment of the current invention wéte 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 invention provides a higher copper corrosion resistance
whesistanyeaie tiripo dardrivmenciallyeacajjpele laticafienpost Gk aeant Anes
higher corrosion 11 resistance is impertant to minimize, copper loss frgm
S B AR TReLT TSR e e (B Srsins such as
caniliesivatydspetiesidsscioashexddds can dftydrovisies: hmethe surface of
the copper lines. 5 Example 2: In a second study, patterned Cu/low k and
blanket copper wafers were exposed to chemicals of the present
inEetatiopias2well as commercially available alternatives, in order to

determine t ressiveness of each chemical i tacking the co r
lines. Fgr% a#%%%gﬁfg%%td (\,’I’e%a?( e grlﬁ}il W%ﬁgu ag?(e ggc?ﬁ%eét‘ﬁg%rs
covapiegipsepderdnesotatio o dhacitsentemaraldroas treltalectric

. . with ion inhibifi
oA AR EES IR R SA 0% benavior,
paggmssivoppes whtercpigranivernexposddgdidicippsoiirdealiRer an
istri 5.mi h ic F :
e T e T BRI sonertdn
destelutive tthéseitiens of noaxgdrong teudiade dyithe gloemisty shiguice e

squa/yasng&g) Wi O@fégﬁﬁﬁmiﬁﬁ%ﬁ %gfe%%reﬁ)ggsgr}ea o%}éqrgﬁ%a gat%rl

exposed to a 1:20 dilution of a prefer
from the copper lines. To study this behavior, patterned copper wafer

pieces were exposed to dilutions of alkaline chemistries for 5 minutes and
then analyzed by Atomic Force Microscopy (AFM). Copper regions on 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
pad on a patterned wafer exposed to a 1:20 dilution of 3 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, demonstrating that the chemistry slightly roughens the
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
avaitable products.

Regions of Cu/low K lines on patterned wafers were aiso studied by

AFM following exposure to dilutions of alkaline post CMP cleans. Figure 2
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embodiment of the present invention (Tetramethyl ammonium hydroxide +
20 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, demonstrating that the chemistry slightly roughens the
surface and highlights the copper grains, but does not substantially attack
the copper. This information combinedith ICPMS measurements of the
25 copper dissolved into solution during the exposure, gives a means of
comparison of the chemistries of the present invention to commercially
available products. Regions of Cu/low k lines on patterned wafers were

a|‘soastmjiemme Aﬂkéyiowmfm&&pmsmng tpibeiqtighiratiiaties pesteme

12 f f alt tin
O e Sl SRR R0 v
prefesest mnbnﬂnnéfﬁétrbﬂmetmrbsmmmuemmlyc(ﬂ'cﬂme%tyimnmdmmthe +
hydrot><|d eihe 3\6 pgd cetamldo henol;l-:vanllll ). The copper

a

& fe not stan iy Fecelseu Py tHE & &aRAiRd Slution.

lines ot Figure
Tlsei loimmiistity rsoawéxﬂdagfthnﬁeanm@m@lummgﬁy]efdﬂmmmes lozgsabie of
durin the cI ni es removm articulate anic and dissolved
oS RS TRe SRt PR S ser Ene IR e e
remsvﬁ@/ﬁﬁrﬁaghm,eqngamammmmcbg;gmdmdhed Without

e detail wit refe nce,tq certain preferred versions thereof,

R < e R R TR eE s o b

practiced in a process other than post-CMP cleaning. In addition, the

cleaning ucto %( ces can be ac ished at a vagriet
of conce%&g?t?grgg % %I%genélﬁ}é{ sgo% ion, %r}ﬁggpa l?rsecalﬁ g8haiGH %era}éie
Fuiethait mdile reffieréneentiooamai bee tsedd o efemma thaniety, afttarfacespns

g}é%g%%ﬁg%éeré%?yf §1 e{%cwi?mcﬁ nstﬁugr"]n%ay eegrﬁrgg%?ggd %ng 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. Furthermorg, the invention may be
used to clean a variety of surfaces, including but not limited to surfaces
coniaining 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, equivalents, and alternatives falling within the

spirit and scope of the invention as defined by the appended claims.
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scope of the appended claims should not be limited to the description of
one preferred versions contained herein. The intention of the applicants is
20 to cover all modifications, equivalents, and alternatives falling within
the spirit and scope of the invention as defined by the appended claims.
13 Claims: 1. A post CMP cleaning composition for cleaning a
semiconductor work-piece after at least one CMP manufacturing step,
comprising: 5 (a) a cleaning agent, wherein said cleaning agent comprises
a tetra alkyl ammonium hydroxide; (b) a chelating agent, wherein said
chelating agent comprises at least one member selected from the group
céHsimting of ethylene diamine, glucosic acid, isopropanolamine, 10
isopropyihydroxylamine, and mixtures thereof, and (c) a
corrosion-inhibiting compound, wherein said corrosion- inhibiting

cdmpou Adreorhpfide chdpinst ommmefrﬁbarfseleiemd nfrensémigpodpctor
QRIESY B Salalc, [CRAPOIORIaN G a0 eR dhereo
15 2. The composition of claim 1, wherel ‘agent comprises a
mixture Qa)glucmmmmgra@ﬁﬂpvdwammmmieoiaamm agapbsitioprides a

claims 1 or 2 gﬁrae%?]@aﬁﬁgﬁ'ﬂﬁ‘amp%&? compound is prqpyl gallate.

4. The composition 0 , further comprising a 20
diluent. 8bThe ecthpiaitigrageahywirgah dainhshslatihdugesr comprisiag at

2 surface-acivg agentey TR ePIRERIONALCIIn Gollnersn Al o

surface-active agent is selected from he group con non ioh
anionic, cationi€thylene diamine, giuconic acid, :sopropanoiamme

isopropylhydroxylamine, and mixtures thereof, and

(c) a corrosion-inhibiting compound, wherein said corrosion-
inhibiting compound comprises at least one member selected
from the group consisting of propyl gallate, mercaptopropionic
acid, and mixtures thereof.

2. The composition of claim 1, wherein the chelating agent comprises a

mixture of giuconic acid and isopropanolamine.

3. The composition of claims 1 or 2, wherein the corrosion-inhibiting

compound is propyl gallate.

4. The composition of any one of claims 1 to 3, further comprising a
dituent.
5. The composition of any one of claims 1 to 4, further comprising a

surface-active agent.

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

zwitterionic, and amphoteric surfactants, and mixtures thereof.



25 zwitterionic, and amphoteric surfactants, and mixtures thereof. 14 7.
The composition of any one of claims 1 to 6, wherein the pH is between
about 9 to about 13. 8. A method for the cleaning a semiconductor
work-piece after at least one CMP manufacturing step, the method
comprising the steps of: 5 (a) providin%a semiconductor work-piece; and
(b) contacting said semiconductor wor 4piece with a cleaning solution
after at least one CMP manufacturing step, said solution comprising (i) a
cleaning agent, wherein said cleaning agent 10 comprises a tetra alkyl
ammonium hydroxide; (ii) a chelating agent, wherein said chelating agent
c@mprisédatipagiosiiomeirdry spiecfetidimg thie §redpeeeindistingds

gﬁ%ﬁggfﬁiﬁ?me? %‘?8881& 3%id, isopropanolamine,

isopropy oxylamine, and 15 mixtures thereof, and (iii) a
corrosion-inhibiting compound, wherein said corrosion-inhibiting

C&npouﬁd‘&%ﬂﬂ%%é@ﬂé‘ﬁ%@@ﬁ@ e Rt MpomPige Allgs at least
CORT NP IHRIARYL AN B IRRNRRIARIoRIG RF IR thabilye s thereof.

20 9. The method of claim 8, wherein said semiconductor work-piece
comprisé®)a meEMIAE SePheRFEFPRStear, Wedkaifsiecas 10. The method

of claim @ wheggi:saifh g 1Sl R HOMBNISES: OBREpicLL- wine Mathnd

claims 9 or 10, wherein said barrier material comprises materials selected
from the group $IHERMNAIEF Fhlerahons FIME repufasknoe siep, said

solution comprising

(i) a cleaning agent, wherein said cleaning agent
comprises a {etra alkyl ammonium hydroxide;

(ii) a chelating agent, wherein said chelating agent
comprises at least one member selected from the
group consisting of ethyiene diamine, gluconic acid,
isopropanolamine, isopropyithydroxylamine, and
mixtures thereof, and

{(iily  a corrosion-inhibiting compound, wherein said
corrosion-inhibiting compound comprises at least one
member selected from the group consisiing of propyl

galiate, mercaptopropionic acid, and mixtures thereof.

9. The method of claim 8, wherein said semiconductior work-piece

comprises a metal line, a barrier material, and a dielectric.
10.  The method of claim 9, wherein said metal line comprises copper.

11.  The method of claims 9 or 10, wherein said barrier material
comprises materials selected from the group consisting of Ta, TaN, Ti, TiN,
W, and VWN.
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12. The method of any one of claims 8 to 11, further comprising removing
the cleaning solution from the semiconductor work-piece, wherein the
cleaning solution does not contribute additional organic residue to the
work-piece. 5 13. The method of any one of claims 8 to 12, wherein the
chelating agent comprises a mixture of gluconic acid and
isopropanolamine.. 14. The method of ény one of claims 8 to 13, wherein
the corrosion- inhibiting compound is propyl gallate. 15. The method of
any one of claims 8 to 14, wherein said cleaning 10 solution further
comprises a diluent. 16. The method of any one of claims 8 to 15, wherein
séﬂiﬁ cleé]fﬁegﬂedlmtdbnffanhemeouﬁ pﬁﬂw&ﬁarfbme‘wdzlﬁee ageptistiig The
ihesRGSiAm A8eLBIN Al AlRee aclue Aarnt)s selectedom ¢ cin
group on5|st|n Pron- |on|c anionic, Scatiome ZWI teno IC,"an
arhh}@hdmngm‘al@,mmdaesi moiktnessithieeamdditional organic residue to the

work-piece.

13.  The method of any one of claims 8 to 12, wherein the chelating

agent comprises a mixture of gluconic acid and isopropanciamine..

14.  The method of any one of claims 8 to 13, wherein the corrosion-

inhibiting compound is propyl gailate.

15.  The method of any one of claims 8 {o 14, wherein said cleaning

solution further comprises a diluent.

16.  The method of any one of claims 8 to 15, wherein said cleaning

solution further comprises a surface-active agent.

17.  The method of claim 16, wherein said surface-active agent is
selected from the group consisting of non-ionic, anionic, cationic,

zwitterionic, and amphoteric surfactants, and mixtures thereof.



