| MPROVED ALKALI NE CHEM STRY FOR POST- CVP CLEANI NG
Cross References to Rel ated Applications

This application is related to and clains the benefit
of U S. Patent 5Application No. 11/831, 161, filed
July 31, 2007. This application is incorporated
herein by this reference. Background Manufacturing of
el ectronic wafer chips involves a step wherein

10sem conduct or work-pieces are cleaned with a |iquid
solution during or after Chem cal Mechanica

Pl anari zation (CWMP). A "sem conductor work-piece" is
a mcroel ectronic device that has not conpleted the
fabrication process, ically a silicon wafer with
act i VPR ALKALINE %ﬁEM{SB YtHIR 10 $ BEdiid CLEANING
silicon wafer. Connections to the active regions are
made using nultiple 15l ayers of nmetal, typically
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i nt er colfPedPh a?%’?gga%g%agﬁa§@éw3¥%%?§'§om S, §agnt
5 Whapstiestidrhio COpEE 1675 fidaResi 31ed00Nt Thisiappicaioahed

into the inter-layer dielectric and then the excess

coppePoraed @‘ﬁ‘@%@y HIRIref®&"8%r f ace pl anarized using a
CWP process, followed by a cleaning 20 step. The goal
of the cleaning process é Post-CWP cleaning”) is to
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neutral to alkaline slurries are often utilize
15 coppee cnetdatypically onpperianditengidsi, rvdtitie hes bagv deposited
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a damasoene process is used whereby the copper is deposited into lines
efched into the inter-layer dielectric and then the excess copper is removed
and the surface planarized using a CMP process, followed by a cleaning
20  step. The goal of the cleaning process ("Post-CMP cleaning”) is fo 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 corrosion by
25 various mechanisms such as chemical efching, 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 fo 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 renoved
efficiently. Al kaline chem stries are often utilized
in a brush scrubber or megasonic cleaning unit for
Post - CMP cl eani ng. A cleaning solution may contain
various chem cals that perform5different functions
during the cleaning process.,A cleaning solution nust
contain a "cl eani ng agent." % "cleaning agent" is the
conmponent of solution that renoves residual CWP
slurry particles, typically particles of netal, from
the surface of the sem conductor work-piece. A
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U S. Patents b, OO 947, 194, 366, and 6, 492, 308
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residual netals and retain themin the cleani ng

sﬁﬂm&?"lﬁﬁfi o§ t%?‘ﬁﬁb'@ﬂt%’ﬂ%hﬁﬁaééfcé?¢t§tth% mgtags
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solufion, oxidation, post cleaning corresion, galvanic attack, or photo-
induced attack. A “surface-active agent” is a component of the cieaning
solution that modifies the wetting characteristics and prevents watermark
formation.

U.S. Paients 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 cieaning chemisiry to remove residual metals and
retain them in the cieaning 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 compiex the
residual metals typically perform pocorly at the desired cleaning task. Thus,

it is desirable to have a cleaning solution that includes a chelating agent.
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25t he cl eaning solution are effective cleaning agents
because the residual netals are not re-deposited on

t he sem conduct or work-piece after they are renoved.
Cl eani ng solutions using chem stry that cannot
conpl ex the residual nmetals typically perform poorly
at the desired cleaning tasks Thus, it is desirable
to have a cleaning solution that includes a chelating
agent. 3 Sone commerci ally avail abl e al kal i ne
chem stries have poor performance at the desired
function of renoving residual netal, particularly
coppeSonia oomdieetiady availdbla etkdlieeatizenisines daveqioor
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abilities are quantified by neasuri n% the static, etch
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been the subjec olution. A static
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sir Ateaitied B grasp Pedn s eh ko (e SReEcgrayehess
hQuAttHEasy RIS, §bbefkb S RaFE OfIQE) bt ditdli diface that has
conpound r'educes the corrosion of the netal as
ibeehcdeaecdyith die subjest salutier.hA highestalid eRVEralalingicates
rcri?sas%lljurt%% gffthg rmét%?s&[lfgc%ngsn&cﬂﬁﬁg‘. A high RMS value indicates a
rough surface caused by atfack 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 cleaning solutions availabie in the art do not
provide effective corresion-inhibifing agents and thus suffer from a high

static efch rate and/or high RMS vaiue.



10

15

20

25

Corr-osi on-inhi biting conpounds function by either
reduci ng the 25surface of the netal, providing a
protection filmon the surface of the netal, or
scavengi ng oxygen. Sone cl eani ng solutions avail able

in the art do not provide effective
corrosion-inhibiting agents and thus suffer froma

high static etch rate and/or high RVS value. 4 Sone
commerci ally avail abl e al kal i ne cl eani ng chem stries
are affected by exposure to air and/or have a high
static etch rate of the netal. Such chemstries

t ypi cSoime comtragrniadly quallaivie aikaliasmabeaning bidmistiiee are
such TMAH, a corrosion-inhibjtor of t oXx
SHecenanRncyes T RnalTae 7 bidtsidiopkaugl e metal
s e B T A sun
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10static etch rate, which then causes recessed Iines.
scavenger to prevent corrosion, exposure {o air is defrimental to the
performance of the chemical. Also, the lack of a protective surface film and
the aggressiveness of the chemistries towards the metal result in a high
static etch rate, which then causes recessed lines.

Another common problem with cleaning semiconductor surfaces is
the deposition of contaminants on the surface of the semiconductor device.
Any cieaning 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 also result in
depositing contaminants on the surface. Thus, it is desirable fo use a
cleaning chemistry that will not leave any residue on the semiconducior
surface.

It is also desirable to clean and protect the semiconductor surface in
a single step. Some chemistries for planatizing a wafer surface inciude a
cleaning step foliowed by an additional step of rinsing with water or an
inhibitor solution. Rinsing, particula‘rly 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.



Anot her common problem w th cl eani ng sem conduct or
surfaces is the deposition of contam nants on the
surface of the sem conductor device. Any cleaning

sol utions that deposit even a few nol ecul es of

undesi rabl e conposition will adversely affect the
performance of the sem conduct or 15devi ce. C eaning
solutions that require a rinsing step can al so result
in depositing contam nants on the surface. Thus, it
Is desirable to use a cleaning chem stry that w |
not | eave any residue on the semi conductor surface
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wetting agents prevent. contanination of the

to }Sf@md@o’ﬂl@l@tl@m tl’\)ﬁirfulflﬂ$@5é’fﬂiﬁﬁ s heedD stop spotting
of the surface caused by droplets clinging to the
surface. Spotting (also called waternmarks) on the
surface can saturate netr@wygmaryol s that neasure
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chem stry that protects the netal from corrosion,
corptaﬂsmuytmetaixpaiﬂ!cu ey soppae Akalinie chenistsies are efieagitilized in a

es efficientl re L Er
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surface. The chem stry of the current invention makes
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plet;claJ kel oS HilsiPhel NS AROYBIAGGHS metdMBih¥orrosion, prevent

oxidation of the metal surface, remove patticles efficiently, remove metal from
the dielectric surface, be close to the pH of the prior CMP step, may not add
organic residue to the work-piece, and may not contaminate the semi conductor
surface. Furthermore, the cleaning and protecting the metal surfaces may be
completed in a single step with a single solution.

In a first aspect of the present invention, there is provided a post CMP

cleaning composition for cleaning a semiconductor work-piece after at least one



Enbodi nents of the present invention relate to

cl eaning chem cal s used after Chem cal Mechani ca

Pl anari zati on (CWP) of sem conductor substrates
contai ning netal, particularly copper. AlKkaline

chem stries are often utilized in a brush scrubber or
megasoni c. cl eaning unit for renoval of slurry
particles and organic resi ddes from the wafer

surface. Enbodi nents of the present invention provide
a conposition of a cleaning solution for cleaning a
CMe marafactotiog stegpr, Icompeis'mgt %@)ta elganingrageny, wm@ermew to
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of the prior step, .may not _add ,organic
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oo SbobLReS et e scorbaclmaning

compsLAE] whéfePsattdorsiinphibiting compound compnsesrataeast one
first aspect of the present _ invention,
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acid gﬁg] gpﬂgghﬂﬁ $prk piece after at |east one 5a CWP
Hafu uring s conprising: (a) a cleaning agent,
wheThe lesmire sd)[atmm agcca'gmgtocam’pcpdhg@@tsaoﬁtbercgrrgngywent]on

is %%alﬁgagﬁlr%:{gxrlg%@htt& &If&)fc é]gglat I ewglﬁprgq?e%@éaged CMP

shﬁ §§ﬁ§5ﬁé omthe group consisting of ethylene
i am ne, uconic aci d, isopropanol am ne,

|sopropylhydroxylanine, and m xtures thereof, and (c)
a corrosion-inhibiting conmpound, wherein said
corrosion-inhibiting conpound conprises at | east one -
menber sel ected fromthe group consisting of propyl
gal | ate, nercaptopropionic acid, and m xtures

t her eof . The cl eani ng sol ution according to
enbodi nents of the current invention is alkaline in
nature to match the pH of al kaline CWP slurries.
Silica based CWP slurries are often 6 stabilized in
the al kaline pH region where the particles exhibit a
hi ghly negative surface charge. Ceaning with an

al kaline pH chem stry may result in efficient
particle renoval due to the charge on the particles
and their repulsion fromthe simlarly charged
surface. A chelating agent is present to conplex
netal ions in solution, facilitating the renoval of
copper fromthe dielectric and preventing net al
re-deposition onto the wafer. The cl eaning sol ution
al so contains a corrosion-inhibiting agent that can
prevent the oxidation of copper and m ninize the
attack of the nmetal surface by the cleaning agent.
Additionally, the chem stry may contain an oxygen
scavenger that is catalyzed by the presence of
copper, to further mnimze the possibility of
corrosion. Optionally, wetting agents can be added to
nodi fy the wetting characteristics and prevent

wat er mar k formati on. Preferred enbodi nents of
cl eani ng solution conprise a cleaning agent, a

chel ating agent, and a corrosion-inhibiting conpound.
The cl eani ng agents according to enbodi nents of the
current invention can efficiently clean the surface
of the sem conductor work-piece by renoving CWVP
slurry particles fromthe sem conductor work-piece as
wel |l as cleaning residual netal fromthe dielectric
surfaces. Preferred enbodi nents of cleaning solution
i ncl ude anmoni um hydroxi de, and/or a tetra al kyl
amoni um hydr oxi de as cl eani ng agents.

Preferred enbodi nents of the cleaning solutions



7 Preferred enbodi nents of cl eaning solutions
i ncl ude corrosion-inhibiting conpounds to protect the
netal of the sem conductor work-piece fromcorrosion
Corrosion-inhibiting agents may be reduci ng agents,
filmform ng agents, and/or oxygen scavengi ng agents.
Forming a filmon the netaleof the sem conductor
wor k- pi ece that protects nmetal surfaces from

oxi dation, and from chem cal, gal vanic and

phot o-i nduced attack during and after the cleanlng
step. By protecting the netal surface fromattac
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gluconic acid, glutamic ac&ﬁlstlrd lﬁ)e hydroxylamlne isopropanolamine,

isopropylhydroxylamine, maleic acid, oxalic acid, salicylic acid, or tartaric acid.



The present invention is a cleaning solution for

cl eaning a sem conductor work-piece that is al kaline
in nature. The conposition of the 15cl eani ng sol ution
conprises a cleaning agent, a chelating agent and a
corrosion-inhibiting conpound. Preferred cl eaning
agents include anmoni um hydraxi de and a tetra al kyl
amoni um hydr oxi de (nethyl, ethyl, propyl, butyl,
etc.). Preferred chelating agents include ammoni um
citrate, amoni um oxal ate, aspartic acid, benzoic
acid, citric acid, cysteine, 20ethylene dlam
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I c acid, and m xtures thereof. Preferred
capaaiyn Prejeered lmbrmigmnylbaiorﬁ inclideione arenoist ofrasetamigephenol,
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el SAEEORE AR BB BT, tiosiorieaen
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and i.sop
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swinging ﬁ1e pH in the process equipment can be
avoided.
| Preferred cleaning solutions according to embodiments of the current
invention can clean the semiconductor work-piece and protect the metal surface
against corrosion in the same step. Because the cleaning and corrosion
inhibiting may be accomplished in a single step, there is less likelihood of
accidental contamination by handling a completely separate corrosion-inhibiting
solution. Furthermore, valuable processing time may be 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 can

help prevent spotting (watermarks) on the surface that can be
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100ne preferred cl eaning sol ution enbodi nent
conprises tetranet hyl anmoni um hydr oxi de, et hyl ene
di am ne, and a m xture of acetam dophenol and
vanillin. One preferred m xture of this enbodi nent
conprises concentrations of 2.75 wt.%

t et ramet hyl anmoni um hydr oxi dg, 6 wt. % et hyl ene

di ami ne, 0.75 wt. % acet am dophenol and 1 wm.%
vanillin. 15For this enbodi ment, a 15X to 25X
dilution with de-ionized (D) water should be nmade
prior to use. Another preferred cleaning solution
GoSHUTES ©$ chethrdnaidy baniterdafecisyid tiex semidandibiomwdrk-piece.

et hyl ene di am 8 and .a m.xture of
fe%ﬁ@%@%@ﬁfw&@erﬂ&@% ao,gorélwlﬁﬁm%wgp@mlc (zyvngenonzc or

ef erred cl eani ng- sol uti on conpri ses
%ntec%treﬁ@mge%ﬁé gﬁn{mnl um hydroxide (4.8 wt. %,

| sopropanol amne (8.5 w. %, gluconic acid (2.0 w.

g?e?g:rjr gtrjoglyleag?lnb%ﬂﬁﬁo&hm%m/?)@@g{ |l anot her
t et r angg gl ﬁ@mﬂinﬁﬁgé‘ﬁﬂé % €§d 0A- o Pattérn¥. wﬁbh%kﬁﬁ@d to a

diamne (8 w.%, and a m xture of net hoxyphenol
wirefgyregrembadimdnt of fee Bivanfioh.. 25Preferred cl eani ng
sol uti on enbodi nents of the current invention have a
neutral to alkaline pH Even nore preferred is a pH

of abauygut® lstarfpeatie 38Cu and iowlkEn&s 6A ParteTabY twador
may be supplied in concentrated form or diluted with

expeped ito gitelersg erabpdimpntiddbe inieBlANt 0 one skill ed
in the art. 10

Description

The present invention is a cleaning soiution for cleaning a
semiconductor work-piece that is alkaline in nature. The composition of the
cleaning solution comprises a cleaning agent, a chelating agent and a
corrosion-inhibiting compound. Preferred cleaning agents include
ammonium hydroxide and a tetra alkyl ammonium hydroxide (methyl, ethyl,
propyl, butyl, etc.). Preferred chelating agents include ammonium ciirate,
ammonium oxalate, aspariic acid, benzoic acid,' citric acid, cysteine,
ethylene diamine, glycine, gluconic acid, glutamic acid, histidine,
rhydroxylamine, isopropanoiamine, isopropylhydroxylamine, maieic 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, mercapioethanol,
mercapiopropionic acid, mercaptobenzothiazole, mercaptomethyiimidazole,
methoxyphenol, propyl gallate, tannic acid, thioglycerol, thiosalicylic acid,
triazole, vanillin, vanillic acid, and mixtures thereof. Preferred cieaning

solutions may contain mixtures of more than one corrosion-inhibifing agent.
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One preferred cleaning solution enbodi nent includes a
surface-active agent to pronote even wetting of the
sem conduct or surface. Preferred enbodi nents incl ude,
but are not Iimted to, non-ionic, anionic, cationic,
zwitterionic or anphoteric surfactants or m xtures
thereof. 50ne skilled in the art can produce the
cl eani ng solutions of the current invention using
conventional chem cal m xing techni ques w thout undue
experinmentati on. Exanples 10The present invention is
illTustrated in nore detail with reference to the
f ol | oBong preferpsdembatdircbnis eorftain mixiurss vatare than one
ur poses and s not h nstrued as I%nitiqg th%
or ple, the

oul d e, !
gwaans_bﬁg%wea @§@ﬂ'ir°$lﬂo-éﬁm_%3m9 FEBRPATEL 1Or exa
é@g!}hw.&nﬁglé&%t e %ﬁ@rﬁreféﬂbé@jrﬁléé’rﬂng\%bmg’lbg)sdo?gp@és a

rochem c I npedance sprectroscopy ( to
detteraohacatamidopi@mnod endime tokyphance. therpairegiondnhibiting

i all i | abl | kal i t-CMVP. cl
PSR e B aT o T SeRRng PG USROG S5
bB&tafligshIsdild! 8RdamMilkeNTES Esdosidnanhibltibglagephefbiibanother
cell. The open circuit potential was neasured as a_20

praferredclasining selution gemurisiesanethexyphany) asdawailin. The

diti ¢ . C oL
FREClbL 2R3 L Lol Bref R0 it g R SR e e o Tire
WegRicaRiR dorfl ah@ isasbpuBabdiamiasd resi stance and

capaci tance val ues were obtai ned which give

i nf or X wefared Rleaoblg eRlHEeN emhogingadt ¢IBPLESfces of
ARG BT Rbn R AR 'SAVEhEREOE. andlehBilRb25
nt o e current’ invention wete neasured as
2beBiAdebhinendl miid \aoriliinsDos prefarstdamesurafofadhis embodiment
comercially avail abl e ?roduo?t wer e asured at

LOMpPpgeERABCMAtioNsede? ¢ e Wi tJeE AREHINATBITHAT MyCEoxide, 6
WAdk chillferi 83fRhe! B! | 0N PERMIGSSheh N b AA ST wEPRSHiliin.
corrosi‘on resi stahce when conpared to a comerci al
&oaihialehadikeaht, e PELo 26XPdibltiearwithAdsriigized ohrwsieon
should be made prior to use. Another preferred cleaning solution comprises
tetramethylammonium hydroxide (2.75 wt. %), ethylene diamine (8 wi.%),
and a mixture of acetamidophenol (0.5 wt.%) and methoxyphenol (1.5
wt.%). Another preferred cleaning solution comprises
tetramethylammonium hydroxide (4.8 wt. %), Isopropanolamine (8.5 wt. %),
gluconic acid (2.0 wt. %) and propyl galiate (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.%).

Preferred cleaning soiution embodiments of the current invention
have a neutral to alkaline pH. Even more preferred is a pH of about 10 fo
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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11 resistance is inportant to mnimze copper | oss
fromthe interconnect lines as well as to prevent the
formati on of |ower conductivity species, such as
oxi des and hydroxi des, on the surface of the copper
lines. Exanple 2: In a second study, patterned
Cu/low k and bl anket copper jpafers were exposed to
chem cals of the present invention as well as
commercially available alternatives, in order to
determ ne the aggressi veness of each chemcal in
attacking the copper lines. For an 10efficient clean,
t he clew priefarred okbdingesatifiecembedahentinpludas agurface-
copper in solution to facilitate renmoval fromthe
ar{ereenidoRigngiR evaRIveSHULPHNGSPRICTRAIOTFYFACE.

V. . o - .
B s B, o R 1 T ihic? anionic,
‘betianic mwittpabhieraTesnpogpsr swebetants ecamsiwesdhergods ed

Ll Al TR Ao B
cofrbht iggt@igﬁ’cg'é ubRgi RFe Mol hea{isd! reig B8AnB8es without

scanne terim ne the extent of rougheni ng caused
bpduaexphamestation. Fi gure 1 shows a 20 x 20 micron AFM
scan of a copper pad on a patterned wafer exposed to

a 1:20 dilution of a preferred enbodi ment of the

present invention (Tetramdaipiegnmoni um hydroxi de +

20 ethyl ene di am ne + acetam dophenol vanillin). The

RVS r %f@hm@@nbfnwentlgn redlustrated iHWerg @eiaitivatl reference to

: _ e
R b A, RS Eh DB AL o oy s Shovid ot
beuwhehsct ke iHtihgtes soshdbfirle prakent ineesiigrer
grains, but does not substantially attack the copper.
This informati on conbi ned with | CPMS neasurenents of

ﬁ pper dissolved into solution during the
exposure,” gives a neans of conparison of the
chenm hamisalfoftthe ppessd imvanivenvéreneszdinmaectoahdmical
avai |l .abl e products. ons of Cu/low k |ines

JRPRERDES ARPOHAPETRY (Pe t%g_g%@}l% ERIToRN resistanice
]:?l%e igaped %BHﬁﬁézﬁfc%ny%vﬁhéMb' AR pRdtkahPngefess. SMhket

copper waf;rg%:re immersed in dilutions of the chemistries and connected
to an electrochemical cell. The open circuit potential was measured as a
funcfion of time to determine the steady state conditions for wafers
exposed to each chemisiry. 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-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 when compared to

a commercially availabie alkaline post-CMP clean. A higher corrosion
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12 is an exanple of a region of alternating copper
(light regions) and low k (dark regions) lines on a
waf er cleaned with a preferred enbodi nent of the
present invention (Tetramethyl amoni um hydroxi de +
et hyl ene di am ne + acetam dophenol + vanillin). The
copper lines of Figure 2 argqnot 5substantially
recessed by the cleaning solution. The chemi stry is
capabl e of preserving the integrity of the copper
i nes during the cleaning process, renoving
particul ate, organic and di ssol ved copper residues
védistante & nasdetarg to heinitoipp eopper tosstdm itime théencbneedtdines
i ne recess. 1OAIth0ﬁ%h,the Fresent# néﬁption_has
uckiyi

pedveitRs K PISVENT SCRRERHRN 9b IR o) YSRGS, SHER as
SR R e e e O,y

are possi exanp ition may be
practiced in a process other than post-CWM cl eaning.
:S aq&it:on, the cleaning of sem conduct or

Pfeces can be acconplished at a variety of

conce I-0R8 sBhayC lpRdBHi £8/18%1 KA BlankefBss Rirua
and c%gﬁ%cons. Fuyrctp%grm)re, t he inventai on nayﬁgge ore

verd expostd imcheminaleoythefpregenbioeentiamas wellds but

not -limted t ur f.aces.. cant ai nj . jli ,
Srar Gl elaBi A RHSRER D PRl i S8 fne He 1“0 Cupe
Qlgghdnamees df ¢aeh BhBmicdlad lattatRingliRe lcofbéeikthds0 Fdiean
déscription of one preferred versions contained

ledicient. cleary thackamigy shoulddepireivam Sompleing cepprrin
SR G Moo B0 R SRR AU YR o
daldriedneith byrrbsien ampibhidedoqiraiamt exctds @abustof material
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 a preferred
embodiment of the present invention (Tetramethyl ammonium hydroxide +
ethylene diamine + acetamidophenol + vaniliin). The RMS roughness of
this region following chemical exposure is 1.6 nm compared fo an initial
vaiue of 1.0 nm, demonstrating that the chemistry siightly 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
availablie products.
Regions of Cu/low k lines on patterned wafers were also studied by

AFM following exposure fo dilutions of alkaline post CMP cleans. Figure 2
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1. A post CVP cl eaning conposition for cleaning a

sem conduct or wor k-pi ece after at | east one CWP
manuf acturing step, conprising: 5(a)a cleaning agent,
wherei n said cleaning agent conprises a tetra al kyl
amoni um hydroxi de; (b) a chelating agent, wherein
sai d chel ating agent conprisgs at |east one nenber
selected fromthe group consisting of ethylene

~diam ne, gluconic acid, isopropanolam ne,

10i sopropyl hydr oxyl am ne, and m xtures thereof, and
(c) a corrosion-inhibiting conpound, wherein said
@ﬁg exantpid oha lneg:iongafcaw&pmin@ aopper (iggd regiohe)aamd meek

er selected from roup onsi s 0
éﬁ?fkares*onﬁéhre%ea@rwafe@m'% fh arme{%rse%&ﬁ dimj*oeynt of the
t f; [
ﬁﬁg%ezﬁ.*%Vge*ﬁ'égﬁi?géf%ﬁ,@ﬁ@eiﬂ*@%ﬁi”? S SREhFhe gt +
acdidrsidppbeariol wanilia). T2 chppec bmq:meﬂ fFigure dfarenaf ns 1

;ﬁ”BﬁEﬂ“\MéE% Teégétsggﬁ?yc{ﬁ‘ éagﬁ!bé,nh ﬂfqe gﬁ%&ﬁi@( lgicapable of
réé‘éﬁ the uﬁegﬁﬂf SHRE CORRBF hﬁéé‘guﬁhg?% J:ielﬁﬁ’hfg pr5cess

e conposi tionh of any one of clains urt her
cemovingi payticulsia, faaganigandvdissejeed copper reSIdues without

attacking the copper to result in detrimental line recess.

Although the present invention has been described in considerable
detail with reference to certain preferred versions thereof, other versions
are possible. For example, the compaosition may be practiced in a process
other than post-CMP cieaning. In addition, the cleaning of semiconductor
work-pieces can be accomplished at a variety of concentrations of cleaning
solution, temperature and conditions. Furthermore, the mvention may be
"used to ciean a variety of surfaces, inciuding 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 contfained herein. The intention of the applicants is
to cover all modifications, egquivalents, and alternatives falling within the

spirit and scope of the invention as defined by the appended claims.
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6. The conposition of claimb5, wherein said
surface-active agent is selected fromthe group
consi sting of non-ionic, anionic, cationic,

25zwi tterionic, and anphoteric surfactants, and

m xtures thereof. 14 7. The conposition of any one
of clainse 1 to 6, wherein thg pH is between about 9
to about 13. 8. A nethod for the cleaning a

sem conduct or work-pi ece after at | east one CWP
manuf acturing step, the nethod conprising the steps
of : 5(a)providing a sem conduct or work-pi ece; and
@awet acti ng sai d sem conductor work-piece with a
cl eaning solution after at |east one CW

manuf acturing step, said solution conprising a

| eaniyn , [ | G |20k ;
Toconty PRt Thg Rt £ A RoE Sy micqndyctor
altek-pidcegaftayaitieasttmreeC M aiashutdadidng sigpagemprising:
conprises at | east one menber sel e?t ed from {jhe 8r.ousp
consi §8} ng adHRRAY I AFFELIRREHESAIY ARBING agENiycomprises a
| sopr opanolt@tﬁg Bfovl BEPRSAEM bggyl am ne, and
15m xtures t eregf', and (111°) a corrosion-inhibiting
conpolbpd, wheheddingagentcwheniteald dmelbling agesoegpopngkes at

conprises at_| east one nenpe |lected fromthe.qgraoup
conel st 1 ng KAt AT BEYEM et PR e EPELsE 5P R o et Al
and ni xt ur egnyides arfmide, SiuEbRicERid agombopeahaiamife,
wher ei n sai d 'sem conduct or, wor k- pi ece
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 galiate, mercaptopropionic

acid, and mixtures thereof.

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

mixture of gluconic 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 fo 3, further comprising a
diluent,
5. The composition of any one of claims 1 to 4, further comprising a

surface-active agent.

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

zwitterionic, and amphoieric surfactants, and mixtures thereof.
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conprises a netal line, a barrier material, and a

. dielectric. 10. The nmethod of claim9, wherein

said nmetal |ine conprises copper. 11. The nmet hod
of claims 9 or 10, wherein said barrier material
conprises materials selected fromthe group

consi stinng of Ta, TaN, Ti, TN, 25 W, and WN. 15
12. The net hod of any one of claims 8 to 11, further
conprising renmoving the cleaning solution fromthe
sem conduct or wor k- pi ece, wherein the cleaning

sol uti on does not contribute additional organic

7esi dURe tconigusitionr &f-griyesres obdidirbd tod, wereih thephbise

of clains 8 to erein the chel ating agent
E%Wfﬁqr%@%o‘ggrﬁ 1@9‘5% gl uconi ¢ acid and

i sopr opanol am ne. 14. The net hod of any one of

gl ai Mg, BeftRdldr tw@aéshm tah@eﬁﬁ&dd@ﬁn‘cﬂﬁw&ﬁldi’ééé Ber at least
compound i s propyl gal Iate 15. The nmethod of any

one GMP chamufac@iring stap, thaeneihedsedraprigieathiangieps of:

O b el SRR A i, I

gggﬁpmg s gbiifalcAifg kit t8hiceRANEics ra piadel BEIe aaiddnisg
solution after at least one CMP manufacturing step, said
solution comprising

(i) a cleaning agent, wherein said cleaning agent
conﬁprises a tetra alkyl ammonium hydroxide;

(it} a chelating agent, wherein said chelating agent
comprises at least one member selected from the
group consisting of ethylena diamine, giuconic acid,
isopropanoclamine, isopropylhydroxylamine, and
mixtures thereof, and

(i)  a corrosion-inhibiting compound, wherein said
corrosion-inhibiting compound comprises at ieast one

member selected from the group consisting of propyl

gallate, mercapiopropionic acid, and mixtures thereof.

9. The method of claim 8, wherein said semiconductor 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 WN.



10

15

17. The nethod of claim16, wherein said

" surface-active agent is selected fromthe group

consi sting of non-ionic, anionic, cationic,

15zwitterionic, and anphoteric surfactants, and

m xtures thereof. 16 | MPROVED ALKALI NE CHEM STRY FOR

POST- CMP CLEANI NG Abstract 5Ehis disclosure discusses

cl eani ng of sem conductor wafers after the

Chem cal - Mechani cal Pl anarization (CWP) of the wafer

during the manufacturing of sem conductor devices.

Di sclosed is an al kaline chem stry for the post-CW

d|2eaniTrIr@ roethesl§ efrenycomd af dieings Bdbal1, fyrdiveri aomhriding
per, | nt%?)er connect Resi dual slurr art| I es

o igr theiJeaning spiugien St e seaycansiclar wark-nisee, wherein
rtﬁéferé%%rf Q&hﬁé}%&@{ bt éeb'r'itﬁ%&?e Whdihendl o?%ﬂﬁlcfré@ﬁ[}é'td the

et chi ng t e net al eaving deposits on the surface
avorksppegs.i ng significant contam nation to the wafer
whi | e al so protecting the netal from oxidation and

el acttigralieth SN ur BormERh L MR e chetatine

$ejent bompritas kirmikaire R gl rie BeMadnddsopRipinoldrhinem

t he dlelectrlc and preventing re-deposition onto the
waf er . Fi gu 1

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

inhibiting compound is propyl gallate.

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

solution further comprises a diluent.

18.  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-iocnic, anionic, cationic,

zwitterionic, and amphoteric surfactants, and mixiures thereof.



5

10

15

6

IMPROVED ALKALINE CHEMISTRY FOR POST-CMP CLEANING

Absfract

This disclosure discusses cleaning of semiconductor wafers after the
Chemical-Mechanical Planarization (CMP) of the wafer during the
manufacturing of semiconductor devices. Disclosed is an alkaline
chemistry for the post-CMP cleaning of wafers containing metal, particularly
copper, inferconnects. Residual slurry particies, particularly copper or
other metal particles, are removed from the wafer surface-without
significantly efching the metal, leaving deposits on the surface, or imparting
significant contamination fo the wafer while also protecting the metal from
oxidation and corrosion. Additionally, at least one strong chelating agent is
present to complex metal ions in solution, facilitating the removal of metal

from the dielectric and preventing re-deposition onto the wafer.

Figure 1



