,; qre3evh$ve( 6TSEK# 2 2 JUL 2002 METHODS AND APPARATUS FOR CLEAN NG
SEM CONDUCTOR SUBSTRATES AFTER POLI SHI NG OF COPPER FILM 1. Field of the

I nvention This inventio nmet hods and apparatus for
and cl eaning a substrat m““ mw lwm\“ pecifically to methods andQ gpﬁﬂatﬁ&
for cleaning sem conductor syhgtrates after polishing of copper films. 2.
Background Information In the nmanufacture of advanced sem conduct or

devi ces, copper (Cu) ”wmmwmmmm to replace alumnum (Al) as the nmateri al
for metallization. esirable due to its lower resistivity and
significantly inproved el ggf0m gration I1| fetime, when conpared to Al. One
process for Cu netallization uses a dual™damascene approach. As illustrated
in Figure la, a dielectric layer 110 is deposited above a substrate 100.
Dielectric layer 120 may be nade up of materials such as silicon dioxide.
Vias and/or tr ?81@ ;Q?ﬂ, e LG ! ' efrl as
illustrated i nq@%gﬁégg . 6?53 té;%rr)]ﬁgﬁes 120 ﬁ%@c—?ﬁ?ﬁﬁ%g@?or e-g(%rrpl e)
usi ng dry etching techni ques. ANERPOLISHINIGOR GQRPERFILMAr ri er materi al
(barrier layer) 130, for exanple, tantalum (Ta), titanium (Ti), or titanium
nitride (Til~ is deposited as illustrated in Figure 1c. After barrier |ayer
130 is depoat%‘m @ a:filled wth copper (Cu) |ayer
140, as illust . '~ 140 may be deposited using well
known deposition tedhni qisd of ehie Eyventibg, chem cal vapor deposition (CVD))

physi cal vapor deposition (PVD), or eleciropla rder to,isolate the
copper i nterconnect SW@WQF@§F?1&WG°WF¢P%£%&FE a‘t'aﬁ‘és RFosessiBBer | ayer

140 and barrier e ¥3 YR od for
removing the odRsgeiniled sSskaPal SERHEpocinicall helich il ABPatT
the surface of foheleanh'egseaueondtmtoxestﬁ:strh’eﬁﬁ afiet pghshugguzflcngpchémm

mechani cal poli shi n% In a rqQcess, the sem conductor substrate
is polished with a urr Y ve particles, such as alum na
particles, and an oxjndRBimarfif&étufSof hilaneed sdificertddetordevidts, &dfpar ocess,
contam nants are introduced which include particles and/ or netal

cont ani nati on ofCu)lebegipping toagplace slyminiuan 641) as the materal f060, and in the

Lhe. surf ace of SERGEHIRTIGH FALRE ess@"wﬁf R S S W

not renoved, th _
§§gxggg&e§ew trdi S&oﬁiﬁvétﬁﬁe RERER EHBIMaRed to Al

characteristlcs Iure to occur at faster rates than
usual . C eani ng the Oewiprocess fardCu metallization asetserdnaieiama?acente@pqmbadl.

pol i shing of coppey,. may he ‘necessar ch ont nts fromthe
copper |ayer a gsdﬁﬁ%#gl‘%ﬁ%?%igy‘é?& rElI% fﬂ)r é&&ﬁﬁ% FH@ ea
sem conduct or Sb'@&étfa%& e0df DRleddgé 1a§'Ei-l‘@D19\fa %@Qn&@@ﬁﬁbf'n&é[t@halﬁm
scrubbi ng. Brush_scrubbing, whet her si n%@qse]@ﬁ ded or doubl e-si ded brush

i

scrubbing, is tRdicpngiexide. Viasrad/ar tren axg then fpemadin thegst en WP
appl i cations. L v@;ﬁ@pér&g | yi ng
brush scrubbi ngg\g%%ggg Col?oaas%@&}/aﬁéghﬁ%%’%] such pro Igg%!\?g&abyagp

| oadi ng. Duri ng fotmed;¥er q:xamlds,susmgldry efehing teamiqoks.t Next,gphén layererf nmay be
oxi di zed and fotns,co i de npl e copper ox' de 20 or CuO) or
copper hydroxid a{r@f}'(‘%gﬁ >i:W-"B%t"s]ia Qﬁéﬁéﬁfﬁ’éﬂmg é{'&ﬂ’t%nts

wgngggffredoﬁ)dt / %ﬁggmw% dlg ﬁoﬂ@% &Fﬁgﬂég%yam nated (or

| oaded) brushes Afgt harger layenk’:‘Oas dbpemtmbqhemm{/tmmches &prmﬁﬂ@dimﬂn de
contam nants to uRePRilhyer 126 R RaSad A Hare 1o €l et 98 e
deposited using well known deposition techniques, for example,
chemical vapor deposition (CVD), physical vapor deposition (PVD), or
electroplating. In order to isolate the copper interconnects, as illustrated
in Figure 1e, the excess copper layer 140 and barrier layer 130 must be

removed.



2 2, JUL 2002 -3 For tungsten and ot her oxide applications) brush |oading
"could be curtailed by adding a dilute amoni um hydroxi de (NH40H}. In the
presence of NHACH, part of the copper oxide may form QJ(NH3~+gcgnmf>ézﬂﬁ?d
may be di ssol ved; however, due to the high pH environnment, th [ ’
ammoni um hydr oxi de has been found to be insufficient to prevent brush
| oadi ng of copper oxide. Additionally, it has been found that scrubbing
wi th dilute anmoni um hydroxi de al so causes etching of the copper |ayer and
may cause serious surface roughening. Brush loading may also occur when
alum na particles are used in the coppér CMP process. In neutral or
inorganic arid (e.g. HCl) cleaning environments, there is an electrostatic
attraction betwee@nemethod fonremeving thaeexeenscepperdayeri4danbbarmence which

Gretectri o miaser 140 s poBAE tesorkes o) (R RBetafe Br ol ol The

al um na part %hﬁmcalﬁ&mgomgmmshgwewﬁger brush
m

| oading problemwth simlar effects to those di scussed above, Yet another
pr obl em caus eemigondustazmbpirateds polishedimith malusnyrqontainingiabiasiNg f ace of the

the copper | ByEfciBRkupSae MRRR AR AR SRR SRERELL AT S Mkb gL 2 O
slurry. Duri perdkide CidPthe OVESsroces) éctithimanirts afsirarddilded whidh

contam nants, may penetrate into the dielec{ric |ayer up.to approxi mately
100 angst r oménglugle paghigles,andyprimetal condaminationen Fﬁl%{:?éiﬂaﬁ?rs{)ﬁy af f ect

devi ce perfOrﬂ@&?e%@a@&&&é,iﬁhiﬁﬁég%%f %@?ﬁﬁ?%\% e failure. Thus, what

is needed is a Cclréani ng envi'ronmne or ‘cleani ng post copper

CMP substrates thfegatdlesd eileow lie OMIDpRITRs petfutmdd)die mgrfacd bput
affecting the quality of the copper, and dielecCtric |ayers 2 2 JUL 2002

_4 Furt her norsemiggngdudter sibstrate mystbegleanadof confaminantht ERRE met hods f or

cl eani ng post,._co r t: . &Q%%E ity of renoving
surface and sr&ggo&??ag‘gyggﬁlﬁkm%ﬁg?%rﬁc?%s%% E)éér an Chi electric | ayers.
A cl eani ng salhatactéristitetanddaapdlise desicetfaliufecto adcanat fagteyantesaidnct or
substrates after chem cal nechanical pol|shing .of copper, filns i

descri bed. TH@%}'eggﬁM&%rﬁF%?PﬁdNEfq}'&é‘g’sﬁa@ afigsi %R‘BW@FW& h

conbi nes dei g lereIye s%ﬁgp@ ik und in
an acidic pH%ﬁ%ﬁﬁfeﬁpﬁegManl rfsst suﬁ}}ﬁg\égeg?ﬁ%&sem Cgﬁﬁﬁ@?@f

substrate af tthe coppeshiyegand diglertric laygss.. Additional features and benefits
of the present invention W l|l recone apparent fromthe detail ed

description, figur ?%ﬁb%ﬁ%ﬁq&%&wthecﬁem%%%?;w’@stmts invention is
rustrated DyoNEin@bs BEAHYpR: AYE: BYrubh BLABbLAD BRishRr@GSAGPANY! NG

figures in

whether single-sided or double-sided brush scrubbing, is the industry
standard for cleaning oxide and tungsten CMP applications. However,
there are several problems associated with applying brush scrubbing to
post copper CMP cleaning.

One such problem is brush loading. During the CMP process, the
top surface of the copper layer may be oxidized and forms copper oxide,
for example copper oxide (Cuz0 or CuO) or copper hydroxide
(Cu(OH)y). In basic or neutral pH cleaning environments, the copper

oxide or copper hydroxide does not dissolve and may be transferred to
the brushes, thus loading the brushes. The contaminated (or loaded)
brushes may then transfer the copper oxide or copper hydroxide

contaminants to subsequently processed substrates during cleaning.



Figure la illustrates a sem conductor substrate having a dielectric |ayer

" deposited thereon. Figure Ib illustrates the sem conductor substrate of
Figure la after vias and/or trenches are forned in the dielecgrgclgsngn

Figure Ic illustrates the sem conductor substrate of Figure | f4 2hin

barrier |layer has been deposited thereon. Figure |Id illustaates the

sem conduct or substrate of Figure 1lc after a | ayer of Copper nmaterial has

been deposited thereon. Figure le illustrates the sem conductor substrate

of Figure 1d after chem cal nechani cal polishing of the excess copper |ayer

and barrier |ayer. 2 2 JUL 2002 -5 Fisgure 2 illustrates one enbodi ment of

a scrubber system Figure 3 illustrates a flowhart of one enbodi nent of

t he process of the present inyention,

DETAI LED SCRI PTI.ON Met hods and
Apparatus for O e%ﬁf‘ﬁ‘g“ﬁm pther §xidg Appiicel %??Eﬁ%}{aﬁ&%ﬁ?ﬁ@o‘a? Copper
Filmare di scheaadd byhddite b QiR mthdife hyRdib%ie (NFIRORHS IARREI T ¢ details
are set forth such a spec ic naterial s, rocesses, paraneters,
di mensi ons, §drgsericl of Cl)Hogﬁ‘%@bYﬂ(F‘co%pkpgﬁ@%gﬁa#%Gm +of the

present inverntion. It w be obvi ous, “however, to one skilled in the art
that these spemplex addisay ke dissnlvedithdyeevempdug/tedthediighgdii ce t he present

I nvention. In other insq&larailes, wel | _known, mat er.i al.s orf net.hods have not
been descri béd™ i fejaiiugs gRymaryui C_@f"?f s]_%egf‘i PyngHe ring the
present 1 Ve ik ofticieH Golfibyatisi B Pof @Ppdfstideh deddirdradiy) o sol uti on,

met hods, and apparatus for cleaning a uctor substrate”after the
formati on of hasfyeen fouhé thatsomibbiyg with dihdenoahoniewhdyideaxidealsshi ng
(CWP)/ pl anari zati on of t copper, interconnect(s).. 1t should be noted that
t he processestiHges ¢S ”&QF}%ES‘?PDP@S %’M’@?KG?‘H%C%EQOW SUEREonduct or devi ce
fabrication afo%g?‘@hﬁ%jno"m in the art and are therefore not described in
detail herein. 't s | d al so be noted that, although the term

seni conduct or subsBrnwhdoading seay alse ocgtrovinen duminh pardelgs araunsedimi ms t he

Subst rate or esapper hOErocess, di HRvegl of Psear aficile & 0N TP EREGev oc

| ayers have bagArGimenR, Betd'8 dh@ikerdstiitetiradtiorsh&vleénallamig noted t hat

the termsubstrate includes but is not |limted to. ful l'é' processed,

seni pr ocessedpamiclesmndobhe silison sioxide aufacegvhichsmakesnit ditficnt teat eri al s
thereon. 2 ferlbbe 6208 urina particles from the surface of the dielectric material.

Because of the electrostatic attractive force, the alumina particles may

also adhere to the brush and cause another brush loading problem with
similar effects to those discussed above.

Yet another problem caused by the CMP process is that the surface
and subsurface of the dielectric layer may become contaminated during
polishing with metal from the copper layer and barrier layer as well as
other contaminants from the slurry. During the CMP process,
contaminants, especially metal contaminants, may penetrate into the
dielectric layer up to approximately 100 angstroms (A) from the surface.
Again, these contaminants may affect device performance characteristics

and may cause device failure.

Thus, what is needed is a cleaning environment and methods for
cleaning post copper CMP substrates that alleviate the problems of brush
loading without affecting the quality of the copper and dielectric layers.



Additionally it should be noted that, although the present invention is

" described.in conjunction with the scrubbing of a semiconductor substrate or
wafer, it will be appreciated that any simlarly shaped, i.e. gq?ﬁ Il@ze

flat substrate, may be processed by the nmethods and apparati o pz nt

invention. Further, it will be appreciated that reference to a

sem conduct or substrate or wafer may include a bare or pure sem conduct or

substrate, with or without doping, a sem conductor substrate with epitaxial

| ayers, a sem conductor substrate inco;ggrating one or nore device |ayers

at any stage of processing, other type f substrates incorporating one or

nore sem conductor |ayers such as substrates having sem conduct or on

i nsul at or ( SIFArtiwm@eswhat istiebdéd iededrihgRnotensiers avidweetligdefat i and

devi ces such as flat panel digplays, nultichib dul eg,...etc, As described

in the backgrdeaningPosheonnes SMP shbsirates thay az%%%@ﬁai’t BeShnects on a

sen conduct or I j i Lgyes, it is
nececonry 1 o ePABhERLFaENY RAGRALB UAIARAHE! M B BRRRLAUTS. T int s

fromthe surf@ﬁ&c&agil@ubgsurface of the sem conductor substrate. One such
techni que for_renoving contam nants fromthe sem conductor substrate is
scrubbi ng t hexd¥RVISGRXIONL DRABINYRN BIGEN (substrate). As an exanpl e) and not
by limtation, the,present  lsnxenti i SGI i | tion with a
scrubbi ng pr ocess,%&%‘%@&l}:{}/‘sg’a#'?gfod% aggr%nﬁgﬁg‘spf%g%ss Ih whi ch both
sides of the yahRrbndietopstubdthaes steritheatiedwatdhanidad palishingesf dopperncl ude a
number of stations. Each of these stations represents one or nore steps in
t he substr at efibneisdesgribedcThe prasent inventer indudes 2 sleaning golnggned at one

end of the sy . € 1 qg%], omthe

ot her end of %&gﬁkﬂg%{é@%&% %/é#@ségﬁﬁﬁﬁégtﬁ%gare tléuée

DSS-200T""  Sceetabeund iR ad atidic pPlEhvifordnértdobyleaniigiieSurfdreaf aavai | abl e

from OnTrak Systens, |nc. of | pitas, California, Figure 2 represents a
?Q§¢NP@

cross sect i onsgmidongustorgubstmt kishing arceppenlayereani ng systen) .

Usual Iy, the contanvpat. t ' . i ng system
after chem cal rrec%aﬁggﬁﬂﬁ%ﬁgsm%{?w%@%éﬁ%%%gégﬁ'@h or from
ot her process®&scdrfie dpbhiftt ffdont e dethiled dedtriphion! figusdsaahdelaitdeset! eani ng
process contani nated substrates are | oaded into a wafer cassette 280
(cassette) andorthbelayésette 280 is then pl aced into the wet send indexer
station 210. After cassette 280 is placed into wet send indexer station

210, the substrates are automatically renoved fromthe cassette 280 and
pl aced, : ESCRIF ; TGRS st ati on 220. I n the outside

brush station 22D, substrate i,r e sedhrou h,a first scrup. During
the first scrub, t el%"&?ﬁ‘ﬁé“‘éeﬁ‘lq?f‘ilﬁﬁfﬂ?%?tﬁgﬁbﬁ)?%{]e’faﬁ‘f’f?ea’ééﬁg rate in
several di ffemaﬁw&ﬂﬁqm@igmﬁg ﬂgqugglﬁ\ﬁﬁmgi ment the cl eaning
solution is sprayed onto the substrate. In another enbodi nent the cleaning

solution is appliedigereladlypsates a pemiqonsvgirrisubstrate baving vedielasstifer
enmbodi ment apply : I sol ution by dripping the cleaning solution
onto the subst%%%? let%??él}%%g’d substrate is then automatically renoved
fromthe outside brHighresliniliusirai2d theseinigbadeactor stibstidte of Figuhe Ty aftér st ati on
230. In the inside brush station 230, .the s;&str.ate is processed through a
second scrub. VIfs orgenches arpformed dn dhe disteatyie layiegani ng sol ution may be

applied to the subsg: I Wy i i tion
220, Atter the secaubiield el bientpanticiBR sl B el 188 e
from the insi dethim batriertlayérdmsdéen degogiteat@drédii.o the rinse, spin and dry
station 240. Rinse,_spin d dry station 240 rinses, spins, and dries the
substrate. At this %SﬁmidaﬁwﬁéﬁﬂﬁhMEéuéﬁ%éﬁgﬂﬁate0!@89&19 ®T & Once
the rinse, spi n | gt the substrate is then
transported fr%lnay?ﬂgfré?ﬁgé{ﬁ@%r%?ﬁ%@?e&@@ﬁ%?&ﬁgﬁ ‘to the output station
250 where the substp; i § i er is
usual l'y carried ou.tFlg{;&aY%gjt%??cc_eem ilcgli::ah&?)t? gﬁ%ﬁga%u éﬁlggfeei%gﬁgéf t he
rinse, spin, aAwmicyl mechanienl polishingiof theseixpess copperilayersarid barrer t he
cassette 281. l'gggr.cassette is then transferred to storage or to another

cl eaning or procéssing system It wll be clear to one of ordinary skill in
the art that sonme of the steps in the cleaning systemdescribed above may
occur in another order and/or with various sol utions dependi ng upon the
substrate or substrate |ayer being cleaned. For exanple, different cleaning
sol utions, such as water, citric acid, ammoni um hydroxi de, amoni um
citrate, and hydrofluoric acid solution (or mxtures of solutions) nay be
used in one of the brush stations. Al so, other systens may include one
brush station, or nore than two brush stations. Mreover) other_ systens may

e Y o . g o, o




It should be noted that while the follow ng description illustrates the use
of the present invention in a cleaning systemin which both sides of the
substrate are scrubbed sinultaneously, the present invention nz Bﬁ UEW in

ot her cl eaning systens and processes. For exanple, a cleaning i?s |=n

which only a single side of the substrate is scrubbed or a cleaning system
in which the substrate is cleaned with chem cal spray. Figure 3 illustrates
one enbodi nent of the process of the present invention. At step 310, the
copper layer is planarized using chem cal mechanical polishing. It should
be noted that other techniques for plamarization of the copper |ayer may be
used and that it may still be desirable to clean the sem conduct or
substrate using t her such

pl anarization in gfﬂﬁga%gﬂé%%\g/%&p%‘%&e’ﬁéw tcognt%%én ?érom t he substrate

surface and/ or suﬁs?némﬂuswﬁtesaapm&hﬁrtdfhae;enibcaim\h'ﬁ@lhth@pdmnessr

substrate is then placed in a scrubber. The substrate is then scrubbed, at
step 330, t o of hopresenfdnyentioni nant s caused by the polishing process.

Buri ng scrubmﬁe sution is applied to the substrate in order
to aid and/o val of the contam nants (step 340). This
cl eani ng sol uti on NTBthoHS aH8 Hppatattis tHECcatiri SkinitbHactrBuibatraddd or inside

brush statlon 230, or both brush stations necessary, of the scrubber in
Figure 2. In Eoitsbmsrefﬁcppperéqmesemsclpﬁeﬁbnh@w QB@WSCI eani ng sol ution

compound, - a1 R F PSSy BBk e PRuR AR fo iR SREHAGspBRCT ¢ O ¢

cl eani ng t he raatekiabts p ﬁéceasesﬁﬂaraﬁwﬂeﬁldlmaﬂhﬁfsratennadﬁdett@pkomldlerlg a copper
| ayer. The use of an dic enV| ronnment  hel ps di ssolé é}iﬂ pper oxi de and
all evi ates sdheraugh gﬁtﬂ@ﬁmo epresent inpeatieg- 4t willdeapvions he

backgr ound O](c]h&c‘b%f#rn%r?vﬁ nne%ciﬁlé‘?w ﬁapﬁ}g‘]g?gﬁéﬁlﬁ@agtilfs qeosclgeabl eto

keep the aci Airh~a range o approxi mat el y

1-6. In one aifmpldyernd p@icﬁcb@h@pﬁ%@ﬂﬁmv&ﬂ%ﬁlnfbthbhmm&spwpﬂ envi r onnent
has a pH level Tn"the range of approximtely 2-4. The use of an organic

conpound hel penqwn anztagalsiosanetheds h@)‘éﬁmﬁhﬁeﬂdeé%b%%éﬁﬂtlﬁéfﬂﬁf t?cles and
surfaces of t g"ﬁ%ﬁﬁ“ e themrepul sive. Thus,
the particl es%egﬁgﬁ% rushes angtﬁ%:% ubs {r’%%%@rgnd t he substrate and
brushes repel the 'Dhefdllblvdaglairemﬂpﬂamdésaﬁbéﬁbuemmdluﬁoa frethedy,ticl e

renoval . The organic co d used an organic e ammnl um
salt of an or PEP%\‘@I"‘&S %ﬁ%oegwta’éf atea%sf gﬁaﬁﬁf

potential org mal oni ¢ aC|d
succi ni c aci d@ﬁ&d?p%%ﬁg&f%%ﬂ&ﬁ gﬁH&xbﬁu&%hgecggﬁilcéPgaﬁéﬁng 2 2 JuUuL 2002 -10
It shoul d be (ﬁv@d/p]laaanzamrsoﬁbat mmieenttemdmmal(sbe It steovdddmmatedonpound i n

dei oni zed wat in a,concentrati,on ra e of r oxi mat el 100ppmto
906 by nei ght . T1a% Ui BrosBRss P HOR 06 CORRA R Ere GrYSAE By PSPRCOBYAIAE,
conpound i s digdiek Y&stidalioRla¥¥ 168Nl irl #hQ 2ORNCLRES MekoMaré ABEE 1S

approxi mately 2 % by wei ght. The use of a fluoride conpound
hel ps to renoéésqtﬁ’@g]dﬁrﬁe&ﬂf Retsi's from the surface and subsurface of the

dielectric |ayer, &?ﬁ' fluoride
conmpounds such as F%m%‘gﬁg ?9851&%{‘{%9'}&&?%&8@%%%3% tfgél de (rTH-F)
in the cl eani sgbstrdtats used thFo hdmﬂtlmerdestldﬂﬁré andehiinmthegermde mi xed with

HF) etches silico i 0 Thus, t he sgrubbin cess the silicon
di oxi de | ayer ?@%T@&Cé!éﬂéﬁftafﬁ& “%ggﬁ?ﬁg@rdﬁﬁs bCOE‘fﬁE“%Fg§a%t&fubbi ng
process, typi | eavi ng
cl ean, uncont g%%\%%tg?%@g%%ﬁdgo? lﬁ‘ %é@n‘;‘h‘ﬁﬁ%@‘éﬁ%@"a’% ?mmgﬁﬁul d be
noted that it layersihave héﬂreortare@osvg)ﬂm folrmetil mmhcﬂﬂdtadnmbmndtedmhiel oni zed

water (DIW i aconc atjo ange proximately 0.1%to 5% by wei ght.
In one enbodl erHYS‘f 3—5‘ g’ri{e Q’%& qt?l,m{t%tm | REOCBH 18P0 7101 S

Lo 19 by el ghro TRy ﬁt‘“ﬁ'ﬁ’. R R e Lt Lk AR

m xture of chéhereahs in DIWcontaining a fluoride conmpound such as HF or
NH4AF; an organic acid, an ammonium salt of an organic acid, or an anionic
surfact ant; in an aci di c pH environnent. It should be not ed, however, that
hydrochloric acid (HCO) nay al so be added to the solution to adjust pH and
hel p di ssol ve copper oxide, It should also be noted that the chem cals of
the present invention are pre-mxed in the sane cleaning solution to

si mul t aneousl y sol ve several problens related to post copper CVP cl eaning
using a brush scrubber. Cross contam nation from




2 2 JUL 200 -11 substrate to substrate and within the sanme substrate are -
" therefore.reduced substantially, or even prevented in this sinple approach.
One exanple of the many different ways in formulating the cl egyiﬂggi&?wgi on
is: 0.5%HF, 0.1%Ctric Acid, and 0.4% N~-H40H by wei ght m xed"i he
pH | evel of the solution in this exanple is approximately 3. It should be
not ed however, that the present invention covers various fornulations of
the cl eaning solution, and that each conponent in the solution nay be
repl aced by different chem cal that has,simlar properties. Thus, nethods
and apparatus for cleaning sem conduct6§' substrates after polishing of
copper film have been descri bed. Although specific, enbodi nents, i ncluding

speci fic equi prentAdgitionally iyshouldbbepated that althoughihe preseBtbeen descri bed,
vari ous nodi fibggrlﬁiji&pnﬁt Bctibiél H & rSREh IR DL bf e apparent to one
Tl

of ordinary s e art upon’‘reading this disclosure. Therefore, it is
to be under stseodcarductexmibstrateati wafersit will bemppirgcintedithat anyve of and not

o the speci (ENBRESUAREM S BRRAIALL A SUESETadnsy be pracessrd BH0RE12 winat i s
clainmed is: t P’QQM‘ 'gﬂm f SEW duct or
substrate co%?@ﬁg&%ﬁﬁfagggg% sem crﬂgn uc@drf‘%&gﬁ'rat en:?]gvi ng a

pol i shed coppeppreeinted that referenobt @gemjzondatios subsidatecorubafengnayi d

sem conduct or, substrate in a buffered acidjc cleaning so{ggtlgn. .2. The
net hod as des barearause semicopdngtos substeates witonwithout dopitgng

sol ution conpy| : | : 1100L.2.€ FI cond anount of
an organic ac%%ﬁ%ﬁ&aggﬁgﬁg%%ﬁ%?%ﬂ%lﬁﬁ#ﬁ%%@n@é‘&rﬁé@ The net hod

as described subsedate Hcdrpdiafifg one ot thdreideoicedaparsdit anglseggei ofg sol ution has
a pHlevel in the range of approximately 1-6. 4, The nmethod as described in

clai m 1 wher eP¥pegssingpthertypas atsuhstratasdneeIPgTANg PNe RTMR"ea pH | evel in
ey 92, SBAARL Bl o BBRL MUt pEntRBte €1
amount of dei insitatdr (BI03 devites) or kabstsatesiforgrocsssingpoter epperajhand aci d has
Tet hod as. aesBPYIGERRGh 18 ARbReae] diap By B TR Rt of o gani ¢ aci ¢
i s dissolved in sajd desérfhedHUB batkgrdahvf 2RE irkad@ionsafedt thé@bp?éi‘ d second
amount of organic acid has a concentration range of approximtely 200 ppm
to 0.2% by weinjgrconnects pna sensioorductar substrate have been pl%narized using

CMP techniques, it is necessary to clean the semiconductor substrate and

remove any contaminants from the surface and subsurface of the

semiconductor substrate. One such technique for removing

contaminants from the semiconductor substrate is scrubbing the

semiconductor substrate (substrate).

As an example, and not by limitation, the present invention is

described in conjunction with a scrubbing process, more specifically, a

scrubbing process in which both sides of the wafer are scrubbed

simultaneously. The scrubber may include a number of stations. Each of

these stations represents one or more steps in the substrate cleaning

process. Contaminated substrates are loaded at one end of the system

and cleaned and dried substrates are unloaded from the other end of the
system. Example of a systems of this type are the DSS-200"" Scrubber



7. The nethod as described in claim2 wherein said third anount of said
" fluoride conpound is dissolved in said first anount of deioni zed water such
that said third anpbunt of said fluoride conpound has a concenti)%i OE éna(age
of approximately 0.1%to 5% by weight. 8. The nethod as descri U
2 wherein said third anmount of said fluoride conpound is dissolved in said
first anmount of deionized water such that said third anount of said
fluoride conmpound has a concentration range of approxinmately 0.2%to 1% by
wei ght. 9. The nethod as described i'n claim2 wherein said second amount of
organic acid is selected fromthe group/<onsisting of: citric acid, malic
acid, malonic acid, succinic acid, and any conbi nation thereof. 10. The

met hod as desgr ™ cSgd d fluoride
conmpound i s S 49@\ W&n %abwiggéﬁéﬁ%%{%&ﬁﬁ%en fluoride (1-~),
amoni um f | uoxgj NeKlgbriauf f ered hydrogen fluoride (ammonium fluoride

m xed wi th hydrogen fluoride), and any conbination thereof 11. The net hod
as described in clBigord2iyeessns amaﬁsbe&ﬁoaahmeacoﬂaSYBE@m ng sol ution

amoni um sal Eér&?éngg‘e?ﬁ (enaamen). Qonnibh FHETBRIBARA SUBENEL no hod as
compr i ses: o FieHdRvbrEl Sl ek sl Modical GERRNIEL ST L0 second
anount  of an prinanizatisn l(cr:nm)aﬂﬁbm Wt berich] bdfr&n’ouﬁ'ter @frocessksipasudiéng onpound.
13 A method |0 ortamination, Atihe start of the Clening process contarninated " ©

substrates are loaded into a wafer cassette 280 (cassette) and the cassette

280 is then placed into the wet send indexer station 210. After cassette

280 is placed into wet send indexer station 210, the substrates are

automatically removed from the cassette 280 and placed, one at a time,

into the outside brush station 220.

In the outside brush station 220, a substrate is processed through a

first scrub. During the first scrub, the cleaning solution may be applied

to the substrate in several different ways. For example, in one

embodiment the cleaning solution is sprayed onto the substrate. In

another embodiment the cleaning solution is applied to the substrate

through brushes 221. Yet another embodiment applies the cleaning

solution by dripping the cleaning solution onto the substrate.

The scrubbed substrate is then automatically removed from the

outside brush station 220 and placed into the inside brush station 230. In

the inside brush station 230, the substrate is processed through a second

scrub. In the inside brush station 230 the cleaning solution may be

applied to the substrate in a similar manner as in outside brush station

220.

After the second scrub the substrate is then automatically removed
from the inside brush station 230 and placed into the rinse, spin and dry
station 240. Rinse, spin, and dry station 240 rinses, spins, and dries the
substrate. At this point the wafer has been cleaned.



conprising: placing said sem conductor substrate having a polished copper
“layer in a scrubbing apparatus; and scrubbing said sem conductor substrate
in an acidic cleaning solution having a pH level in the range of

approxi mately 2-4, whereui said acidic cleaning solution corrpr%slesl.ULaZﬂﬂZr st
amount of a deionized water; a second anount of an organic acid; and a
third amount of a fluoridé conpound. 14. The nethod as described in claim
13 wherein said acidic cleaning solution is a buffered acidic cleaning
solution. 15. The nethod as described iynh claim 13 wherein said second
anount of organic acid is dissolved in“said first anount of deionized water
such that said second anobunt of organic acid has a concentration range of

appr oxi mat el y 1000ppertteqinds) yinyend dry steps hae been koohpdeteddber i bed in cl ai m
13 wh [ i.d t of ic,acid js di | ved i id first
amount of | doPAIBEARRIS Hae FrABRertedh SR the Fikk BRI R Y SO ATIR aci d has
a concentrat &%%%tggg&agg?agﬁ]%%@g%sm% ﬁ’mt!rh%%&ea%wcmb&m' 17. The

met hod as descri I'n cla erelrn sal anount of said fluoride

conpound i s P81 SThe trdndfer Saistally catriethoutrby o tolisticanm schich 1if thel. 2002 -is
wat er such that said th

| rd anmount, of I d fl.uori C, und has a
concent r at i ofMBsiraie out °¢aﬁ5‘ﬁrr83§ienﬁ‘84 3“‘88@/5?909%48;3%&%?5 . The net hod
as descri bed..| ' \Amgr@ S Iafed ; QT Lde
conmpound i s *a?g%*t\%@%%csal |}’s?~hgrcr%%h¥tgo er%%ti%;fgﬁaamg?g#d%ggh t hat
said third aoptmancthesdeanihgorprdeessimgaysteinhas a concentration range of

oher ain Sai 0 secolMANBRHENGD Gk ainesy dKILBeast BteRo kg oup. |
consi sting Oftanglif th€clBfiflg sfEtehfdescribed above may occur in another order

and/or with various solutions depending upon the substrate or substrate

layer being cleaned. For example, different cleaning solutions, such as

water, citric acid, ammonium hydroxide, ammonium citrate, and

hydrofluoric acid solution (or mixtures of solutions) may be used in one

of the brush stations. Also, other systems may include one brush station,

or more than two brush stations. Moreover, other systems may omit one

or more of the above stations/steps and may include additional

processing stations, such as a CMP station.

It should be noted that while the following description illustrates
the use of the present invention in a cleaning system in which both sides
of the substrate are scrubbed simultaneously, the present invention may
be used in other cleaning systems and processes. For example, a cleaning
system in which only a single side of the substrate is scrubbed or a
cleaning system in which the substrate is cleaned with chemical spray.

Figure 3 illustrates one embodiment of the process of the present
invention. At‘step 310, the copper layer is planarized using chemical
mechanical polishing. It should be noted that other techniques for

planarization of the copper layer may be used and that it may still be
desirable to clean the semiconductor substrate using the present



~acid, malonic acid, succinic acid, and any conbination thereof. 20. The
met hod as -described in claim 13 wherein said third anount of said fluoride

- conpound is selected fromthe group consisting of: hydrogen fl ?O?u‘ﬂ‘ﬂ'i 8@@
ammoni um fl uoride (NH4F), buffered hydrogen fluoride (amoni umTf

m xed wth hydrogen fluoride), and any conbi nation thereof. 21. A scrubber
for processing a sem conductor substrate conprising: an input to receive a
sem conduct or substrate having a polished copper |ayer a brush assenbly
coupled to said input a cleaning solution delivery systemfor delivering a
cl eani ng sol ution conprising a deioniz&8 water, an organic acid, and a
fluoride conmpound, wherein said cleaning solution delivery systemdelivers

said cleanin | el %gégog@nﬁ;w StefEAl to said
sem conduct orgm?ségtttsgtdréa}fbe ‘gd\g\}ﬁr(llgﬂa poli lﬂ COF}) | ayer. 22. A scrubber for

processi ng acontiminaitscfrom thesabstrite surfaqer subsarfaceJUL 2002 -16 an

I nput to receive a sem conductor sybstr,at e, havin hed ,c | ayer a
brush assenbly codiistep 820.4he polishe seﬁu?ﬂ@é’r???fgs“g’c?&?? le%q?cg“bystem
L ot um on) eI A B O e ATHINERUNS: Reff 35 ew&mme, an

ammoni um sal t a fruori oun whefel n d cl'eani ng sol ution
delivery systmtdfiraned cased ® Cth@pﬂhslﬂngpkmﬂessmnumrg scrdbbingar aci di ¢ pH

23 ASer Bhbﬁeéé‘%é’gé@?@ixﬁgﬁéﬁé&%%?an s in G A8 CHI ot g an
IbpggL ;gs;ﬁgleay ggﬁatﬁﬁga %g I nput %fﬁ%{agla e sol ultq?'?)énagel | ppe;yls?gﬁ{ :
for deliveri n@h&n@ﬁ Wm@&mmﬂamwsﬂmmm rushan ani oni c
surfactant, and, a fI orid ound, erein sai ani ution
del i very syst%ﬁ?%%‘s g&ﬁ‘&‘ statidngd %‘Eﬂ%ﬁ%ﬂ"%ﬁﬁ 9@8’% ?ﬁg‘é{:el di ¢ pH
environnent tg said sem conduct or substrate having a polished copper |ayer.
In one embodiment, the present invention uses a cleaning solution

that is made up of deionized water, an organic compound, and a fluoride

compound, all of which are combined in an acidic pH environment for

cleaning the surface of a semiconductor substrate after polishing a copper

layer. The use of an acidic pH environment helps dissolve copper oxide

and alleviates some of the problems of brush loading discussed in the

background of the invention. It should be noted that it is desirable to

keep the acidic pH environment within a pH level range of

approximately 1-6. In one embodiment of the present invention, the

acidic pH environment has a pH level in the range of approximately 2-4.

The use of an organic compound helps to change the electrostatic

forces between the particles and surfaces of the brush and substrate in

order to make them repulsive. Thus, the particles repel the brushes and

the substrate and the substrate and brushes repel the particles providing

favorable conditions for particle removal. The organic compound used

may be an organic acid, the ammonium salt of an organic acid, or an

anionic surfactant. Some examples of potential organic acids may be:

citric acid, malic acid, malonic acid, succinic acid, or any combination of

such organic acids.



24. A cleaning solution for cleaning sem conductor substrates, conprising a
" solution formed by nixi ng: approximtely 0.5% by wei ght hydrogen fluoride;
approximately 0.1% by weight citric acid; and approxi mately Og%%ﬁ ht
amoni um hydroxi de in deioni zed water, wherein the cleaning sdlut
pH of about 3 and is useful for dissolving copper oxides.
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solution. HF or buffered HF (ammonium fluoride mixed with HF) etches
silicon dioxide. Thus, during the scrubbing process the silicon dioxide
layer is also etched. For example during the brush scrubbing process,
typically between 10-100 A of the oxide layer is removed, leaving clean,
uncontaminated dielectric surface on the substrate.

It should be noted that it is desirable to dissolve the fluoride
compound in deionized water (DIW) in a concentration range of
approximately 0.1% to 5% by weight. In one embodiment of the present
invention the fluoride compound is dissolved in DIW such that the

concentration range is approximately 0.2% to 1% by weight.

The cleaning solution of the present invention is a mixture of
chemicals in DIW containing a fluoride compound such as HF or NH4F;
an organic acid, an ammonium salt of an organic acid, or an anionic
surfactant; in an acidic pH environment. It should be noted, however,
that hydrochloric acid (HC1) may also be added to the solution to adjust
pH and help dissolve copper oxide. It should also be noted that the
chemicals of the present invention are pre-mixed in the same cleaning

solution to simultaneously solve several problems related to post copper
CMP cleaning using a brush scrubber. Cross contamination from
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substrate to substrate and within the same substrate are therefore
reduced substantially, or even prevented in this simple approach.

One example of the many different ways in formulating the
cleaning solution is: 0.5% HF, 0.1% Citric Acid, and 0.4% NH4OH by
weight mixed in DIW. The pH level of the solution in this example is
approximately 3. It should be noted however, that the present invention
covers various formulations of the cleaning solution, and that each
component in the solution may be replaced by different chemical that has
similar properties. Thus, methods and apparatus for cleaning
semiconductor substrates after polishing of copper film have been
described. Although specific embodiments, including specific
equipment, parameters, methods, and materials have been described,
various modifications to the disclosed embodiments will be apparent to
one of ordinary skill in the art upon reading this disclosure. Therefore, it
is to be understood that such embodiments are merely illustrative of and
not restrictive on the broad invention and that this invention is not

limited to the specific embodiments shown and described.
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comprising:
placing said semiconductor substrate having a polished copper
layer in a scrubbing apparatus; and
scrubbing said semiconductor substrate in a buffered acidic

cleaning solution.

2. The method as described in claim 1 wherein said buffered acidic
cleaning solution comprises:

a first amount of a deionized water;

a second amount of an organic acid; and

a third amount of a fluoride compound.

3. The method as described in claim 1 wherein said buffered acidic

cleaning solution has a pH level in the range of approximately 1-6.

4. The method as described in claim 1 wherein said buffered acidic

cleaning solution has a pH level in the range of approximately 2-4.

5. The method as described in claim 2 wherein said second amount of
organic acid is dissolved in said first amount of deionized water such that
said second amount of organic acid has a concentration range of

approximately 100 ppm to 2% by weight.

6. The method as described in claim 2 wherein said second amount of
organic acid is dissolved in said first amount of deionized water such that
said second amount of organic acid has a concentration range of

approximately 200 ppm to 0.2% by weight.
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7. The method as described in claim 2 wherein said third amount of said
fluoride compound is dissolved in said first amount of deionized water
such that said third amount of said fluoride compound has a

concentration range of approximately 0.1% to 5% by weight.

8. The method as described in claim 2 wherein said third amount of said
fluoride compound is dissolved in said first amount of deionized water
such that said third amount of said fluoride compound has a

concentration range of approximately 0.2% to 1% by weight.

9. 'The method as described in claim 2 wherein said second amount of
organic acid is selected from the group consisting of: citric acid, malic

acid, malonic acid, succinic acid, and any combination thereof.

10. The method as described in claim 2 wherein said third amount of
said fluoride compound is selected from the group consisting of:
hydrogen fluoride (HF), ammonium fluoride (NH4F), buffered hydrogen
fluoride (ammonium fluoride mixed with hydrogen fluoride), and any

combination thereof.

11. The method as described in claim 1 wherein said buffered acidic
cleaning solution comprises:

a first amount of a deionized water;

a second amount of an ammonium salt; and

a third amount of a fluoride compound.

12. The method as described in claim 1 wherein said buffered acidic
cleaning solution comprises:

a first amount of a deionized water;
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13. A method to remove contaminants from a semiconductor substrate
comprising:
placing said semiconductor substrate having a polished copper
layer in a scrubbing apparatus; and
scrubbing said semiconductor substrate in an acidic cleaning
solution having a pH level in the range of approximately 2-4, wheren said
acidic cleaning solution comprises:
a first amount of a deionized water;
a second amount of an organic acid; and

a third amount of a fluoride compound.

14. The method as described in claim 13 wherein said acidic cleaning

solution is a buffered acidic cleaning solution.

15. The method as described in claim 13 wherein said second amount of
organic acid is dissolved in said first amount of deionized water such that
said second amount of organic acid has a concentration range of

approximately 100 ppm to 2% by weight.

16. The method as described in claim 13 wherein said second amount of
organic acid is dissolved in said first amount of deionized water such that
said second amount of organic acid has a concentration range of

approximately 200 ppm to 0.2% by weight.

17. The method as described in claim 13 wherein said third amount of

said fluoride compound is dissolved in said first amount of deionized
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18. The method as described in claim 13 wherein said third amount of
said fluoride compound is dissolved in said first amount of deionized
water such that said third amount of said fluoride compound has a

concentration range of approximately 0.2% to 1% by weight.

19. The method as described in claim 13 wherein said second amount of
organic acid is selected from the group consisting of: citric acid, malic

acid, malonic acid, succinic acid, and any combination thereof.

20. The method as described in claim 13 wherein said third amount of
said fluoride compound is selected from the group consisting of:
hydrogen fluoride (HF), ammonium fluoride (NH4F), buffered hydrogen
fluoride (ammonium fluoride mixed with hydrogen fluonde), and any

combination thereof.

21. A scrubber for processing a semiconductor substrate comprising;

an input to receive a semiconductor substrate having a polished
copper layer

a brush assembly coupled to said input

a cleaning solution delivery system for delivering a cleaning
solution comprising a deionized water, an organic acid, and a fluoride
compound, wherein said cleaning solution delivery system delivers said
cleaning solution premixed in an acidic pH environment to said

semiconductor substrate having a polished copper layer.

22. A scrubber for processing a semiconductor substrate comprising;
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solution comprising a deionized water, an ammonium salt, and a fluoride
compound, wherein said cleaning solution delivery system delivers said
cleaning solution premixed in an acidic pH environment to said

semiconductor substrate having a polished copper layer.

23. A scrubber for processing a semiconductor substrate comprising:

an input to receive a semiconductor substrate having a polished
copper layer

a brush assembly coupled to said input

a cleaning solution delivery system for delivering a cleaning
solution comprising a deionized water, an anionic surfactant, and a
fluoride compound, wherein said cleaning solution delivery system
delivers said cleaning solution premixed in an acidic pH environment to

said semiconductor substrate having a polished copper layer.

24. A cleaning solution for cleaning semiconductor substrates,
comprising a solution formed by mixing;

approximately 0.5% by weight hydrogen fluoride;

approximately 0.1% by weight citric acid; and

approximately 0.4% by weight ammonium hydroxide in deionized
water, wherein the cleaning solution has a pH of about 3 and is useful for

dissolving copper oxides.



