;e3eV . 6TVRY-9 Decenber 2003 1 POST- PLASMA PROCESSI NG WAFER CLEANI NG METHCD
AND SYSTEM 5 BACKGROUND OF THE I NVENTION 1. Field of the Invention The
present invention relates to semi conductor wafer cleani ng%&rgembes28030
particularly, to techniques for nore carefully applying water to the
surface of a sem conductor wafer after a plasma etching operation. 2.
Description of the Related Art In the sem conductor chip fabrication
process, it is well-known that there isla need 15 to clean a wafer where a
fabrication operation has been performed that |eaves unwanted resi dual
material on the surface of the wafer. An exanple of such a fabrication

operation is plasm e | , h- . If left on
the surface of the m%@gfgmgﬁgﬁﬁg&%ﬁ%ﬁh er§‘t;:‘<é¥f§ﬁ|}%ns, t he

unwant ed residual material nmay MEYEODANDPSYSTIEM things, defects rel ated
to inappropriate interactions between residuals on the wafer 20 and the
environnent. In sone cases, such defects may cause devices on the wafer to
become igoperable. In order to avoid the undue costs of discarding wafers
havi ng i noperabl e devi ces, d waf er adequately
yet efficiently after fabr E > eave unwant ed resi due on
the surface of the wafer. Fi gure IA shows a hi gh | evel schematic diagram of
a wafer cleaning system 50. 25 The cl eaning system 50 typically includes a
| oad statidn Elieldvdfethelmveptiunal ity of vvaf ers in a cassette 14 nay be

inserted for cl h.t he m__Once .t S..ar r into
the load statio 0 geé Kl;\la n_“&“ rrtﬁff‘Y %f gﬁ%copfl%ﬂ?rt \r,ﬁafgr;s%% fﬁg %ﬁ&* ﬁrg) hoved
into a bﬁU%rtlilﬁl(arBrnetolﬁ';%hm%@sr €ort B rdvadagdtully? a‘pﬁl widead tovthd) saethectofda
chem cals and watér (e.gqg. wat er). The wafer is then noved to a brush
box two 16l$enw¢qnductowéafﬂmféqf alﬁ@“@@tmomfﬁmbed in the brush boxes 16,
the wafer is noved into a spin, rinse, and dry (SRD) station 20 where
de-ioni zed water is sprayed onto the surface of the wafer and spun to dry.

9 Decenber 200ecripfibh @f thd RelddeArthas been pl aced through the SRD station
20, the wafer is noved to an unload station 22. Figure 1B shows a detail ed

view of a cl eanllﬁghfpiie@@é%@uﬁ’é* Flip felfiGaHOh PIQEESS Hib i ‘B‘?\‘Ek&%&n thahtheprels 9gedh box
one 16a, r e m
rusi 306, rABRa wifer yhheld S HRERIGCONEA N Yok by A IEarRs BB OT,

t her eby enabsidig] nﬁdlmabrouslitemrﬁﬁe b thedeaferat £h yxahglaof tiuh 4 faprlemld)nbmbrtaunn
surfaces of the wafer In certain ci rcums)%ance e bottom.surfac

the wafer i§ PF’éﬁ'ﬁreFCé’w&@Sbé“’égs&ilrFéﬁh back (WEB ﬁé@né yurkach ahibs wales Orhe
bot t om may éﬁb&fq?&ﬁ faBriLdifont &Qraﬁ%g aﬂﬁ@ urkAntedl! fefiaba mBRkM Hﬂg ih@fteS 'dfnfoﬁ
12a and the bottom surface of the wafer are scrubbed with e brushes 30,
10 the top aherfthings,1dfectheaated tes rappropdataiintbractiesthspvisnussideds on she wefer

primary surf tar eted f f cleanln the to rf.ace 1 ere
Phe i & e Pt b S BBt PaBet Il SRR RETob T bReet 1S
Cr0ss- sect i kyaie Vinpérale.t hi VALt ldoidMIR! endue@y&dss bRIBCchERy Makid ﬁa‘hﬁg
over a sem conductor substrate 100. In _a tﬁjgi cal fabrication process,

oxi de 15 | apeperalde deipendlt depecistasy ovdean e waldr edemratslvyese qnélveaf!p@o
Next N i d t
for m par t er oAoR ABbalibAARAI AR ARME LB LGP SER RS UoP | ©
(TiN) layer 104 Figyret heshdves a;rmght-levﬂ(tcmmtlct diggrami afea bvaﬁeerclelaﬁiﬁg styktemesty

covering t t sur face t he OXI e |l ayer. 102 d the erned trenches
108. Fol \t}f 1i‘Fg'8 wﬁreng?irwlﬁrw ng “tdﬁmioﬂéﬁ‘a & € ] Bra fyeaters o i t ed
20 over thecalidie1@a¥%idy Hé)ﬂlsericBQBleQ&xﬁﬂ@’ irdli}8 tﬁé‘?ysf@nl\' OfaYethe Wider@ IR ihidrleling

the patterned trenchés Ti N l"ayer 104 t'ypically serves as an
adhesi ve anatathgdesd %!atIQIIel%ele\Maf@h& maydwt taken| fagrerthe Ofsettedl4 el wrivetbintayer

102. Fi gur ndu waf er re.1C

t ungst en etet():‘—ll"nfc"[)?l B Qmaﬁgggope oﬁv aﬁeés zbléesﬁnwgﬁgw{?e%?ﬁ%gdt?‘rg“'{“‘o%hg‘i’fﬁvé‘l:eé of
the wafer 1@.g. Thewater)t lIlthxta(fﬂ 1241y gfen HEvedRY a BeushboR @klo dOWN ASE the tvitdér Habe
top surface of the wafer 12 js substantlally flat and the TiN la éfé's( 106 is

agai n exjfoskegn sgwbbed inghe brash hoxss 1pothewafter ih mayed jue e spinetintes ant

remai ns exp, r r

oper ation |§§tf&1<icpwu}g d%’ g%‘\}%éau‘xr]]@vgﬁts g &esrrﬁﬁg@ ‘c’})l{/fgér}:f h%éjggfr é%%sﬁé“g%?\égp
waf er that may inappropriately react with water or other chemcals in
subsequent cl eaning 30 operations.




Figure | E shows a top-down view of the whole wafer 12 of Figure 1D, where
unwant ed stains have been fornmed on the top surface of the wafer 12 during
the initial 9 December 2003 3 cl eani ng operations fol | oMD§gerbrs
operation. As stated above, after a typical WEB operation, the top surface
may be coated with residues (e.g., containing TixFy, and other polyners)

t hat can subsequently cause unwanted reactions, as indicated by the
sinmplified illustration of a stained suPface 152 on the wafer 12. In tests,
the sizes of the stains were 5 neasured to range between 1 and 50 i crons.
By way of eXterphe wafitichs tbeen pleted throughnthe SRI ﬁgl“@l‘ @lnthsgvafss {sempsys 1o 41
wafer 12 entfra ﬁahe E?ssette 14 and may be sprayed with water while in the
cassette 14™MHRISPEYEP “f0 wet the surface. Al ternatively, the wafer can be
sprayed with an m#iré aBsBo®PE A¥tailéd Weiverf aadeaning prtadess pdrformet én brush beh oo x
one 16a or brush box two 16b. Unfortunately,. i

_ n ﬁ)ch 10 Watﬁ{ si:pi(ﬁyin%ga
oper at i ons,16ahdn dhmbrushbps wneloacthe Wale ks st isegied pgHresRi% 9P MY ENt
portions_of th r i e HGR HRbriGkose, 1Rl
porti ons® ﬂ%’t"%oﬁﬁﬁhﬁ%"s‘"o PPEE i ?‘ﬁg?ﬁg"?‘eb@sf%?%g% A e o P T kel y
under go unwaabiag the daishen30 wi ideqbdielyroksindbe opt dndtbotemesurfates afrthe wafardler 12

after the WEB operation. Although the _sprayin erati.o aturate the
entire surflaceryn cHgpBHtancss, tb*ﬁﬁofitcml lsi"éffcecﬂ? i‘fﬂ gi‘fgpisﬁﬁ‘ﬂm#ég%g ‘%ﬁﬁff({ %de‘fl_i) t he
varer sur f e tbadiBFRAREAM heiRHBH MAPmIBIE T iR 1FURLREM1DA ORRNAIgh YoM ned

surface 152 and portions of non-stalne ace 150. Furthernore, 1n
addi ti on t ahstopi susfacd 12 drelahe boues soffacsmfalyk weafenateescribbed wiithtthelbmshds 30,

spl ashing may cause defects, tha ear. as mcraq-scratches on the surface
of the dr dRe P briogs Lnhach SEBPR Vihdepaireh J0RE B PrrereSuliE et o
the wafer sy Eﬁﬁﬁngﬁﬁn&aﬁé Qo% g PLReRWE: R iNRgratd GRRIORNIVIRS Gre being

i nteractions betwe netallization features and yreld | oss. These
i nt eracti onfabmiayeddestroy the operability of devices on the wafer. A portion

of the wafer wth stai or mcro-scratches icall t i r ,
ohi chovi 11Ul ¢ TRETE ARG b EERT P S ph HRERs! 7 Vs Bl R RES
process. UnhefidawiBd Rl ¥ s @®ndi@b§ubSikaté100.0 %€ & ke Falvatiie pRMedsp@eoxide
general ly cannot be renoved in subsequent cl eani ng@or fabrication 25

oper at i dhs.layar 102emapidet drpositedegisr iae semisprductor subster 460 ANextewphkgown
process t hatl}s)?(}igb(?ﬁ%%ﬁth&ean%re?@i?@c@%igﬁ&em% bQusd Lo %gﬂlg{:&@& [Pllghp s 108 in

t echni ques ¥ g unwan mcal’ rateraction ter asmma
et chi ng opehabkiie,lafdin2asA \MERium ndtride (EM)aaye2003 ra)ySvVRSpQ¥terddver the
the present invention fills these needs b

| NVENTI ON Broadly speaking, fill y
provi di ng ao%ids lager ﬁndth@;ﬁ%we"ﬁvmg thetopgufags ef b oxidg layerdPagnd Hie Ratiemade of
a sem cond r SO\ d T i hidl hat ed
That T he. pr e B R e e e 3 n
as a pr @oessver die JpPdapdr ukk)4, thesghyt enverumgdbe i ToN leyeral (e atnb €illirgethe rpiterned

i nventive enbodi ts.of_.the pr nt. invention are descrjbed .bel ogw. I n one
enbodi ment - SRS B 16 TNday a8 Fikicall Rk Rtproadgnve gl o Faroctiestioct or
wafer fol | ophigerPlapdraDBBng ieixide 1aper@bi on. The nethod is preferably
perfornmed insi \c,i\gﬁ_a br](%;sgwboghand invol \é)es \{\gqﬁtlleoz _theééurggce tof Ehet b

sem conduct or lgpre]! wWishe geraicemsiiciop v i0h S'egue Ehnyvagre 4 typgsten etch-
non-spl ash (i ns ni IS nfi t i ckl d n r t he
surface of ?Eﬁg @e’%ﬁgoﬁtgg@?%rhaﬁg e P \%llﬂlt;lﬁ%g ‘?’i g‘gitgb(%@ o g\tglfey%fee??l%i iftél

wat er) . 250l fuapdtéry 1dybe 108 trhdynle @pbedtdoon, suchahautht acg soffadenef WRf wifefrdp e
finely scrubbed with a cleaning brush that, applies a chem cal solution to

/ I ! !
the surfacesubptaptily,fatand the TR lyar 10Gismgal xpassd: il Wngsemaysitfioekithiped
to finely sggubudmed Rendaed i s 3%Fosel 1d e (WRace bikneRRRe UMGRALINENT |
a systemis gilbsc o?segs} or c egﬁjildné aﬁgserri coné(\ﬂﬁg% oracf'/va?er after a &,
f abri cat i onthepEEBt dperation heliksly telenvarmivhes] msiduessivebithe suefacengf the wafashatone
liquid outlet for applying a non-splash flow of .a Liqui.d oyer the top.
surface of PAE SaRmBBHAIGST rcharlh ARG Fontieh| AemiGER o GrokweR GlFeRngs
configured seraueel y saturate substantially all 20 of the top surface of
the wafer. The wafer is Ereferably configured to sit over the bottom brush
and rotate agai nEiguieol E shews THeprdowneview pighe whote water t1Beofbbigusnl Buwheree of
t he waf er ' b ' d tom brush.. .
respecti ve@w%ﬁ%{ étjg/lgl% é&§%g&aﬁgr8% tﬁgltg%ieo%g’*@feag%%ﬁ%rﬁ%pggﬁrm & ee"{"ﬁaé
non-spl ash rinse technique can also simlarly be inplenmented in the second
brush box. 25 In yet another enbodi nent, a nethod is disclosed for cleaning
a surface of a sem conductor wafer followi ng a plasma etching operation.
The nethod includes wetting the surface of the sem conductor wafer with a
liquid. The wetting is preferably performed by setting at |east one

. B v e



9 Decenber 2003 5 Advant ageously, the present invention provides nethods
and systens for applying liquid to the surface of a wafer b usi

non-spl ash, even, and quick application technique. As a r@ F?mb‘W%QP% a
waf er has undergone a plasma etching operation, the applied liquid will not
undergo unwanted reactions with residual chem cals on the wafer 5 surface.
In addition to substantially elimnating stains, the techniques of the
present invention substantially reduces*the nunber of mcros- scratches t hat

may be formed on the wafer surface during cle nls&q?ﬁ) eratl ns he Wods
of the prestasningpperatippniodlowing,the;WHBOPE(atigRn &S attéiﬂ &k

et ch- back I f af; Tqiagﬁdj g
rinsed w t(ﬁpﬁﬁem%otﬁgsﬁ%srﬁggﬁnﬁﬁgwgﬁg%ggg €6rﬁ%10rn : () brgsh box
cl eani ng. Ipblynees)nibat- syl sabdequémlyi cagsa mwmme‘dmemtnbns rnsandmatsd bbltlu:smmpbﬁ@d t he

second brush box can be.used for cal .scr.u The br

second br ué“u%’&&o’é%atsﬁé’reafsB’rfécer]é%d?‘ﬂﬁ‘F|“fa|f?§d12\7v|blg sg‘ch R FeRe 1 %%tmﬂééi‘im
concentrati | cleaning repeatability.

U tinmat e?y,]ﬁ%ﬁ%&r{rgé ﬁmg %E@%ftﬂeﬂgn@?gﬁsed herein will substantiall

reduce undue cosBswayof éxample waleh tealsafertd cmﬂsmeadwmgﬁestausﬁ) theewafenber of
15 damaged wafers that st .be di scard

g m ubs ant i ah )c{ r.edu g
Qt her aspec?ln?r%lﬂlﬂ caehrlin 14 gad mpy ‘3hsé’“’d't'3 dd WPtﬁwh H¢ ghihgierselie dd i 5‘%{5 } ent
fromthe fqll W, Sgrdet 9111 ﬁﬁtl‘dﬁ Clhk H&dfé}rbantb%gs?fhyhtﬂ‘ vﬁ@lrﬁn%?ﬁltah&”sﬁf\ﬁ)t b her

acconpanyi ng raW| ngs, Tl n éxanp he principles of the
present i nwsrihé wafer Z@ EBHrsEENEES@RIOBa'Iléﬁ\IOEFNFHEOWV\VIﬂGS Utfertynatdsrin such

invention will be r.eadil understoo i | ed. des r |on
| con] St SEHOE e E By bRy PRI R b yarer (Gl B Mg b

descri pti Ofporfidds€ofl tBE ¥ AECAaP HERNR the APPliGBH f v dte Edfﬁﬂécdthéraﬂ)mﬁbmmhé
Figure | A shows a high-level schematic diagramof a wafer cleaning system

25 Figure ¥Bragmsws the \@@f@aihmeﬁc6p1@wd)mltsﬂll&|velﬁrhkﬁb ysderge suwaated apagteons with
brush box. [f1qup e%gihith\%ﬁ ReCoPIRe 3}?1%{1 PZ‘% h% B éﬁ%&{ 1@0{{\}%{ gg tf}%ers

“fa
have been fabriCcat ed Oover a sem con or su gure

sem conductsprayiif jeratidnGhaydagitite tHentitd eur€aca on mtlentlﬁtnmhblambp(emﬁﬁat are
operation has been perforned to_ the top_surface of the wafer 12.
Decenben5 20wpligl 1 tarveafersustasosilh neesssatidysause dhp wafer ke baropertions ef st_aazed)f

Figure 1D, JELs }%%P@ﬂ ﬁé é‘#ﬂén D12¥Eq QGeLe 130 S8y Plgﬁw&ﬁ,g&?dﬁgﬁ%éa%ﬁl&t the

waf er 12 duri ng eani ng operations fo
oper ation. the mhmu&%f&p@hy&& whenassociaed S\atmﬂnshmghmqumﬂefaaphlmt appdar qui d

to the rotatin waf er suyfac b uid outlets, in

accor dance %"P‘%rooﬁ?éat QBithetHrags Oﬁt‘?%"%#éééﬁrtbri‘ﬂ\/%ﬂ{q g’fg Fi gur es 2C and 2D
show a non-spl aabn&ﬁﬁmtgﬁi@opm&emﬁmgs bﬁwaa&psﬁrmewﬁau@mﬁg%um way
of top liquid outlets and bottomliquid outlets, in accordance with one

embodi m@At things, hmappremt interactierisdretwddn met}urzegor&ﬁcaands 3.l yieddvlessnobhespl ash

out 1ot &, 1 noRRPa B gstityiiut Spbfub Bt SRS of Yt R o BB Rior ofibwate™! ©

enbodi ment with tshﬁlspmeﬁmb-smmei it@hicalllyi @ustese dfscaaed, 3khish avilaulfintehplads h
t echni que of apr{ﬂﬂng liquid to the wafer surfaces b way of top liquid
outl ets andPuBsaRtihplgle the sveradk fabrieation,prpegss. béﬂﬂf@rtvléﬂt%lﬂeﬂleb%ialﬂ% OF HUFSr s,

| N accor dange, ek by ANAABPHENY Bhnd: BE AR IRYERK] A8mify &t{?ﬁnémaﬂom

an enl arged view o I quli I xe OSI I on
25 operations,

In view of the foregoing, there is a need for a cleaning process that avoids the
problems of the prior art by implementing techniques for avoiding unwanted chemical

interactions after a plasma etching operation, such as WEB.



in accordance with one enbodi nent of the present invention. Figure 5 shows
a flow chart for a wafer cleaning process, in accordance wth one

enmbodi ment of the present invention. 20 Figure 6 shows a $Dseerebrar2f03 or an
alternative wafer cleaning process, in accordance with one enbodi nent of
the present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS
Met hods and systens for carefully rinsing a surface of a sem conductor

waf er after 25 plasma processing and before brush scrubbing are discl osed.
In the foll ow ng description, nunmerous specific details are set forth in
order to provide a thorough SUNBYARS @F FHEL ent invention. It will

mvent s on nay ba prALopeAdhe i Bfteod Siichliod By e ap3E ol RVRERE S hneq

I'n ot her | ngbapaas IoM?Jiékl&( RRIVeRl ARG MPSuAideia seaN@inttobeefer feberinped
in detail in order not to 30 unnecessarily obscure the present. invention.
9 Decenber piBO® proqessjng.ck shovld helapmecipediliat the presputdayengioe e BRERIEMEPH yi ng

liquid to t.he taop wafer suyrf Y. t i gul a, in
acaor dange Dpelms N oRIRE S ¢ HEshan e ilus, £yl 4 Gt oL Mo

pref erabl y ssetQr invanileatiodmiatasfahd prestart inventiachredeseribedibedomaf er 200 may
be held by a bottom cl eani ng brush 204 ,angligagset of rol]Jers 5 202.

Al t hough Fi gur e IpACRS | emahqdimeny, tandngthed df s sed; fors elsanend aWicEC Phtd
that additi reQf il eTRE Rdidod@R hrefeh t he
wafer is prsgﬁgopgﬁﬁéf%%ﬁ f?%%‘%%gtaf msﬁ?gé(%ﬁ#géﬁﬂlsoﬁl 204%. I n0 t hilg by
enbodi ment ,pesfotméliingids abresh 22 2nd sSnvoted wettirp thp byrfdck gfitlt semicnghcter waletiui t

that leads to the liquid outlets 220. e liquid qutlets.220. may,.be

conf i guri@d BYousiRgs & MPBuPkesh Figss teChvave- ¢ %Ee %ﬁ’?‘gﬁag{b“gﬁrtF%‘B‘é%“eZ‘fd;oégg?rﬁ% Qaf er
rotates and,i n t 2Nhd %epficbhBuctOd Bvadérd whthea t Nghid
rollers Zogquhclqdr?b?dlr[]lg %r&gpgrrg?tg(t}%eﬁg%é?fr%ﬁ,% t he Iei é]ui duout l ets 220 iarrp ément
a t echni queptefiahbly ledesizethwdtetlo Baltowing thet wetting bperagar, fthecsurface of theawafer
non- spl ash, even,_ apd i.ck mapner. As use erei "sgturate ihe fer

sur f ace” p_rIB?XeE%\lﬂ‘&?[}nﬁ%ﬂuébe{éowgg\?e?le%%ﬁ&ﬁ itgi“tl @pﬁfﬁ ao&‘e %at‘ }ﬁgtuélpnsﬂ_rtﬁ%lce
210 with |iguiage of e Rwatel. 38 NecdtdeSmaty brulPRiag alsdde iﬁ%lédi@;téd euiskigxdrts the
liquid outlets 220 and saturates the wafer surface 210 with substantially
no spl adhi rihe botEwe stirfawe of reabdfor. reans that the liquid is distributed over

t he wafer surface 210 at ubstanti.al l.y ,constant fl owr - QU ck!
preferably nmean D aRgEneE S?g%ﬁmg?ﬁ’ ﬁ@P{StS\ﬂf%Pfs&tOEeedag% Lf’ra g gra?ls'I §§lécof?#t§}s(wafer

sat ur at ed id’fte@'ﬂ%’tﬁric‘&tiﬁﬁ@?ﬂd o) Th€SBtenA\afliities g binksd xR ingrat ¢ast i N@fier
200 is about 8 inches, it is preferred that the 20 wafer 200 rotates

bet ween abortlepfor applying aoren-spiash fomiele Ligid avwsike g speien Qfithe sranisendugionut e,

and most p r\g%i%é g’gh% ?%P@r%%lgﬂ({v? 4P {h@tli[qﬁgisils RGhfi %lréﬂ" {oeeveﬁ-ggs(%{drﬂy isﬁi)sftzfnﬂml# Ql?

liquid outle 'y exits iquid outl et at arate o
bet ween 2aboaftthd Gpdutfaceof the awader3 (Chersvdfen is tppeferabrmnfipgwed po et evalthy batbonit

1S0 m /i nute.. Regar dI f det er ni ned ters, if i
or of er red 1A PErOHARMsh iR e, B ot taee B P hrpdsurtase o8¢ websat  ng
the I'iquid Qey BRIfRER &?ﬂ)b%brvﬂﬂﬂﬁ';&gi biulie ahd 9Woltot BrhtH, Redpk (ij\reﬂi?eTﬁé 5@fem AS

shown in Figure 2B, 'two top |iqu outlets 220a may be used t'o saturate the
waf er surf amey 2lsdainclude gt $egone biousdii o tvghegd thehropsplasbntingenigelmtiguencan also

additional or.f r.liqui utlets be.used, preferably as long as the
| iquid out @’E‘é‘afjﬁc HB@?TF%W@H’ i ﬁs%cﬁg&%ﬁ‘lsgaoﬁny as to saturate at |east the
top waf e surfacg gétOmotter @nibRdinSddh, 28 MnetOEDR, distl8sedUfot kldmilges surface of a

semiconductor wafer following a plasma etching operation. The method includes wetting
the surface of the semiconductor wafer with a liquid. The wetting is preferably performed
by setting at least one delivery source over the rotating surface of the wafer in order to
saturate evenly the surface of the wafer. The surface of the wafer is quickly saturated in

30 less than about 4 seconds while minimizing splashing over the surface of the wafer.



9 Decenber 2003 S Figures 2C and 2D show a non-spl ash techni que of applying
liquid to the wafer surfaces 210 by way of top liquid outlets 220a and
bottom |iquid outlets 220b, in accordance with one ermbodi #Bscernberi2fa3
present invention. As shown in Figure 2D, two top liquid outlets 220a may
be used for applying liquid to the top surface 210a, while two 5 bottom
liquid outlets 220b may be used for applying liquid to the bottom surface
210b. Such an enbodi nent includes a totll of four liquid outlets 220, as
shown in Figure 2D. In an alternative enbodi nrent (not shown), two liquid
outlets may be uf’gia'dmﬁgfroualpfpthplmgﬁemi lqmmlO!l(PrQ\ﬁ@eStlb‘ﬁh%@rqﬂécSéStemﬁif‘PfeaP@Wéﬂg

i quid outlet be u |iquid t h ot

ot her enbodiqﬁﬁﬂa% thy sy §ev¥|¥grlﬁ '%Hgoﬁ nogcfgi) 5%1 o%é% }18 u%i{ Eﬂﬁf‘canéﬂ‘
outlets 10 Qiquey Re auﬁéﬂﬂt wtieed ar@ﬁwhmuﬁmgms;. ptaemhlemnncg eparhmﬁ tB20
are positioned In such a way as to saturate at |east the top wafer surface

210a in a mpph@bhq;sﬂ will\noh undasgo yuwvakedrepaaigns W@W@ﬁalﬁeml%@ theowatsr

vey of +5p PiiEd a WaeneE N Rl bbb Rl Sabi3P pCeEniGls ER R CY
accor dance lmetnhoﬂ RebstmbiaNly FeatesQhe hlRbdIToE sEibiosisorarhes that mhy be forpredfoarthed

t hat cleaning 15 brushes 204 do not touch_the wafer sgﬁf ace 210. The wafer

may be hel gvalgr surfase dwingotleaning operatiogs; hdhe Mmethess: o 8k presend dpvemben fa5g
rollers 20 . . j I 202
o, 2R APRRS ) Sl 0 s 2
rol |l ers 203vaft’ drbrcatedaadirised with the qm-dplsﬂutecﬂx@@befercmﬂntmuwml

liquid through a conduit that |eads to the |iguid, out E 2€g Zﬁ The
|iquid 36t besh boxcrleaming, di theron fplash ringing isperfognedin 3 {?f rusly Bpx.(thg SEpaARe

surfaces 2 f t Eér}i‘?cﬁ t r hed
enbodi nent ]bq?%sb#’pqw 1%5(.[1 %}tcgk%g%pl np e%n?ﬁzﬁﬁétﬁanéggesﬁ&g? Blrds%ggglcgﬁed
t o sat ur at ehérbforevaémainsfillddaedth24:0 optimal nhemisgl emicenteaion, lewnid thysi imlproranger .

As sh Fi 3B, t i d out | 20 b t yr at
the’ 25 wat diatA Flsenns septatab it HEmaetobr Ffhad grd Praersy wdea Rpdtbtbn. ©
addi ti onal QbehAWRY bditdWdeEdsE & tH@xsvé}ﬁu PstRidatio @foeés@lbwaua@ tHeOM@ntR$ of he

liquid outlets are"positioned in such a way as to saturate at | east the top
waf er subf aiagmagideatens harmonstbpldisshrdedwahbe atb@ltaqmltyldeMder Fi gures 3C and

3D show a non- SPA¢ sh t echni in Uld 1o 1. .3 [ faces
220 by way of ¢ SpE tar gue povSlasBORl ik dtesseinue ol bslfnEburudifforf oo
waf er bei ngh¢ ei1RkaHs Btall@l dQESpIEIA2 take 1@@&@1@% ithi thé agdenpRiiaag idrvihg f
the present invention. 9 Decenber 2003 9 As shown in Figure 3C, two top
li qui d out |ilpsiraping Ry ey dfexumpld theapringinbesyafiiee prespat MveRianhe top surface
210a, while two bottomliquid outlets 220b nay be used for applying liquid

to the bottom surface 210b. Such an enbodi ment includes a total of four
liquid @otlets, as shown BRIEF gESéR;IEI‘I(DN QF THE PRAWINGS:nbodi nent (not
shown) , tvvollqwd outletsma e sed for a [ l'iquid to the to
surface, while oh® Pf"dﬁ'?tduﬁ’ﬁ’cl "ﬂa g%ée‘liélé(d“?‘gﬁr téﬁg%’? H’g f‘?q](fft‘i'i"&g tdgt lﬁg

bot t om sur f g&eptlon lﬂwﬁﬁn&fm%mefaéc&ﬁpa&lpﬁ RERSRR. TOHRIHAO is a&éhbﬂ;&nal

or fewer |IQUIC1POU'[ lets may be used, pref erg ly as long as the liquid

outlet are lpi@gﬁfwmedumnraﬁmhlgaawea@uaturabfdtmmase at least the top wafer
surface 210a in no ash n,. and qui ck man 10, Fi gure 4 shows an
enl arged vi ew ofﬁgﬁgq& ﬁPWé %ﬁléﬁ&aﬂoﬁjg‘f@ﬁ é%alplogé‘&f%;erﬁ&afl&gc%gﬁmover t he
waf er 2Q@, in acEigi@aBshowstatietiled OEROSEH 2 @eHninf prbétSs péresifil in ABARA bex.

Al t hough Figure 4 shows one of the top liquid outlets 220a, it should be
apparent that thRERE| Loviheysd sEassseatenals vispppl @abpisrt whesisylayers have theen
bottomliq I a preferred enbodi nent, the position
of the Ilth{agngd&ﬁ §e§§§%9r eﬁ%%cﬁgh Stllaﬂ?he 15 wafer 200 nmay be defi ned by at
| east three par aFigterld shawsshe sdnhieodducgtor evafert1Reif FARde b8ywhere pasngstehresch-
relative to t er surf ce 210 such that the plane of the wafer surface
D70 and t hebd kAR Hee Glin Sinbemps b amccl b Rl op SeHB R AIRGID O Second,
the liquid outlet 220 may be positioned such that outer side 306 of the
liquid outlet opening 308 is inward fromthe wafer edge 310 a predeterm ned
edge distance 302. Third, the liquid outlet 220 may 20 be positioned such
that the outer side 306 of the liquid outlet opening 308 is above the wafer
surface 210 a predeterm ned rai sed di stance 304. The angle 0 is preferably
bet ween about 5 degrees and about 35 degrees, and nost preferably about 15
degrees. The edge distance 302 is preferably between about 2 nm and about
30 nm and nost preferably about 5 mm The raised distance 304 is
preferably 25 between about 2 and about 15 mm and nost preferably about 7
nmm F| gure 5 shows a flow chart for a waf er cI eam ng process 500 accordl ng

. o o R Y b1 oy - o o .4 o o o,



Returning to the discussion of Figure S, after operation S04, the process
noves to operation S06 where a chem cal brush cleaning may be perfornmed on
the wafer surface. After the chenical brush cleaning, the9Peeuelss280dceeds
to operation SO8 where the wafer is noved to a spin, rinse, and dry (SRD)
station. The process then noves to operation 510 15 where post-cl eaning
fabrication operations are perfornmed on the wafer. The process then goes on
to a decision operation S 12 where it i 8 determ ned whet her another wafer
is to be cleaned. If there is no next wafer to be cleaned, the process is
done. On the ot Hégurbdfidshows = tapedasen vigheef the wholpavaferebh ol Figue 15, stheess

goes back to operati.on 502 where se.con r i ggﬁi@d i { he
brush box. “FW@R‘FBFL"’Q% haye elb&% § so%%qgggﬁﬁ%%e%ﬁl@%ﬁqﬁrislté I's etfhlgp{r]rl&lﬁfed

that there d&nfi@ opertionfolbwiny tHeW S opersiar ati on S12. In the process 500,
the cl eaning process was optimzed such that the non-spl ?qul]i({ h}n@e and the

cheni cal cl eani rigwies 2A pad 28 shew 3 poslashrigemiqisof a f FRIALing
enbodi nept t he brash_ hox . OF .

Cher cal b iRes SBkdn BY e BF hURP ol o colancl IR OB AN Tnc

adj acent brp#&@mb@x@ﬁioﬂnd stations. Figure 6 shows a flow chart for an
alternative wafer cleaning process 600, accordjng to one enbodi ment of the
present inventi dAgurph2€HAn ﬁ%ﬁbﬂﬂw;sp{qﬁb t‘?ﬂ?ﬁ@ﬂFé’%ﬁpP]in@ehq‘%gﬁ%nﬁ?eo‘f’ Bin

e oy oot R} A 3¢ Y g8 Tuhed sl SRAbA%iQig Bk, ANRorkhRE ik BBy 0

per f or med i AN box. e processS starts 1 n operation 602 30
where a serngngvdithett of thegiresent iavémiaded i nto Brush Box 1. The process then

t ti 604 wh - spl i, i Lat.i i d
on"the Afor usiTgEBIAHS 38 Ay emongpiah sebudutolamabalis g Fope T Bty o™
Figures 2 asﬂgfaée yw%( Q?@@fm@fd SARR, Ik WXL beit REPEE FoHe FOULScchRAaRREKRA | ON

the water 1s Ve Al

606 where to Brush Box 2. ternatively, instead of
nmovi ng i mresheatrbloyinent Bf the Iprd3ent iRventionhem cal brush cl eani ng operation or

| at ed ti b f or med he wafer in Brush fore th
ot or s moved t0wFRS B SR cordtrenuabhafibe st sPhivTg: Gl do N, By 75
operation Gs(aﬁfaz%&%rgew@y shRPiIkRld AREMNE!HRRBIMNGuiEoRRES, ﬂfe@ﬂcplbbiﬁ%‘lﬁ)tmed By
S

surface. The process then goes on to operation 610 where the wafer is noved
to an SR siHeisoin.acdirdanse odthsanerowordionans of be ppseritination.2 wher e

post-cleaning fahrication operatiqns ar r.f.or . t he.

process then go ggﬁq&%logsaggpgfgg Vb%"é?ﬁ? ﬁ@ﬁdg’fga\%\hxgrgg Iln)?’ lt%&gé‘{eé-rgnh‘?ﬁhf%rd 10
whet her anoghggord@ice withSode @nidR dithedbedle pldseithigventios. no next wafer to be

cl eaned, the process is done. On the other hand, if another wafer is to be

cl eaned, the prodigee Jyehewsadew charb Heravpish CoamingREICEssa Is aeePEBRSR VB PGaf er
is | oaded i A I . f oregoi ng process 600 continues until
it is deter%ﬁﬁoé%‘ggﬁg)tfﬂ?{k)er?%ﬁ}élvﬁﬁ(g{bﬁ'ext waf er in decision operation 614. 15
It is irmportant Figureobeshovat aofice thaet f@f en alermative ewafes i agntrige pro@esss phash
rinse techni %ue, an ,subseqlt?Jq.eﬁ{Jt cor%t act with water or chemicals will no

| onger caus¥PRancE¥ith prerabodiment ot the RIERLEVEAOBussed with reference to
the prior art. Wiile this invention has been described in terns of several
preferred enbodi nents, it will be appreciated that those skilled in the art
upon readi ng t hdDETASEEDIRESCRID |08 TH PREFERREDVENMBOBMENIW ngs wi | |
real i ze various erations, additio per mut at.l ons _and.equi val ent s
thereor. 1t ts o FskERS patBieaRdet sl AREnE e N BB R Fibtenet 11
such al tgr aplagis proeeidinlyl 228 HefRebiivh 8érubbiag aRNiischstud.v Bl @B slicdwing dkdcripdon,

within the true spirit and _scope of the invention. 9 Decenber 2003 12
What is cl apurBeropsspegificalefnils aessebfort ia padas o aroyiderptharaygh andapapding b ther

wafer foll OWBE'@Q]t ﬁlvghmt it B('-: Hﬁde‘?ﬁﬁ&%w&er&% RE isﬂil@@ in the art, that the present

invention may be practiced without some or all of these specific details. In other

instances, well known process operations have not been described in detail in order not to

30 unnecessarily obscure the present invention.



wetting the surface of the sem conductor wafer by using a non-splash rinse
5 techni que, the non-splash rinse techni que being configured to quickly and
evenly saturate the surface of the sem conductor wafer. 29 Decorabas 3803 f
cleaning a surface of a sem conductor wafer follow ng a plasma etching
operation as recited in claiml1, further conprising: 10 after the plasma

et ching operation and before the operation of wetting the surface of the
sem conduct or wafer, keeping the seni-coAductor wafer substantially dry. 3.
A nmet hod of cleaning a surface of a sem conductor wafer foll|owng a fIasmal
et chi ng oper at i diiguaes 24 end 2B shew @ napsplash eghmgus of APRIFINEH .to\i\‘nﬁe "&g % he

operation of wetty the surf f I £0, | t he
surface of spﬁgceg?&ﬁ%%a’bagt%ﬂwﬁgﬁé@ %t{%ﬁs %ﬁg; @aér#ﬁlgagreuogﬁﬁ t% h%te ﬁlgggi | gf;gg
cheni cal sqhdipieaentt i@védins UThatiquidf is tpiefembly varduaidomosapreferably de-imsizébd of
cleaning a surface of a_sem conductor wafer fol é]%\r/]\én gqﬁﬁ’ofﬁﬁl asma etlggi ng
oper at i on a¥aterecThectiaten 200 majbs helghby ajbgttomesrican ng’ id; s Sef of jrolles

cl eani ng, bryish [ : c ' 0 ' f grapred
T a br agh 23, Atabilf Bl 229 kR B iRy 6 SRARUIAOE bR
cl eani ng bradditionslud féwe rolare 02 circtanisad, pvefamblyhusilong asithe wrenisspopalydeldib a
bottom surface of the sem condu%#)r xvafer. 5.5. A rI'Bt E‘ﬁd of ani n%ta
surface of o hebotemdtieanins Washk 2045 Iiinembodimentya hgud SPEceorres B 4560 19s
recited in ' . ' ' I | pr st cl eani ng brush,
the wetti ngf%br@gr@gtﬁ{dcm%ﬁgﬁgg?#&c}ﬁtr}g ?{lﬂsg&%}?rlgl?mbéﬁlg%jggk and the scrubbing
operation is perfrer liguddioutlatss22(bmehybbai shnfigned th aelissetde diquidioverbhie waker ng

the first cl ' b h d d cl ' b the . '
brush baP ngP AR AiF ST S5EF B FHENDGEd D Hhion B BRRE BAE AR T or
wafer. 9 tﬁ)@‘f@m@ﬂcr%%@?. L# fe éﬂbﬁﬁ&d‘@ﬂbﬁain&hﬁﬁﬂé Miguid SWilefs22E0 @hplément a

sem conduct or waf er OW Nng pl asma etching operation as recited in
claim 1, whechmiquetthat isplesignédio sfturatet the rvpferhsurtage 230 dn af namheplasbneveandodt or

D S A% i B, SSHANE e SR G SR L
surface of §,BaaNBii§raldd tRe WhREHSheIc1216 Wifhl 1R)id. aon-splash” preferably means that
15  the liquid exits the liquid outlets 220 and saturates the wafer surface 210 with substantially
no splashing. “Even” preferably means that the liquid is distributed over the wafer surface
210 at a substantially constant flow rate. “Quick™ preferably means that for an 8-inch
wafer, the wafer surface 210 is saturated in about 4 seconds or less.
Assuming the diameter of the wafer 200 is about 8 inches, it is preferred that the
20 wafer 200 rotates between about 2 revolutions per minute and about 20 revolutions per
minute, and most preferably about 5 revolutions per mimute. The liquid from the liquid
outlet 220 preferably exits the liquid outlet 220 at a rate of between about 50 ml/minute
and 300 ml/mixture, and most preferably about 150 ml/minute. Regardless of any
predetermined parameters, however, it is preferred that the non-splash, even, and quick
25 technique of distributing the liquid be maintained throughout the liquid distribution
operation.
As shown in Figure 2B, two top liquid outlets 220a may be used to saturate the
wafer surface 210a. In other embodiments of the present invention, additional or fewer
liquid outlets may be used, preferably as long as the liquid outlets are positioned in such a
30 way as to saturate at least the top wafer surface 210a in a non-splash, even, and quick

manner.



of water; and setting the predetermined flowrate to be between about 50

m /mnute and about 300 m/mnute. 10 7. A nethod of cleaning a surface of
a sem conductor wafer followi ng a plasma etching operati ofDgcembati2083 i n
claim®6, wherein the operation of wetting the surface of the sem conductor
waf er further conprises: setting a tine of |ess than about 4 seconds to set
substantially all of a top surface of the sem conductor wafer. 15 8. A

met hod of cleaning a surface of a semnmic8nductor wafer followi ng a plasm
etching operation as recited in claim1, wherein the operation of wetting
the surface of tHigureeT cod@itshnw adioarsplesintachaigye of gpplyingdiqukto the wafer

sem conduct or. waf.er about a.radi.al ,axi s at r.at.e

revol ut i onSUF&ES nflr?usg i 0% goR ¢! 5? Pgé%tf u%zlﬁ%nais}lhp%&o%p ﬁﬁ“ﬁf%&aﬁ%ﬁgﬁhg‘g of
cl eani ng a gedrfake with encs@nbeddmentcitahe prbat ifvehtiomi Ag showh s Figued 2Dj tvep
operation as recited in claim1l, wherein the sem conductor wafer i

i S
di sposed cdopliguidloptlpta 220emay be wsed f9oRppining liquidiarthe tagrsueface Hlila, Whide two

sem conduct or fer 25 th | S .1 RSi e . ' | 4@di d by
The. wer tF nonpEridiia pnd 2208 b 13 REs WoruliHR R bANE BRRR Sufikee 21

sem conductgych Wakbodiglenoiticiidefa id ffowlighidgiepe20] ascshows in Eigutee2Di n
claim1, wherein the wetting operation occurs inside a bréqur} bo ,tggat“g?oes
not have arinafermativeenbedipentgotshown), pue higmdsrutiets @may begrsad &5apRlyedid

sem conductor, fer | 1 Qg . | r.ati . [ '

o m 1, arigret Reedi ofite e BLPAIR: e e Re R bl e A HE Moty
spin, rinseurfagd KrothdrSRBodipansadt e presematventioh,axddittdnalrortfeweskquid ondrict or

waf er after the plasma etching operation, apnd befo the wetting operation.
o Decentier 20001be 152d. pretaniam POE 2% 1N s Ry HIcsad o BORHORE L PP AP Eb

fabri cati on,Qpelidfated ieast the top wafer surface 210a in a non-splash, even, and quick manner.
Figures 3A and 3B show a non-splash technique of applying liquid to the top wafer
surfaces 210a by way of top liquid outlets 220a, the wafer being rotated by rollers 202, in
accordance with one embodiment of the present invention. It is preferred that cleaning

15  brushes 204 do not touch the wafer surface 210. The wafer may be held by a set of rollers
202. Although Figure 3A illustrates four rollers 202, it should be appreciated that
additional or fewer rollers 202 can be used, preferably as long as the wafer is properly held
between the rollers 202. In this embodiment, a liquid source 222 is used to supply liquid
through a conduit that leads to the liquid outlets 220.

20 The liquid outlets 220 may be configured to distribute liquid over the wafer
surfaces 210 as the wafer rotates between the roller 202. In a preferred embodiment, the
liquid outlets 220 implement a technique that is designed to saturate the wafer surface 210
in a non-splash, even, and quick manner.

As shown in Figure 3B, two top liquid outlets 220a may be used to saturate the

25 wafer surface 210a. In other embodiments of the present invention, additional or fewer
liquid outlets may be used, preferably as long as the liquid outlets are positioned in such a
way as to saturate at least the top wafer surface 210a in a non-splash, even, and quick
manner.

Figures 3C and 3D show a non-splash technique of applying liquid to the wafer

30 surfaces 210 by way of top liquid outlets 220a and bottom liquid outlets 220b, the wafer

being rotated by rollers 202, in accordance with one embodiment of the present invention.



conprising: a brush box, the brush box including: at |east one liquid
outlet for applying a non-splash flow of a liquid over the 5 top surface of
t he semi conductor wafer, the non-splash flow of the |iqui8Dse¢mberédddi gur ed
to evenly saturate substantially all of a top surface of the wafer, wherein
the at least one liquid outlet is arranged relative to the top surface of
the sem conductor wafer at an angl e between about 5 degrees and about 35
degrees, is raised above the top surfac® of the sem conductor wafer at a
rai sed distance that is 10 at least 5 nm and overlies an edge of the top
surface of Asshowari Figwiei3Cotwonap diquidtoutlats 3282 may by uggdsios ﬁﬂéymﬁéﬂuldsmﬁ@ ween

rer o faoh ubed operiFionh basomaiabl ERMdeR 20h A G R BRI SAAA T P

sel ected f rgdbbiiein GugsMR Z10BSiSiich g eafbouﬁﬁm ikPudepd teat bpfouz tiduidediets, 3¢ A
system for cleaning a sem conductor wafer after a fabrication operation as

recited in sbpwnm FzurenHr b1 #n QIWW%WbB@}WWhWhW%WPl liguid oyfletsgpanbeish
The 2 Ok L AU e ot g SEPR Uk Tod GRebr LARE SR mb%ﬁananﬁﬁ e agRd Abr 20

the sem ctor e Sem C ng confrgured to sit

over the b tppr;rmgm?mb tante boftéh sutfge. Nt othbe embbdiareats dlf5the Aresyst mwedtn,
cl eaning a wa pl.asma etching o erg%ag)n as recited.in claiml12,
further cordditiopaler fEWehh%‘é@(?HHetﬁﬂ?é’rpeb‘éﬁﬁ R b eshileng s dhe gud oxlst s ng:

a top brushRRBndPhl @ith RIS Mhs't@Sabiald NNL0uR (EPRaRY SIRLE 204 iy RA-4ARN,

surface of € Semco e sem conduct or wa e| ng
configured etvensmtiqowkrmadner bottom brush and rotate against rollers. 30 16.

Gpor at |G a5 edieun SoBr 4 Faiesd i o areron ey G R ZR EreRl mccar
cem conductr vl W?%%?%Le“ﬁ?‘"%“"‘%ﬁﬂ T P ] O PR oAl
Decenber 2Q&lBhdaligh Figure 4 shows one of the top liquid outlets 220a, it should be apparent that the
following discussion is applicable to any one of the bottom liquid outlets 220b as well.
In a preferred embodiment, the position of the liquid outlet 220 relative to the
15 wafer 200 may be defined by at least three parameters. First, the liquid outlet 220 may be
positioned relative to the wafer surface 210 such that the plane of the wafer surface 210
and the radial axis of the liquid outlet 220 form an angle 6. Second, the liquid outlet 220
may be positioned such that outer side 306 of the liquid outlet opening 308 is inward from
the wafer edge 310 a predetermined edge distance 302. Third, the liquid outlet 220 may
20 Dbe positioned such that the outer side 306 of the liquid outlet opening 308 is above the
wafer surface 210 a predetermined raised distance 304,
The angle 0 is preferably between about 5 degrees and about 35 degrees, and most
preferably about 15 degrees. The edge distance 302 is preferably between about 2 mm
and about 30 mm, and most preferably about 5 mm. The raised distance 304 is preferably
25 between about 2 and about 15 mm, and most preferably about 7 mm.
Figure 5 shows a flow chart for a wafer cleaning process 500, according to one
embodiment of the present invention. The process starts in operation 502 where a
semiconductor wafer is loaded into a brush box from a wafer cassette. At this point, the
method moves to an operation 504 where the surface of the wafer is wet using a non-
30 splash, quick and even application of liquid (as discussed above with references to Figures
2 and 3).



17. A method of cleaning a surface of a sem conductor wafer follow ng a

pl asma etching operation, conprising: wetting the surface of the

senmi conduct or wafer by using a non-splash wetting techni gB&ecemeer2683 spl ash
wetting technique including setting an outlet end of at |east one 5
delivery source over the surface of the sem conductor wafer at an angle in
a range from about S degrees to about 35 degrees relative to the surface of
the wafer, and applying liquid to the sdfface of the sem conductor wafer

t hrough the outlet end of the at |east one delivery source. 10 18. A method
of cleaning a sUhearssting operafinn afsheipiesant inygnidon ¢laninaigs Hig need fersnirugh bey ng

operation as,.recited in.claim.17 rein. - i t | que
further incPHAYS. Py %"ihh"g‘ e I%W?B\é}?a%gﬁ%argb q&ﬁgﬁgﬁ ﬁﬂé‘gz at‘gﬁgg}tdgﬁevﬁégﬂé
source to @pefaibf absd @iginated thehgeedeft aaupilyainse, maf dny (SRDY stitohaprive to rtha
range from about 2 mmto about 30 mm_ 15 19. A nethod of cl eiﬂ]i nq a, surface

of a seni covefeicefering ithe brush bexi alsodisuasedpatiove nY ity refprepss i@ thelsted jafteq i n
claim 17 ' h.oni [ ' e

cen condticrgretmbr g MAH Whlon (eBRBY) SIQUIRBOHRESBIPUS jnside |
rate bet weeahe bluehibohOBykehsuring ttiee wafdr slwontpleddl insiderthebitush baxf) oflier waferethadbd of
cleaning a surface of a _sem conductor wafer follqw, a pl as etchin
operation adc pdlkiln &oe Jogding fasetty cagfe pEotrcied, &rop) ﬁgﬁqﬁtéﬁ?%ﬁ’@w&#i%ﬁo is a
tungsten et.gch- ) ] : . :

/ N&J N/ N4/ Nﬁ%ﬁéﬁ%ﬁ‘é%ﬁ%%ﬁa@%% PRIFBA: /RG50S fpgye with reftpence to the

$S' zupj c” YTtkejdcad amppropriate splashing on a wafer may cause wafer defects, such as stains and

Ul c”ral] ca] ca] ca] ca] ca] caké:g]aé?ggrgé ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] ca] cal] ca

Ul craU] daujmaisrg-saptichgson t C6- y- - 0) 0+000N11c2: 33
4U44465[ 55561 66 Trefifmito\ia! 1BO bishssibh o ¥adusab Catles dbertion 504, the process moves to

operation 506 where a chemical brush cleaning may be performed on the wafer surface.

After the chemical brush cleaning, the process proceeds to operation 508 where the wafer

is moved to & spin, rinse, and dry (SRD) station. The process then moves to operation 510
15  where post-cleaning fabrication operations are performed on the wafer.

The process then goes on to a decision operation 512 where it is determined
whether another wafer is to be cleaned. If there is no next wafer to be cleaned, the process
is done. On the other hand, if another wafer is to be cleaned, the process goes back to
operation 502 where a semiconductor wafer is loaded into the brush box. The foregoing

20 process 500 continues until it is determined that there is no next wafer in decision
operation 512.

In the process 500, the cleaning process was optimized such that the non-splash
rinse and the chemical cleaning were performed in one brush box. However, in other
embodiments, the brush box can be one of a set of brush boxes and the chemical cleaning

25 and other rinse operations can be performed in adjacent brush boxes and stations.

Figure 6 shows a flow chart for an alternative wafer cleaning process 600,
according to one embodiment of the present invention. In this embodiment, the non-
splash rinse is performed in one brush box, and then any chemical cleaning or additional
rinsing may be performed in an adjacent brush box. The process starts in operation 602

30 where a semiconductor wafer is loaded into Brush Box 1. The process then moves to
operation 604 where a non-splash spin rinse operation is performed on the wafer using de-

ionized water, as discussed above with reference to Figures 2 and 3.



Ul c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca U c”ha] cha

U c”a] ca] ca] ca] ca , 8 808(08a;

>@BZB\ Bt LLLhd V| WY"] 1] * " " bdde0f gggggg} xsni c*X] caV] ca] ca¥ResiebgrdPal cal ¢
a] ca]h]Cﬁ]h_ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
al g7 I, 1Sl

V] ?kkkl dl I mormoSocof oopOpppp>gMyqg} xsni d_Z] caV] ] ca] ca] ca] ca] ca] ca] ca] ca]c
a] c?] ca] ga] ca] ca] ca] ca] ca] cﬂvlca] ca] ca] cdfca] ca] ca] ca] ca] ca] ca] ca] ca]ca]cal g
g'r{rrrr3sasssottt3u{uuvvTv WOVWWWW?X XY 1Z 7 nid Z]ca

a} ca} ca} ca} (7:?} cajeh)t aplfﬁf%@%‘ﬁf é‘hPEea]lté%l] Q%]Z‘ég‘]ré}gi(ei‘ﬁ!}fé‘éls]d&?%ag}tggrg% ﬁ‘g gg} g
a] ca] ca] ca! u . . .

~W-~*: =ar) ~2q} %@Lﬁ"@i&%@a\ﬁ%{%ﬁ] %fa 8§1n§aﬁl%rgT%%1tf%/ajoca ng] %% czé]acg e(% %:la rg(sﬂ caJc
a{/&a] cajc ?]dr?hﬁ@ ?%}Za:i@h\c(/]a}ré;laiedaipeﬁhcﬁd] ma%; daa}pesf%mnid%ﬂ tBeAV3fer in Brush Box 1
~W-~*: =ar) ~q} xsni caV]]ca) caJca]ca] cal ca] calca] ca] cal]ca]ca

a] calcal ¢ ?% tz%éqre él}ecﬁ}t{ea]i%apﬁ ’éléi‘ B9Kch] Qaf%ﬁq Brish @?f‘%ﬁ%%"]&&? %“g@@g/gflzzc ?% -
i LS109%0&; () - V.1 0%B& (1) - : o

Love () 2vIBSAEEOR R g & cpsmical brysh sleamigg s perfomef oputs Saltr e T8 005
5& ()-"10 #kbodsS&ich)zoks On #il6PRation-6 1041BYS BR' Wifer is moved to an SRD station. The
$rS1! #109%%5& () -)s10%& () -!109%6& (g - 1%55 1055 . .

1055! 01#10%@5SEEs$ JOW0 TOVESEE &)p(:)-a_t@n 12 where post-cleaning fabrication operations are

oL OUREIG Gk REIESE () OtSa () ) 0se () ) 105 ()
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1055! 1) #10%23énd.) OX' fht HUEYasd, (i afbthd¥ Fafer is to be cleaned, the process goes back to
operation 602 where a semiconductor wafer is loaded into the Brush Box 1. The
foregoing process 600 continues until it is determined that there is no next wafer in
decision operation 614.

15 It is important to note that once the wafer is rinsed using the non-splash rinse
technique, any subsequent contact with water or chemicals will no longer cause the
unwanted staining or damage discussed with reference to the prior art.

While this invention has been described in terms of several preferred
embodiments, it will be appreciated that those skilled in the art upon reading the preceding

20 specifications and studying the drawings will realize various alterations, additions,
permutations and equivalents thereof. It is therefore intended that the present invention
includes all such alterations, additions, permutations, and equivalents as falling within the

true spirit and scope of the invention.
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after the plasma etchlng operation and before the operation of wetting the surface

of the semiconductor wafer, keeping the semiconductor wafer substantially dry.

3. A method of cleaning a surface of a semiconductor wafer following a

plasma etching operation as recited in claim 1, further comprising:
15 after the operation of wetting the surface of the semiconductor wafer, scrubbing the
surface of the semiconductor wafer with a cleaning brush that applies a chemical solution

to the surface of the semiconductor wafer.

4. A method of cleaning a surface of a semiconductor wafer following a

20 plasma etching operation as recited in claim 3, wherein the cleaning brush is a first
cleaning brush and the wetting and the scrubbing operations are performed in a brush box,

the brush box having the first cleaning brush and a second cleaning brush, and the second

cleaning brush being implemented to scrub a bottom surface of the semiconductor wafer.

25 5. A method of cleaning a surface of a semiconductor wafer following a
plasma etching operation as recited in claim 3, wherein the cleaning brush is a first
cleaning brush, the wetting operation is performed in a first brush box and the scrubbing
operation is performed in a second brush box, the second brush box having the first
cleaning brush and a second cleaning brush, the second cleaning brush being implemented

30 to scrub the bottom surface of the semiconductor wafer.
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setting the predetermined flow rate to be between about 50 ml/minute and about

300 ml/minute.

10 7. A method of cleaning a surface of a semiconductor wafer following a
plasma etching operation as recited in claim 6, wherein the operation of wetting the
surface of the semiconductor wafer further comprises:

setting a time of less than about 4 seconds to set substantially all of a top surface of
the semiconductor wafer.

15
8. A method of cleaning a surface of a semiconductor wafer following a

plasma etching operation as recited in claim 1, wherein the operation of wetting the
surface of the semiconductor wafer comprises:
rotating the semiconductor wafer about a radial axis at a rate of between about 2

20 revolutions per minute and about 20 revolutions per minute.

9. A method of cleaning a surface of a semiconductor wafer following a
plasma etching operation as recited in claim 1, wherein the semiconductor wafer is
disposed completely inside a brush box, and no wafer other than the semiconductor wafer

25 that is inside the brush box is exposed to liquid by the wetting operation.

10. A method of cleaning a surface of a semiconductor wafer following a
plasma etching operation as recited in claim 1, wherein the wetting operation occurs inside

a brush box that does not have an entrance spray.

30
11. A method of cleaning a surface of a semiconductor wafer following a

plasma etching operation as recited in claim 1, wherein the wetting operation occurs inside
a brush box, and a spin, rinse, and dry (SRD) operation is not performed on the

semiconductor wafer after the plasma etching operation and before the wetting operation.
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a brush box, the brush box including:
at least one liquid outlet for applying a non-splash flow of a liquid over the
5 top surface of the semiconductor wafer, the non-splash flow of the liquid being
configured to evenly saturate substantially all of a top surface of the wafer,
wherein the at least one liquid outlet is arranged relative to the top surface of the
semiconductor wafer at an angle between about 5 degrees and about 35 degrees, is
raised above the top surface of the semiconductor wafer at a raised distance that is
10 at least 5 mm, and overlies an edge of the top surface of the semiconductor wafer

at an overlying distance that is between about 3 mm and about 20 mm.

13. A system for cleaning a semiconductor wafer after a fabrication operation
as recited in claim 12, wherein the liquid is selected from the group consisting of water

15 and de-ionized water.

14. A system for cleaning a semiconductor wafer after a fabrication operation
as recited in claim 12, wherein the brush box further comprises:
a top brush and a bottom brush for scrubbing a top surface and a bottom surface of
20 the semiconductor wafer, the semiconductor wafer being configured to sit over the bottom

brush and rotate against the rollers.

15. A system for cleaning a wafer after a plasma etching operation as recited in
claim 12, further comprising:
25 a second brush box, the second brush box including:
a top brush and bottom brush for scrubbing a top surface and a bottom
surface of the semiconductor wafer, the semiconductor wafer being configured to

sit over the bottom brush and rotate against rollers.

30 16. A system for cleaning a semiconductor wafer after a plasma etching
operation as recited in claim 14, wherein the top brush and the bottom brush used for
scrubbing the top surface and the bottom surface of the semiconductor wafer implement a

chemical brush cleaning solution.
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technique, the non-splash wettlng technique including setting an outlet end of at Ieast one

5 delivery source over the surface of the semiconductor wafer at an angle in a range from

about 5 degrees to about 35 degrees relative to the surface of the wafer, and applying
liquid to the surface of the semiconductor wafer through the outlet end of the at least one

delivery source.

10 18. A method of cleaning a surface of a semiconductor wafer following a
plasma etching operation as recited in claim 17, wherein the non-splash wetting technique
further includes:

setting the outlet end of the at least one delivery source to overlie an edge of the

semiconductor wafer by a distance in a range from about 2 mm to about 30 mm.

" 19. A method of cleaning a surface of a semiconductor wafer following a
plasma etching operation as recited in claim 17, wherein deionized water is applied to the
surface of the semiconductor wafer through the outlet end of the delivery source at a flow
rate between about 50 ml/minute and about 300 ml/minute.

20

20. A method of cleaning a surface of a semiconductor wafer following a
plasma etching operation as recited in claim 17, wherein the plasma etching operation is a

tungsten etch-back (WEB) operation.



