;e3e2../0@f 226h2T2R ;9 Decenber 2003 POST- PLASMA PROCESSI NG WAFER
CLEANI NG METHOD AND SYSTEM 5 BACKGROUND OF THE I NVENTION 1. Field of the

I nvention The present invention relates to sem conductor wafer cleaning
and, nore 10 particularly, to techniques for nore car eful |YDaggmiber 2§03at er
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 is a need 15 to clea re a
fabrication operation has been performed that |eaves unwa mmmwmummr
material on the surface of the wafer. An exanple of such a a{é sgation
operation is plasma etching (e.g., tungsten etch back (VEB)) P eft on

et o L et SURPHBREIING SPARPR CRARINGES, 1 2, ) o cc

to inappropriate interactions beygHODESANBSYSTEM t he wafer 20 and the
environnment. In sonme cases, such def ects may cause devices on the wafer to
becone i noperable. In order to avoid the undue costs of di scardi ng wafers
havi ng iBoperabl e devices, it is necessary to clean the wafer adequately
yet efficiently after fabri e. unwant ed resi due on
the surface of the wafer. . 2 chemati ¢ di agram of
a waf er cleaning system 50. 25 The cl eani ng syst em 50 typically includes a
| oad station 10 where a plurality of wafers in a cassette 14 may be

i nserted fok Eiekhoinhglnmm'wgh t he system Once the waf ers are inserted into

t he | oad statio fer be .t aken S n ved
into a brush box lE)%é)riS@ éﬂ% 0 K atWafté lS( C{"i&glc S‘%g \?\Al%%rhgéeéledgtlgapg)
chem calig angtivnaisy, (oeta:hmq@és Viot Qhore ddiefulif & 1§;3g| wafeherd fHeveekfice of by ush
box two 16b. After the wafer has 30 been scr ubbed In the brush boxes 16,

t he waf er ismiponsiictonwefes agigx aplasmpefehing apergion. (SRD) st ati on 20 where
de-ioni zed water is sprayed onto the surface of the wafer and spun to dry.
9 Decenber 2003 2 After the wafer has been placed through the SRD station

20, the wafp_r])bgcripzmcbftmexalawdgﬂd station 22. Figure 1B shows a detail ed
vi ew of a cl eaning process performed.in, brush box o 16a. he ,brush, box

one 16a, the wafkythg serpicondycigrichip fhtiCRtOR PEOGEST 15 etl-Gnonath thets it Apsin
brush 3Q HehEse 30,
t her eby enat;@glhcl’q%aﬁ h af%r%ﬁﬁs ¢ qu%g:tageggégg%%%@%eﬁ ﬁ%é‘?g‘p?t Eﬁ?}l{&lr)ot t orﬁdg

sur f aces of residealwafiterial ioh thé surfsetodithe wafec.u Hmtea(amplc oﬁslueh b distirgnation opaaimmf

the wafer is requir d be cl eaned. as e nt arg na mthe
bot t om may SiRASHALIEING (fes-¢ BHEYER Ftﬁhga%%ﬁ& ﬁgﬁﬁ @Fﬁug]ﬁ%ﬁ ‘E}Ic}Ee s"'&

12a and t heglpeidvemt ?allbhfcﬁ’tﬁﬁl Bperhfishs Ve indrRed FEsHRRAP thatdrial rh%e iRfuds hﬁﬁorg'éJ
10 the top surface 12a that Is scrubbed with the top brush 30a is

primary surétheethingsgdefeets frdpted|teamﬂpng>,pngterm@rthﬁens byfweei tesidualsoon ths wafenr e
the integra i b Vi es i f

Cross- sg%t i %Iﬁg h%v%ngf\i}v LJP ﬁl cfr% ‘8;1%? %%grdg Cgsyerg%ﬁlég\;e eenjog; %?%%f
over a sem bmdmcin@pembﬂbst [latoede?cOte avoid ahé wpdwalodialwfi disdarding pﬁafexeslsavu@
oxi de 15 | ayer 102 may be, deposited over the seni conductor subst

Next, wel | - FRBSHA ]ﬁh‘?ﬁ"éﬂeﬁ’t Hol§ rgsesfarntd elfeh.ﬂafg“tagsm#a%eyw ik %t
formpatter t nitride
(TiN) Iayerﬂ?gﬁhﬁg}&g ﬁﬁnﬁg@a{sfgﬁ{e{]@r ’tég\%érl&%/ee%n %’)Q( ?urgﬁeg%w%%} t her eby
covering the t opFiguref b shows ahdglplevelesdhametic didgraandf & lveafera¢leanimge systane30hes

108. Fol oW, tterin Ti l.ayer 10 e deposited
20 over PneTheRERpe R 5O prritally A A It s Aoy R SRt B ho
the patter n@disétfeeﬂcrﬂgﬁ bd @i3erted®r Liehhin@yigbudilthe lsy§1éalOnce S8 WeRrsade afderted
adhesive and a barrier between the tungsten |ayer 106 and the oxide |ayer
102. Fi gur elmi®therlerd stetien 4@ wattademesy hmfaken fromythe magsgtte 14@ndvppied iato a
tungsten et 0 t4 S of
the war er 1970 b ol Sear QRER! 8 ity LBSE RN TR Selbed Mo Rl RE
top surf ace(eog,thaWa)‘ éFhe]sﬁafeslzubhémmbv&ﬂ toya Yrhslt baxnisvot 16b. TAfter|they enfei B | s

agai n expos ng in the patterned, trenghes

o ne B B RO EA B e S R 6 fhe et BrapeclRtout S dinsyand (et (VUED)
operation i §tai16ﬁ<2d) WherR deei@i{ﬁedJﬁ"é‘@ms%?rary@& bitdQRe Qifice bbthe Wit AhR seﬁn td\@y.
waf er that rnay inappropriately reac wat er or other chemcals in
subsequent cl eaning 30 operations. Figure | E shows a top-down view of the
whol e wafer 12 of Figure 1D, where unwanted stains have been ﬂ ﬂ he
top surface of the wafer 12 during the initial ”l “Immlm Il"““[“"“"

*G00002*



9 Decenber 2003 3 cl eaning operations follow ng the WEB operation. As
stated above, after a typical WEB operation, the top surface nmay be coated
with residues (e.g., containing TixFy, and other polyners) that can
subsequent |y cause unwanted reactions, as indicated by the9Hersmnbsri2083
illustration of a stained surface 152 on the wafer 12. In tests, the sizes
of the stains were 5 neasured to range between 1 and 50 m crons. By way of
exanpl e, when the wafer 12 enters the cleaning system50, the wafer 12
enters the cassette 14 and nay be spraye%l with water while in the cassette
14 in order to wet the surface. Alternatjvel t he fer can be spr %/ed
with an ent Afek theswaiay has begar placedsthough, ths Skﬁgtagmg e TR E?o‘i@og?iﬁ 0 8% or
brush box t . rtunately, in such 10 water spraying operations, the
applicati onM@?gth\g?%or%ée?nds to be non-uniformin that portions of the wafer
may receive the Bigptd IBithows oietuitddeview ef ackaningerogess parfommed fmbrusbbox ons  of

the wafer that are sprayed initially wll _likel dergo unwant ed_ reacti ons
with the rebfadulnstherbiushRoroneia, dhe water \A&flérmsfée‘gggé‘fe%’@ ﬁetc’%@sg‘pgiaaﬂdoﬁ

Al t hough 2t h ' ' ' §

12, "the i P9 Rt §YABOP THEN:RE 17 iRl Wik b} RIS M) BEANEs 30, LY
necessari | yemabliag theherustes S0 tbadbquatelp oletn drestop fand tattomdsusfiacdsafehd S2afearid.
portions of_non-stai ned surface 150. Furthernor in addition to stain

Phe t echni qEGTEI QHRapHARG-witcaoRE: ictiss BEIR TS Fedifen o R sleantt® wel
defects t hape ARRERtANNMLS FrBmSGE BHENR Y mighRe fiht d6iEsiRfact N2a. WATtREug oK

brush scrubbing. Unwanted stains or mcro-scratches on the wafer surface
may cause, thesop swfiverl22@nd thenbpstoni saface o theavafer are sembbedbwith the huashes 30,

oper abi 110 H6t0% SuieE 328 et Spshue Ve B FeF iy, 904 e AP pirfRk ik,
i cro- scrat gdyededniiy, Silck XhdTipt stPRicsl 1358 & Gasre thbiistBgrateld! cittlulti d¥Rices Yreabliing

substantial cost to the overall fabrication process. Unfortunately, the
stai ns or nfabricsted.at ches on the surface generally cannot be renpved in

There is a need FRPaiC B RT-hRRedRallRieh SR8 austh 10 Sl LhER fSp fgeh "o

prior art byabricite®oRér 4 Sgnicenduttoyyalstiar 160V Oindi tygidah febricatibrcpretéssadn oxide
interactions after a plasm etching operation, such as V&)SB 9 Deﬁ nber
RN

2003 4 SGVWMERT 2 may baderestied oupoH| SPIUERIIREIAE substratep} o
fills th § di d i C
Hnsing ¢ hePiSSibogépRy 9 Blcithe Ao HRIGIRE nifhe YRG0 peltficd ol S68TH Y
It shoul d béheapyidetziyet $02.t Aatitahiuen pitridec(TiN) bayen 104 mayathei be ispyttezedenterdhd i n

nunmer ous ways,. i ncl ydin a pr.ocess, an _apparatus, S devi ce or
et hod. " cbyide gver H(PertfeeRy EnBRE fenon BrRiR s St foskt 0RFhe fhogaerite
described bebMes 1080 rr%nswmgdm&@ﬁn% 8f TR, P ehngStel (WO 19560 A 06 Qhay: be ABpdfted
surface of a sem conductor wafer follow ng a plasna etching operation. The
met hod 20 pewdrethatliN baer d0hetdietehy icaeerang thes B dayead@4i illiag thetpatterged he
surface of h& 0 i ~ sh. rl.

echni que. TRERSAET BoRLy FEE  FLevhitatt soffls'd o BRI AEARY bhiliifpwecn fhe
evenly sat ukaigsteh fayes L06 arEthobxidbéayeendZionduct or wafer with a |iquid
(preferably de-iqnize ter). Followng the wetiing operation, the surface
of the wafer mayFiEds ?P\gﬁwg mnmtﬁr wafey é%\ﬁf Higurs Horvhesa e tupgsien sichy
chem cal so i r.ac f fer, i us y
1150 Do i ot ke SVERS), SpeRacRi bACel perlSFmpllp ihe B SERRS S BR"WRR: Mot ThE
anot her 2mbouigstentlayea Hipsmeyn hiesetdhesic dawm dudho that [the top guracs eofi tho nwlafet 32 is
waf er after fabricatjon .atdion.. . The system includes a brush X_.havi ng
At Leact  onsoytanaey Aat £t SRR 108 4S8 PR BF Fneisn 1 108 B e
the top sur tircsteinet HRnERR1108 MetisihOExpdsdElo. thel o siFRceSdT tAS Wafer OUn&irtunBRly,
liquid is configured to evenly saturate substantially all 20 of the top
surface of thte @]PQfamiblSWé@é’rtoilgan ramenigd iresidush oV ¢fithe quafeseifithe water thas
bott om brus n st kel cad ur d

pot t om sur t 20 piophGieREeRd) i RIS of Miblr LhinicR, BLBGGAR cllne .

bot t om bsuslpemtdsygecti vel y. The system nmay al so i nclude a second brush box,
where the non-splash rinse techni que can also sjmlar) e iqpl enented in
the second brusthaW? IESSﬁ'HOWSy"’efO_Pé ‘hé"reweﬂ%gt?i Whﬁf’,w%fe%éfr?é 1 ed]i%c‘l"lé%r_%d
for cleani ngn@amtdd fsBER Rivedesf THMMAMIE tHRM topRlihce F MOW/ 416 2 BhASEBheCinftill NY
operation. The nethod includes wetting the surface of the sem conductor
wafer with a liquid. The wetting is preferably perfornmed by setting at

| east 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
qui ckly saturated in 30 | ess than about 4 seconds while m nim zing

Y 4 b1 Y ~ O~ 1 P —



i nvention substantially reduces the nunber of mcros-scratches that may be
formed on the wafer surface during cleaning operations. The nethods of the
present invention are particularly beneficial in post tungsten e&CQQB&fk
(VEB) cl eani ng operations, whereby the wafers are rotated amgcsnhe i th

t he non-splash techni que before commenci ng normal 10 brush box cleaning. If
the non-splash rinsing is perforned in a first brush box, the second brush
box can be used for chem cal scrubbing. The brushes of the second brush box
can therefore remain filled with an opti%al chem cal concentration |evel

t hus inproving optinal cleaning repeatability. Utinptely, the nefho nd
systens di selpaneg operpions fallowing the ioﬁFllayo?-eééééat%ﬁ ec@)éé‘?trsa 'iyﬁlcf‘hgfﬁﬁ

mist be o st B RRERRCORRT B TonRd MRS (o, SOIRRE, TR, ol

nust be dis be su ntially reduce s and

advant ages pélyinbss) pliat camsubisaquently causei inwabedarsctiopy axs éndicdted by thehgimplified
follow ng detail ed description, taken in conjungtion with th cconpanyi ng
dr awi ngs, i Hluggation ‘?fr?gStWeﬂsNé"}f?a&F 135&’%“%“’@%@ ]gr i Hé?sﬁ’\g%e Westcﬁéﬁ?) Ftéglgﬁ”f ©

i nvention. %@gﬁ%cﬁgr RN o'iler&RAW NGS The present invention will
be readi 'y understoo y the follow ng detailed description in conjunction
wi th the acconpaByiway affexamplys whatotht axafér 12zngers Hiesclehoingrsyptemo¥(), the wafer 12
reference nunerals desigpate, like structural elenpnts. Figure LA.sho a

hi gh- | ovel | SHARTAS FESSEHeaLF 20 By e ared BifawstrioBle Foihe ivefte 4418 OTT 460 s
a detailed yeeweQhrfacs! Rﬁé‘x‘nﬂﬁve{?ﬁ,%@%fe@%ﬁ BE '%Bﬁ?léd‘w@thlyn%aﬁébxsprfy gfivated C

shows a cross-sectional view of 'a wafer, where layers have been fabricated
over a sem sothdueafer 12 ebtets brush bex gue &6a10r brushvbox o d6bi ddnferienately.viafsaeh 12

of Figure 1C  where.a tungsten etch back (VEB). operatjon_ h b per med
to the tBh ¥alF PERYHE OR Sertﬁﬁfppﬁcaéoﬁe‘\ﬁgﬂ%@ Q%S{% B?i '8’3‘?‘8‘(?1%%“51?‘03%% a
top- down Vi gyytidhs o thevvate® MBS Biceive the applitdtien dDwatdieticfordrovatt pttichsi The
have been forned on the top surface of the wafer 12 during the initial,

cl eani ng oppewionsakthe svafenihaigre spsaxadanisishy still ikely pngderga 3npantsd geastiongBifh o
non- spl ash chni |\ O FlL .t t e .

surfaces bth\?h%g@yfé%ﬁl‘?%gi%ﬁo% Pigt grhfélr nﬁa?g%r%lgnce V\AQP %a{é%g \Q?rl{t)@gighnég%
t hel pr eselnff s;br_ﬁ}éiﬁgfobenﬁtiofhfgigrseﬁlrélftl&mitigd?slﬁfww%ﬁwa&m -llﬁpiha_siiélitihbd:r:oplewhat(fre
applying liquid to the wafer_ surfaces by way of top_liquid outlets_an

bot t om I'15uAePlisdttpdhe, wafes surfacs wilhBecessarihy GHse dhioBaieh o havs paians, ek Saned

i nventi on. J - S | : |

| Tauid to t ATEEsaIRa RS of dfmitedy RRoEHSEr THAERNALIR RUERRO AR,
bei ng rot at dwt toghmiqies f spraymgacater atsouiaedwnith sptashingimedi canse defects higat pppsaent

invention. Figures 3C and 3D show on-splash technique of applying |iquid
to the wafefS 8\5???8’@?%?/0 S8 a‘feo%t ?Hﬁ%ﬁaﬁﬂpﬂ Cg}l?gl%t tom | i quid
outlets, the waf @mwaaitedtdifd ot Mebr&¥crafhébn HeSwafkNsiRfaed hihy @aseMatldng deher

enbodi ment of the present invention. Figure 4 shows an enlarged view of a
liqui d o2ft | ehings, ieappyopsisls intesactipns hetwesn iaetatization fatuesand giald dopsonkhese

nbodi j oy = : I f
var or of oantigeaRRafRF s URTLIRRILG, BFicas ST W waer, Apeh o R wltr

i nvention. with stains or micro-scratches typically must be discarded, which will ultimately add

of

substantial cost to the overall fabrication process. Unfortunately, the stains or micro-
scratches on the surface generally cannot be removed in subsequent cleaning or fabrication

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.



20 Figure 6 shows a flow chart for an alternative wafer cleaning process,

i n accordance with one enbodi nent of the present invention. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Met hods and syste for, ¢ ully
rinsing a surface of a sem conductor wafer after 25 plasnéyﬁ ﬁ@@? ?ﬁ@{and
before brush scrubbing are disclosed. In the follow ng description,

numer ous specific details are set forth in order to provide a thorough

understanding of the present invention. Jt will be understood, however, to
one skilled in the art, that the present™invention nmay be practiced w thout
some or all of these specific_detajls. . .lLn. othet dnstances, well known

process operations have not PBedvtaserrbed gt n order not to 30
unnecessarily o i LAY BRLARR, fills theRPaeB Yy ROORIng Fingith@b 2A
and 2B show a ngﬁﬁggﬁaﬁ%gé’ﬁﬁ? ueeslegq‘/ appl yi rllgS I iequi dt oyt%g to v waf er
surfaces 214 dygtewefor qhicklyrandieyenly rinsingshs sufeda of asemisondursorcuator falloyirg
enbodi ment of the present invention. The liquid is. prefgrabl

most pr ef erplasya prcessHgy dushauidehe apprreiajied tb?ﬂgﬁ)ﬁreﬁed‘} ubvgnﬁ%rf ganglgpvgﬁpg%r{x? o‘?ﬁg

cl eani ng ;brys ; R agPaatud) 4 Saual) Fdd@tideor’Amethod.

i |l ust ratses&tﬁv]\’lorg%é% g?&’ ?b@@&?ggssﬁ%ﬁgsgé .aa?)g%ggi atgles t hat additional or

f ewer rol | egeverdl ancativbembadinhents oé therpaedent invertiongreadeserecdelay. i s properly

hel d on the bottom cl eaning. brush 204b.. l.n t.hi di i.qu.d source
222 is used to sihpny emyadienh, 3, gist dcé%a%?‘![lésteﬁg?&l gfaggéﬁlgogt kﬁe&é{:lk:qﬁlisdél
outl ets 2204, -Then duictinivwafoufdiRining 3Glaa Brehingrdpegutivad The diesitodi sutrefekabipi d
over the water 10 surfaces 210 as t'he wafer rotates ang i s bal aaced on. the
bot t om cl eapérfgniedinidogbtush hax apdinvalyes wettingshogptace Af thesemicondpgtorwafer
enbodi ment, . the, liquid qutlets 220.inpl ) chni s hat: i S5 d
to saturt eby t“ﬁ’é‘gVQaT‘%“r'ng?ﬂ&]T & tﬁ%ﬁuqugfp aﬁ%@gﬁ{ins %ilgsglhmg \c/{ gﬁl,nmz}%dl S cfé Pfg‘g&w i
mar i ner. bAthHEI%& hid QivBaly SAdfeati® blv€aceabe the sehioadugore vafabivithne diguid o
cover subs

ntially all of the wafer surface 210 with quegl d Nggﬁa&lpsh
preferably (prefesabithde-iarizedwates)qiolowsag the (westing eRATAHON, theesutase @ aler
saturates the fer surf 210 wi i.al : ' ]
preferably AN ?ﬂ%’ ﬁcﬁ@%ﬁl lelﬂh\ﬁl: %W?%?gﬁ %éggsof ﬁ@%ﬁ%ﬁgggﬁ) fg\z;tgghglo
at a subst agdfadel of tBORAANTA béoond Ichiaing bRushckty plse e risiplementeainte fiedy s¢rob an
8-inch wafer, the wafer surface 210 is saturated in about 4 seconds or
| ess. AsBunthepatiem srtaseobihe g¥alethe wafer 200 is about 8 inches, it is

preferred that t 'Txg Bg(ghel riad?@ont! g%ﬁstt@n‘i iPgl¥BSNA AP elhnidg aNeMidtndOasr Wafer

m nut e and about vol'utions p m nute, and nost preferably about 5
revol uti ons after a fabrichtion dfieeaticng Tkt System inkkudes g brush o havingag leaskers haid

exits the liquid outlet 220 at at e .of . bet wee out 50 '

300 i / mi xt @Htet I9haPRIYRE aﬁ\‘)BTSBIraglbﬁ?wafg&}fqulcgﬁv%%efﬁ R&Prefgcc egtg‘lF’ 8 nggéfd(')“? R)gny
pr edet er m ngghsRarBRBiALsplash DRV EY the liquidsis RoBiLITEEHd dvaly satirate stbssgntiaky all
even, and quick 25 technique of distributing the liquid ae nai nt aj

; ned
t hr ougho2Q tofiéhe fopsntfacsi afithe miafarod he yeatertis preferally QeBliguted to-fif QY e %,ﬁo@%
t [ i id {] et I
op 11qul i%g}ééheanﬁ r&%&ﬂagggx}ét J%ﬁeiié.s heh And Wug%& £rﬂ€th\é’fﬁt>€iém%ﬁff5&c& tRd- Qafer! N

ot her enbod nts o esent inventli ditional or fewer liquid

outl ets may gy b Gidelypcabbediblith aopl tsh asd & fhettbindarissh, sespeetivelyar dhe system

positioned in such a 30 wa | east .t he.top f.er surfﬁée
s

t urat

210a in a ndm¥splsadaclugs @ ,°°‘g$fhs’8ﬁﬁg19l’]‘:rg¥h%é°? %he nepi-yRlesh Hse WERHAY FYd

2C and 2D e a1 Ot ddicd RAROLANA] BrusRBRKYI N9 1 ul d to the waf er
y way o

surfaces 21 top Itquid outlets 220a and bottom liquid outlets
220b, i n2gaccor darineyetianhthen embotinwtintren megtod: isediselesednfor jalepaing surfage ehewn

in Figure 2D, two . top ligui.d, outlets 220a.may be ed-.for { LAyl.d
to the top ﬁW%@“@gb‘gﬁgﬁﬁﬁ}(’& 1P&8 Pﬁ“ﬁ’&"?%‘m@/ ?p(%a[t%%bu eer?estﬂg(g%idrzrig@wggﬂlés ed
for applyi ngh setedcd of ehel feididh&rt? Whifet 86t adiddid. 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.



Such an enbodi nent includes a total of four liquid outlets 220, as shown in
Figure 2D. In an alternative enbodi nent (not shown), two liquid outlets may
be used for applying liquid to the top surface, while one |iquid outlet may
be used for applying liquid to the bottom surface. In othe? Depgebar#Bii s of
the present invention, additional or fewer liquid outlets 10 220 may be
used, preferably as long as the liquid outlets 220 are positioned in such a
way as to saturate at |east the top wafer surface 210a in a non-spl ash
even, and qui ck manner. Figures 3A and 3B show a non-splash techni que of
applying liquid to the top wafer surfaces 210a by way, of tog liquid Putlets
220a, the wafer Adyanpgeoesiy.che piesens/insngon provides methosds #ad SSiGmS KOTAPRYINg

enbodi nent of . re i_Bv.eqs. LS f d a I ' 154
brushes 2041?(&3;l ngttﬁﬁosﬁi‘%&t ﬁg avva%gegrb ulru %%ngea glg?g Sﬁ{?ﬁg ?/\Y/tagp ’er%ngrae ge elﬁt‘%‘if a
set of rollgemigRR. ARl 4 heulhwhegus evaldk hdsl uslergones plasma retdhing ep&atdon, ithe
shoul d be appreciated that additional or fewer rollers 2%% Caéﬁ] be used
preferabl y 2pplieddiguisswilhBot rdereo wvantsderepgiions vthyesidral Fhemicals,en the walgh

I n this enmbodinent J: QUI . s ed.,; dleQ U h a
condui t ?ha?ur*agg'dsmt %d‘i“lﬁcgew :tﬁgc? uip%gngﬁ]tlggeﬁg{ “3*’5’3‘.% %%)lhg’hgluﬁ%ﬁt%dbdegﬁfﬂge? 1‘2&2&% may
be confi gur pRleftiontiudttantillyereticgs il mmater bh miovas-scratchesf thaternaP b fametitoa thaf er

rotates between the roller 202, In a preferred enbodiyent, the.liquid

out | et s 220WRiepISHBsR Oring CHAAnEECORTRHONSs R MpAis e B DieSL InVRIDigR g

surface 210 érgc aﬁ'fBérfe?f gaztfh &3 EihesteR StcHiback (WlB)Rleanfip cpRAIMIBNS, WwiekdbyTthe 3B,
Pda“ott f aPnay ocg

two top liqg ets used to saturate the 25 wafer surface
210a. | n ot tafereafeanitaterhamd tsedheitly theseon-splashetaehnique bedoret qomragncing pevmst

bostt ora prac bk clienie B 5SSk tndtSs s Ratofited % fisThistn POk R SeeE
in a non- Spbﬁéﬁ b0 \tER be ABKH £ IcBémIERIN AIbbirg, ITKeESrusies A ¢he3§cohdBrush box can

non-spl ash technique of applying liquid to the wafer 30 surfaces 210 by way
of top |i quildraforel enmi® Fkkdawith ot optimali cheimicad eonegniration devel ) ufaitrowHag ng

rotated by rollers 202, in acgordance with on ' ]

i nventi on. 'OP@n%e@mreE%%’lgtyAsqﬂmw it ﬁe%ﬁ%ﬁeﬁs @%%643?&13:;%% L
outl ets 220gy¥etibily uRee hRducadtiglsyih Mk bveliall thbkitatidheproass ducduse thelifhber oifi | e
two bottomliquid outlets 220b may be used for applying liquid to the

bot t om st f demagetionafersihat nayst berpisearded vill becyubstantiadlyireduoedor four 1 quid
outlets, as sho 1 ] i i e TN
fwo 11 qui - out | oS abbA Endibyahg@ i Breaal il fn AR RANTE e Aar LA

whi | e one | iguotiowitlg dxtailedydebariptivaotakear inagmpjupiction Withuhel accomparyibg drawings,
surface. In_other enbodi ntsigf t he, pr S%?h}?i nven{jon .additional or fewer
li quid out | dfustrating Beway afiexample the prmaip Present WEeHHON,i d outlet are
positioned in such a way as to saturate at |east the top wafer surface 210a

in a non-splash, even, and quick manner. 10 O Figure 4 shows an enl arged
view of 2me of the |iqui (BRIEFDESCRIY QK THEDRAWINGS/ er t he waf er

G ]
200, in accordan w. th one enbodi rent e Lhyent| . h
Figure 4 shows oﬁzleo?m?eﬂlg ng)rlqi%flqﬂ’ﬂg%gu? %aéigg %as?&ﬁ bg h%‘gl (E}dl@g’ n%l%\‘p&aeghg%?
that the foldessiptien ¢ Scujisiction with the ptdogmahfing drawiygso o hkilitdte thiotéseripliogui d -

outlets 220b as well. In a preferred enbodi nent, the position of the liquid
outl et 220 Aikp zefpspace ppmperals desigpgte likosimoirgl damemsi ned by at |east three

paraneters. Fir sty | b Gl g g{ﬁ)@ b a9 eekahfleal kg, t O the
waf er surface 21 %ﬁngtgﬁg?btq#ga{ollegér}esg@nt elﬁ?rg??gura?ace aZlg%gnd t he

radi al azfs of t Rigdre dBisHowstldetail@PGiewat mchaaninggirecess pcgéurnomd in 8 heushbgxi d
outl et 220 may be, positiopned such that. outer side 306 of . the |iquid outlet
opening 308 is i ﬁ;\}é’rxﬁ ]§¢ (§H?‘f"ﬁé‘ ﬁ@ﬁ%‘?“@&ﬁ% ey & Ar¥ f’eWH?ﬁ%e‘&Y%fgg*éavai T8nce
302. Third, ghtialdd@verla thicshidueds? siyrag0 be positioned such that the outer
side 306 of the liquid outlet opening 308 is above the wafer surface 210 a

pr gdet erm neg r ailigute st&hQW@éhGﬁmiCWéC@hg’lafﬁs 42iof Figues £¢amhere sdungsian eé@'ﬁut
odged st andacBESR) S S fiheef BihidiiR (FHE G Sidce BEHE ks £EDT PO5-  THe

nost preferably about 5 nm The raised distance 304 is preferably 25

bet ween about 2 and about 15 mm and nost preferably about 7 mmFigure 5
shows a flow chart for a wafer cleaning process 500, according to one
enbodi mrent of the present invention. The process starts in operation 502
where a sem conductor wafer is |oaded into a brush box froma wafer
cassette. At this point, the nethod noves 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). 9 Decenber 2003 10 The wetting operation of the present invention
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10 m cro-scratches on the wafer surface. Returning to the discussion of
Figure 5, after operation 504, the process noves to operation 506 where a
chem cal brush cleaning may be performed on the wafer surface. Af t he
chem cal brush cleaning, the process proceeds to operati orf@?ﬁ?r‘@%}e?{ﬁemt he
wafer is noved to a spin, rinse, and dry (SRD} station. The process then
noves to operation 510 15 where post-cleaning fabrication operations are
performed on the wafer. The process thepF goes on to a deci sion operation
512 where it is determ ned whether anotfrer wafer is to be cleaned. If there

is no next wafer to be cleaned, the process,is.done. t ernh i f

anot her waf er i FigerebkE shavesnadop-dewn &1%@3 sth%S’é’QP%gé%%]l& %ﬁgflﬁg& (i)]rjf gfg&gre

where a e conuchane YAl hedistokRallBH dhaidd Subhoblor sl herer 12NRuring g diidal 20
inues unt1l 1

process 500"t I's determned that there is no next wafer in
deci si on opgsamingspebatidas Following theSREBopEBGiont he cl eani ng process was

per or med i n oncBvisS ARG 2800 & mon sk Repbidf SEFRLRE KLRES MO,
can be oge @b “?af&%hrﬁ%egwgtekf DO Siq@iatbutibs, ahecirdsdceotidnoiengniRitiment of theer

rinse op ons can ormed in adjacent brush boxes arid stations.
Figure 6 shsresenaidventiorchart for an alternative wafer cleaning process 600,

ding t enbodj f th i i RIS i ,
Ehe non opl ash rFigtesiac put 28 shod’s ROGRERY (r2kRRd 8 sk Ric DA aGH
cl eaning orgaddid LoRAk &f 0B IRAIABY1E P bbesTRiguldiowtiets) di acemdarioe weith b

The process starts”in’operation 602 30 where a semnmi conductor wafer is
| oaded i nt cerRbadimeoof the piEhent nveokes t hen noves to operation 604 where a

non-spl ash spin pjnse erald on i ] t Iy fod Wifez €d
wat er, a€ discus &regg%g@cﬁ#l% or“ésg&g%@g&{%&ﬁﬂﬁr{f?pg@g%h@d Rﬂtgd Deljcenj)er
2003 11 Nexfyrfdch®yRi3cE26p MRvidDutiersohe mafdrdring(6tandidryerolless, inedceprdasceniified
to Brush Box 2. A?lternatively, i nstead of noving i mediately to Brush Box
2, a cheni cane ¢mbedimentcefithgpresgns YN or rel ated operati ons may be
performed on thepwafer,d I I ]bplt ﬁlgnwﬁ@it(s ¢heBiwhfeh
Box 2. Once in BF}%ﬁeesBS&%E3ﬁ£h0§?§élég§ﬁ%%§/ges&?§ug@gpg$gti on 608 where a
cheni cal br ysifacel BRRVAYFitsp Hquitl outiets and botiem ligfidroutletss theewafqrieing wéatedby hen
goes on to operation 610 wheée t he fer is,nmved 1'.0V e nSRD station. The
process HowreHsyedn aeopBBraIVLt t‘?n%;?‘?baﬁg’ie@t ?ﬁg? Prepe A r?g ™

dbrication

operations are p%?éugﬁﬁ‘%&ﬁ?aﬁ B8R84 Olew Il 66E4 fixBaN [@eRtidnehoter agwafer,

deci si on operati ere It i's determ ned 10 whet her another wafer is
to be cl eanéslaccofdabbewithione embodintenteiithe pregensenverb@hed, the process is

done. On the other hand, if ot her fer d . n RS
goes back to opeﬁgégqrﬁg s@@ys\;ﬁgor cgarg}g(ﬂa.acxg%faﬁgl%%}&%gﬁggﬁr gp?%gggg&lr nto the
Brush Box 1.emmgirﬁ@ﬁgggje?gesgﬁgﬁeﬁﬁioﬁpo continues until it is determ ned
that there is no next wafer in decision_operation 614. i S inportant

51t
to note ehat oncd&igwre Gshewsi s Hlowsdart,fqrngn talermagye s‘ﬁ?é%k?ﬁeﬁ’ﬁ@ep’ cess, 1

accordance with one embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Methods and systems for carefully rinsing a surface of a semiconductor wafer after

25 plasma processing and before brush scrubbing are disclosed. In the following description,
numerous specific details are set forth in order to provide a thorough understanding of the
present invention. It will be understood, however, to one skilled 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.



techni que, any subsequent contact with water or chemcals will no |onger
cause the unwanted staining or damage di scussed with reference to the prior
art. Wiile this invention has been described in ternms of eggé epﬁ@ﬁfrred
enbodi nments, it will be appreciated that those skilled insc‘f]é%e bt dpon
readi ng the preceding 20 specifications and studying the drawings wl|l
realize various alterations, additions, pernutations and equival ents
thereof. It is therefore intended that the present invention includes all
such alterations, additions, pernutations, and equivalents as falling

within the true spirit and scope of the inventiogn . r
What is clai med Figureg 2AAn, Wit n%'@i?f’:nljﬁ&glqélﬁ o g%%l?%lgq @ﬁ%tg%%gﬁg%%r

wafer follow A | BB PuAkts 920, GRMBErdArtg Wit bhé agbodimentuof ace
of the semsé‘ﬁg%sg%lgira %ftogguwus?ng a non-splash rinse 5 tech iq;ae,. t.he

non- spl ash thingeseheiventiore ke rliguid s prefierelelyt Watgisi asd| BogirRre edopizidy e
the surface of the sem caonduct or fer. A . i e
of a semi cowdigbt dRe W eérZ%BdP'?Y)aﬁ héﬁet’ypq gétﬁoén Sﬁﬁ‘?g%“g&eﬁétﬁ %@Hrbgsse@ro ggﬂ%ﬁ in
claim1, ;fusdherpmphi Pi'%gﬁi 2AOjiRkrREs tRE lla8NBOZtic shogdobe mppicoiateanthat

bef ore the Operati on~of tting the surface of the sem conduct or wafgt%
keepi ng t headditiombortfestenroliees 212 canibe msed, peaferpblyay long as thewalgpis REPPHLY, i ng

a surface of seni conduct or, f f ol | 0w . S i i as
fectted 1 en Mrbaon gleanog bl Al . A ARRBLACETRCRS RO Aol

the surfacegnf hikuig BifbEaestdat thiicads tosthe lighidroytiets@28ur f ace of the
sem conduct%@pv%?@rl W tﬁgﬁ; cl eani ng brush t hat a.ch sol

W t appl i ﬁfjl %ren cal W%jiron
to the surface ofhe Hisuideontetn 2ot maY st eonfiguredat distriite, didquids o¥sTn i,
surface of a sem dugt ar j I Eaihd Br@R203b apd as
recited 1th SWEAHS g?&%g}eew#fﬁogt%{%{éﬁg\gé ?idsﬁlplﬂg lg)ﬁit:‘zgipﬂrglt cI%ani_n br ush
and the wet {navAsllet20% CThke pefapet embodiment; she ighidr ondlets 220G rpplgBIenh X,

t he brush box having the first cleaning brysh and econd c| eani ng brush,

and the secteelinige skt ig dpsigrad @é%a‘ierf’g? é’f#‘?{t %‘&Paf%a%@r‘%ﬁ %o%ﬁ?sgmegeﬁll’ £ g@e

of the sem conduct Orf.\'\ﬁseﬁsedzl@reﬁn, ‘%afﬁ?ﬁt@?ﬁehgrfafe?lsﬁﬁﬂéé"%réfem;f afeandto dover
0 gap

seni conduct M gpoe oW n | asna etching operation as recited in
clai m 3, whegitdhtiahe alt lo€ aei wafebsurfaoe 230 svithiligwid. cTNemspieshB preferablyraeans thatng

OB oo, 50t bt ol 4SO SR 0 gash by

cl eani ng br SEGAN G RBRA M&and ki fhe lidved Baliatibuted overitigwhien sirfavei ng
i npl enent ed"i@%pﬁgﬂg Tub t g)rbottlglm surface ofdiﬁle sem conduct or . waf e

A . 9
Decenber 20Q3018 absubstantiallyoconsfant flewntatey 5Quigk? prefergblymeas; %@aepé—% er
followi ng a pl.as et.ching operation.as. recit j i1, wherein the
operation of%Vafgh fr{?’n‘ﬁaf?‘hsé‘r@ﬁ? ?gj;:lé S ?lratt%dzmsag%{ltcﬁ%ahlghtsgdrr %v?/g]f er conprises:
setting a first dedsimeipythe Aikrk@ersithe wada@id ideboutdt inchayitde poafenred thet the
surface of the . ) .
o0 wafer 200 rotates between about 2 revolutions per minute and about 20 revolutions per

minute, and most preferably about 5 revolutions per minute. 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.



5 sem conductor wafer in order to wet the surface of the wafer at a
predeterm ned flow rate of water; and setting the predetermned flow rate
to be between about 50 m/m nute and about 300 rnl/mnute. 10 7.. A hod
of cleaning a surface of a sem conductor wafer follow ng Q‘éF%a}ber& i ng
operation as recited in claim®6, wherein the operation of wetting the
surface of the sem conductor wafer further conprises: setting a tinme of

| ess than about 4 seconds to set substarqi ally all of a top surface of the
sem conductor wafer. 15 8. A nethod of cleaning a surface of a

i cond fer fol|ow | hi_ng.. ' . T ec i
Craim 1, whor el gwes gcin A0Pe ot ey ot wrgfod Nl 5 e o
waf er conpri sase %Pé y G,%t&et Nhsiansrio20nhed boou liquidadutidts 2208, bt a

rate of between about "2 revol utions per minute and about 20 revol utions
per mi nut e.acBordénceswiib ono embodimenh gf theureseat mvention. sAsskey i FiguregPefwo

follow ng a plas i oper at i as {1 i | ai D

seni conduct® 1%@@%@%5’6& ‘é%ﬁrg?fe‘lpé’ F)@% Iﬁgﬁgégé&b@hg}%&gg@%&’ﬁgﬂ%ﬁ%@af er
other than fdiend SAAQHAMG! I0b1aALbe 4Bed foRtapplyingkiulé o hiss bottorh sbrfacel 210b.
exposed to l1quid'by the wetting operation. 10. A nethod, of clgam ng. a

surface of Sucheamenthodimensrincladesr el phfannliquid grdend2@asshoyn pEleyfs o I8

recited in claim wher ei n e i\ng. oper.at i L N&J : 2q box
hat | does. rioh A ARERASeR Gros SFAbAY B GLia oty A tiusk Bir pRi Iy 20
of a sem copdetey swice) whitd baiigaidurlbemap betuséd fog applyimg liquid as theebottoad i n
claim1, whereinthe wetting operation occurs inside a ?ﬂru h box, .and.a
spin, rinsesurfase & gthesmppodipentstaf dhe PresenbinvsaHgn, ARAHOB qrﬁéwgg'*ﬂ‘E@HH%f or
waf er after e a | i : I I I adh@n.
o Decentlr Zb3 35 Bhatapy RGPS B0 LAY i R1200 Epdiidil SR PP,
fabri cat i onagfpeatitite st legsy gy top wadier sarfice 210 rox non-spladhy, avin, bokquigk magnerg:  at

| east liquid outlet f | yi -spl.ash f1 ow.of..a.kiqui th
55 op Surf ace. of FiEEes SR ABRaT R DARRRASY EAnGhos e apPtYere it ie oV Rleg
bei fi : il ; i
eing con '\%ﬂ}}fa%gs ﬁfqam%y Pﬁ g,tsptqi(@%cgo@e&szmz uﬁlvbafex%émgvfot@eed B ralld 20 ief

the wafer, erern Iquid outlet is arranged relative to
the top suriaoedste With arnémbodimentoof the fpessenit inzentiong| & iv prejeseed tisbolearmng

e condif BroShE 204 TR puEh i aleE s 0 lar o i iy YRy B el

overlies anjgsige eFicAR SW fIRGGatel fhierslRM Q0P ditCitRuld\®E efppidciatet that
overlying dlzgganégﬁﬁ%t %g‘sa bet ween about 3 nm and about 20 rrmpp13. A @%ﬁtem

for cl eani nadditismatioc tevchu coltars 20 ean befused, paeferablyi asdengrs the wiater iopronerly beldt ed

inclaim1l2, wherein the Ji,quid,.i L Sl
wnt or 15, anfettsch Sie oS agee th tl BRBUEERER BRI SEPRMSE NPkl Mgty
vaf er af t er tigofig@hi tomiuitaRat 0¢udls 26 ihelliqail outleist22. i n claim 12, wherein the
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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
mannet.
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.



20 the sem conductor wafer, the sem conductor wafer being configured to sit
over the bottom brush and rotate against the rollers. 15. A system for
cleaning a wafer after a plasnma etching operation as recited in clajm12,
further conprising: 25 a second brush box, the second br us%DB‘EfintT%gb i ng:
a top brush and bottom brush for scrubbing a top surface and a bottom
surface of the sem conductor wafer, the sem conductor wafer being
configured to sit over the bottom brush and rotate against rollers. 30 16.
A system for cleaning a sem conduct or wet er after a pl asma et chi ng

operation as recited in claim 14, wherein e top bru and.t.he..bott o
brush used Asshovarindtigurg 3Cheve &P ligwd aettetsAedam %?%ea&i)rsmﬂe%hg?‘dttﬂ?‘e

sem conduct or f erq.i LGal | ' -

becenbor 3008 siaa 2I0PRERE R Ryt TR ouRE 230 kg e e R dppiihg liqud to

waf er fol | ok Bgttemuaias® 260t hSigh apembédiment includes 3 totgf: offout ligeididudletsuas ace
of the sem condgctgr waf er. by using a non-spl s& \ﬁettjn\g iec ni chléfs th@
non- spl ash shewmiiAgigue AR doén aHemadyerfyn F‘Hgﬂ OB, AP0 HTRCUNSE ALt
one 5 deli very B ULERIDY & uidh® &H&Bgcs%rﬁée, tR1S 6A6 CIQRIAUGHIS @Y ©F wed dor

angle in~a range t 5 degrees to about 35 degrees relative to the
surface of igplyingfliguid antheapployi sgfacequindother emodimenta©f the present invention,

' d f h h.ih | d, of th | '
Sour ce. 10 attitiopakr ot Jsid edieBiipad be Shv B ey S dhFE B HRRUFE bk
foll ow ng ae\tgsilm ifr‘%%%i PP RSicAaliRite %ﬁle{éﬁ%& B wiateChaface 270a ihen@i-splashe

non- spl ash ting technique further includes: setting the outlet end of
t he at | eas¢vennendiglichymaynegource to overlie an edge of the sem conductor

waf er by a distapce in a range.from.about 2 , r :

net hod of cl eani ﬁ’@“’aﬁ Shavisan af%‘?@ﬁ%%ﬁ&%i%f@? H@%@%@%Qﬁ%‘@ﬁ@?@

et ching opepatyi g @fer eRI0, 8 AdRofdaiéeTwith, oné @ntbodimiait ool Hed preatrer invention.
applied to the surface of the sem conductor wafer thro r1 &Ppe outleb eBd of
-t he del i ver hlthougtcEigute hshawsenenfshaiopiisuif euslsty 220, 'fHS)liﬁ%iﬂ EPRAENtABYIPC 300

T oo e AR RO AR T RGeS o v o
pl asma et chi ng opehajrbRfrell entbodimgs @ pisitionbafcthe (1i4ER) ovtber 220 whative to the
R A 0 iy be deiod by at lenst e pafamelre. Firet, ho 1o buBy S3FEREy b ©
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 8. 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 be 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).
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ig?ﬁ; i E g S ( i(i"o/% /‘%’g;(, )Brgc%gﬁﬂ@n go%?’&rp B &QCIS%S};L%]{EI‘%TI&) 545 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 mo 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.
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moves to operation 612 where post-cleaning fabrication operations are
performed on the wafer.

The process then goes on to a decision operation 614 where it is determined

10 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 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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Zc ZZ[ | [ \ dBh@surface of the semiconductor wafer.

2. A method of cleaning a surface of a semiconductor wafer following a
plasma etching operation as recited in claim 1, further comprising:
10 after the plasma etching 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 a first delivery source and a second delivery source over the surface of the
5 semiconductor wafer in order to wet the surface of the wafer at a predetermined flow rate
of water; and
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 scmlconductor 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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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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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.

15
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.



