15 Novenber 2006 ~ * 167167 POST- PLASMA PROCESSI NG WAFER CLEANI NG METHCD
AND SYSTEM 5 BACKGROUND OF THE INVENTION 1. Field of the 19Nwanb&s200®) The

pr esent inv es to sem conduct or wafer cleaning and, nore
parti cul arlg (Il@mwmmﬂ"ques for nore carefully applying water to the
surface of ctor wafer after a plasma etching operation. 2.
Descri ption of tHi¥Related Art In the semilconductor chip fabrication

process, it is well-known that there is a need 15 to clean a wafer where a
fabrication operation h ned that aves_unwant ed residual
material on the surfaceeii?gf'ﬁﬁ““\%ﬁ%?’r FOVARER CLEANINGabr i cat i on
operation is plasma etching (eg S ack (WEB)). If left on
*HB%P&E%M |

the surface of the wafer for subsequen n operations, the
unwant ed residual material may induce, anong other things, defects related
to inappropriate interactions between residuals on the wafer 20 and the
environnent. In sone cases, such defects may cause devices on the wafer to
becone |n6perable In order to avoid the undue costs of di scardi ng wafers
having i noperable devices, it is necessary to clean the wafer adequately
yet efficiently after fabrication operations that |eave unwanted residue
on the surface of the wafer. Figure | A shows a high-level schematic diagram

of a wafer cleaning system 5BACREROVNICOEGHEINGMSTION 50 typical ly
includes a | oad station 10 where a plurality of wafers in a cassette 14

may be inser{edieldsf thk Eavtnggnt Nrough the system Once the wafers are
inserted into the |oad station 10, a wafer 12 may be taken fromthe

cassettejd4 and mayegreidnt Oln@entil%u é&MOOE@m%&ﬁmce@ngvﬁ icqeaggﬁl &'2 OZ‘?

scrubbed with sel ected chem cals and wat er wat e
i s then noveprrtienlahyhrios echiguaswior 1dbre Afrebrlyt hpplyiag ewatendo 3the bmfacsmfubbed

in the brus\r,]\%ere guéltgrwhlgle%ﬁg\?vg [asma lr\g)g&!ylggao a spin, rinse, and dry (SRD)

station 20 e-ronize er Yhto the surface of the wafer
and spun to firlyescrlptlon ofthe Ieiateld.l\ I R L

In the semiconductor chip fabrication process, it is well-known that there is a need

15  to clean a wafer where a fabrication operation has been performed that leaves unwanted
- residual material on the surface of the wafer. An example of such a fabrication operation

is plasma etching (e.g., tungsten etch back (WEB)). If left on the surface of the wafer for
subsequent fabrication operations, the unwanted residual material may -induce, among
other things, defects related to inappropriate interactions between residualé on the wafer

20 and the environment. In some cases, such defects méy cause devices on the wafer to
become inoperable. In order to avoid the undue costs of discarding wafers having
inoperable devices, it is necessary to clean the wafer adequately yet efficiently after

fabrication operations that leave unwanted residue on the surface of the wafer.

Figure 1A shows a high-level schematic diagram of a wafer cleaning system 50.

25  The cleaning system 50 typically includes a load station 10 where a plurality of wafers in a

cassette 14 may be inserted for cleaning through the system. Once the wafers are inserted

into the load station 10, a wafer 12 may be taken from the cassette 14 and moved into a
brush box one 16a, where the wafer 12 is scrubbed with selected chemicals and water

(e.g., DI water). The wafer 12 is then moved to a brush box two 16b. After the wafer has

30  been scrubbed in the brush boxes 16, the wafer is moved into a spin, rinse, and dry (SRD)

station 20 where de-ionized water is sprayed onto the surface of the wafer and spun to dry.
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- 000002* 15 Novenber 2006 2 After the wafer has been placed through the SRD
station 20, the wafer is noved to an unload station 22. FKbguavenbkdi30s8hows a
detailed view of a cleaning process performed in brush box one 16a. In the
brush box one 16a, the wafer 12 is inserted between a top brush 30a and a

5 bottom brush 30b. The wafer 12 is being rotated by rollers 18 and the
brushes 30, thereby enabling the brushes 30 to adequately clean the top and
bottom surfaces of the wafer 12. |In certdin circunstances, the bottom
surface of the wafer is required to be cleaned as well because

contaminants, fromth ottom .grate. t e Lo urface 12a. Alt gh
both the t o‘ﬁhgrutthF é\?ger lli'?étbﬁﬂﬂ gfl%%({nﬂ'g?‘fgtt?rfpg %Bﬁ;%nﬁ zﬁ’htée \/V\)éa?%rr 15 fpoyed é? glﬁ bed
with the brughesi s8ionkd the top surface 12a that is scrubbed with the top
brush 30a is the primary surface targeted for cleaning, since the top

surface 12a is whgggeliBanbRt 8aealifvieh o dicleaflify ipeR8ssaeefolftéda brishlboxaat ed.
Figure 1 C shows a cross-sectional view of the wafer 12, Wnebe Iaxers have

been fabri cHisedngbebrush derioserdfadhematd3tis sertabbetwesn 3 toR, piugh PO and a
Cobri cant . . ;
aor! cat |on piifiPsish b, %Qﬁ\f@? is BURE rchbligd BRYQIRRS CPARSE BRlisR0, rdRby g

sem conduct or substra nown” phot ol i t hogr aph¥ and etc
t echni ques napblirez ths @dishes Fbronadequatey niedn thednp lrd batogn isurfaceh el diejvwrder 12.

| ayer. 102. titaniumnitrid Ti | ayer 4 . . u r
the oxide | épalﬂdgfurPﬂﬁchﬁsh%B?f@‘?ﬁ atcﬁgflglgﬁvr@%rl% %gglrg totstﬁee&%)a%&ggs ?’gger
102 and t he pahiseh@smidahte FIRethe Hofom madyl migtasgtosheitopasuifag: . Altpugh both
tungsten (W layer 106 nay be deposited 2Q over.  the TiN l.ayer 104, t eby
covering t hethyion suafpes 1 2acandhe betiam syiéace ﬁétflﬁﬁﬁf@r%ﬁ%&m%ﬁgﬁ%ﬁb@e%ﬁ%?he#ﬁ% Ti N
llayer 104, t ygi 8Ratds RARGR ¥ téphudh PO ineS pritBiryRefadei&rgeted

t ungst enfq ay@lﬁ?@o%ly%?\egﬁtéheatoxis e layer 102. Figure l1 D I;)shcg%/\xrsj%t_ he )

sem conduct ofor wehsing, 1¥ncef thitep surfate ¢2a ihwhere ghe integsated clew hderess iarq DeERg
operation ha% be performed to the top surface of the wafer 12. The 25
tungsten |ay meg% may be etched down such that the top surface of the

wafer 12 is substantial flat and the TiN | hS i The
tungsten |ayer 1 g'\’zﬂeﬁﬁJ’l %owtsﬁecrﬁgfstegtﬁ%g{jvﬂveoﬁgtﬁéeg]& %gélzf gﬁng'i% nlgyegg%?g%e?o

the top surfRabecandd dveeasahrondudriranbamatet K0y, In atthpiclHBbriqatipm prasessi an pxife| y
to | eaVel SUH\Aﬁ?éreldmr I?lg)i’ %ged%pgs\{t%crl otvtc}re thseusre];n?cco%dl?gtort Qu%s%\@g EibO.t r}@éxt, well-known
photolithography and etching techniques may be used to form patterned trenches 108 in
the oxide layer 102. A titanium nitride (TiN) layer 104 may then be sputtered over the
oxide layer 102; thereby covering the top surface of the oxide layer 102 and the patterned
trenches 108. Following sputtering of TiN, a tungsten (W) layer 106 may be deposited
20  over the TiN layer 104, thereby covering the TiN layer 104 and filling the patterned
trenches 108. The TiN layer 104 typically serves as an adhesive and a barrier between the

tungsten layer 106 and the oxide layer 102.

Figure 1D shows the semiconductor wafer 12 of Figure 1C, where a tungsten etch-

back (WEB) operation has been performed to the top surface of the wafer 12, The

25  tungsten layer 106 may be etched down such that the top surface of the wafer 12 is
substantially flat and the TiN layer 106 is again exposed. The tungsten layer 106 within

the patterned trenches 108 remains exposed to the top surface of the wafer. Unfortunately,

the WEB operation is likely to leave unwanted residues over the surface of the wafer that

may inappropriately react with water or other chemicals in subsequent cleaning operations.

30 Figure 1E shows a top-down view of the whole wafer 12 of Figure 1D, where

unwanted stains have been formed on the top surface of the wafer 12 during the initial



may i nappropriately react wiith water or other chemcals in subsequent

cl eani ng operations. 30 Figure | E shows a top-down view ofis NBemdeebmswaf er
12 of Figure ID, where unwanted stains have been forned on the top surface
of the wafer 12 during the initial 15 Novenber 2006 3 cl eaning operations
foll owi ng the WEB operation. As stated above, after a typical WEB
operation, the top surface nay be coated #ith residues (e.g., containing

Ti XFy, and other polynmers) that can subsequently cause unwanted reactions,
as indicated by the sinplified illustration of a stained surface 152 on
the wafer 12. In tests, the sizes of the stains were 5 neasured to range
bet ween 1 ancidfingiopéanicns fByowiay thef WEBaspetation WA Btatedebvad, efterla2ypinilewEBt he
cl eaning system 50, the wafer 12 enters the cassette 14 and_may be sprayed
wi th water whHPFBlpH thyiep sudacsmay Becqaied griferesidues (G copaining Figeand other

Al ternativel Xbolﬁﬁk?s)‘t@ét%én Q@E‘eq‘&@nt@pcraﬁyeetq“%teﬁ ré’d&h@r‘[&t tsamar%at%@t)%me%tmmte@r as
the wafer 12 enters brush box oné 16a or brush box nf ortunately,
i n such wat erilldsradgy efyd vignasipwrfacd brson thhevafgypPi ératest@,rtheﬁlszélne fteipywerco be

non- uni form in a% al tcﬂ?mﬁ#eb%ﬂ?ee fl anliRE Ak el may receive the application of
wat er bef 3re "0t

portions he por lons of the wafer that are sprayed
initially wll i I&t\yayﬂfweaugpie umiwammee\dafexemcentammememhng k;eterreﬁ] deomfertiBat
were | eft onthe er the VEB, o hou . sSpr,ayi ng
bperat | on oS4 et A Fa B R P SaT o i ) SRR 0 i Geo

droplets t hatweathe safftk] @teingtivelig thaaier cih bs bhirkya Gvithi dnl enﬁmes;&ay bt Wateradds e
the wafer to have portions of stai ned surface 152 and portions of

non- st ai ned <$f Vafelel 2185¢ers Tyt borane 162 of brushcheitve d 680 Uafogtupately.iip suha¥atiii ques

of spraypngs %ﬁg PSSR, att@qpmtctttbnsat @z?tgl‘ BB beCrmsidel §Fhat watnsa&pear
as nicro-scra on the surface of the wafer after brush scrubb mg}é
ng

Unwant ed st aithpswefer miyx reseise ﬁlataehlesgtlftmoft Welerseefase ofgr periensnahreqwrivas ob
other 20t h'dlﬂe?ﬁdt ’l?e‘)?;{rér}@&'lﬁhﬁw Dhehid ;Tj 39&?%%@1{%@:9 ARGAh { ﬁﬁttﬂeoigmg{f‘e@_t ur es

and yield |oss ese teractrons nmm e operabl evi ces
on t he waf er thawperltft on ticf wafbtelzf\aﬂteerthe WiBBhostaions Adthomghcuhe)smang OIBEﬁBIOH

typicall'y nu?%aaﬁ%etugte tﬁe er%re Surface o{'yv%%r {2 Hte mlnlfz?ltcﬁ?%ets H}at arg lélgpﬁ 9 Ehe w ?OSt to

t he overall ricatioh process. unat e ai nsor
scr at chegs on siirfiee smrlfmessageylem&lel tfie GaatidrOto bee/er;emﬁnnedoﬂ malsanibaeﬁpucensz cahéani ng

]9 Lr f Zb::: g:;: %grtiﬁrfls erg)élrsfaaﬁflgg QQR%FQQXI ﬁyvrt}?ermtorreemf e? dit gltg %tal t%e techmques o?e‘d
spraying water associated with splashing may cause defects that appear as micro-scratches
on the surface of the wafer after brush scrubbing.

Unwanted stains or micro-scratches on the wafer surface may cause, among other
20  things, inappropriate interactions between metallization features and yield loss. These
interactions may destroy the operability of devices on the wafer. A portion of the wafer
with stains or micro-scratches typically must be discarded, which will ultimately add
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.



probl ens of the prior art by inplenenting techniques for avoi di ng unwant ed
chem cal interactions after a plasma etching operation, sg®vasbeVBdds 15
Novenber 2006 4 SUMVARY OF THE | NVENTI ON Broadly speaking, the present
invention fills these needs by providing a nethod and systemfor quickly
and evenly rinsing the surface of a sem conductor wafer follow ng plasm
processing. It should be appreciated that the present invention can be 5

i npl enented in numerous ways, including asga process, an apparatus, a
system a device or a nethod. Several inventive enbodi nents of the present
invention are described below In one enbodinent, a nethod is disclosed
for cleaning a surface of a seg] H t g&ﬁ& Ecijlovm' ng a plasnma etching
operation. The nmethod is preferw e a brush box and

i nvol ves wetting the surface of the sem conductor wafer by using

non-spl ash rinse B?fﬁl' Kingy, therpypseapinysHion; fisethesc pende b nr@W@aaf& gethed t o

qui ckly and e\iﬁﬂéyﬁteﬁﬁﬁok‘ﬁﬁ%ﬁy%h@ evdHly A l__é)tfh t:u.tfl'?acé% Q%QUH&MM‘O@E‘?%HNIH a
liquid (preferably de-ionized vvater%.{t ovmngt t1 ng operation, the
surface of thelajas errocessipebe If ishewld e rapbiseidtedi that ahclmawnhgmmnmrh dehabe

applies asche t rf of _the wafer

cl eani ng brusi&@a%mg? i u(?l%rl)'?sl ‘L!F}gh{h?l(':fﬁ#lé ? %(rz?e Ces%r&Bpar?tH% absgftf:%’nfgﬁY‘feace
of the wafer.otn raabd:dnerSeeasrbbmvmme emaboglyrR érgsnof shdpﬁs@émsmcbnftieﬁ atd dadetibgd a
sem conduct or fer after a fabrication operation. The systemincludes a
brush box havP @¥at least one liquid outlet for applying a non-spl ash flow
of a liquid over he top surface of the sem conductor 20 wafe The

non-spl ash flow o  t ICP%B?‘H‘&PB g omethgd r isq disglogsre Py %%@ngataesurface of a

substanti al | gedicbnd@for tvsfert Rﬂ’long & ﬁlsﬁ’lfa didin e‘?ﬁtlonTh?hme%{od' § ;ﬁ‘ét‘élfaghlab ly
configured to sit over the bottom brus and rotate against rollers en

the top é@rfa’é’éom ingige aabm@lbm)smdﬂatcévqsﬂvqtm the Senface 1oh jhetsemidondiojorswaterbbed
with a top b G- BREHHRL YL ée?rﬂg%&:xg@h% rifdd& @&ﬁ]% o SBeulsS
I‘US 0X, ere n a

i nclude a sec € non-s I'nse
25 simlarly quskiynprhdermmlyedsahmate htbe ssacfaced obrthks rseﬂnmonddonoryeﬂafeammhar liquid
enbodi nent , i s d| sed_f a a su

seni conduct or' W e¥a%9y 1°ImOW| rvl‘ba Py Fcélgor%in%&chl %H%B%‘?%ﬂcf ﬁh sf‘ﬁta o6&k g grater

i ncl udes wet taggbe finely scrubbed with a cleaning brush that applies a chemical solution to the

SO

15  surface of the wafer. A second cleaning brush may also be implemented to finely scrub

the bottom surface of the wafer.

_ In another embodiment, a system is disclosed for cleaning a semiconductor wafer
after a fabrication operation. The system includes a brush box having at least one liquid
outlet for applying a non-splash flow of a liquid over the top surface of the semiconductor
20  wafer. The non-splash flow of the liquid is configured to evenly saturate substantially all
of the top surface of the wafer. The wafer is preferably configured to sit over the bottom
brush and rotate against rollers. Then, the top surface and the bottom surface of the wafer
may be finely scrubbed with a top brush and a bottom brush, respectively. The system
may also include a second brush box, where the non-splash rinse technique can also
25  similarly be implemented in the second brush box.

In yet another embodiment, a method is disclosed for cleaning a 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

30  saturate evenly the surface of the wafer. The surface of the wafer is quickly saturated in

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



the surface of the sem conductor wafer with a liquid. The wetting is
preferably perfornmed by setting at | east one delivery souseRvéenmss 2006e
rotating surface of the wafer in order to 30 saturate evenly the surface of
the wafer. The surface of the wafer is quickly saturated in |ess than
‘about 4 seconds while m nimzing splashing over the surface of the wafer.
15 Novenber 2006 5 Advantageously, the present invention provides nethods
and systens for applying liquid to the sugface of a wafer by using a
non-spl ash, even, and quick application technique. As a result, where a
waf er has undergone a plasma etching operation, the applied |IC]UI d wil
not undergo Unmnt&@aﬁﬁé@&u&@”&e‘ﬁrés@ntﬁﬁ%nﬂ%’ﬁbrd\vmm&’ﬂ{oﬁsQﬁ'dEré?en‘{@ifoﬁﬁ lyin
surface. In addition to substantially el imnating stains e tec ? YJ é of
the present ligwdetn ithmn senfidsst ena ivedferyby ading ess nomeplashisaen, oinquwpb aavpheatlohes
that may be f on sur e [ a r e
~ net hods of tﬁg h%}r%@sen‘%g Pnrsseu |or?rea%e$a?%a}% %&F%rﬁyg ené]%l %?% graﬁo’tl ttﬁ
tungsten etc hpb]mzkhc(di\EBbillmbemrder@ npeaneddi remsionsvivéth erbyyditah ehenmazile f the eafer
rotated and ri it he non-s .echni ue bef ore commencj nor mal
10 brush Box bitin: B, s04itoF 48 SHeR BT i TIOR iR o foc BB Th O PPy
brush box, t hgveag6wBebstaafikifNrddfees G nfbed B thiérelscaltBEd hiad mag bl Bdtnd onlthe
brushes of the second brush box can therefore remain filled with an
coptinmal chefadl swBse duipaclespingeqpsratioph ysThenpebodngl theppierent iBy@SaAD rmge

repeat abilit @W gdna% r

substanti al | ?arrnlgg%tlg%ﬁé ucealt(lzlgg? %&gﬁg@g%ra % ric (gb%ﬁﬂlgggcvg&segeb eth%ause
t he nunber ofwaf&$ adanﬁgaﬂm@hesed wlﬁathenwstSpkaeh thichignal befowi ¢dmrbencing normal
subst anti,al | uce aspect.s,and. advant.a -of .th se

hvent 1 odw Prisfes ilrenigha fun RRF SHsu ARG POTGS it A1 SnehERE T ean
taken in conjprihtboRtambt Rsdd@r olemEbn 3txbbigg.d Ta¥bAGRes ofithd siebiidbiugly bby camy
of exanple the principles, of the present |invention. BRI EF DESCRI PTI ON, OF

THE DRAW NGS BRelqteerestairn dilled i wilfe AR i opHmA chemical eongentiation deyels Hys iBpraving

fol I owi ng deb?tlrhﬁﬁcle&ﬁﬁﬁeh&&am "@Jmﬁﬁtbrynﬁkln%haefstaﬁd&ﬁemwm@@m@g] will
dr awi ngs. acilitate this description, |ike reference nunerals

desi gnat e | i Rebséanfipldy trdife wndagepgts in ‘Ith’M?ré”fabﬁcéwo‘aesﬁ%%“?ee%lnug@ﬁ'e%t| c
di agram qf a quah &y &4@@%?%&5@9@% ell W‘l’ﬁ@s&s&&ﬁ@"f@duﬁe&iet ailed view of a

cl eani ng process” per orrre In a brush box. 25 Figare IC shows a -

cross-sectional Vb?l’(gr%pe%ts%ﬁeaﬁmnm%g 6f h@%%sénthﬂ%%ﬂ@r? @Al become apparent from

the following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

20 The present invention will be readily understood by the following detailed
description in conjunction with the accompanying drawings. To facilitate this description,

like reference numerals designate like structural elements.
Figure 1A shows a high-level schematic diagram of a wafer cleaning system.
Figure 1B shows a detailed view of a cleaning process performed in a brush box.

25 Figure 1C shows a cross-sectional view of a wafer, where layers have been

fabricated over a semiconductor substrate.

Figure 1D shows the semiconductor wafer 12 of Figure 1C, where a tungsten etch-

back (WEB) operation has been performed to the top surface of the wafer 12.



fabricated over a sem conductor substrate. Figure 1D shows the

sem conductor wafer 12 of Figure 1C, where a tungsten etch5Nbambe(MEB)
operation has been perforned to the top surface of the wafer 12. 15
Novenber 2006 6 Figure |I E shows a top-down view of the whole wafer 12 of
Fi gure 1D, where unwanted stains have been forned on the top surface of
the wafer 12 during the initial cleaning fperations foll ow ng the WEB
operation. Figures 2A and 2B show a non-spl ash techni que of applying |iquid
to the rotating 5 top wafer surfaces by way of top liquid outlets, in

accordance with omgneppdihBRt. Bh-dohe wEWE‘o"‘fQHé thB}éeQEfeP'T edr%lrg £S2Gapd 2D

show a non-splash techni que of applying liquid to the wa fades by
way of top | iUguretedstainsthgve heerbfmmednohitiyg g @mﬁat@oﬁthelmafactbddamg:élevmﬁial one

enmbodi ment  of; let"‘ﬂﬁé%&ﬁ. tauf{)@)\(,?ﬂéh%wogmg}a yres 3A and 3B show a non-spl ash

techni que of app warer surface by way of top l'iquid

outlets, the wafe rol |
enbodi nent of the% eége W%géengl Yon "OES I(l?}srhefgc%lgnéo Ba%ewué& Roo eé‘&f‘%&%
t echni queSof tapwhfpr sugfabdsdyyi vayt &f top Eguidfoetlets, dhl afcdcRBcdyithaye ehbdédipeht T

outlets and bottqmllqold outlets, the wafer being rotated by 15 rollers,
in accor danc &G I"Pvﬁﬂté erbodi rrent of the present invention. Figure 4 shows

an enl arged view a 6ﬂ Iet fixe é positioned over  a, wafer,
accordance with o ‘@u@ﬁ@ f"ng Pwt%’éo“p-ipi%‘ rechpigye of 2Bplying lﬁlb‘#‘%t%t@ﬁﬁf@ a
flow chart fQirfRedVBy WayQqugﬂ'hE ARG SR HoRoRCIGfRH BlGs, th taBeidhce SHROSHTENT
of the present invention igure 6 shows a flow chart for an alternative

waf er cl eani AbplimeeteS the preseatiogerdi@gnce wi th one enbodi ment of the present
i nvention. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Met hods and
systenms 10r car ef bilghsgs BArﬂSl'dﬁ@ showwroaesplasi teghrsguei Qf@pplll)rtngdiquinhtbehe tap mefer
pl asma proce sarubhi are
fol |l owi ng de%%ﬁla%{) ?@qy%?%g l?q}]u Slgaés glee“('ﬁ rrb%l tag rP @erg Paf’ orrgaﬁlc? ﬁ”tgrder
to provide aomdmmbndghembd&feﬁaaﬂum@nnén.t he pr esent | nvention. It will be
under st ood, however, to one skilled in the art, that the present

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

surfaces by way of top liquid outlets and bottom liquid outlets, the wafer being rotated by

15  rollers, in accordance with one embodiment of the present invention.

Figure 4 shows an enlarged view of a liquid outlet fixedly positioned over a wafer,

in accordance with one embodiment of the present invention.

Figure 5 shows a flow chart for a wafer cleaning process, in accordance with one

~ embodiment of the present invention.

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

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

plasma processing and before brush scrubbing are disclosed. In the following description,

25  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

unnecessarily obscure the present invention.



i nvention may be practiced without sone or all of these specific details.
In other instances, well known process operations have ndb Nbeesmpetz®6ri bed
in detail in order not to unnecessarily obscure the present invention. 15
Novenber 2006 7 Figures 2A and 2B show a non-spl ash techni que of applying
liquid to the top wafer surfaces 210a by way of top liquid outlets 220a,

i n accordance with one enbodi nent of the present invention. The liquid is
preferably water, and nost preferably de-ionized water. The wafer 200 nay
be held by a bottom cl eaning brush 204b and a set of rollers 5 202.

Al though Figure 2A illustrates two rollers 202, it should be appreciated
that - additional &igufes\ReyanddB shoy Pom-splash lmhmge‘dof appbfieg hglig tate Itmeg)afels
the wafer is t e rush. 04b

enbod ment | St Atk BF iy of Sl B G BUAT R EHLLAS NS i P smRo biteriu
t hat | eads t ¢he presdnt guuredti@ut I'Ié:bshqﬁilﬂls ﬂ'IhEBrdUl)qmatbrpmﬁd @icst pRfferaly dedonized

configured to distribu | i oV vvafer 10 surf s 210 as_.the
waf er rot at es%hd € V. ?regrqggﬁaydlﬁ }Eﬁ‘i blﬂét GRS "é’é‘l‘ﬂ%@“ﬂ} 2@&’ ‘E'éébseéﬁ&roqlleﬁe
two rolless 202. AnhcugR' Bl 28 BIRRMNBY rolleRe 202, a1 ghotldt betappreéBied that
inplenent a technique that is designed to saturate the wafer surface 210

in a non-spl &@ﬁtlorté‘\l/%few&h@“eﬁl?ioé Rarlged, praferablyeny loesr asithe wa@atsmrmﬁénhhlé

waf er surfac I t 0 i al f.er
o Facs 15" B o RGP Rt o el SHRA Stk lE il

exits the |i quipdy loquid tireugh2Qoadult thatt leadatte thetligeidwaitlets 220r f ace 210 wi t h
substantially no splashing. "Even" preferably neans that the liquid is
di stributed over The ligaikiesutlessu2?®aey28d) cartfigaresiutus dsnitivad Iliguidoom ad whafeow

rate. "Qijck" ef rabl ns that for, an 8- inch wafer, sur.f ace
030°T s I or B FIo0 e VaRE bt ind R heBlec o, B holGim dltanifto L 045
waf er 200 i s bt r@letsnﬂd]les In iat preferred Qﬁiﬁibﬂﬂﬂ:nt hat el odGety@berimgRthenohat es
bet ween about 2 revolutions per mnute and a bout 20 revol utions per

mnute, and HSYHAYT Brkisalmigneh i tatuatedho Mear srEfagred | Grithamen-sireh, |evau|aadf rom
the liquid gutL %{rﬁnﬁéo R gicarabliy exhtde iﬂ&ewﬁfeﬂkﬁr%cgu?lréirags%%s% tiNeg Of

bet ween about nute and 300 ml/m nute er abl out
150 m / mi nut @lbstame@b(rﬂl dke wfeamfacqﬁlébéﬁlehqﬁlﬁedeamw errrsferaﬂ?m%lﬁ thatt js

preferr 6?5 thak nén% An gwlqﬁl%mutlﬁt\ég?o ?Jﬁggf\.?%{hsftg g?g{rg?g%’te?gﬁ with sqbsﬂnrtl'aﬁ)yt Ing

the Ii I ntai ne rou operatio
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 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 mVminute, 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.



As shown in Figure 2B, two top liquid outlets 220a may be used to saturate
the wafer surface 210a. In other enbodi nents of the presaaiNovemwen2dosn,
additional or fewer liquid outlets nay be used, preferably as long as the
liquid outlets are positioned in such a 30 way as to saturate at |east the
top wafer surface 210a in a non-splash, even, and quick nmanner. 15
Novenmber 2006 8 Figures 2C and 2D show a non-spl ash techni que of appl yi ng
liquid to the wafer surfaces 210 by way f top liquid outlets 220a and
bottomliquid outlets 220b, in accordance with one enbodi nent of the

‘present invention, As 0 in Figure 2 t .top. diquid out.l may
be used for appl @f%ﬁ‘@eﬂf‘gaﬁ@ oShPWga f’%’b’sﬁgﬁﬁhf%@H”%fcfiap%qgeﬁ?%?éﬁgg%?o%
liquid outl ghFace2GoMBy vitg &5 esh figlid agublesi PZDal hriiliibeitérd lidied atltwra2oby tace
210b. Such an enbodi nment i ncl udes a total of four liquid qut]ets_220, as

shown in Fi gesosdanpe with ongembodisans of the nesssRdnKERER( AStSISHBURA F18W 6™ MHui d
outl ets may . hey; ' it U | WRIIORG
l'iquid outl é@qﬁﬂé&ggﬁeﬁ%ﬁﬂ%%}] g%‘bﬁeg?ﬁgagf%‘% Igﬁfd o%%%{ﬁ% 2?3? face. In

ot her enbodibntterhdiqofd ¢uiketp220benty bnvssdt foo applyideiliquisiial the botftemuskripqedli0h.
outlets 10 220 may be.used fer . e, d Ayl 0
are positi oﬁgg’ ?Ihé/’gﬁ%dﬁmgﬁ\ﬁgﬁ}g&gﬁ?tglbésfg?%ﬁé ué’d‘(g{tﬁfse%? t ast%]g%g%ﬁ%g#e?rﬁsﬁ%f ace
210a i n a neRaB@h&bk enthodilmend (bt Shival, twariiygid outleisguayess 1B8ad &ndpBBingHigwida

non-spl ash techni que of applying liquid to the waf er sur.faces .210a by
‘way of top II9 Hgitep 6‘ﬂﬁf"r°§’t§’ﬁ‘%z%%ﬁ 19‘!‘“%3 AV RS ‘hsﬁé ?‘%taé’ipbd"% q‘?lgﬁ? resboitﬁ?, in
accordance \Wilfre O ofEPOHbSEMENO b 1HRSréreMSBRINtbLAVRIB]tioR. or fewbrSliquidheretsed
t hat cleaningg 15 brushes 204 do not touch the wafer surface_ 210. The wafer

may be MBI d 2By maydetuset, prefirally gs e as MetlmidhPrticsotf0erspositiqngd i1 #ek & ayur
rol [ ers 202’as {otsaﬁ.lpzﬂg %ﬁqﬁgg%h%ﬁ% ggfeﬁglﬁ' ob B in aﬁilgh-ts#ﬂgﬂﬁlevﬁ aﬁ(ﬁ(‘éiﬁ&k e s 202

can be used, prefera as the water is properly hel bet ween the

rollers 202. In this odi i i iREdoltBe RPRPIEY
liquid through g‘%‘&‘“ﬁ?[‘ﬁo ‘%“%ﬂ%{}‘gfveag”cﬁél S?g‘"s? ﬁ%ﬁ‘ﬁﬁﬁqﬁ?‘iﬂ%ﬁm‘@e‘t SV The
li quid out | efirfac220]0uety gy cfnp liquideitlets 280z thei waftebdingmetatedberolierseOdatne r

cmbodi ment , BT QT PTRERE 320! it SR e e o st ok o

t 0 sat unat e phldRes ¥l MYtk thedler suffack 210N Thp hash mayberheldanoa sptpfiollasnner .

?ﬁeshown 'n 252i2.gu/r\ﬁho?:12h Igi\,g\gretg illlius Lillite(g f%lljx; IrQ Ee%s %ggaitns%%ullaebéj Ség;grect:igteg at}uﬂr ate
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 rollers 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.



25 wafer surface 210a. In other enbodi ments of the present invention,
additional or fewer liquid outlets nay be used, preferabhyNagnibengpoas t he
liquid outlets are positioned in such a way as to saturate at |east the
top wafer surface 210a in a non-splash, even, and quick manner. Figures 3C
and 3D show a non-spl ash techni que of applying liquid to the wafer 30
surfaces 210 by way of top liquid outlets 220a and bottom |iquid outlets
220b, the wafer being rotated by rollers9202, in accordance with one
enbodi mrent of the present invention. 15 Novenber 2006 9 As shown in Figure

3C, two top I| uid outlets 220a may be used for applyin uid to the top
surface 210aSwRPWRIN Ki8UEG e BKS toPdidt Mieiset2Qa mger‘r‘é‘iﬂ éa whe fighidipfeyi ng

liquid to ttb%shgﬁéeom&%ﬁlmo%%m RS 0@ LIHB h AVESH usk D edr Ui ll@ieb Of

four liquid outlets, as shown in Figure 3D. In an’alternative enbodi nent
(not shown), tfﬁmﬂpﬁwrﬁc%ﬁtqbet%lch@? ebé)oglm@édldl&es apprlehigur ligud eutlegs.tase
top surface, gphilig q I o]
the bottom surf acle %’ﬁ %Phyr gﬂ %Hﬁl}r%gﬁéogﬁ Fﬂggt {hggvé’ ngé{éﬁgﬁug%tgﬁﬂagl th
addi ti onal onseﬂei\berapblryqtgl iquidittd ebes tapayurfree,usbile ope digeidatmitiet asayl bagsals fdrhe

liquid outl et ositi din such a wa sat urate at ast the to
vva19 er surfac® >im ‘8}‘ tﬁ% OUNR SUFace. olpofher, ﬂagﬁ%r“ews ﬁgﬁhﬁ‘ePfeS "?F‘feafi?’é 4 P

shows an enl mMaVbﬁmr liQu18 otflett heyltjecugb&l pRafblaBlySas A8 hd the BlqMidnaslet rened
over the wafer 200, in accordance with one enbodi nent of the present

invention. PEsitiReggn rrrcg @iy s i sARrats it 1east the bopy wafen sugfapel2 iarip amensplagh, | t
shoul d be appa F,e&td(%‘ g follow ng discussion is applicable to any one
of the bottom 1 qui outlets 220b as well. In a preferred enbodi ment, the

posi ti On f the lf"l fﬁ'cq S‘BH\tNg & erﬁgrge(f @ile@ f%ﬁe Bpthh Iﬂﬂrlndjoﬁt] out rggﬁgg@s‘{tl&ﬁd

defi ned y at | east three paranefers. |rst I qui
posi ti oned releattheevdfer 20@ inaheordaocd aoth 2rel @mbodimenh af thhearf;ﬂeahmvoﬂthrhe

waf er surfac 10 nd th radi al. axjs of.th t 220

gl e o SecBitPuepiane 4afav i RElsh id et Bl ikl ERRenCE A

si de 306 of follewingQlidcdssivit ik eppliREIae kdghy3d8 of theibonemdighidaontlets220b\asd well. edge
310 a predeterm ned edge distance 302. Third, the liquid outlet 220 may 20

be positioned sucih 4 b&tferteheenmmeﬁerm itie pB&Gomfofttlmhqlmqwlmeomo edlatopenithg 308
o S R b S en s, ke S el UG A
nost 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 reference to Figures

2 and 3).



preferably about 15 degrees. The edge di stance 302 is preferably between
about 2 nmand about 30 mm and nost preferably about 5 naNovEr®er Zi0sed

di stance 304 is preferably 25 between about 2 and about 15 nm and nost
preferably about 7 mm Figure 5 shows a flow chart for a wafer cleaning
process 500, according to one enbodi ment of the present invention. The
process starts in operation 502 where a gem conductor wafer is | oaded into
a brush box froma wafer cassette. At this point, the nmethod noves to an
operation >504 where the surface of the wafer is wet using a non 30 spl ash,
qui ck and even application of liquid (as discussed above with reference to
Figures 2 and 3).ThkSvdNinpespeeitio 00e pleBent e et dlingnagahahdéedforod biluktebox
present invention elimnates the need. for ahbrush box rance_spra

ent ,
whi ch was di SCHACESPERBovRIChvehdpastsiahey VB fﬁ@e?f&taﬁ*éedregfe@.aﬁw@%%ﬁgf?aqg

operation al speglibdThRelemidalt8 Reaskdl BF adpiPirfse, ah@Sy (S5 dinon(pplP)o Sheat | ON
prior to the wafer entering the brush box, also discussed above with

ref erence to Wi enéragelde dresh Bx-akse hliscneiee  abprie Wit referyco pertizg redated art.
f er abl | RS : B
prererably O%ﬁé}ﬁf’é &le &/Qﬁg%‘%ée%tlohznlrﬁgﬂpkg}c r¥ aﬁa‘sﬁlg%afetr hsecé?ﬁvg(fstg?/gf?sif eat Yy

ensuring the I'S conp y In rush box, ot her

are still in thdiushdadi My aassetthewelanisisempletd emsidel thierboush [bogy ittt twaéetrs thraty

spl ash back ontaq.,these ot her fers.fro e.wetting,operation.

i scussed abglfe il IF deingrtast Skt PRACEOs o AOwAD GRS Sl ok spies i ng
on a wafer mapeseathsewiRfefordaliecwtiting Spiedtions A4 dibduSsed nBovelWithtedrenceas aeches
on the wafer surface. Returni n% to the discussion of Figure 5 after

oper at i on 504¢claieh gt nappEsiatysplashingon ¢ yafes Mmay sausegvaffidetcts LrpkAs Haims #idush

cl eani ng 1gay heroRefalREdBAnOWatcha e er surface. After the chem cal brush
cl eaning, the process proceeds to operation 508 where the wafer is noved

to a spin, rinse, Refunigg (o hsrBpussionof figureThafier ereeadion5hd iherpipeess myves to
.operation 51 oMYy t i £ i i r med
on t he waf ergp eonpr oc‘g}slés%gt% hcggrhgglﬁsrﬂ%nél?%ldfc @%%?gip%ﬁ&g%grog? ?eoﬁggigﬁ%gre it
i s det er m ned\ftenthetchemicaniotishesleanaigethe ipsoct s freceedsctarmperatidrf SA8eliege the wedernext

wafer to be ¢leaned, the process | ane. the other hand _if anofher
. is moYe 0 a §pin, tinse, and d stafipn. hei rocess thén moves gBEera ion 51
wafer is to be cleaned, the process goes bac operation ere a
sem condué6t owhegfpest-dlening dabetatiantoperttiens areyshfoboed onfthewhfor.egoi ng 20 process
500 conti nues untiIJh it is determned thgt .there is ng ,next wafer in.
deci si on e process then goes on to a decision operation 512 where 1t 1s 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 perfonﬁed 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 512. In the process 500, the cleaning process was optinized such
that the non-splash rinse and the chem cal cl eani ng were1pRofedibeeZDOGN OnNe
brush box. However, in other enbodinments, the brush box can be one of a
set of brush boxes and the chem cal cleaning 25 and other rinse operations
can be perfornmed in adjacent brush boxes and stations. Figure 6 shows a
flow chart for an alternative wafer cleaning process 600, according to one
enbodi nent of the present invention. In this enbodiment, the non- splash
rinse is performed in one brush box, and then any chem cal cl eaning or
additional rinsing may be performed in an adjacent brush box. The process
starts in opepeaitionro08Ghedla mrespdash spmmimse nptretia@y is paffermedonl thadefir nsib®dBr ush
Box 1. The process then noves to 15 Novenber 3906 3.1 eration 604 where a
non- spl ash s[SPHeR VAL a5 96FusPdhPove Wik FiSrREg o dHeRt 9\%‘? r using de- ionized
wat er, as discussed above with reference t Fiﬁ:]ur s 2 and 3. !alex{3 E{tﬁe
process noves to OperQE PETCEIBOVRIL? BPERAR eViare Meovaler B Paed LhBRsR Bos.

Al ternatively, Angh&s@Qfindi®id 8O moWRdindh&liMtellyOroBBHER BHX22a cheit@NMbedh
brush 5 cleaning operation or related operations may be perforned on the
waf er i n BruglpenEEopersongraelaied opareEiens wayry earfermedransthe pepferan BugeBon |
Brush Box 2, pdie (L QLRSS FBY&P1ol SrusPBBL 3t | SR GABULPEE: 3, ERFREA mBIdish
cleaning is perforned on the wafer surface. The process thén goes on to
oper ati on 616perdt®nes08 hvehana f ehemgalntrugd cleaningisSRfoshed pothe Fhigr surfacocdds now

noves to operation 612 where post-cl.eani ng.fabrication er ations. ar 10
per f or med onPPHES WP &P S %«L,O ﬁ%ﬁ%@gsélﬁ Wg}?reg%‘éév ag':f{ 't Sloge%gdg?nss%t% Sg%‘é“r’aﬁihc%n
614 wher e i tprosessleiotr mdves to Wpetatien cnowhet pusf-eleanisg tfsbrietict epdratbns| dre
there is no next wafer to be cleaned, the process is done. On the other
hand, if!AnoRwErmegentheafery pe cl eaned, the process goes back to
operation 602 where a sem conductor wafer is |loaded into the Brush Box 1.
The foregoi ng 15 Pheorresess ghen genst othie@ drsisian prerationgldewherseld 1 Kisteramgd e i s

no next waf egpdife AGGhS Witer iﬁ P@E%IEQ@?.G dherk ts doSnekfRAfet e dunBOE: fBadss once

the wafer is rinsed using the non-splash rinse technique, any subsequent
cont act Wit hiswaber Oorthe ther bailds ifatriothenovaffasrig &y be algsred; Me proeramBewsdbask 4 ni ng

or darmage di (?p%&%i%ﬁgOME&era%fe&fc%H&&t&r%atf&qs Bﬁhéﬁrin@rt}le Brush Box 1. The foregoing
15  process 600 continues until it is determined that there is no next wafer in decision

operation 614.

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.

20 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 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

25  scope of the invention.



20 Wiile this invention has been described in terns of several preferred
enbodi ments, it will be appreciated that those skilled i nstb@ngset 20080n
readi ng the precedi ng specifications and studying the drawi ngs will
realize various alterations, additions, pernutations and equivalents
thereof. It is therefore intended that the present invention includes all
such alterations, additions, permutationg, and equivalents as falling
within the true spirit and 25 scope of the invention. 15 Novenber 2006 12
What i s clai n%fi iis: 1. A nmethod of cleaning a surface of a sem conduct or
waf er fol | ow S P& et ching operation, conprising: wetting the
surface of the seni condyele@bd WRdi&hingY% sUﬁéc@%_f@s&ﬂ%rﬁ@dt@r&{?hférlfﬂlﬁﬁvi%ge&ﬂ@dnﬁue,
5 the non-splash rinse technique being configured to quickly and evenly
saturat e the efhingpwation, @S ni conduct or wafer. 2. A nethod of cleaning a
surface of a sem 0, fer f | ' L as
recited in claim (}Qe’&ﬁ] gﬁ’%@ﬁ%oo%l}ei Sng‘lr‘fgm“?‘gr gl?ftg{al?f%ﬂjg aﬁoggkr]g&eﬁg:ﬁe%kq%’
oper at i on sandhdxeheapleshtrinse ogeiqat bomg whfigueddito qgckl handsuerfpeerad the heface of the

sem conductor wafeyr, keeping the sem conductor wafer substantially dry. 3.
A net hod of éF@ﬁﬂ?‘ﬁf&orawégfrface of a semiconductor wafer follow ng a plasm
etching operation as recited in claiml1, further conprising: 15 after the
operation of wettiang themsthbd aCeading harf:ze Bf & enaltteiiastorwalte follosedgldoflisig t he
surface of the sem conductor wafer with a cl eaning brush that applies a
cheni cal sol (Fi8 OpsEattoR as regifpfl frclaim s FUFthRr cQmpsShduct or wafer. 4. A net hod
of cleanigg a surfagendflasthaRAing 8RHoh fd BRSrEhe bR tRWO NEetBndthéstiBee ofthe
etching operation as recited in claim3, wherein the cleaning brush is a
first cleani ngnisengseiorarrder, kenpingibe sanpigpnduripr tvater sibstaiBllgryoper ati ons are
performed in a brush box, the brush box having the first cleaning brush

and a second cl eani ng WX Hsfied Qﬂgeamﬁg aSHERDIF £ LBt R WARR f@%-\vﬂ% a p21355m§1

inmplemented to scrub a bottom surface of the sem conductor wafer.
met hod of cl ehinggpemtionas oted of clamd efvitbeynaupstsog: waf er fol | owi ng a pl asma

et chi ng eration_gs frecit i aim 3, wherein th | eani rush ,s a
first cl ggni ng br ﬁg‘ﬁr,tfl"f ﬁ%erﬁt/gvréto? iw(ré]!ém%E)rp’eers}il ?CSnOf?}ée sﬁgenrlcggrur‘r:g)g“fage%zf Iflllglr%g% h‘%r ush
box and t he senfaghbf thgseop@ndicioowafes wilen fleanimgybrish 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 plasma

20  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 to scrub a bottom surface of the

30 semiconductor wafer.

6. 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:



second brush box, the second brush box having the first cleaning brush and
a second cl eaning brush, the second cl eani ng brush bei ng 16mplensatesd t o
scrub a bottom surface of the 30 sem conductor wafer. 6. A nethod of
cleaning a surface of a sem conductor wafer following a plasma etching
operation as recited in claim1, wherein the operation of wetting the
surface of the sem conductor wafer conprikses: 15 Novenber 2006 13 setting
a first delivery source and a second delivery source over the surface of
the sem conductor wafer_in order to wet the surface of the wafer at

predet erni ned fl owerag@ it delfygre pourcerpdeteeilgddinay SPefet eF Hen¥H2d Yuihs at e

to be betweenahahiuckRP walMath& 3 0d: B MHace ét]; %.qufaﬁpﬁ@ dqﬁ%@eren%ine@ﬂ%tlﬂé)@f of

cl eaning a surface of a sem conductor wafer owi ng a plasnma etching
operation as wagiandd in claim6, wherein the operation of wetting the

surface of the senj. u fer, further, c S8S: Saktd I of
| ess than about 4 Jsg}gg%g%s&%%rtese egu%)svt %%t ?’a‘fﬁ ggg\%n %?) Utaéldt)op sl{ijdrt?g%oga%dfu p?he
sem conduct or3odailetinutd. A nmet hod of cleaning a surface of a sem conductor

wafer following a plasma etching operation as recited in claim1l, wherein

t he operation of tting the surface of the. 15 sem condyct waf er
conprises: rotating t he‘g %%088%&53@{”&3 W&I?C&Oféﬁgﬂlfmgu t%rd‘?’ag?r fgﬁﬁ‘@n%? Plasma,; ¢
of between ahgihingZopefaitOistietiR@ASn Pigim 6] Whirén &2CbpaiaeeH ofA0etfirgV GhelduirfadeSo B
mnute. 9. A nethod of cl|eaning a surface of a sem conductor wafer

fol l owi ng a pEREARIUCODWVREHIt G SRSt i on as recited in claim 1, wherein the

sem condugt or “ﬁfQkﬁhéaghé@@@ﬁdhﬁ%ﬁﬁh@%&%%kt&QﬁgﬂﬁmﬂmnﬁH?Qﬁﬂ@ﬁmnﬁ@gdﬂﬁz_
waf er other than the Sem conductor wafer that is inside the brush box is

exposed to | isgmicandygtor fiafespet t i ng operation. 10. A nethod of cleaning a
surface of a sem conductor wafer followi ng a plasma 25 etching operation

as recited in claignl, ' et ti 1 h NS ush
box. “that  doos not® have' DR Euer SARpEE s of RSk A Sl AR
surface of a exhingaopadtiat or revieetl e chin 1 owhergin ahepdmsaian of wetting the surface of the

15  semiconductor wafer comprises:

rotating the semiconductor wafer about a radial axis at a rate of between about 2

revolutions per minute and about 20 revolutions per minute.

9. A method of cleaning a surface of a semiconductor wafer following a plasma
20  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 that s 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
25  etching operation as recited in claim 1, wherein the wetting operation occurs inside a brush box

that does not have an entrance spray.

1. 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,
30  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.

12. A system for cleaning a semiconductor wafer after a fabrication operation,
comprising:

35 a brush box, the brush box including:



etching operation as recited in claim1, wherein the wetting operation
occurs inside a brush box, 30 and a spin, rinse, and dry 1% SREmbep2l0&t i on
is not performed on the sem conductor wafer after the plasma etching
operation and before the wetting operation. 12. A systemfor cleaning a
sem conductor wafer after a fabrication operation, conprising: 35 a brush
box, the brush box including: 15 Novenberl42006 14 at |east one liquid
outlet for applying a non-splash flow of a |liquid over the top surface of
t he sem conductor wafer, the non-splash flow of the |iquid being configured
to evenly saturate substantially all of a top surface of the wafer, wherein
the at |east one 5 Iiqujg,Qukd lﬁfmd c?txtl@t%%ﬁl%g%%ﬁ&ﬂla\/sﬁ fib® of Qﬁq&@@xeﬂl{eft@pﬁe of
t he sem conductor wafer at an angle betweén about 5 degrees and about
degrees, is rai sedudisepéthe semicaguseryadiethohon-splash BenpLibadasd bermgmmﬁgur@t a
rai sed di stance t r

surface of the Se%@%\gﬁﬁﬁu%@ra e%a&%an%lg}tml o?&‘%‘;}gny Cé bﬁﬁ%\l%s]ftergglggre (ri:ﬁ:'ftaE fégStEet ween
about 3 mm and abdigbid2@tiens aﬂz&gchrelaAves;osmempfsorfaoeloéam wnicandett oafedacinor

wafer after a fabrication op g on as, rec %grln claim112, wher rtan tthe
liquid is sel ect ed™¥FSHH'EHE a‘r‘t d%%%*@%‘?‘i”hi’ft eSO Yrethe 0B fTASGHO
water. 15 14. A syrd Rmidofducel faRt ftd rilscd G HAM G D leatdl i, Aldlo@érli@ an edge
fabrication operatl on as recited in claim12, wherein the brush box

further conpri ses:of fettomsupiagestf thesgmiopdycton iplst ¥gR oveslyingcdisies Hat i3 bgtyypen
surface and a bot t,g5S Wi acen&f 2b ien. sem conductor wafer, the sem conductor
waf er being configured to sit over the bottom brush and rot at e agai nst
rollers. 120 15. A system for cleaning a wafer after pl asma et chi ng
operation as recitldd in systeni for glpanirg g &eneqon@@wma@r ﬁ@er agfalcatinndoperRbighasbox

the second br é@tgd 91 1ﬂnrﬁ| ¥ rghg theqlth(ags g sur Hldthgéfbgﬁ tcgrmsm éihv%é?rand de-

scrubbing a top surface and a bottom ace he se conduct or
waf er, the semizzdmdiect or wafer being configured to sit

15 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 the

semiconductor wafer, the semiconductor wafer being configured to sit over the bottom brush

and rotate against rollers.

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

over the bottom brush and rotate against rollers.

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
30  surface and the bottom surface of the semiconductor wafer implement a chemical brush

cleaning solution.



over the bottom brush and rotate against rollers. 16. A systemfor cleaning
a sem conductor wafer after a plasma etching operati on ag5Negnbed2doa cl ai m
14, wherein the top brush and the bottom brush used for scrubbing the top
30 surface and the bottom surface of the sem conductor wafer inplenment a
chem cal brush cleaning solution. 15 Novenber 2006 15 17. A method of

cl eaning a surface of a sem conductor wafér following a plasnma etching
operation, conprising: wetting the surface of the sem conductor wafer by

using a non-splash wetting technique, the non-splash wetting technique
i ncl uding setting dn out PEth 0@88016%“"&3 %“g%tOféﬁﬁnlc@dH%P‘i walp Ol g e PBYE t he

surface of ”’E@chﬁ%r&gé‘rﬁ‘ﬂi&%h iffer at an angle in a range from about 5
degrees to about "3 degrees re ‘ative to the surface of the wafer, and

appl ying 1iquid tovatting thsusuffagse obthet semnicopdictapnviafert by uwabes nphrﬂdughthﬁ@
outlet end Oftecthn ueat Scslnssltplagfpsvegl%% O(?cﬁré%lle 191%'[ gﬁ% sgténé arigq{e{'g cc))tf atclea%?grlleng a

I
surface of a sem cdﬂclfuc g operation
as recited i nieh‘beay souit? pvenkiersadfaze bitke mms@lcash/atbetatamgl‘emngw&mf abotitser

i ncl udes: set th t end of th east one deliver source to
overlie an e %ftotaﬁ%“t%ée‘ﬁg@%ﬁl?ﬂi’eoﬁo 'ﬁ&?‘gfhc%9fs3‘ed’f TadiderPPiying liagidde the om
about 2 mm t%uﬂ&@ﬁfth@&n’%ﬁndﬂeﬁ)rl\gfer frdieh the dut erfd ST &R iaNBasPorR WER RER0MEe. 2

sem conductor wafer following a plasna etching operation as recited in

claim 17, wherein de| oni zed water is applied to the surface of the
seni conduct or waf eFs-t hriofghod Pﬁ‘éea&lﬁ‘glaé’t‘rf@ﬁé?f B penpipndurder; waksryfolloginecaplagmag

flow rat gobetyamp Rbakin éoreme/drﬂ] iR @NdnabaUhe 30Qspiddh /\Jpcd?lgttgchmage aQt'he[A

met hod of cleaning a surface of a sem conductor wafer | owm ng a pl asna
et chi ng oper ardlusiesias recited in claim 17, wherein the pI asrra et chi ng

operation is at u@&ﬁrtnge the o%h&mng%?lfhe( Mﬁ@st 81%eﬁeq’lklér9r’§0urges 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.

25



