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BACKGROUND OF THE INVENTION
The cleaning of semiconductor wafers is often a critical step in the
fabrication processes used to manufacture integrated circuits or the like. The
geometries dealt with are often on the order of fractions of a micron, while the film
25  thicknesses may be on the order of 20 Angstroms. This renders the devices highly

susceptible to performance degradation due to organic, particulates or
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1 0 SEP 2002 WO 99152654 PCTI US991 08516 z netallic/ionie contam nation.
Even silicon dioxide, which is used in the fabrication structurd,l SEM)
considered a contamnant if the quality or thickness of the oxide does not
meet design panpged8Es. Al though wafer cleaning has a long history, the era
of "nodern" cleaning 5 techniques is general]y considered tRETHEP8BIEgUN in
the early 1970s when RCA devel oped a cl eanifg sequence to address the

various types of contam.nation. Although at.hers devel pped the sane or
simlar processed aﬁ‘ %ﬁ’élcs%?r?ga"waﬂ%“'f r %@‘ S’EI%O@ ‘8ﬁ§?’al"’g‘8? anthYy Betience in
its final formis basically the same.. The first st of the RCA cl eaning
sequence i nvol ve?abpc%{?\rl‘zi}m%‘fre’()c%gﬁoes’i edﬁ%‘f’l’f‘%ﬁﬂﬂf@‘ﬁ WAL WEeE A c aci d
and hydrogen pergﬁfi de m'xtuges. dF{atios ar e typically in the range of 2:1 to
20: 1, with tenpdt PSS et PRY IFINPAT 80 - 140 degrees Celsius. This

m xture is commonly cal]ed "pi.ranha." A recent enhancenent. tq the renoval
of organi c contaninat ﬂﬂﬁmﬁga5‘?‘5&5g@“?%hwd?’@gaﬂ°%‘psﬁﬁﬂc?gﬁww oéﬁﬂ‘é’gt hat is
bubbl ed or injected intao the sulfurjc.acid line.. 15 The ond st of the
process invol Ves ‘FBRGYs3 s gene V&%“Sf‘iqeﬂ‘é" \%{f“teﬁ’e%ﬁ‘t ‘Br‘geaF?Ehyl—]é%M@%‘ l?q?fgr ati os
of 200:1 to 10:1,, usually at.anbient tenperatures. This (g_rocessi ng
typically |eaves dﬁéﬁ‘?l’&ﬁé granngeSequenes to; S5 GRS RES U PRI he next
step of the process invo]ves the renoval of .particles and the reoxidation
of hydr ophobi ¢ s iAlfhg %‘%ﬁ-‘? é"d’égp?ﬁlstﬁﬁw Pty owsssesa B ,Smffy‘a?"ogﬂﬁe’zo
per oxi de, and a ni um hydr oxi de, usual at .a te%elhature of about 60 - 70
0

[ |
degrees Cel sius. P &R Leping seqpenep i scﬁ”%tfﬂg’sléb?% & have been on the
order of 5:1:1. In regﬁnk Y S8 SQIJHE Efﬁt L0 Jhas, ool e cormmnl,y hecane
5:1:0.25, or even mor & APTUEE OqRE £ KEPE STRSICS ATVSHES TR Sq Oredpit

dard cl 1) or. RCAL Al Lyely, it | HUANGL.
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il Caneousl v ity iy et 20 @dol PR ehRIRIEDS REfahLC03D Do

si mul t aneousl y gr%%c hi g away 'a sSilicon di oxi mon the

f f b il wafer. (1r | ' | . I
ot ent 1 al whi oh FBFS AR citdis, gG8r S Skl FERRETDAABE
tential which | Fi cl'd®r S Phas e dr: Si 1
cur face. 1 tho | GREBRRy a1 Pl B S <Ollad BpRARARMC U Bkl ' OO
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have been on {fie Orqeﬁ‘hggccgﬁdls't;p?fbﬁgpri;tﬁ%qmol\‘i?%ﬂo AIER ;e ﬁﬁ?é%viﬁxh%fé) t hat

nore dilute 10 chem stries are also effective, i1 ncluding dilute mxtures of

wat er and HCl . Thigg g Xdob)8y katioS 8TT0N! % 108 GhhBflartMnbist tepperatfest gRdar d
clean 2), RCA2, or HUANR. The foregoing steps are often run in sequence,
constituting what prb&esGdd tyical§ 1€apés&e%§ﬂ‘sfomia @Bfefin@Adrophabie Romitne- di f f usi on
cleanyinsures that wafers are in a highly clean state prior to thernal
oper ati ons whi ch m ghtrhe hefrsRloRtiR prétRdslihiolves tht réndval 6f pahiRlesland &e rd-ayer or
cause themto diffuse in such a manner as to render the device usel ess.
Al t hough this fousxighiep of h9adplidbicpdilren Sarficss GMES h Aeikiart éfowier, hldrogdnandar d
cl eaning process in the sem conductor industry, there are nany vari ations
of the procesgot hpdronidee ahd) emmaiitm HybrogidenRitdiptas a témyperatnca @plakout 60e 01 r anha
solution may be dropped fromthe process, resulting in a processing
sequence of 20 HFdegreilelsinSEistotidally,eqt@nbf th@acanpohdntsrhacebedr sn thavrlebefen cause
for concern in device performance, so "hydrochloric acid |ast" chem stries
have been devel op&d:l. I1a redshthydansthatras hasanee oommeile babmt 56 : G150 vwe event ed
cl eaning steps are enployed with the final clean including hydrochloric
acid in order to mereaietet Mhisiktineoncdrmdnly clbed"SCHT (standavddlean 13 ar REAE. 10
S E P ?20D2 WD 991 52654 PCTI US99108516 -4

Altematively, it is also known as HUANG1. Although this portion of the process




The manner in which a specific chem stry is applied to the wafers can be as
i nportant as the actual chem stry enpl oyed. For exanple) HF i i ls§ 002
processes on bare silicon wafers can be configured to be particle neutral.
HF sprayi ng onwlakezes4 | i con wafers typically shows particle additions of a
few hundred 5 or nore for particles at 0.2 gicrons nom nal PHI/HPROES
Al t hough the four-chem stry cl ean process descri bed above has been
effective for a r ears, it neverthel ess has certain deficiencies.
Such defi ci enci ed;&légggloﬁ %n%’:ﬁ%‘;cﬁ)i %flhrercr’Sys’Pg 8?“’?‘5%@( Sgpodancpysly BN dpr ocess
time required to, get wafers..through e various cleaning..steps, high
consunption of V\%‘g‘énrg W ¢ ey ?‘ﬁ’gd“nﬂ’a Oflﬁﬁe %lﬁfjtsa%en%ﬁlgarf %Hg’f”h af?é?%een
chem cal steps, and high.di spesal costs.. .The,result has been .an effort to
devi se al t er nat icfg’ugag’gr‘ﬂ"g’g“%\?%ae egaenécpﬂ%{tvv}@f’lhé‘?"arsrpé’%’ﬁllet’?mié])’dg@ﬁ%’is or
better than the exi.sting faur-chem stry. cl ean process,  hut ich are nore
econoni cal |y at tcﬁg\@aicbg? caysips Be Scwg*h?%’é“ aﬁ?@’(‘fglg’é’g’smhég{}‘@mbg’e P8l oped i n
an attenpt tq retgl are 15 the existing four-chem stry cl eani ng process.
However , suct’ clBaRPHY B¥¥Eesses have failed to fully address all of the
conduct or, processing indust re
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application tec h??f’%fﬂ%hsg%dgagaf°Hnda6(cg}:'78&eggﬁs%ﬁ%egé\lsmg‘éaﬁ'\é%élgg{;ag%g%i%sth he
cont am nati on cogcerrgag,r &f Shhle m croeJ o tioni c fabricati a0 5 i nd&égl&ry is set
are-ha [

forth. These conC&rH n'etfuf/:recneﬁ“nl ﬁ\'ez(}pﬁlﬁmﬁ(}m’%s Pat “8h PEF gani cs,

particles, al [, on and_,sildcon dioxide., Generall at cleani ng of
wor kpi eces, ng(ijchChﬁg“s eﬁiaﬁeo?{%fu% STV CnF ]cé)lﬁlgg %llhéte én(’:)f:orersp?fiy‘g%&éram g;}i{ CcléIT?‘\%ery of a

chem cal stream tg)xnér??,sézgor %gliyiercg?r(r)e%%;esa%&" cﬁ%é]csmgﬁ#g\é?r&gt%gﬁ rinto

the Iiquid proce®¥ 0 rOCeSS enviro chénmi cal

stream which My 10 fi8 iidediflud®llofn fialid %Hééeq%e%ngg@@{giwﬂya%isachgédi ed to the

wafer in a system whi s contro oun ayer i"ch forms

on the workp! ece.Subliitn o OSSN £ Ble-SHALRADIARnsbfiE HHISATRANENL S such

as ammoni um hydr or sinul faneo particle and organic renoval,
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15  into the device layer or cause them to diffuse in such a manner as to render the

device useless. Although this four-step cleaning process is considered to be the

standard cleaning process in the semiconductor industry, there are many variations

of the process that use the same sub-components. For example, the piranha

solution may be dropped from the process, resulting in a processing sequence of:

20 HF ->SC1 ->SC2. In recent years, thin oxides have been cause for concem in

device performance, so "hydrochloric acid last” chemistries have been developed.

In such instances, one or more of the above-noted cleaning steps are employed

with the final clean including hydrochloric acid in order to remove the silicon

backside from the wafer surface.



15 cl eaning tasks. The particul ar application technique is configured to
devel op and control a boundary layer of the liquid on the wafer surface. In
accordance wi th one enbodi ment of the process, the wafers that dk@SEB?ME

cl eaned are pl aaew;spd34 a st andard Tefl on wafer cassette, or in a ﬁrocess
chamber utilizing a "carrierless" rotor design. The |atter "GEYPYA3'S cormon
in wet 20 processing tools, such as Spray Acid Tools and Spray Sol vent
Tool s, available fromygem | ; : Lspel | . tang. The cassette
or wafers are placednpﬁ an %ﬁﬁ?%gggs‘ﬁ@?#@%ﬁ%ﬁﬁ?ﬂ?ﬂ%ﬁgﬁy‘ﬁgﬁﬁﬁwz§§Fng
chanber found in. f f (s]e]] to aitable fro em tool, Inc.
Duri ng processin&?&?ﬁg &% é%éagﬁd Sﬁgc §%é@?§¥ar%”r%?QP%dthHFHQQSKanber.

~ 0 sFP 200z WO Q9] 5 / 9 16 - ssi.n ol uti i.S.Sprayed
from a tenperat u?gmg%%t é‘oF%&%ﬁ%r;ne(ngi%rgc%P;? ﬁﬁgﬁ@ﬁegnﬁocbgl A ]e?LekneSﬁ%]'o @Re waf er
surface. This he : AC f S..as . as.the environnment.
If the spray is s r?ﬁﬁ’%ﬁ ifa‘x’%&ﬁ‘ﬁ%ﬁva elrsqtgﬁgd%flﬁsrpéﬁ%ﬁ%e\r%@%wstoﬁ% § ]?ug%e@ur f aces.
However, it m%llogener '%ﬁmREaF¢f case ghi?C&Q%15 liquid spray is continued

OI€ 10T microns nomi €T,
for the duration®f the FEhem &a procéss e H the case where the wafer

p.
surface i s hydrophobi a factapt . e added to th iquid chemcal to
create a thin film of X'tkl’odlﬁggg%%o‘frﬁgcr%’ﬂrfé;f:éae"s PIOTRE c%fﬁ?%%‘gra ovﬁa)ﬂ‘férbe(g‘f t he
processi ng sol uti t fhe wafer surface_li ontroll rough the use of
the rotation rat ee?fgctt%% f i %\’/}vmflé re°f§'f £rt°"h'e nﬁvreg}éeg?g}h%sgfeg g’gu‘%e?(c)’ﬁrfc?eé'n_ uﬁ}? t he

I nj ection techni % cién@x%é Zr!cﬁxdg‘g'xeq@ 'L%Q)of#gerq@catls%tzhgﬁéeﬂg%gprécgsﬁ t!n%eq'lélwqreépr

steanm) streamto the surfaces of The wa concurrently injected

; h I . g - h

mani fol d as the 17 EURRLTES BE shife LU SERAN coBlbilEln driRGPER A T2 Sar®

I njection malyl(OCO%eI n%@ﬁfo?fe}tg{sivtegﬁsiﬁéﬂ eeH%ﬁmﬁ&ﬁtgﬂf eIn'd h{;&l dEsES‘sgx"REtnghﬁur faces
as In the case of a nhon ] ,

begin to dry -cont1 nuous spra rief spray is

15 tivated t i i aui d. I Sl t f
sur faces romai n VERIER Siin b Srod Bebice At PR plRBber R RADRRRE 100 P
the wafer surf acegz ohad ﬁl o§%et'{@'|tlm1%en gs;in bgFl'lﬁ%nii/sYr?' rﬁﬁ%‘ﬁ@%}%%]%ﬁ qhigfpgr@y I'S

preferred. Wiile 0zone has a limte of ubl urd solution,

it is still able Ao AeRueh the solution and react with the surface
of the wafer (mhé%ﬂgrc%fﬂﬁs)%%&sﬁ I con, photoresist, etc.) at the

l'iquid/solid interfacgaidfiifefichiiphteRBs ndvabiardetetpad M élsﬁlleﬂk)ti @Mepldcs t he
primary nmechani smused to deliver ozone to the surfaces of the wafers. It

is believed tiat mat8ingaY¥urlt8bmisiP cleaHObrydss. CRdWNE,; Gtk REANIRNE PrdSessds
accel erate the oxidation of silicon surfaces by hydrolyzing

si licon-hydrogen ke filkd 16 Fhydiesyan|of e Afdsor citiithgtbmiénk fht efmemaicyre
pronotes the reaction kinetics 10 S E P 200Z WO 991 52654 PCT/ US99/ 08516
and the high concpedeisiig ausdly. ORRRE pirticuldly, gieg hpvea ffled to Mlyesldebsd thesi on of
t he ozone through the liquid filmeven though the increased tenperature of
the liquid film deeslenosf rixfimizing Bordansindtioh i fooin foaw | stgmareh bl fthec colloeinigr at i on
of ozone dissolved init. 5 The flow of ozone can be delivered to the
process chanber tdohatitang: orgmics, @aickes,abadls/ions, ifdasilicokdioxi®@ich a generator is
filled wwth water, which is tenperature controlled. Thus the ozone gas
streamis enriched wth water vapor which nmaintains the boundary |ayer on
each wafer surface at a mninmal thickness so that the | ayer does not
inhibit diffusion. At the sanme tinme, such delivery assists in 10 preventing
the wafers fromdrying conpletely during the process In a nornmal spray
processi ng operations, wafer rotational speeds are in the range of 10 -100
rpm Such | ow speeds tend to allow a thick boundary |ayer of liquid to
build up on the surfaces of the wafers to create a diffusion barrier,
which, in turn, inhibits the reaction rate. It has been found, however,

t hat a conti nuous



15 spray of liquid, such as the de-ionized water that is heated to nmintain
the surface tenperature of the wafers, conbined with high rotatib&éfpﬁmﬁeds
(> 300 rpn), generates a very thin boundary |ayer that mnimzes the

di ffusi on | ayewobhsekness thereby | eading to an enhanced s%rbﬁﬁin rate. It
has al so been found that increases in the rqtational rate ¥ o ers
during processing results in a corresponding 20 increase in the strip rate.
For exanple, an increase in the rotational rate from 300 to 800 rpmresults
inthe strip rate increasing by a factor of 2 or nore. A further increase

to 1500 rpm has been seen to r 1 EEQQ% F ;ncrease. Rotation
rates of up to 3000 rpmare an?ﬁ%#%g?g : @?8H§2§V%8Q§O§D 99152654

PCT/ US99108516 _g_ Toa f i Res '3? CEoLENEo L lcSiGh pr 0C he
tenperature of the quLI}i supnf)lFt ?\[Aa}a%gfr]&sﬂgﬁ y &?S‘gﬁe{gtaeﬁ]%ﬁ’é)cafg%rﬁ%ers%te a

suppl y of saturat&dest E oBlif ﬁéﬁ%ﬁcéﬁ?ﬁaé‘@ftﬂé ?x?c?&?ecﬁmg catisgnder such

circunstances, it is possi e Il eve watfer surftace tenperatures i1n

excess of 1005de9{d§§ lg:%étsfbfﬂ?ﬁa ;/TB gl rg? alfeq{aﬁxbl ! mﬁ'ﬁrﬁﬁln?rc%tmgnatgcj?:efor eaction

ki netics. A steam generator e used to pressurize the process chanber

t hi t he desLr: . ; , t 126
0 achieve € gn%ﬁlgsg p%rggpdf\rlrfeh%oﬁﬁ andl gﬁxcmﬁp&e Ge?IQIIHH}I; @ttat@&j, cYeafiff oft

degrees Cel si us a ‘correspondi ng increase I'n t he”pressure

f th t 5 s i Rl
o1 ocossi ng. chanbel RS Sy bRt e Ao RS O M o
t hereby 10 | ' ' ] ' 4 I

at 1 he sur ace. ofleh Srcth ) Heoflsh P L AR beRER TRt i MOMIRTLY, ox "

for the use of I Guele ALA o i SkclspARRRENS ThO SRk il Agpoundary

| ayers at the su ces of the wafers. e oxidatron rate e ozone may

al so be enhanged,py, 'iﬂgr@arﬂﬁe 3t LAGuiah® vap:f RCBHteRTo mevlvmf B S syehwhich

ultra-violet |ight. . present inventors have also fourd that It is now
possible to renmoygpalhit 6Fthe U&k%?)ayé’r‘%i&{ fARY dnSthé Workpie@VaMhde® The MANNET

in a single processing step. Further, "it is now possible to regenerate a

fresh, clean. contiglhefoghSaiy: loudioafipdihd NG B bhAbrGATRGRAAR. 170 thi S

end) certain additives may be ‘provided 1n the processing liquid to

speci fically tar ggluiaRiohdpdii FOMdJRB R MnfovaiNSHoer demRBNB AR thdyeH the
ef fectiveness of the overall process. For exanple, ammoni um hydroxi de may

be added to the REAE&S S HtBerl dhetticl ad@itiths dedik@le® R #Enpliah Biic) orinforé §RtIGE
particle counts on the workpieces. In such a process, the ozone prevents
pitting of tha sSicldamiagtasksl Fihe Pakivulblpplivanan edhiighy Brooufigheed to devetop@AP 2002 WO
991 52654 PCT/ US99/ 08516 -9Ot her additives that enhance the cl eaning
capability of theomttsabindiydgess thelighidde thdwafancurfded.. Such additi ves have
the followi ng benefitsleffects: 1 ) renpval of organic contam nants; 2)
renoval of oxide and Iegesréargt iwith oné erabaciomint of the grocdss the whfers thatiere t8)

renoval of particles; 4) renoval of nmetals. 5 After one or nore of the

f oregoi ng cl eani g ciEmpdasespladed rsa ftastadddeflo wafpd w@isettk, ot e paeckssrobambpep
prepared for subsequent cleaning steps. To this end, the wafers are subject
to a rinsing wt htiieingrd Zeadienatstrrotor desigwi tThbllattencigsipuds sonmpr gm.wet t hi s
time, the ozone within the processing chanber may al so be purged with, for
exanpl e, a ni2Q ogeccessingsthols, 1Mich as Bpray AnideFoolsrandtfipoy SolvealdBoals, weaikablat
enhances the netal renoval capabilities of the solution is not used, it may
be desirable to ekerSemitonl,fine, ofikalispeloMessidag step for netal renoval. In one
or nore such cleaning steps, netal and/or silicon dioxide nmay be renoved
fromthe surfaces of {lhecaadtisros Weferngyplpjacedginantcaplpisf nYiroamewnsuchaf ad

m xture containing hydrofluoric acid and/or hydrochlorjic 15 acid,

chl oroaeeti c aci dproesssing dhambérfbungean arecef thhragsing yoolsayaiblefiam Semitagl not be
introduced into the liquid stream or thedProcess environnment during this
step. After one omcmbusngprogdssing eagbrirgdst @pstihas otaddn the Shasmbet. ed,
including i any internedi ate cleaning steps, the wafers are subject to a
final rinsing in deionized water or an aqueous solution. After the rinse,
the wafers are dried in a 20 manner that may include the use of heated

ni trogen, another inert gas flow or



organi c vapors. Additionally, the wafers may be rotated during the drying
process. The disclosed process is applicable to a nunber of situations that
require cl eaning or selective renoval of contam nants fromthe hﬂlrSangnzof a
wor kpi ece. For weysaigke, one or nore of the disclosed process steps may be
used to renove 1 0 SEP 2CC~ WD 99/ 52654 PCTI US99/ 08516 - PEOUHHBASH esi st
fromthe surface of a sem conductor wafer. Still further, it is now

possible to concurrenAIMogeg%\ég?l?t#&azé% d %% Qr %ﬁﬂig?rtam%ﬁlg%r@@ﬁ?dﬁ,égs'[)()ndi ng

| ayer of an anti-reflective ) in a si ep step

s Poand toae DERGRRAL LfR0) Wk Ao MPLEPAIBLCHERL hobis HOSHRESSE e | T or "

has found that an eous solution havin | ution

of amoni um hydr gxj de et r.a- net.hy. nmoni .u ydr oxj de, and. dei oni zed
wat er, may be us%feﬁoas%g{rn%;thtgoéﬁ}”%ﬁ U fé%nsc?éalyyls Iryé@eo?{’ tahth‘flelqu@pfé%t e with
ozone to renove poth the, photoresist and the anti-reflective cpatjng. From
t he foregoing de%gnralmﬁtolnotr}%,g e cérsgr?azg?sé VB \H@v%ef]crglbptéccﬁ’g cp3s "ﬁéi’edi scl osed
process. They.in¢lude: 10 1 ) T se of a.tenperature controlled |iquid
chemical sourde G&PIERRS cf"bt)"fl %J;t%{/\%% g?ra"soﬁ’rolf ghfgcg?%céfg’ﬁfsfs PSR ﬁﬁiée “&mperature
of the wafer and,_ dependi on th irquid utilized rovi.de a s y of
water to supportwil'}‘f/r lr?lgﬁ vgﬁggsuafgc%ﬁéy%g%glﬁla ,Suré:agrargér}]aybgnag%e%oﬁo%&eoflffﬁlzdn‘i nant s
at the surface ofheacalilmvvarfaser;i ﬁ%ﬁlTho?lingtrﬂmle orfacgshﬁrtgi&:lane ) Offtthe
boundary |ayer of T HuId B ed B TR pB IREsiriaeess p Rouhdary Idgnel ¢ i s not
of sufficient thickness to.signiflcant dnhibit .the diffusion of ozone to
Che wa er sur f acBoosgng supiot e bofRRade it ChbBlch Byt BleBligh“Che
controdl |l ed boundary .| ayer re it can i dj ilic l,.organi ¢cs) or
retal o at the surrds S st B Grick BRI S B bV SRt v BpP BT

boundary | aygbl n%XSl%t})IS uéed rt‘(% Ec%kl{arggc 1?:{;”613?%@3%1? gg;:,gxg?c?]{hg Lurﬁfzcs?fﬂh@ Grafefdl at ion 20

rate, vapor delivery, control e use of steam the use of

surfactants or a CombpARL i O0QlrHRY fiebBRMPAE etfostd BiFod: QY BYfGnq 3) The
1 ar%)er, whi ¢

process takes place in an enclosed processing c may or may not

be used to produgh,a cfh&atighiftsaRE BeRfd AdnERNd RINERNSr through a separate

manifold. Ozone injection may continue after the spray has shut off. If the wafer
surfaces begin to dry (as in the case of a non-continuous spray), a brief spray is
15  activated to replenish the liquid. This insures that the exposed wafer surfaces
remain wetted at all times and that the elevated temperature at the wafer surfaces is

also maintained. Generally, a continuous spray is preferred.
While ozone has a limited solubility in the hot liquid solution, it is still able
to diffuse through the solution and react with the surface of the wafer (whether it is
20 silicon, photoresist, etc.) at the liquid/solid interface. Thus diffusion, rather than
dissolution, is the primary mechanism used to deliver ozone to the surfaces of the
wafers. It is believed that water may help to hydrolyze carbon-carbon bonds or
accelerate the oxidation of silicon surfaces by hydrolyzing silicon-hydrogen or

silicon-hydroxyl bonds. The elevated temperature promotes the reaction kinetics



~as ~ p Zooz WO 99/5265S4 PCT/ US99/ (8576 -11 BRI EF DESCRI PTI ON OF THE
SEVERAL VIEWS OF THE DRAWNGS Fig. 1 is a schematic block diagram of one
enbodi ment of an apparatus fox 5 treating a sem conductor wor kpil dc$EPi 2§07
whi ch ozone iS\VBnJ/sg&Eed into a line containing a pressurized treatnent
liquid. Fig. 2 g schemati c bl ock di agram of one enbodi neariused/osse
apparatus for treating a sem conductor workpiece in which the seni conductor
wor kpi ece is indirect|ly heated by heating a treatnment liquid that is
sprayed on the s¥ffthcAiEhcoRcRRITalion GhHpIeps St Ee gry ghasg piomolgs LiffwionlioAgheam
illustrating one enbodi ment of a process flow for treating a sem conductor
wor kpi ece wi t h aPZPPeRigrghthediauip dilg syenghensd thepnggeased tempegatyietof thetliagidbl ock

di agam of an alternative enbodi nent of the systemset forth in Fig. 2
wherei n the ozon@Meas Bt asblhirisofution bpvinee highoonetatrtion of ezaneidisselved Wonduct or
wor kpi ece along different flow paths. Fig. 5 is a schematic bl ock di agram
of an enbodi nent!tof an apparatus for treating a sem conductor workpiece in
whi ch pressurized steam and ozone are provided in a pressurized chamnber
contai ni ng a Sen condiiefley oferorprasbe deliveseg to e process demberdirpeghis vee¥ di agr am
of an enbodi nent of an apparatus for 20 treatjng a sem conductor workpiece
in which an ul t rgneeer et the ikg Fush ggsperatey !éﬁﬁ%wgh Pt phish s emperalexei ons at
the surface of the workpiece. Fig. 7 is a schematic bl ock diagram of an
enbodi ment of ancoggﬁléqdat Ghusf g ozone gas stream is enriched with water vapor which

maintains the boundary layer on each wafer surface at a minimal thickness so that
the layer does not inhibit diffusion. At the same time, such delivery assists in

10  preventing the wafers from drying completely during the process
In a normal spray processing operations, wafer rotational speeds are in the
range of 10 -100 rpm. Such low speeds tend to allow a thick boundary layer of
liquid to build up on the surfaces of the wafers to create a diffusion barrier, which,
in turn, inhibits the reaction rate. It has been found, however, that a continuous
15  spray of liquid, such as the de-ionized water that is heated to maintain the surface
temperature of the wafers, combined with high rotational speeds (> 300 rpm),
generates a very thin boundary layer that minimizes the diffusion layer thickness
thereby leading to an enhanced stripping rate. It has also been found that increases
in the rotational rate of the wafers during processing results in a corresponding
20 increase in the strip rate. For example, an increase in the rotational rate from 300
to 800 rpm results in the strip rate increasing by a factor of 2 or more. A further
increase to 1500 rpm has been seen to result in another two-fold increase. Rotation

rates of up to 3000 rpm are anticipated.



treating a sem conductor workpiece in which liquid gas contactors are used
to enhance the kinetic reactions at the surface of the workpiece, 25 10
S E P 2002 WO 991 52654 PCT/ US991 08516 - 12 DETAI LED DESCRI PTI ONI @Psfﬂ—mz

| NVENTI ON Appangs dbsafs9r supplying a mixture of a treatnment liquid and ozone
for treatnment of a surface of a workpiece, such as a sem cA§HUEIHBSI6

wor kpi ece, to execute the foregoing processés are set forth below. The

preferred enbodi nent .of .5.the apparatus c rises a liquid supply_ |ine that
is used to provide fl-& 8‘“88%{1%‘?"8&57 SHaBséé)\r}T?EOéFFS’a&‘FéWF of st B9 ng t he
treatnment liquid an reat nent .chapber housing the sem conduct or

wor kpi ece. A heaf‘é’Pg'i @”aiﬁrssb@gnzdlsth&at ﬁ)tgeE‘Ffétev&)F“%Bliye‘lfesf’méﬁ“’tdh%?a“m"?débt ly or
indirectly. Preferably, ’ﬁqhe V\ors\lf\g]i?e e i@n‘peat %d_by heati ng. t he treatnment
liquid that is sBIFpT%YE 16 Arores ’R‘ﬁ T'e ceMCCORYN FHHTCHBTECE 0 221 9ssilde S cept t he
treatment liquid from tage | i quid sgﬁp[g%%{_line and @pray it onto the surface
of the workpi ece2VE V4T BHEGRHAPEE dp epresh PILY degrse Gelvtus Greby

envi ronment containi ng the workpi ece. One enbodi nent of an apparat us
suitable for gr o3lf@F’n8°°8‘£%H%€ Hgreaetion éé’??ﬁinm | G BFOFBIPT M ARt Df a

sem conduct or wor kpi ece_in accordance wi.th the 15 four or processes is

Tl uStrated | n FPESSULZ hETES SRR 0SGNeaTe CHERTHEREPL: [TyT Smply,

i ncl udes a treatnent ghanber | 5 th% cont ai ns gne or nore workpi eces 20,
such as seni condds®traied fgdeat 1RGLkGresSiIus A2y Ro B “HE coresptding Bdeasy st em i s

directed to a batch workpi ece apparatus, it wil| be recogni zed that the
systemis readi| " ReB5sY I‘E‘W"(RF cﬁ%‘éﬁwe’éﬁf’ﬁéi’%a'\x}i? Weﬁép’gf’sﬁﬁé@g‘?’ﬁg‘a as wel | .

20 The sem conduct or wor kpieces 20 are supported within the chanmber 15 by
one or nore supp®ficesspg cg&fbéﬁﬂlﬁﬁbmi”fj?frﬁ” ‘FSSP? Fope cancepfyatipnsy therehy v 30.

Rot or 10  generating a higher diffusion gradient across the boundary layer at the surface of
each wafer. Still further, the use of steam also allows for the use of lower rotation
rates to achieve the requisite thin boundary layers at the surfaces of the wafers.
The oxidation rate of the ozone may also be enhanced by irradiating the surfaces of
the wafers with ultra-violet light.

15 The present inventors have also found that it is now possible to remove
particles, metals, and organics in a concurrent manner in a single processing step.
Further, it is now possible to regenerate a fresh, clean, controlled chemical oxide
film in that same step. To this end, certain additives may be provided in the
processing liquid to specifically target certain contaminants and/or to enhance the

20 effectiveness of the overall process. For example, ammonium hydroxide may be
added to the processing liquid (e.g., deionized water) to reduce particle counts on
the workpieces. In such a process, the ozone prevents pitting of the silicon surface

by the ammonium hydroxide.



assenbly 30 seals with the housing of the treatnent chanber 15 to forma
seal ed, cl osed processing environnent. Further, rotor assenbly 30 is

provi ded so that the 1 0S E P 200x WO 99152654 PCT/U899/08i

- 13sem conduct @f (¥yeikpi eces 20 may be spun about axis 35 duri P Uk er
treatnent with the ozone and treat nent quqjd. One or nor ePFBYPE81640 are
di sposed within the treatnent chanber 1 S so0 as to direct a spray m xture
of ozone and treatne liguid gnto,the surfaces of..the 5 seniconductor

wor kpi eces 20 t hat a%hef Sﬂﬂtévef ﬁ@b?“@?ﬂce (1 dezing F‘ipﬁ}%’{’?yé’? & VRBBATHRENL, the
nozzl es 40 direct ,a spray . of treatment. fluid to the underside of the

seni conduct or \/\d?ﬁi‘ﬁee}ggs%égamr—bﬁé%?,d"f"fs %F‘M b‘ﬁefolﬂ%%g?’fgﬁ/eff%% Yhe fluid
spray may be directe lterpatively, or in addition, to the upper surface
of the senicondd@?ﬁ?gﬁgﬁﬁﬁﬂﬁc%§m§W¥“§0EhT%%W%EﬂEm?*hﬂﬂd“&ﬁﬁmB%bﬁ%aare
supplied to the noz%kﬁs 40 with the assi?tance of a nunber of system
conponent's that QPERIGH FRAmIFA) OXifs Angmavel 8t RiFtisles e reposplpgmetals| ui d” | i ne
conprising ozone mxeq with the taﬁaai?g liquid. To this end, a reservoir
45 defines a>chanber ASEF ORS \WhiBa¥e tof he ifQjesoier HeaningsProesshsteps ResdYsiit h t he
ozone i s stored. ggf h%nbe{ 50 is in flujd comunjcation with the input of
a 15 punp necharf® the-pALeR AP A0F UpRee B AIGYRg sers e this gtk Meunder
pressure along a fluid fl.ow path, sh .generally at, 60, for ultinmate
Ppply £o thei QERIES B SHHER oo 3ins G SorEnparal PSP ameRE O P o i s
dei oni zed water, but it wll be recognized that other treatnent fl uids,
Such as ot her - aiabi e Phermayiftin (16 PE6FaPE SHEDeIfgY Ao08 PHETLNEN (ed. 20 A
nunber of conponents are disgoiFd along the fluid flow path 60. First, a
filter 65 is di SYBYRG LR IR® 1 uid flow path 60 to filter out

m croscopi ¢ ¢contam nant.s fromthe,treatnent fluid. The treatnent fluid,
still under ¢ essure,eiln i‘EStWB\/i“Héﬁ"%t an ﬁgBBYf‘t fut egli’a“fefsiethFi’P?télr Vel ong
fluid flowline 70. .1t ig . alo flLuid flow line 70 t ozone s, injected.
The ozone. | s geriePdilites 5 AL BHEon vt arest iy i pepebb eiégitge bisesoh Vo
991 52654 PCT/US99/08516t-13 sugﬁliegzﬁlﬁngmfkuhg Ebéw&éiqp 0 unq§r
pressure to flui YOFFEW PGS Eal™ §° THEE Feat HEnt 815 Gui B85 now

injected with ied.to the, i t i 90, t 0 th
ozone. and the 1 EaCkENEon qrog s S pOB Y s neB TSt bl 2% o
the mxer 90, the tr Lqui. ! i t of 5
nozzleé 40 mhich?wfﬁgﬁégﬁgkggkgghgﬁgqﬁwgﬁ@gﬁgﬁB@ﬁQEgﬁé acégg?ggﬁggpu

sem conduct OE 5 V\D%CW ICﬁSI%%CB%Q aéx@%&#@)&%a‘o@erﬁ@d Eﬂeﬁ‘?&%ﬁ aCﬁnEﬁejerm%Urﬁ%g rn?t ﬂcnt roduce

the ozone into the’environnen the Treatne urt her

concentrate the Qggnged fiddeiduRkiRol ml bt Al Aithe B dehe_ozone

generator 75 nmay be supp di spersion unit 95 disposed in the liquid

10 chanber 50 of the ARS@hY 6} moftf td¥eregbiRp KESHI Hale bdh ofpletd, G¥d! a
di spersed fl ow of ozone through the treatnent liquid to thereby add ozone

to the fluid stregMui¥nhediat Qidaming Gich®Nhfwaferd bet iBfectafdDM Hnal0fin@igORme al ong
the fluid path 60. In the enbodi nent of the systemof Fig. 1, spent liquid
in chamber 15 i sdgémedaeral amghubdudisclufidn) eafkd tetridse, Herwasraamldaed @ aval ve
mechani sm 110. The val ve 15 mechanism 110 nay be operated to provide the
spent |iqui d2b0 fiafilee tha@ nfdl dhdludeUuhdude okleated nirogds, hdtieh telti gasifidwchramber 54
of the reservoir 45. Repeated cycling of the treatnent |iquid through the
system and back b@aiifeapoRss Aldditiblialld Xhénssters indy bérorted daringnle driiag proesae
concentration in the liquid through repeated ozone injection and/ or ozone
di spersion. 20 A furtherdienarprosesd is@pplitalty st £niniber ofigtubtions thagrequifel ui d
m xture for treating

cleaning or selective removal of contaminants from the surface of a workpiece.

For example, one or more of the disclosed process steps may be used to remove



the surface of a sem conductor workpiece is illustrated in Fig. 2.1q;$gpﬁﬁ?
the system |20 of Fig. 2 appears to be substantially simlar to the syst

10 of Fig. 1, there are significant differences. The system 120 of Fig. 2

i s based upon twewseeagni ti on by the present inventors that_{he heating of
the surfaces of the 1 0 S E P 2002 WO 99152654 PCT/ US99/ 0318°/'4¥

sem conduct or wor kpi eces 20 with a heated liquid that is supplied al ong

with a flow of 0z@n@rekitakofiiBALESAL £ Qﬂ@én%gctf}tmrphﬁme i %erhgt

hi
effective in photoresist stripping, ash removal) and/or g?éahlﬂﬁn%yocesses.

As such, system 12006l AGSeRNGeRbve %{}%b ?%E@Fﬁisé 2a Eaﬁe%poaﬂléﬁg lljaggr?% teO heat

the treatnment liquid so that 1t is 5's d to the surtaces~o

sem conductor, vordpLfehcls SNSRI PTRELAMESAP B 558 SEglE "

surface reactions. e recogn t ha pos

di tly heat th [ - ' h ' . h heati
may Lake place | o B Db oo el ChB ST B G (e
kpi th an t t t Liguid. F | e,

10 supports. 28 na R pGlontlite kAR AT R0 b EITRR or shily DRI T e
kpi Z0. T | - er. f I ' t.h
Cerperature of 1 et ehaRael? oMb UAROR ARE Bl G MUTBL IR e (e

pref erred treat nagh, L cdhidhel %o&aéy HyeP that B Blrac® Wi Sorble bYREN VPR O De

required to initiate t eanin nova actions a pl éce 15

surface, probabl ytarouohs *&%%f?lréh%hﬁ:e%atiBQ.ﬁroﬁ%be?é ik ﬁg&t@ﬁmﬂ,@lﬁ?ﬂmor gani ¢

mol ecul es. The present |nventors, however, recogni SIgni T1cant

amount's of wat er &anail8ldaeaOBu RSk ddlsOtbBRRM conductor wor kpi ece

surface. This filmacts as a diffusion barrier tot ozone, thereby

I nhi bi ting repaptignrpal&Sor ac@fmb&ahre%n Vé)md l?iﬂb’i@@fl&é(ic:hf%gliebﬁmv&]é@?og;ﬁre as will

be explained I1n further detall 20 belo I's I nplenmente y control of the

rpmof the sem condygf-pPLu iRl {RtBHSe 4R erAEL bY BE YvafcR Bk, AORhERE b theSPT @Y NG
of the treatnent liquid, or a conbination of one or nore of these

techni ques. By redughigufildRinear phid e vateRoGkpRe hydlblySis OF B Rarbén-al | owed
to diffuse to the surface of the mnrﬁpleces and react with the organic -

materials that are Lepdeoh@M¥efaminank PihSsiEfe SQch WMRI99! 52654

PCT/ US99/ 08516 -1G Fig. 3 illustrates one enbodi nent of a process that may
be inpl enented ~m)t rge st 6T BE thitiGiess2o MREBoudnBRy S3y8t eMicuDpresentisethe f Or
exanple, to strip photoresist fromthe surfaces of sem conductor

wor kpi eces. Ats seepwdfe surfabesonsit kil 8RS sudficitd @ficknéss td Hgdcanity inpipe thear e

pl aced in, for exanple, a Teflon wafer cassette. This 5 cassette is placed
in a closed environa#fikion S ckonado itht wifaduehcel SAs Givhniherozde iantlowddsto
correspondi ng conponents nay be constructed based on a spray solvent tool

pl atform or spray adiffis¢ tdughltizt éomtroliedumhndrey iahosehaw it daaloxilidersilivogen t ool
Inc., jof Kalispell, Mntana. Alternatively, the sem conductor workpieces 20
may be di sposed in otganibsor ffstalsrat shecsarfadeced] @bswisasuppert anodesirgt wadtioni t h t he
automated 10 processing platformdesign of the MAGNUM brand sem conduct or
processi ng tool avaiThabbwdanydapeSeny e gbntrolled: throfgh heeqontp@) f wabertretatianei oni zed
water is sprayed onto the surfaces of the sem conductor workpieces 20. The
heat ed dei oni 2éd watae, Vapert deliverg, eamtroledeléquist sprive theendecelndesoy, dhe wisr &fpi eces
20 as well as the enclosed environnent of the 15 chanber 15. \Wen the spray
i s discontinued, a ttrfastanisqua ebnfbidation efmorgbarepeofithesadackpiiueee surfaces. | f
the surface is hydrophobic, a surfactant may be added to the deionized
water to assist iR dhearocesytakesiics in ancpn¢lesed piopesaing chamber Whigh mERonBPK pi ece

surfaces. In view of the teachings set forth herein, it will be recognized
that a surfactant magtbsasedtegrodpceaPrRIBELSdIRONRESINg SAYWPBENI | i ¢ surfaces as
well. Corrossion 20 inhibitors may al so be used in conjunction with the

aqueous ozone, thin boundary | ayer process. The surface boundary | ayer of
dei oni zed water is controlled at step 210 using one or nore techni ques. For
exanpl e, the sem conductor workpi eces 20 may be rotated about axis 35 by
rotor 30 to thereby generate centri petal



1 0 SEP 2D02 W O 99/ 52654 PCTNS99108516 -17 accelerations that thin the
boundary | ayer, The flow rate of the deionized water may al so be used to
control the thickness of the surface boundary |ayer. Loweringidf SEM#E ! ow
rate results i nyvgdepfeased boundary | ayer thickness. Still further, the
manner in which the deionized water is injeg¢ied into the cTAFBSP/ 86 ray be
used 5 to control the boundary | ayer thickness. Nozzles 40 may be desi gned
to provide the deionized vvater]%fmg’rb AT Ig) resulting in a
thin boundary | ayer. At step 215, % %s%%é he fluid flow
path 60 during the water spray, or herw se j& 5’ to the internal
chanber environnent of chanber 15. If the apparatus of Fig. 2 is utilized,
the injection of the p%o e .cont iapggls kaJ.ter t he 10bsqora gas shut off. If
the workpi ece surface Begins 1o dfy e  Hief! FFaped e’%l" FEPRBPYS %8t i vat ed
to repl enish the Ii@ui d filmon the workpi ece surface.. Thi s .ensures that
the exposed wor kpic&lE & FFPECRNCIOL WATkPIRER P HMEl 04 ¥ inisged {Bi° 3 UM her
ensures that the vvotr.kpi ece ten‘}[)eir aturﬁ.iﬁl and remai ns el evated at the
desired reacti on PEABEEAPIFE AT ATEYIBK. f ound that a continuous spray of
15 dei oni zed wat er ha¥i ng.a row.rE\]t %hat its SUfBicﬁi ent .to maintain the
wor kpi ece surfaces at ® %h? B1%APEHC 8§b PERET PEOPC SRACHPGH Of Bt RPEBNRI" speeds
(i.e., > 300 rpm,_between 300 and 800. rpm or. even as high as, or greater
Chan 1500 1 pm " guRara beeaeyrdes weeistd MR T B i cE T he

ozone diffusion barrier, and,thereby |eads,to, an .enhanced _photoresjst
stripping rate. A%J“seﬁ@h},lea{éﬂgy E%aﬂﬁ %Fca °§H%“1§8‘atﬁéfpﬁ%f’§§§n fh‘éﬁg acg ﬁﬂ?ﬁness i's
used to regul®te t he .di ffusion of reactive ozone to the surface of the
wafer. Wile 0zon®™M8¥% linited solubility in the heated deioni zed water,

the ozone is able to gif use ct)v%ogrgp‘ ﬁ@g Mat grca%q.ngeeﬁ&ta vm;)cteps oQ? gr esi st
at the liquid/resist Wi ?sfaage. P SRR EEG T At The pprresen g of the
dei oni zed water i | f i 0.S E P.2002 . 5 4 99/ 08516 - 18
further assists it%lé{%?‘?easreré'éfgf“?ugﬁgwggcg’g‘fé?’ﬁﬁy%gﬁgeg‘?ﬁ“ed%)'g;g Ogg'-car bon bonds of

organi c deposits, Sucgﬁg% iPQ%F}}%ﬁﬁé Bibek &Q%g&ﬁ%fﬁx%ﬁ%:ﬁréé&ﬁﬁélﬁgfﬁ?ﬁm The

hi gher tenperature pr tes the reaction Kinetics

concentration of [ he: gas, b Lf: s ShiaddaQpe t hrough
t he boundary Iayes?Zt |?%fg‘\t/ﬁelﬂ%tl%gugﬁm%q%h&ggﬁ%hﬁﬁgﬂpér at tjlfrqere)prof1 theﬁlboundary

layer film dogs nQhi@fddak WirkBRVeEaéheltiihent ARG pMMsT at i on of di ssol ved ozone.
After the sem conduct or workpi eces 50 have been processed through the

react i ons of the 0zong;aBd} Ptk thckioldiral Nt sTRASIGALS of & ipfiaiRRVEd. the
wor kpi eces are subject to a rinse at 220 and are dried at step 225. For

exanpl e, the 10 wWadakid @GeSicBRMciE wsikpRYEH Whith) pRsdiiRW Rham0fiddroie drevat er
during the rinse at step 220. They may then be subject to any one or nore
known dryi ng techstbejiasin b prREfBidd@hantier Sdn@hink dxemicondacieowdtipies. W t h t he
foregoi ng process, elevated tenperatures are used to accelerate the
reaction rates at the Rignfeds a sehemaiveblocdéagrapindfan embBodivient bf dhappardtub &ge 15
tenperature of the wafer may be naximzed is to maintain a constant
del i very of hgat egleafing aesemidogddctof| Wotlkpicteldin velichwai eltra-ioles tiaspnis dsedi tog t he
process. The heated processing |iquid contacts and heats the wafer during
processi ng. Howeve&ihancs thelkirktic fBgiondd: tidalnface sfthemmyrkpieesul t i n signi fi cant
waste of the water or other processing liquid. In order to conserve water
and achi eve the thi nndgsg. 7es scHeinetidinookdidapyan?él an aydodiment 'of pudrpexdtus fow' of
liquid or steam may be used. In instances in which such

treating a semiconductor workpiece in which liquid gas contactors are used to

enhance the kinetic reactions at the surface of the workpiece.
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a "pulsed flow' fails to maintain the requisite el evated wafer surface
tenperatures, an alternative manner of maintaining the wafer sqrg‘ gglgz
tenperature may be needed. One such alternative is the use of a ™hot Wﬂll"
reactor that nmpigdorieds the wafer surface and processing environnment
tenperatures at the desired level. To 1 0,8EP 2002 WO 99F5DEER08516

PCT/ US991 08516 -19 this end, the process chanber may be heated by, for
exanpl e, one or nore enbedde tEIrf)dD §‘€ﬂl lﬁ i i heat i ng

bl anket, irradiation froma ﬁﬁggﬁﬁa sl_f“)u_rcg? é\ﬁé]# ?ﬂgﬁgk’#ﬁ?@ﬁ ed lanp), etc.
phot or es; st was. ot ri pogdrins ot SN L iFER M FariBRig ap e by egoi ng
Phat vas heat od (Engercl SERELS TRk RbER: DhcBRORILE uRiRBR %F5, "1™
m nutes. During the cl.eanin roce l.sed fl.ow of. dei oni zed water

heat '('ad to 95 degre’éeégte&elafgfeégnggg&lﬁ%gar.eag?ﬁgnhptl’ﬁ Sed ngf{;irfe 6@8@8’“&‘3’? on
Seconds. The var OF SRRy SPRESa * S0 SHPANIR B! SOreas Per "6 oni zed
wat er was sprayed inta the.processing.chanber .thrqugh.nine nozzles at a
rate of 3 liters cﬁwu%cﬁﬁpggmffbanrgscvnvg’g cloﬁflglgﬁ s trf%?“grnthﬁ‘él ﬁpéc:%g%agf"’% chanber
t hrough a separ at nifold at I a f Lite er. mi_nut t
concentration of c%nnt%relrh%uesh .tﬁel' ezm?oenéﬁclt(?a%q?kpé C%'i{‘o%?ag?rels \%%osﬁgzh cat the

A /min. 15 The ' ' f th
om conduct or ol SSHGEo0aE. BRaty BEREHAR PEGHLDy e WEAPITE HAR B) 11°

i gnificant benefjts is that the. i 4 b
Ceduced 10 a twotehmp Rt Blent AR CRNIEALNRRY o bRGILE CREE: BOFRR. 1O °°
f eMoVe organ! {ps. 4 %ﬁté?ugﬁé%%{t glgx}lé‘tfr%’tﬁer #&qfﬁgsﬁgpqﬁgxﬁeaﬁd %8% it SBWE sSiedck

on
di oxi de. Process ¥ cons consunption and

wast e generation are all .al so .siagnjfi : - fit of

t he foregoing pr oogeﬂ%eswf}rél(plf'%es‘%g%p% %zfgl%‘fc?'igl %{?}6{ %%g}g?ig@gégtghﬁdbﬁrgeﬁg év}\’/gf ers and
strip processes. clcgtg&rng]tﬂ%r‘y r%g&tg indicate that there is no attack on

nmetal s such as alumnu titanrum tungsten, etc. A known exception is

copper, Wwhich forms acheRRdbditéhdss b am?angrﬁxa%@%rof,mma?eozo@ﬁm pxide is
not a "hard" and uniform ~ o s E ~ zool WO 99/52654 PCI/US99/ 08516 -20

passi vation oXi dgreaSaMHAR foPeafiidntlsr BB 1coddaE BBV R 608 irdcSorhdnk&wh 81 NUM  As
a result, the oxide can be readily renoved. Wth reference again to Figure

3, it will bejsecogit-pRResial iIRERERASSFB! EPedRRment£deniBNovatgep@GUied in a
substantially concurrent manner. Additionally, it 5 will be recognized that

process steps 2051¢; indfh@esMadtatiRnSBaBNY 5 Blal ntaiRPErlof thotbSdikpiebes 102 ERAL
processing liquids. In such instances, each of the processing |iquids that
are used may be sfgemkbiatibywifed Warkekes. OAMIRIEMRe RlustAtaSydtdny R diedtedab
contani nants. Preferably, however, it is desirable to use as few different
processi ng | i qui dsbseh poaskpidoé @ppaditus; &dwill beg recdpaizadi niiae theosys@nf fs er ity
processing liquids utilized, the 10 overall cleaning process is sinplified
and reduci ng the ataptbtde footisedn sihgle entkpiscaqreassinggs weljui ds utilized m ni m zes
chem cal consunption. The present inventors have devel oped a single
processing |igwi d thatThesgmitmdudtor warkgulect02(r axermpported gathindhedamberilfdpt s,
netals, and particles in a single cycle of process steps 205-215. The
processi ng | i qui doresor engsupped 26 fextandind fiem,dor exhmiils, adkefoo misaaldy BWatRatorand one
or nore conpounds, such as HF or HCl, so as to forman acidic processing
li quid sol ution. dssenity3hepalsivadrthshmeing bfthe tredmeentistambér & thyfetmof dealed.i ¢ aci d
solution in the process steps set forth at 205-215 provi des nunerous
advant ages, i ncl ucbsed ptdeessihg lehoronment. Further, rotor assembly 30 is provided so that the




20 1. Renoval of organic contam nants - The oxidation capability of the
process has been denonstrated repeatedly on photoresist. Strip rates often

exceed 4000A/ m nute. Considering the fact that in cleaning apglj S ?Ug@s
organi c cont amwpabkney i S generally on the nol ecular |level, the disc ed
process has anple oxidation capacity. 10 ,$EP ?0DZ WO 99/ 59BBH9/08516

PCT/ US99/ 08516 -21 2. Renoval of oxide and fegeneration of a controlled

chem cal oxide_ BpIB Aokhe A SIEL A Syflnd 20,3005 0 RS

concentrati on of I'n solution, eci

However, the ozo | L ffu rough the controll ed boundary | ayer and
regenerate the o&&d#%’%’ng%dpé%gnﬁ%hﬁg waf er from becom ng hydrophobic. A

oA minute. The same SBROr TR SE SR deabiet Wil P Bl ot i Bl

hi cknose of & -k LRbITFpLRERE B p PR B BT st bR o ¢ e
do not have. the TRVSPIBID “upRerapdkt £5f s eash M PhESeE I b0t od
[ auid has sti 11 oBaBEndln S BeSERGRT feRaRD TR o ol 85 onoval
Tecals <1 | aboPENRPGHLE NTPRECD. FRPIr JAr PoReRRe b B 5 B am nat el
brocessi ng 11 aui B RBBIRe, TR DN nnBCe: 81 PP OB P s of |~

magni tude. As an addegx%cgonh%\%glﬁ%ene%, HCl can be used in place of the HF to

acconpl i sh the n¥&Pa78 “@though this does not have 20 the same

degree of oxjyde and PALLhel iR RAhFERRP bblid o FAORI NGLLAN aaf HF and

HCl is a further benefli _eﬁ%strles as significant

el o eTovel SRR Y ok ERERRLALO A5 b b face 1

zooT a single fluid line comprising ozone mixed with the treating liquid. To this end, a
reservoir 45 defines a chamber 50 in which the liquid that is to be mixed with the
ozone is stored. The chamber 50 is in fluid communication with the input of a

15  pump mechanism 55. The pump mechanism 55 provides the liquid under pressure
along a fluid flow path, shown generally at 60, for ultimate supply to the input of
the nozzles 40. The preferred treatment fluid is deionized water, but it will be
recognized that other treatment fluids, such as other aqueous or non-aqueous
solutions, may also be employed.

20 A number of components are disposed along the fluid flow path 60. First, a
filter 65 is disposed aleng the fluid flow path 60 to filter out microscopic
contaminants from the treatment fluid. The treatment fluid, still under pressure, is

provided at the output of the filter 65 along fluid flow line 70. It is along fluid flow

line 70 that ozone is injected. The ozone is generated by ozone generator 75 and is



w0 99/52654 PCT/ US99/ 08516 -22 the synbiotic interaction of the two acid
hal i des creates an exceptionally favorable environnent for mei@! f;?e val .
5. An oxide-free (hydrophobic) surface may be generated, if d $ ds*™y
using a final Woskges i N an i mersion cell or by use of an HF vapor step
after the 5 netals renoval . Typical chenicgl, application t PREYSOAPBIG n t he
range of 1:00 to 5:00. Conpared to a 4-themclean process tine of around

[ aui 4 becomes. varg At PERRVNY fyRaber e fore E8RbE T SBiGiac s os ar e
i gher concent r 40T BT B GudGrne i e BoRRin ' Thares Frunared
oL shes. 1 R e S0 bR B e S Rl e
e e e SR o R AU BE RSk B 5008 Bt 11 vary
DR o e g O R B ok ST LRI S B A SR e
used 1 11 o e DR OCRS 2y ERUEH S0 KAl Sha RTRUERL! 0, B 1o
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degree, SC2. Thegz%ng: fg;n%{a'%osr 7??%? ble %\Ep%ﬁtlady tofaegis!pgrgiortlj %&?ESS 85};[orslc%yin the liquid
10  chamber 50 of the reservoir 45. The dispersion unit 95 provides a dispersed flow of
ozone through the treatment liquid to thereby add ozone to the fluid stream prior to
injection of a further amount of ozone along the fluid path 60.
In the embodiment of the system of Fig. 1, spent liquid in chamber 15 is
provided along fluid line 105 to, for example, a valve mechanism 110. The valve
15 mechanism 110 may be operated to provide the spent liquid to either a drain output
115 or back to the liquid chamber 50 of the reservoir 45. Repeated cycling of the
treatment liquid through the system and back to the reservoir 45 assists in elevating
the ozone concentration in the liquid through repeated ozone injection and/or
ozone dispersion.
20 A further embodiment of a system for delivering a fluid mixture for treating
the surface of a semiconductor workpiece is illustrated in Fig. 2. Although the
system 120 of Fig. 2 appears to be substantially similar to the system 10 of Fig. 1,

there are significant differences. The system 120 of Fig. 2 is based upon the

recognition by the present inventors that the heating of the surfaces of the



have not controlled the boundary | ayer and have not introduced the ozone in
such a manner that diffusion through the boundary |ayer is the controlling
mechani sminstead of dissolution into the boundary |ayer. Whi1 8 SERG00?
cleaning effici®wpeysefs 5 conventional solutions is greatly enhanced by

i ncreasing tenperature, it is recognized thg% t he sol ubi | i tRCTafSIQMWONe i n a
given liquid solution is inversely proporti to the tenperature of the

solution. The sol ubili one jn wat t 1 degrees Celsius is

appr oxi mat el y 100%’858{1&'%“ g’ﬁq??bc eﬂé)swgg? E‘Fi@ liqui} '%‘at BISHBIES lgnedeheE to | ess
than 5 ppm At el vat gqgeratures pe ozqne concen ration is thus 10
insufficient to §%?¢§?5 g §m3?¥@fzﬁm§ Rimosprelids Wehly gifaceein ghotenesist enough
to ensure that p ﬂ% % t he ﬁl|% surface wil] not occur., Thus the two
mechani sms are i b PO Rh 2BHY UFRBIR FrochiiEn A PehIYsieny 12bingBdssni ze
process perfornance Testg hav? @nnnstr t ed thEt by appl yi ng the boundary
| ayer control tec%ﬁlocﬁt?éqgc ?@bqr%l %?e a5 3¢ SHa et dhe fpament higuid s dhady

di scl osed processes, IS bl e to process silicon wafers using a
4:1 water: anvr?onl%PHI}?QdPok}Iedé“rgaﬁ?squ dhe é?m‘gg‘@“%{ﬁ'd WORkBISESSe AL &0 afleYaker ease
surface roughness %WE of less than 2 angstrons. Wien this same sol ution
is applied i n an 'FRAEREIedPR! aorelerifs dhe %”Ffa%? TEHARS N Wilahe epeapesEtiel, RVS

surface roughness as sure atom c force m crpscopy increases by nor e
than 20 angstrons® %rﬂf?sﬁl‘ﬂ%mrf’%ﬁ‘%ﬁf‘%? Vorkpiecssq By Ffﬁ‘é*g@e é‘ié@é‘b@s

fo such & degree °”a'gl)%e%¥¥35rv?ae%@‘:gé‘ﬂﬂ%ﬁttb"qﬂﬁ%%% 3508 ot Pl %Eﬁgft”eﬁ g
Particle reducti ONE %fc*%‘égt“%‘é‘é%o&*‘%?,c&r\?lhb%%ﬁe <ol oo T w2002 vo
cont an nat  ont? cGHIBHEAS A 1 i}wgﬁ%g Semer s Pl etu B e Re oL FE P & on
photoresist (a hy.’% O‘f‘ﬁ‘e ax%bzrl JSrT?nay include a heater for elevating the temperature of the
chamber environment and workpieces.
As noted above, the preferred treatment liquid is deionized water since it is
believed to be required to initiate the cleaning/removal reactions at the workpiece
15  surface, probably through hydrolysis of the carbon-carbon bonds of organic
molecules. The present inventors, however, recognize that significant amounts of
water can form a continuous film on the semiconductor workpiece surface. This
film acts as a diffusion barrier to the ozone, thereby inhibiting reaction rates.
Control of the boundary layer thickness, as will be explained in further detail
20 below, is implemented by control of the rpm of the semiconductor workpiece,
vapor delivery, and controlied spraying of the treatment liquid, or a combination of
one or more of these techniques. By reducing the boundary layer thickness, the

ozone is allowed to diffuse to the surface of the workpieces and react with the

organic materials that are to be removed.



around 200 - 700 angstronms per mnute. In the boundary |ayer controlled
system of the disclosed processes, the rate is accel erated t1oq)§ap8®£)o 7000
angstrons per 5 mnute in a spray controll ed boundary | ayer, 3
angstronms per nmyvaysgenhen the boundary | ayer is generated and controlled
using steamat 15 psi and 126 degrees C. Thg di scl osed pr ocBSKERH s
suitable for use in a wide range of m croel &tronic fabrication
applications. One issu}ge m@%h i s of ﬁ%{[{lcern in the 10 nyf act ur e of

serm conduct or devi ces 183 P SFFA NG SMASERHN AGe PrPFsoifeidrayts iBRisBedeh pat t er n
on a sem conductor wafer,. the wafer is coated with a photo-active conpound
cal | ed phot or esi sf€ “FHE 4Eig gthfﬁ‘& erYS &g} RYS§ sf%roexf“B&& P SGRPLYEEEHEY n)

t her eby "exposi ngg tg_te rg ions to which the. light is @gn eyed. . However,
since t opographi c"FREEFFHEHA] SBUTOBHUCIIR BOFPIRE- gHSIeB 0% 8¢ Workpierss 20ossi bl e
for the light to 15 pass through the photoresi st reflect off of a

t opogr aphi ¢ f eat J%%t.a%ﬁ‘?i ﬁ“@?ﬁﬁ?f‘@ Hl‘?’f"‘f@s?oétex@@bé&ggm? H’a%ﬁ ci‘fﬁ"ﬁl‘ésiﬁ%ibl e
regi on. This phenonmenon js Jrnown as "reflective notching,' As device
density | ncr eabescH R FaBETB A B HIPREEONES B FETGE L Chppigni SH0 A
simlar issue arises as a result of the reflect 32}06 normal to the incident
20 angl e of i rradisioEPonding FOTPROPFILT Iah B% CQnSRIcler dated ofi A tPe 10558 P t he
exposure beam t hrqugh the phenonmenon_ of standi ng wave. formatiaqn, thereby
resul ting in pat t RFPTROS ERSPY deishoplplatn ﬁmﬁf% e Pualably fom M OqloiE chipat

t hese phenonmena, fhe use of anti-ref|ective cpatjng | ayers has becone
common. The phot ofaispeh %f‘?’}‘%- a?‘léc’?‘i}'ﬁfléf'a‘hfsfe’alﬁﬁ’ﬁ;é‘i“g’eﬂmé?’ieﬁ%sr ?Q)ﬁ’ay o0SEP

2002 WD 99/ 57654 PCT/ US99l 08516, -25 top of or below an anti-refl ective
coating |ayer. SiHEROSKPHEHERRE HRoq} @§'|Ee§]t"'ssl TRARFT SPRSICR™ IR the. FUETS, i ve

coating |ayer 18l ' eprggegs?rllg/ pl';xttfoerrrrrlp é)ersi%g %f thleel‘éfﬁamgralny semiconductor processing

tool available from Semitool, Inc.

At step 205, heated deionized water is sprayed onto the surfaces of the
semiconductor workpieces 20. The heated deionized water heats the surfaces of
the semiconductor workpieces 20 as well as the enclosed environment of the

15  chamber 15. When the spray is discontinued, a thin liquid ﬁlm_ remains on the
workpiece surfaces. If the surface is hydrophobic, a surfactant may be added to the
deionized water to assist in creating a thin liquid boundary layer on the workpiece
surfaces. In view of the teachings set forth herein, it will be recognized that a
surfactant may be used in connection with hydrophilic surfaces as well. Corrossion

20 inhibitors may also be used in conjunction with the aqueous ozone, thin boundary
layer process.

The surface boundary layer of deionized water is controlled at step 210
using one or more techniques. For example, the semiconductor workpieces 20

may be rotated about axis 35 by rotor 30 to thereby generate centripetal



internedi ate fabrication steps, they nmust be renoved after such
internediate fabrication steps are conpleted. 5 It has been found that the
process of Figure 3 nmay be used with a processing liquid conp}ﬂ§582ﬂﬂ wat er
and anmoni um hydy 9x%bgde to renove both the photoresist and the
anti-reflective coating in a single processing step (e.g., PEHESV0EDRE
illustrated at 210-215). Although this has been denonstrated at

concentrat i ons betuReRo 829 AN, 0:.94% ATPTMMAVdLoxide by velght in

wat er, other 10 concentrati ons ar onsi der ed 5 e%l

process for concyranbby.LgmpKe AUAIRLSohSh. AR ANRAOResPORdinD

anti-reflective l'a i'S not necessarily res e

(1t el ude amE AT SO RS  IEPEASHRRL 005, Bl 200 1 e

is to elevate the p e So ion

surface. Prefera t 15, shoul d be rajised sqg that, i is pbeterrn about
B o 1L At e b nBhluucRROH G LRI TS e Lhiinet |5 By RS

hydroxi de ey sbe iagtlel AL ey P Noesh " ReRh S0 IEE TR debihsR S b5 e

desirabl e due“to concerns over ion contam nati on

chemi stries such gs, TN (42! 3L AMIBOT WY Gr .G e AL 6, s tabl e and

. . AYET,
do not elicit thé sane no e ’'fon contam roncconcerns ™ oRrzed 20

vater that i rich | n drowrl oo sals, ARVAhSR S ARG obheydl e

ammoni um hydr oxi de so ron e p process i y nunber of
appl i caiors, can et er AR e Rp Bl B BT T BB o 1
et oni zed vater e STy BOERS dseuiilohy beBe b RS At O W 11
Py oxi de i 5 T SRR APR 4o h Srokbiie hifhle HEk O Sbid BRABLG TN
Capabl o of moni ¢ dryiaany ReaRES ki ihen BROIARPAIA! b8 ABRRL Shse Thie 2, 20 ¢
ensures that the exposed workpiece surfaces remain wetted at all times and,
further, ensures that the workpiece temperature is and remains elevated at the
desired reaction temperature. It has been found that a continuous spray of
15  deionized water having a flow rate that is sufficient to maintain the workpiece
surfaces at an elevated temperature, and high rotational speeds (i.e., > 300 rpm,
between 300 and 800 rpm, or even as high as or greater than 1500 rpm) generates a
very thin boundary layer which minimizes the ozone diffusion barrier and thereby
leads to an enhanced photoresist stripping rate. As such, the control of the
20  boundary layer thickness is used to regulate the diffusion of reactive ozone to the
surface of the wafer.
While ozone has a limited solubility in the heated deionized water, the

ozone is able to diffuse through the water and react with photoresist at the

liquid/resist interface. It is believed that the presence of the dejonized water itself



5 sensors and actuators, for exanple, by use of mcroprocessor control.
Wth reference to Fig. 4, there is shown yet a further enbodi nent of the
ozone treatment system 227. In the enbodi ment of Fig. 4, one orl §§ER 200
nozzl es 230 aregdisspesed within the treatment chanber 15 to conduct ozone
from ozone generator 75 directly into the rgaction envi r onRERYSOAHES heat ed
treatnent fluid is 10 provided to the chanber 15 through nozzles 40 that

recer ve the {1 ekl Luldy. BUS0S, NEALGN.IR OBl feduteler, of hrouan 2

supply Line that is separate ozome “sup YR™9 nj ection

reatmont syst ontrRoenall o BeBFlP e SEFR e SERe S T Rbnt erfefi 250, o
t boi | 260 ' - {. : 15 d to th
ot ocess chanber  TERss HEREE kA BRI ChER Bt lti0Golr PEREH B stfamber 15
'S preferably sepledok A dBiRi LR AU sl atmeahere farche

reactions. For e saturate eam a

ted by steam.bgiler 260 Lied t t] nber 15 t
Qenerat o a pr Sscnpcigt ekt & Ge BaPRuy TR, b RES a5 R UBEGF 50Be g,

Ozone may be di rectlx}{r §0 oii%gqt d_ into the chanber 15 as shown, and/or may
be injected i nt o“THE 6 t™h $5F %8Kcur r ent supply with the steam Using
the systemarchitectu t hi.s odinment, it is.thus possible to achieve
sen conduct o wor kpi eagerdty ti@rBERE AR hvE Lo o fees

Cel sius, thereby further tElé:%el er atdjonq. tilaerrte o img‘rg alﬁé net iecse. ; SEP 2002
WO 991 52654 PCT/ fj'g@té?f‘éégl _ﬁof_ RS furl? her “en anceﬁ%nf MONY y be
made to any one of .the foregaing syst 1s.LLLustrat in Fig. In this
enbodi nent, an ulwtofkgfe\??so eestugjle%{rtr(%a 5%55 a@%@ﬁe%’ lléedlsaﬁ ?tgpd%t Igorteﬁ%‘g glﬁ’?F%ce of

t he sem condygt or £ KpI rl.: ' (of /1Y | at,l further
enhances theLl@eac‘,Mtol helé%llﬁ%ﬁcégr.ag%l‘%lﬁl%ufg({]vp‘?ﬁ%%h?g‘}z %aétﬂpgé]ﬁlggb%@h%&que i's

applicable to ba ! t,ar i i L] easily
and econom cal | ytz:ié]fpls@[?peﬁ{ggg%ﬁnbgtsﬁgg{th?tﬁf?ﬁé’g&gﬁ%ﬁg’:&gnﬁ*g t'%fcil?]?(g%]esssi ng

envi ronment wher jACe is nore easily conpletely exposed to the W
radi ation. Wth ?lée%%fﬁg\r?gétg?%ﬁﬁ g. 7, a further system 310 for inplenenting

one or 10 more of  hey! A SgQLIGPHOREASRR plodest UerliOf khperflicPBE Jiept ar note

in system 310 is the use of one or no qui d-gas contactors 315 that are

used to pronote LRGeS tddiloRatlar B WAGr bilfaCe. (R nRAKE W Shich hE &FacoUCh
contactors are of particular benefit when the tenperature of the processing

liquid is, fors exanmkRure 8f thefvalte flay 88 aBitlized 16 Mndifidih b RFRBNAILINES oY be
required to control corrosion that may be 15 pronoted on filns such as

al um nunt si | i con/heREd Procesking 1igRABL s Qlwatek 2r ktSanf)Idefi@y tAOprpceRs. ThelRbted | €l
counter-flow design in which liquid is introduced into one end and the
ozone gas is i nt rpcbd&aid lqhid @ortites 0 pess thewsatiuribgifrocesail diwera, atiea

manuf act ured and marketed by the W L. Gore, Corp., as well as other
vendors. These caghagt aslvenpadyataiuneighifipiesadty 6 thé wateca! diher proosssiag about 1
to 4 atnospheres (gauge). The undi ssol ved gas exiting the contactor 315 may
be optionally di riggidedint &rdérhe cprisesre Jstes hadhaeievd2he thinnest postibleeb@mdary osses.
However, the ozone supply 330 for the contactor 315 may or nay not be the
sane as the s2ppliyyet,ar" milsedflow deflliquid oy steam nebeprset ds sns@heesirewhidPfich 10 SEP
2002 WO 991 52654 PCT/ US99/ 08516 28 The presently di scl osed apparatus and
met hods nmay be usethulsed flove'dhilsvio rmaintaictbe rdgeiyiteraievatad wafensucfacedenspesaturemor kpi eces
descri bed above. For exanple, other workpieces, such as flat panel

di spl ays, hard di&kaleesitiee nGbheyl cismainteining theywafer surface temperature may be

needed. One such alternative is the use of a "hot wall" reactor that maintains the

wafer surface and processing environment temperatures at the desired level. To



al so be have their surfaces treated using the foregoi ng apparatus and

met hods. 5 Although the preferred treatnent liquid for the di c[ﬁ)ggg?
application is deionized water, other treatnent |iquids nay al W2 ed

For exanpl e, aGigligs&pd basic soI utions may be used, depending on the
particular surface to be treated and the naj fl’l al that is tPETRESYEHEYed.
Treatnent |iquids conprising sulfuric acid, ‘hydrochloric acid, and anmoni um

hydr oxi de may be I ri 10 ap t| ons; Nuner ous nodi fi cati ons
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surfactant, to a%ﬁ:‘uﬁﬁerltﬂrot\&r g] anrgtp%;lnhg]ldl Q EPQ;HQ%?%Y hlc?syﬁér minute at a
concentration of 12 percent. The resultant strip rate was 7234 Angstroms/min.

15 There are many benefits resulting from the use of the semiconductor
cleaning processes described above. One of the most significant benefits is that the
conventiona) 4-chem clean process may be reduced to a two-chemical step process
while retaining the ability to remove organics, remove particulates, reduce metals
and remove silicon dioxide. Process times, chemical consumption, water

20 consumption and waste generation are all also significantly reduced. A further
benefit of the foregoing process is its applicability to both FEOL and BEOL wafers
and strip processes. Laboratory tests indicate that there is no attack on metals such
as aluminum, titanjum, tungsten, etc. A known exception is copper, which forms a

copper oxide in the presence of ozone. This oxide is not a "hard" and uniform



6. The nethod of claim1l where the ozone reacts with the material, and
causes renoval of the material at a rate of at |east 2500 angstrofd $H 2007
mnute. 7. The nethod of claim1 where the heated liquid includes H2S04,

HF, HCl, or condbbadhiens of them 8. The nmethod of claim1 where the heated
l'iquid includes ammoni um hydroxi de. 30 ~ g,SEP 200i 9. THETHSIHGHSOf
claim1l where the heated liquid conprises dé-ioni zed water. 10. The nethod
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processing liquids utilized minimizes chemical consumption.

The present inventors have developed a single processing liquid that may
be utilized to remove organic contaminants, metals, and particles in a single cycle
of process steps 205-215. The processing liquid is comprised of a solution of

15  deionized water and one or more compounds, such as HF or HC], so as to form an

acidic processing liquid solution.

It has now been shown that the use of a hydrofluoric acid solution in the
process steps set forth at 205-215 provides numerous advantages, including the
following:

20 1. Removal of organic contaminants - The oxidation capability of the process
has been demonstrated repeatedly on photoresist. Strip rates often exceed
4000A/minute. Considering the fact that in cleaning applications, organic
contamination is generally on the molecular level, the disclosed process has

ample oxidation capacity.



l'iquid, or fromdissolved ozone com ng out of solution. 311 0 S E P 2002
19. The nethod of clains 1 or 2 further including the step of ;qy(gﬁpswaf t he
wor kpi ece surface to UV light. 20. The nethod of clainms 1 or fUT't e

i ncluding the $igRsak,treating the workpiece in a closed chanber and
pressurizing the chanber. 21. An apparatus fQqr processing ECWHsRPI%CE,
conprising: a liquid reservoir for holding B4 process liquid; one or nore
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is generally self limiting at a thickness of 8 - 12A, which is generally the

targeted thickness for the oxide removal.

10 3. Removal of particles - Although the acidic solutions do not have the
favorable zeta potential present in the SC1 clean noted above, particle
removal in the disclosed process with an HF processing liquid has still been
shown to be significant, as it uses the same removal mechanism of etching
and regenerating the oxide surface,

15 4. Removal of metals - In laboratory experiments, wafers were intentionally
contaminated with iron, nickel and copper. The disclosed process with an
HF containing processing liquid showed a reduction in metals of over three
orders of magnitude. As an added enhancement, HC] can be used in place
of the HF to accomplish the metals removal, although this does not have

20 the same degree of oxide and particle removal capability. The combination
of HF and HCI is a further benefit, as each of these chemistries has
significant metals removal capability, but the regeneration of the oxide

surface in conjunction with the conversion of metals to metallic oxides and
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20 intermediate rinse steps required.
3, Reduction in process time.
4. Simplification of process hardware.

The disclosed processes are counter-intuitive. Efforts have been made for a

number of years to replace hydrogen peroxide with ozone in chemistries such as
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recognized that the solubility of ozone in a given liquid solution is inversely
proportional to the temperature of the solution. The solubility of ozone in water at
1 degrees Celsius is approximately 100 ppm. At 60 degrees Celsius, this solubility
drops to less than 5 ppm. At elevated temperatures, the ozone concentration is thus
10  insufficient to passivate (oxidize) a silicon wafer surface quickly enough to ensure
that pitting of the silicon surface will not occur. Thus the two mechanisms are in
conflict with one another when attempting to optimize process performance.
Tests have demonstrated that by applying the boundary layer control
techniques explained in connection with the presently disclosed processes, it is
15 possible to process silicon wafers using a 4:1 water:ammonium hydroxide solution
at 95C and experience an increase surface roughness (RMS) of less than 2
angstroms. When this same solution is applied in an immersion system or in a
) conventional spray system, RMS surface roughness as measured by atomic force
microscopy increases by more than 20 angstroms and the maximum surface
20  roughness exceeds 190 angstroms. Additionally, while a conventional process will
pit the surface to such a degree as to render the surface unreadable by a light-

scattering particle counter, the boundary controlled technique has actually shown

particle reductions of up to 50% on the wafer surface.
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"o 5  minute in a spray controlled boundary layer, or 8000 angstroms per minute when
the boundary layer is generated and controlled using steam at 15 psi and 126
degrees C,
The disclosed processes are suitable for use in a wide range of
microelectronic fabrication applications. One issue which is of concern in the
10  manufacture of semiconductor devices is reflective notching. In order to expose a
pattem on a semiconductor wafer, the wafer is coated with a photo-active
compound called photoresist. The resistance film is exposed to a light pattern,
thereby "exposing” the regions to which the light is conveyed. However, since
topographic features may exist under the photoresist, it is possible for the light to
15  pass through the photoresist and reflect off of a topographic feature. This resuits in
resist exposure in an undesirable region. This phenomenon is known as "reflective
notching." As device density increases, reflective notching becomes more of a
) problem.
A similar issue arises as a result of the reflectance normal to the incident
20 angle of irradiation. Such reflectance can create distortions in the exposure beam
through the phenomenon of standing wave formation, thereby resulting in pattern
distortion in the photoresist.

In order to combat these phenomena, the use of anti-reflective coating

layers has become common. The photoresist films are typically deposited either on



*109B& ) -

Y(" 109& () - 8109B& () - $1098& () - 9" 109B& () - S! 310%B& () - FGBEEGEEEAR /1]
"$10% & ()- 10B 18)5 - 0 0 i

10Bf 2109B& () - weDBABE () - . YL09B& () -9, 109B& () - GH<HHHHG z[ <bC 10/ /
10% & ()-10% & ()-° 10% & ()-! |10%&'()--I %210%*&'() - | XPF/EsPp8s16
/& ()--G111AJIJIJENDC 10/ / 510%&'() 109%

I( ':1-800/?%&;&'( % ; }lg%‘;&/d gp(o% jo%ﬁ&%% ér% f@eé‘%vg )005%1';18 \Q§‘|§TK I?CIEq)Em)tge P otore31st layer

#10% & () - && 10% & ( L .
10//f22(1%)% & ()- SO kb%@%“(r)e Cgl%) "é&“%;j%r "i‘b%eé?%()‘eg’fp”fﬁ lgyry used in

(10% & () - Mwwwww\lﬁltennednate %bncgl%%el%eps Qh_eyl/ mus?/‘%e (rg v@'o%erBsul%ﬁL 14126rm dil'a(t)e%&l 0-

fabrication steps are completed.

5 It has been found that the process of Figure 3 may be used with a
processing liquid comprised of water and ammonium hydroxide to remove both the
photoresist and the anti-reflective coating in a single processing step (e.g., the steps
illustrated at 210-215). Although this has been demonstrated at concentrations
between 0.02% and 0.04% ammonium hydroxide by weight in water, other

10 concentrations are also considered to be viable.

The process for concurrently removing photoresist and the corresponding
anti-reflective layer is not necessarily restricted to processing liquids that include
ammonium hydroxide. Rather, the principal goal of the additive is to elevate the
pH of the solution that is sprayed onto the wafer surface. Preferably, the pH

15  should be raised so that it is beterrn about 8.5 and 11. Although bases such as
sodium hydroxide and/or potassium hydroxide may be used for such removal, they
are deemed to be less desirable due to concerns over mobile ion contamination.
However, chemistries such as TMAH (tetra-methyl ammonium hydroxide) are
suitable and do not elicit the same a mobile ion contamination concerns. Ionized

20  water that is rich in hydroxyl radicals may also be used.

The dilute ammonium hydroxide solution may be applied in the process in
any number of manners. For example, syringe pumps, or other precision chemical
applicators, can be used to enable single-use of the solution stream. In such an

embodiment, it becomes possible to strip the photoresist using a deionized water
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minimizing chemical usage and waste generation. The application apparatus may
also be capable of monitoring and controlling the pH the using the appropriate
5  sensors and actuators, for example, by use of microprocessor control.

With reference to Fig. 4, there is shown yet a further embodiment of the
ozone treatment system 227. In the embodiment of Fig. 4, one or more nozzles
230 are disposed within the treatment chamber 15 to conduct ozone from ozone
generator 75 directly into the reaction environment. The heated treatment fluid is
10 provicied to the chamber 15 through nozzles 40 that receive the treatment fluid,
such as heated deionized water, through a supply line that is separate from the

ozone supply line. As such, injection of ozone in fluid path 60 is optional.
Another embodiment of an ozone treatment system is shown generally at
250 in Fig. 5. In the system 250, a steam boiler 260 that supplies saturated steam
15  under pressure to the process chamber 15 has replaced the pump mechanism. The
reaction chamber 15 is preferably sealed to thereby form a pressurized atmosphere
for the reactions. For example, saturated steam at 126 degrees Celsius could be
generated by steam boiler 260 and supplied to reaction chamber 15 to generate a
pressure of 35 psia therein during the workpiece processing. Ozone may be directly
20  injected into the chamber 15 as shown, and/or may be injected into the path 60 for
concurrent supply with the steam. Using the system architecture of this
embodiment, it is thus possible to achieve semiconductor workpiece surface
temperatures in excess of 100 degrees Celsius, thereby further accelerating the

reaction kinetics.
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5 technique is applicable to batch semiconductor workpiece processing, it is more
easily and economically implemented in the illustrated single wafer processing
environment where the workpiece is more easily completely exposed to the UV
radiation.

With reference to Fig. 7, a further system 310 for implementing one or

10  more of the foregoing processes is set forth. Of particular note in system 310 is the
use of one or more liquid-gas contactors 315 that are used to promote the
dissolution of ozone into the aqueous stream. Such contactors are of particular
benefit when the temperature of the processing liquid is, for example, at or near
ambient. Such low temperatures may be required to control corrosion that may be

15 promoted on films such as aluminum/silicon/copper.

The contactor 315 is preferably of a parallel counter-flow design in which
liquid is introduced into one end and the ozone gas is introduced into the opposite
end. Such contactors are manufactured and marketed by the W. L. Gore, Corp., as
well as other vendors. These contactors operate under pressure, typically from

20 about 1 to 4 atmospheres (gauge). The undissolved gas exiting the contactor 315
may be optionally directed to the process chamber 320 to minimize gas losses.
However, the ozone supply 330 for the contactor 315 may or may not be the same

as the supply for direct delivery to the process chamber 320.
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deionized water, other treatment liquids may also be used. For example, acidic and

basic solutions may be used, depending on the particular surface to be treated and

the material that is to be removed. Treatment liquids comprising sulfuric acid,

hydrochloric acid, and ammonium hydroxide may be useful in various
10  applications.

Numerous modifications may be made to the foregoing system without
departing from the basic teachings thereof. Although the present invention has
been described in substantial detail with reference to one or more specific
embodiments, those of skill in the art will recognize that changes may be made

15  thereto without departing from the scope and spirit of the invention as set forth in

the appended claims.
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workpiece at an elevated temperature; and
introducing gaseous ozone around the workpiece under conditions where the

ozone diffuses through the boundary layer and reacts with the material.

2. The method of claim 1 further including the step of providing the heated liquid

while concurrently rotating the workpiece to assist in forming the liquid boundary layer.

3. The method of claim 1 further including the step of providing the heated liquid
onto the workpiece surface at a controlled flow rate, to assist in forming the liquid

boundary layer.

4. The method of claim 1 further including the step of providing the heated liquid by
spraying the heated liquid onto the workpiece surface, to form the liquid boundary layer.
5. The method of claim 1 where the heated liquid contains a surfactant, to assist in

forming the liquid boundary layer.

6. The method of claim 1 where the ozone reacts with the material, and causes

removal of the material at a rate of at least 2500 angstroms per minute.

7. The method of claim 1 where the heated liquid includes H2S04, HF, HCl, or

combinations of them.

8. The method of claim 1 where the heated liquid includes ammonium hydroxide.
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10.  The method of claim 1 where the liquid is superheated.
11.  The method of claim 3 where the workpiece is rotated at from 300-3000 rpm.

12.  The method of claim 1 where the material to be removed comprises a photoresist,

with the liquid including de-ionized water and ammonium hydroxide.

13. The method of claim 12 where the material to be removed also includes an
antireflective coating, and the anti reflective coating is removed concurrently with the

photoresist , by reaction with the diffused ozone.

14.  The method of claim 1 where the material to be removed includes an existing
oxide layer on the surface and, with the liquid including a solution of water and HF or

HCL

15. The method of claim 14 further including the step of regenerating a controlled
chemical oxide layer on the surface of1he workpiece, after removing the existing oxide

layer.

) 16.  The method of claims 1 or 2 further including the step of pressurizing the heated

liquid and injecting gaseous ozone into the heated pressurized liquid.

17.  The method of claims 1 or 2 where gaseous ozone is provided at a flow rate of at
least 8 lpm at a concentration of at least 12%, or at least at a flow rate and concentration

providing an equivalent amount of ozone.

18.  The method of claims 1 or 2 where the gaseous ozone introduced into the
environment around the workpiece comes from gaseous ozone bubbles in the heated

liquid, or from dissolved ozone coming out of solution.
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20.  The method of claims 1 or 2 further including the step of treating the workpiece in

a closed chamber and pressurizing the chamber.

21.  An apparatus for processing a workpiece, comprising:

a liquid reservoir for holding a process liquid;

one or more liquid supply openings positioned for applying liquid onto the
workpiece;

a liquid path extending between the liquid reservoir and the one or more
liquid supply openings for carrying the liquid to the openings;

a heater for heating the liquid or the workpiece ; and

a gaseous ozone supply system for providing gaseous ozone around the

workpiece.

22.  The apparatus of claim 21 further including a mixer in the liquid path and with the

ozone supply system also connected to the mixer.
23. The apparatus of claim 21 where the ozone supply system includes a contactor. .

24.  The apparatus of claim 21 further including a chamber around the workpiece,

with the chamber containing the gaseous ozone around the workpiece.

25.  The apparatus of claim 24 further including a re-circulation liquid path extending

between the chamber and the liquid reservoir.

26.  The apparatus of claim 24 further including a rotor assembly in the chamber for

holding and rotating the workpiece.
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28.  The apparatus of claim 24 further including chamber heaters on or in the chamber,

for heating the chamber directly, and for indirectly heating the workpiece.

29.  The apparatus of claim 21 where the liquid supply openings are nozzles for

spraying out the heated liquid.

30. A method for processing a workpiece, comprising the steps of:

loading the workpiece into a chamber;

supplying steam into the chamber;

heating the workpiece, at least in part, with the steam;

allowing at least some steam to condense as a liquid on the workpiece, to
form a layer of heated liquid on the workpiece;

introducing ozone gas into the chamber;

diffusing the ozone gas through the layer of heated liquid.

31. The method of claim 30 further including the step of pressurizing the chamber.



