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TREATI NG A WORKPI ECE  SUCH AS A SEM CONDUCTOR WAFER FI ELD OF THE | NVENTI ON

[ 0001] Sem conduct or devices are widely used in alnost all consuner

el ectronic 5 products, such as tel ephones, conputers, CD players, etc. as
wel | as in communications, nedical, industrial, mlitary, and office
product s MU pnent . Seni conduct or devi ces are manufBSIYYNIASHSF om

sem conductor wafers. The cleaning of sem conductor wafers is often a
critical step in the fabrication processes used to manufacture sem conduct or
devices. The geonetries on wafers are often on the order of fractions of a

mcron, while 10PRb€EfS"S'A[N]§m@%@%ﬁgﬁd@i‘wﬁm'%e @g@ﬁcgf 20 Angstrons.
Thi s makes the devices manufacture romtihe waiers highly susceptible to
per f or mance degr adat i on SMCH AiS|AIBEMIGONDUETORGWAFER parti cul ates or

metal lic/ionic contam nation. Even silicon dioxide, which is used in the
fabrication structure, can £ | evE mnant if the quality or

t hi ckness of the oxide doesﬁ%’f’ﬁmﬁﬁgesi grl?ﬁgg?\gneters. 15 [0002] Although
waf er cleaning has a long history, the era of "nodent cleaning techniques
i s gener B001] consiSteriemduciohderacdsegriwidely tded iralrhgst h7@mswharel®R@andevel oped

a cl eani ng,sequence t ddress the vatious types of. contam nat.ign. Although
ot hers REOETD 3 Fgtoutos oruk £ phstecdec Wl A ML SRRt ane, t he
gener al @mkdiadlj MPustSAQHEINGS), afid ioffcel prod@lctslt areguipnitas | Sedhicondubior daress 20

[ 0003] The fi rfﬂtC step of the RCA cl eaning sequence inyolves renpval of

or gani ¢ & GRS fagd ﬂmu%ep‘h‘if“élﬁ?t%?"? TSy 'acmnsﬁrsagwnf}é?t%rxwa TriSxt ur es.
Rati 0s agent ¥ REEigdl Mepd Bn thd) FaBrRAGEh Ploclssds LSd2® anWidchirt QPRRLAGIMSGS I n the
range of 90 - 140 degrees C. This mxture is commonly called "piranha.” A
recent e#fingselhe geanestui¢scon wafgisaare ofteropry theiozder of itraghomiaef omiorerp vddles t he
hydr gge X} ] e (g I LNj j he

sul fﬁ?i 2’: hggilﬁ% P?c%g@s%%wggﬁ}% ﬁetﬁgeeg%iﬁfjgg? Qp‘s%f%lﬂ% pﬁg%gg%ﬂe?trﬁl\geofiég%etsr enoval
of oxi deménudfasured tfilomiiteewafemnitighly sud@pible o patforasanod d2gfaddtioncorlf@ildre usual |y
at anbi ent tenperatures. This processin typi cal | eaves. regi ons, of the
wat o 1 10t RGN BT EIetsh BT FIeBC POS G e, £V SCOF Sioep Do

i nvol vesistuled e BV AbriedtioR abiuc ke cad @ dosiderdd a €orachidaht INheTqulitgdraphobi ¢
silicon surfaces using a m xture_ of water ydrogen peroxi de, and anmoni um

h
hydr oxi d@ickiess af the oxide doesaiab arest designdrramststs 60 - 70 degrees C.
15  [0002] Although water cleaning has a long history, the era of "modern" cleaning

techniques is generally considered to have begun in the early 1970s when RCA developed
a cleaning sequence to address the various types of contamination. Although others
developed the same or similar proces;s,es in the same time frame, the general cleaning
sequence in its final form is basically the same.

20  [0003] The first step of the RCA cleaning sequence involves removal of organic
contamination using sulfuric acid and hydrogen peroxide mixtures. Ratios are typically in
the range of 2:1 to 20:1, with temperatures in the range of 90 - 140 degrees C. This
mixture is commonly called "piranha." A recent enhancement to the removal of organic
contamination replaces the hydrogen peroxide with ozone that is bubbled or injected into

25  the sulfuric acid line.

[0004] The second step of the process involves removal of oxide films with water
and HF (49%) in ratios of 200:1 to 10:1, usually at ambient temperatures. This processing
typically leaves regions of the wafer in a hydrophobic condition.

[0005] The next step of the process involves the removal of particles and the

30  re-oxidation of hydrophobic silicon surfaces using a mixture of water, hydrogen peroxide,

and ammonium hydroxide, usually at a temperature of about 60 - 70 degrees C.
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1 8 FEBRUARY 2006 WD 03/015146 PCT/ US02/ 23515 Hi st ori GHEBRUARY 208G of these
conponents have been on the order of 5:1:1. In recent years, that ratio has
nore commonly becone 5:1:0.25, or even nore dilute. This mxture is

commonly called "SC1" (standard clean 1) or RCAL Alternatively, it is also
known as HUANGL. Although this portion of the process does an outstanding
job of MXBYIRSparticles 5 by simultaneously grow ng A /BY RPN away a
silicon dioxide filmon the surface of a bare silicon wafer (in conjunction
with creating a zeta potential which favors particle renoval), it has the
drawback of causing nmetals, such as iron and alumnum in solution to

deposi t HRtbrichy, r@cidslo@%s§udsﬁlﬁ&ﬁnts[rﬁ%)s&enldh theerdest 5Q0r.t indlecdik ybts, process,
netals are renoved with a mXxture of water, 10 hydrogen _peroxi de and

hydr oc hihafr Tagio s anoriremprerty, Bscome LEQAPI 9T Aresomprs élﬁéa 2N HEHEE 50 - 70
degr eesco%m“lﬁtcﬁlfe'dc'%’ldly (stﬁﬁfaH)@leE'l@\'l? opmf)%t{eﬂ‘ﬁtl@ﬁeﬁ i9%1s9 Mhiokn Ut recent

devel opnents " have shown that nore lute chem stries are also effective,
i ncl udi HQANC’rlutﬁéthﬁug&thlﬁ @grtr@fl ofiihe @rocesa HeesraputsteRdiag jAbyaf geraoving pasiigiesn| v

refeyr ﬁuﬁﬁe&é&gro@@g%ﬂg %fcgln la% a%llicofHo%ide Him Jﬂ%gﬁ;ag%%f L%Qx(%?] The

foregoing steps a nrun i uence, constituting Is called a
"pre- di ﬂﬁmwmﬁerdine@muﬁct@mowﬂacrpm@gm Fefa poitaptial ovleein favers wrgisletthmovallafter s are in

a hi ghl ]:)(as(flllce 2w a{cﬁroffcaaugﬁé He atls séclﬂears %‘L al%Jﬁ{n?l th&n?})wg‘!tlgp té*héHBElt b faR" POr at e

impurities in or cause hem use’1rn such a manner
as to rehopesutfive. devi ce usel ess Although this four-step cleaning process

S consiofed O BBNeShARIARS sRLeanhit RLIEESS il DEeASTFRARC o 20

i ndustr here are rran varl rocess use t & °Sane
s ubt(c onfairgat perokide, ancbhgaimﬂhbpc 1ah|d ﬂihc miwalsmbsmallyoancmphdhed altranqnpxchOf romthe

process,.resul t LN [ se uen n recent

years, Thi dﬁgIS??l%eglshoé\‘}%lyg i‘ Lfse ‘ge rg deve ‘?pg}eﬁénce, o)

" hydr of Have slicsvnathat Andradilute clkmﬁstﬁésr areslsmaﬁanmmllrdlmgedlmmadlxtdm o wedter |

i nst ance e nore of the anin p | oyed with

the i iR BEL TPiscPRREs fordmmmd HeRTo £ Sa A EBR 5 ACADCH be

SI | corHUANKBl de fromthe wafer surface [ 0008] The manner in which a
emstry i.s applied to e wafers can be rtat as the

P T R o e e N R e O

sili COI‘T'pV@dlﬁ‘[lﬁOlﬁ(ﬂéhnUeSLE:hIafplgdhlﬁﬁﬁioh cledreinpadstthat wafaneart lixad h1g11‘1|§ ctepﬁ syieng on bare

silicon wafe particle.additions hundred or nore

For pariErebema Bhesians MRS Mg T O aHieR BP0 ne defies ier B EalR

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
20  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: HF ->SC1 ->SC2. In recent years, thin oxides have been cause for concern in
device performance, so "hydrofluoric acid last" chemistries have been developed. In such
instances, one or more of the above-noted cleaning steps are employed with the final clean
25  including hydrochloric acid in order to remove the silicon backside from the wafer surface.
[0008] The manner in which a specific chemistry is applied to the wafers can be as
important as the actual chemistry employed. For example, HF immersion processes on bare
silicon wafers can be configured to be particle neutral. HF spraying on bare silicon wafers
typically shows particle additions of a few hundred or more for particles at 0.2 microns
30  nominal diameter.
[0009] Although the four-chemistry clean process described above has been
effective for a number of years, it nevertheless has certain deficiencies. Such deficiencies

include the high cost of chemicals, the lengthy process time required to get wafers through
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[0009] Al though the four-chenmistry clean process descriPERRUMNPPas been
effective for a nunber of years, it neverthel ess has certain deficiencies.
Such deficiencies include the high cost of chem cals, the | engthy process
time required to get wafers through 2 8 FEBRUARY 2006 WD 03/ 015146

PCTI USO he various cleaning steps, high consu } ter due to
t he neec?}(@g:?&ig%{%nsi ve rinsing between chem cal stepgﬁ%ﬂgsﬁzé di sposal
costs. The result has been an effort to devise, alternative cleaning
processes that yield results as good as or better than the existing four-
chem stry cl ean process, but which are nore economcally attractive. 5

[ 00101 Wiavamays cleening dteps highaqopsumziition of avater deete tHe neddoforekt¢nsivemingingenpt to

P10 RS B0 AR SRR LA PRGBS B g © 1P

di sadvailieag€ise tlearihg ptodedsey bt yaéld reuRam duddek ot bttter eimshe ctibtify fogAUI renent s,
reliability, water and chem cal supplies _ consunption, cost, and

envi r onFRSHRSATY) Gjeas precess, ploxirh e mpse econamisally dragivsn cal s. 10 STATEMENT OF
THE 4 NVIhéiON [ 0G5 n il - W oTalllalo - TAYA] f&kﬂﬁﬁ liquidis
f or med @Hé wor kpi egé,nﬁgédasp%{dy?pﬁ)g%ﬁﬁsqui&g gnto tvheob%?ip??e%e, an
cont r ol inipngyet ¢tleaning ok mosglepierks linching sepmcandacton mafire cCWhild fieese mathotisss nay be
control ] ed b inni ng the workpiece, Qr b S5.controlling the fl rate of
Che 11 qtiteeoalP R AP e RemER o e BBl el B B i s
| i qui d ¢leanflig effectiveness) nitie tregniramehts) ecleabilithe wargpaand whemival nupplisst of t he
jet against the workpiece physjcally. dis|odges or remves cont am nant
from t heHBHRANL RSt angte%‘f@‘ﬁ’(ﬂy‘?!ly f3e dFP%ﬁ?ri ﬂ‘d‘gﬁ‘i}”ﬁ@ég‘“ﬂ%ﬁ?‘é‘&?ﬂmt er, and may
al sgyinclude a chemcal additive, to facilitate cleaning by chem cal
action, as well as by physical or nechanical liquid jet 20 inpingenent
cleaning. The liquid form ng_the bound | ayer on the workpi ece
advant ageousl y cones fr o4 NLO selthy Mol¥ i onal |iquid sources, such
as spray nozzles, may also be used. As the boundary layer is thin, the jet
penet r afpgfrjt hr ough 4 HRst Boetdar Yohrddsr 1886 of Niaftde fqidak Neokmbd&nvar kpi ece,
to clean the workpi ece via |1 npingenent. 25 [0012] The workpi ece and jet of
pr essurVekpices, Syiagpkng ligidentp dheafprkpieee, apg cantreflipg the thiglknass of Bawifler abl y
subst angj gle! Workhlec &I ARS thRficnbREmMP bE RS WY §ifnihdthd YolibfedeChr BYE  eXposed
N #k! wo lreff‘y ot rllm HEmIPH e %(?fo%? ihg ofd}fedeCbr @kysi

at | east nonent e |et,” to renove am hants via the p cal
i npkict antrolling the flow rate of the liquid. Surfactants may optionally also be used. A jet of

pressurized liquid is directed against the workpiece. The impact or impingement of the jet
against the workpiece physically dislodges or removes a contaminant from the workpiece.
Preferably, the liquid includes heated water, and may also include a chemical additive, to
facilitate cleaning by chemical action, as well as by physical or mechanical liquid jet

20 impingement cleaning. The liquid forming the boundary layer on the workpiece
advantageously comes from the jet, although additional liquid sources, such as spray
nozzles, may also be used. As the boundary layer is thin, the jet penetrates through the
boundary layer and impinges against the workpiece, to clean the workpiece via
impingement.

25  [0012] The workpiece and jet of pressurized liquid are moved relative to each
other, so that preferably substantially all areas of the workpiece surface facing the jet are
exposed at least momentarily to the jet, to remove contaminants via the physical impact or
impingement of the jet against the workpiece surface. Rotating the workpiece allows the
jet of pressurized liquid to contact more areas of the workpiece, and also may be used to

30 form and maintain the boundary layer of liquid. The boundary layer of liquid immediately

surrounding the area of impingement, where the jet impinges against the workpiece, is
3



i mpi ngenent of the jet against the workpiece surface. RFEBRUABY(2B® wor kpi ece
allows the jet of pressurized |liquid to contact nore areas of the

wor | cpi ece, and al so may be used to 30 formand naintain the boundary | ayer
of liquid. The boundary layer of liquid imrediately surrounding the area of
i npi ngengdlosnidie € the jet inpinges agai nst the workpi eperus@n2zsis8 FEBRUARY
2006 WD 03/015146 PCTI US02/ 23515 tenporarily displaced by the jet. The
boundary | ayer of liquid quickly reforns behind the jet, as the jet nobves
across or along the workpiece surface. [0013] The el evated tenperature

pronotes the reactjon kinetics, hi gh . congent.rati of. ozone i.n the gas
phase pfOHOTELY displecrd WnthSﬂettﬁée @%Wﬁgytl?ﬁebﬂg}eﬁq‘flﬂéui : ?e&”nS%Fhlpijnt boundary
layer, gyeR tl)ofbyes BEro8 8Vab thtewgﬁéée%ﬁa&t the liquid filmdoes not
result 1n a solution having a high concentration of ozone dissolved init.
The | et [0013bi ngenBret glevatedd éempasatieeniprethotee nilie alreagfion okinetidsnaAt fighahi 1 e t he
ozone ( _optionall w th.chemcal additivegs.in e liquid je nd. boundary
ayer) | pRBeEEEn of arlelf we danpRe pfo BTG P ouRE e R aner at o
pr ov§ de§ilrd 20 Beuridatyolayére ewivthowphniae elevmad mperiure vE theviglipife@edoes H6th as a

process chanber. The-ozone diffuses through_ the liquid boundary |ayer, to
cheni cafasylt (B gt solifion haxpg ?el?%ﬁ}\’/é’oeﬁﬁﬁ‘fra‘ilﬁlhﬁﬁt%@n%ldﬂ%PWS@ili}elty,ﬁv‘? H& ozone gas

nmay be irﬂﬁiﬁgén%ﬁt brlvRiel Afechdridal cbrialbN@nidfnd RS, wHiRAhobzdd (%p‘ﬁ%ﬁaﬁﬁp and
separate aspect, steam rather than liquid, is introduced, or 157jetted
onto, twehwelrdepeadcedditiyes hint e diguidmi¢r atide bamndary Heyvdrg aprbyidese whernia

contam pag - lso heating the workpiece to speed up chem cal cleaning.
[ 0016] P(E&%%rﬁlpﬁ[}t?%g%ﬁ% separate aspect, the workpiece is irradiated with

el etd r oftdddet i C edrrogyne garetut@sprobidesvzame dhto thefenairenimenti con@ndnEe theganma or
x-ray radiation. 20 (00171 .In _a fourth and separ at spect, . soni c eneragy,
such asWATPIEEAHPR Sop PRIEGASHIYEr o ABF BgPne SEvare ot e Bt BSRFRpr oce.” by
di rect poat asthdgtyBetabthWith idkiRhRGE€ camttinfahs AAREMMERTely Othe toRbIgHy t he
liquid jet. [0018] In a fifth aspect, an apparatus for renoving contam nants

from a WaY Rpiagsted inﬁ?c,th%a@édéowa&ﬁhwtf or hol ding a workpiece within a
pr ocessypigTDer . il ds6GiandNEpdrb aort®, BEH! Stk HALNIuRE i ARBARIq] & i eCt od

towar ds_the workpiece. The jet nozzle i's novable relative to the workpiece.
A sbur cjstted onfpgthe praskgiaeee Withdhe dtepm preferablyt ity sicelly rrmgwing eitarhipants,

and also heating the workpiece to speed up chemical cleaning.

[0016] In a third and separate aspect, the workpiece is irradiated with
electrbmagnetic energy, such as ultraviolet, infrared, microwave, gamma or Xx-ray
radiation. '

20 [0017] In a fourth and separate aspect, sonic energy, such as ultrasonic or
megasonic energy, is introduced to the workpiece, by direct contact between the
workpiece and a transducer, or through the liquid jet. ‘

[0018] In a fifth aspect, an apparatus for removing contaminants from a workpiece
includes a fixture for holding a workpiece within a process chamber. At least one jet

25  nozzle within the chamber is directed towards the workpiece. The jet nozzle is movable
relative to the workpiece. A source of high-pressure liquid is connected to the jet nozzle.
A fast-moving, high-pressure jet or column of liquid from the nozzle moves over
substantially all of the workpiece surface facing the nozzle, as the nozzle and/or workpiece
rﬁove relative to each other. The nozzle may advantageously be supported on a swing arm

30  which pivots relative to the fixture. The nozzle may be above or below, or to one side of

the workpiece so that the jet travels vertically up or down, or horizontally. Ozone is



A fast-noving, high-pressure jet or colum of |iquid f#ERPRHAR¥EYS| e noves
over substantially all of the workpiece surface facing the nozzle, as the
nozzl e and/ or workpi ece nove relative to each other. The nozzle may

advant ageously be supported on a swing arm 30 which pivots relative to the
fixture.wdbfoRpgz! € my be above or below, or to one sigler/0§226916 Wor kpi ece
so t hat \Y e Jet travels vertically up or down, or horizontally. Ozone is 4 8
FEBRUARY 2006 WO 03/ 015146 PCT/ US02/ 23515 supplied into the chanber and

di ffuses through the boundary | ayer, to renove contam nants. A heater heats
the liquid used to formthe jet. [0019] Accardi ngldy, it is an object of the
i nvent i BAPed prigy thee chamberpand cliffuses othipqugh Hist hoendany layFartat (RENOVEhe

i nventi j-ges [ ' .of the 5 features, conponents,
st eps a%gtaég%in%t%?rgatéiﬁlg\%\%%&%@%?@%&hq@g{?opti onal features described in
one ent®di%fent orAcshohugly, nit dnendotgedtngf flieginventivmy toe quatidey amsimpededbe used

in any other enbodi nent. BRI DESCRI PTI OF THE W NGS .10 20] Fig. 1
S oS e TR SR B TPFAApp AR M 2 SORTTRRRORS Bt Bfessi ng
WOr lspi efegtures,Udinpbniets, Siéps @A 0 dUbdysterméahewn anll dbscaBed eTHeNdioh@dfeatrdaubbl ed
into the liquid. [0021] Fig. 2 is a diagramillustrating a process flow for
cl eani rfijsabeg inerasgpbrsiment @b shasyeiong dravyng figws inay cauaibosond! bevsedoo22] Fi g.

3 is a §chesRki Snsid@geam of an apparatus for cleaning or processing a
wor kpi elcgﬂfn vvhilé t he sem conduct or workpi ece using a liquid and ozone, and

a chemcal additive. [0023] Fig. 4 is a schematic diagram of an apparat us
for cleaning or processing a worlpiece using ozone and a liquid, with the

ozone supplied into t§§1§ﬁﬁ§gﬁrﬁﬂ6@6§m§ﬁ%§$@§stha“ into the liquid as
shown in Fig. 1. [00 7g. m of an apparatus for

cl eani ng or processing a workpiece using pressurized steam and ozone.
[ 0025] [P02f] 6 i s Fag.sthermséhemdiiadienn diagram ap @ar appatatysoforctleamngi@ror

P 0= g FTBAFEC 0 L 00010 e SOl Kt
- into the liquid.
[0021] Fig. 2 is a diagram illustrating a process flow for cleaning or processing a
workpiece using a liquid and ozone.

15 [0022] Fig. 3 is a schematic diagram of an apparatus for cleaning or processing a
workpiece in which the semiconductor workpiece using a liquid and ozone, and a
chemical additive.

[0023] Fig. 4 is a schematic diagram of an apparatus for cleaning or processing a
workpiece using ozone and a liquid, with the ozone supplied into the process chamber,

20  rather than into the liquid as shown in Fig. 1.

[0024] Fig. 5 is a schematic diagram of an apparatus for cleaning or processing a
workpiece using pressurized steam and ozone. .

[0025] Fig. 6 is a schematic diagram of an apparatus for cleaning or processing a
workpiece using liquid/gas contactors to enhance the kinetic reactions at the surface of the

25  workpiece.

[0026}] Fig. 7 is a schematic diagram of an apparatus similar to the apparatus of
Fig. 4 and applying liquid onto the workpiece in a high pressure jet.

[0027] Fig. 8 is a schematic diagram of the apparatus shown in Fig. 7 with
additional features.

30 [0028] Fig.9is a perspective view of a cleaning system including one or more of

the apparatus shown in the Figs. listed above.
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[00261 Fig. 7 is a schematic diagram of an apparat us sBFEBRUARY 20(¢c
apparatus of Fig. 4 and applying liquid onto the workpiece in a high
pressure jet. [0027] Fig. 8 is a schematic diagram of the apparatus shown in
Fig. 7 with additional features. 30 [0028] Fig. 9 is a perspective view of

a cl eani %%gnsl ncl udi ng one or nore of the apparat uggi}%,g%gggt he Figs.

| i sted above FEBRUARY 2006 WO 03/ 015146 PCT/ US02/ ] Fig. 10
is atop view of the systemshown in Fig. 9. [0030] Fig. 11 is a perspective
view, in part section, of a process chanber, for use in any of the
apparatus shown in Figs. 1-10. [0031] Fig. 12 is a section view of an

al t er nat[0028] pr oceBig. th&ratep Vfﬁ@frofl!masyslnn‘saglewn iEF'@pBar atus. [0032] Fig. 13 is

f th h h d
i sood SR conclib SRS pERGiIlnl  aad Socioly SC1 miooe BRRER P ue he

inventi @mmyﬂf@]@q@aﬁatmmao@mmplgmnemtl on techni ques between the el errents or
corrponents may of _course be made in various ways, wth the draw ngs

showi ng (032h el enBigt 42 Aheisetiam sicw e allepatiig Prosess\Phamber forise i §us aI | y or

mechani %ﬁ%éréfus Dotted lines in the draw ngs indicate optional and
non-essential elements or connections. Wile showi ng preferred designs, the
dr awi ng40033t1 ude Eﬂgehi‘amastop\memfrﬂwchamberrﬁywnon Fiwlil}ssentl al to the

' nv_entl ?%3]The el %Héergt st H boxr/]é/e&tnﬁ ri'ua de% %ﬁmg}[cf nt he

[
cl ai nms. drawi ngs s ow pi] RIS nT TS 28Ny PoRbRAly
DETAI L EQpédbinRi fREect dPthelinfrertii/FTHE! fob tipAOGH] coAnsutivk pacﬁmqms beBveen the
m croel ectroni c workpiece is defined here to include a @Dd#pgl ece formed

froma SITFERES ATCAMRINENAIBY A CPYET B8 (RAGi B arious i YaySopit HEAEES  data

st orage seivARE NschOleldrAHR SandaNShRctiBAC I RhérRalany, Caalnde|n8freﬁhty§1c§1[}e sorned. The
20 apparatus_ and met hods described here may be Used to clean or process

wor kpi ed&sshagisaHy JRotteddies e drapingrandisaie opfionaband negy- fzﬁﬁqméal alments @lc es such

as flat R akong Wﬂhé%ﬁowﬁ gefg&eﬁiﬁefigﬁg'tﬁe dgg r?ésqﬁé‘iuder@%éﬂs apféh@n

[ 0035] the appar E0s 1S | strat use in sin
pr ocesspnglaytnhebe aq;pmmttmﬁleambnttgm hdts elsmeRisgassentialotonthy lra/bamnba;e usted on a

bat ch of forh lﬁ% S T];g Eirnalwqggs show both essential and non-essential elements.
15

DETAILED DESCRIPTION OF THE INVENTION

[0034] A workpiece or a microelectronic workpiece is defined here to include a
workpiece formed from a substrate upon which microelectronic circuits or components,
data storage elements or layers, and/or micro-mechanical elements are formed. The
20  apparatus and methods described here may be used to clean or process workpieces such as
semiconductor wafers, as well as other workpieces such as flat panel displays, hard disk
media, CD glass, memory media, etc.
[0035] Although the apparatus is illustrated for use in single wafer processing, the
apparatus and methods of Figs. 1-6 may also be used on a batch of workpieces. Turning
25 now to Fig. 1, in a processing or cleaning system 14, a workpiece 20 is preferably
supported within a process chamber 15 by one or more supports 25 extending from, for
example, a rotor assembly 30. The rotor assembly 30 closes off the chamber. The rotor
assembly may optionally seal with the chamber 15 to form a sealed processing
environment, although a sealed chamber or environment is not required. The rotor

30 assembly 30 spins the workpiece 20 about a spin axis 37 during or after processing with



25 nowto Fig. 1, in a processing or cleaning system I14FEBRUMRYXH08ce 20 is
preferably supported within a process chanber 15 by one or nore supports 25
extending from for exanple, a rotor assenbly 30. The rotor assenbly 30

cl oses off the chanber. The rotor assenbly may optionally seal with the
chanber ‘1,50 Lisir ma seal ed processing environnent, al pppygéyAsseal ed
chanber enV|ronnent is not required. The rotor 30 assenbly 30 spins the
wor kpi ece 20 about a spin axis 37 during or after processing with 6 8
FEBRUARY 2006 WO 03/015146 PCT/US02/ 23515 the ozone and the process |iquid.
The spln axis 37 is preferably vertical, although it may al so have ot her
or i ent atheqzene fdobeprovess liggid, mEheotpin pes 3R isnarater IBV?@C?# dthepglbitynay ni ni zed
to as s by design considerations for any given capacity
i.e., tqﬁléh%u %e?%égﬂ tﬁs@ge of the 5 worlcpieces to be processed), The
chanber [W36] s pr eT}mrabhme of lthendndnatzer 165as ppeferaklys inmginmized tpl & snelleass i n a
batch. A fla di sk-s ed chanber .i s advant ageousl use for . _single
ont or pPOEUEE] oSt PR On G TR S AR ioF PR Dot &
litess, wotlfpdced tcSbégtReddd)er Thé @haudt] 550 JJréfEﬁbliy éﬁﬁfdn@amr Wadcedsirzy St em) .

[ 0037] One or more _nozzles 40 are disposed wthin the process chanber 15 to
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wor kpi e r gsto the
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alter na(ﬂor/els:;agle@rafarhtoaabdilttSOditc;rst(fmrtalﬁé wappeystsuo).f ace of the workpi ece 20.
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for supg@y to the nozzles 40. | e use of reservoir is preferred, any

li qui d Swurekpieas20phgdiayid maﬁcalﬁ@lbﬁgppdleénrp@thern‘éaysz@sqdeemqymméuqh Hui d flow

path 60g dr 65.to filter out mcroscopic
cont am ngﬁ%ﬁ wog]%hlgxﬁrlg&éggg?’?aﬁ? d]].-satiﬁeé%rocess liquid, still under

pr essur {0038k pr oVitgguocess liqied eud pasne afaytbesurrilied do ﬂ@Eno(zzIEs QQ;bwl)t siagleng fluid

flow line. . 70. nor e S n,the lig a ea t he
pr ocessﬁ}"idcﬂﬂecfmmg %6219 Wg(eﬁe lﬁb{he lkﬂmda PR Ht gr'ta “g}j\{ @Btt ¥ % be used,
as Showrhé fesérvéir 44 is connected to the input of a pump 55. The pump 55 provides the liquid

under pressure along a fluid flow path 60, for supply to the nozzles 40. While use of a
‘ reservoir is preferred, any liquid source may be used, including a pipeline.

20  [0039] The liquid flow path 60 may optionally include a filter 65 to filter out
microscopic contaminants from the process liquid. The process liquid, still under
pressure, is provided at the output of the filter 65 (if used) along fluid flow line 70. One or
more heaters 50 in the liquid flow path heat the process liquid. An in-line heater, or a tank
heater, or both, may be used, as shown in Fig. 1.

25  [0040] Ozone is injected into the flow line 70. The ozone is generated by an
ozone generator 72 and is supplied along an ozone supply line 80, under at least nominal
pressure, to the fluid flow line 70. Optionally, the . liquid, now injected with ozone, is
supplied to the input of a mixer 90 that mixes the ozone and the process liquid. The
mixer 90 may be static or active. From the mixer 90, the process liquid and ozone are

30  provided to be input of nozzles 40. The nozzles spray the liquid onto the surface of the
workpieces 20 that are to be treated and, further, introduce the ozone into the environment

of the process chamber 15.



25 [0040] Ozone is injected into the flow line 70. Thel BERHARS2Mener at ed by
an ozone generator 72 and is supplied along an ozone supply line 80, under
at | east nom nal pressure, to the fluid flowline 70. Optionally, the
liquid, nowinjected with ozone, is supplied to the input of a m xer 90
that m ol ?hgzone and the process |iquid. The m xerp@Qudiansdis static or
active. Fromithe m xer the process liquid and ozone are 30 provided to
be i nput of nozzl es 40. The nozzl es spray the liquid onto the surface of the
wor kpi eces 20 that are to be treated and, further, introduce the ozone into
the environment of the process chanber 15. 7 8 FEBRUARY 2006 WO 03/015146
PCT/ USdf9413515 [ Giufurtharsoneentrafe theesone int thempeocesse ligxidmn quiputhide g efess
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pat h e&ﬁﬂ?@ba ofapethdne igouprER l%?ctlewf agur faeqwoum aEP%P"Fr? Bhanber 15
i s optimpadbitk 6ocol | ected and drained via fluid line 32 to, for exanple, a

val ve 34. The valve 34 madép operated to provide the spent liquid to
ei t her [804Flai n odeits emepdymens o€ Fig. o spent digyidr inche cpmbeyils inoptianallye |ine 38.
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reservolr assists in’e eva ing the é concentration in t i quid
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may alternativel di re t he ch 15 ste [0043]
The 070t GeWEr AP Aty BepeiR sarind St Bonrey auperieh S shbrmdigkor | on

exap| aoGhe Feh@ir 48 QBGHE in REQAEN I ERESNO cohentrifor il €ht 8463 tEFRBR
Generator, 15 manufactur ed by Ap gﬁl ied Science and, Technol ogy, .1 nc., Wburn,

Mas s ac HERsatedsozope gygetioniad/asyzonegliepsrsions 1 BB iU Bay elteoni Yok Pﬁg of 160

grans Rglecto®Wom At chabhtser i §tda Rastd Haw, of apprOX| mately 12 liters/ m nute and
having a concentration of 19% ozone, 2‘% can be supported. Anot her

exanpl d0¢#3]la sui tTablogons ggheretapa%iqgref@ geampﬁy ozaqe geperatginoneno GR- RL
Ozone t r Y, r t Ltd.,
yogo. TTAIER. o2 ER KePEIY ShindecrlTl ﬁ?ﬁ%’g AT W HE Serel e e
gerlér atmanu2tupede by Appligd Saenca andJachrtojogyf t, Welagth, M@ssachuket&, r&as per hour,
or 110 The &&O eX 8403 has an ozone production rating of 160 grams per hour. At this rate a

flow of approximately 12 liters/minute and having a concentration of 19% ozone, by

weight, can be supported. Another example of a suitable high capacity ozone generator is
the Sumitomo GR-RL Ozone Generator, manufactured by Sumitomo Precision Products

20 Co., Ltd., Hyogo, Japan which has an ozone production rating of 180g/hr. The ozone
generator 72 preferably has a capacity of at least 90 or 100 grams per hour, or 110 or 120
grams per hour, with the capacity more preferably of at least 135 grams per hour. In terms
of flow rate and concentration, the capacity should be at least 10 liters per minute at 12%,
13%, 14%, 15% ( or higher ) concentration by weight. Lower flow rate applications, such

25  as with single wafer processing, may have higher concentrations of e.g., 16-19 or greater.
[0044] Use of a high capacity ozone generator is especially useful in connection
with the methods and apparatus of Figs. 4, 5 and 7 where ozoﬁe is supplied as a gas into
the process chamber or the environment around the workpiece, independent of the process
fluid. | |

30  [0045] In previously known methods, ozone has been dissolved into an aqueous
solution to make it available for the oxidation process on the surface of a wafer. As a

result, the amount of ozone which could be delivered to the surface of the wafer, was
8



grans per hour, with the capacity nore preferably of a8 HEBRYARY3I806gr ans per
hour. In terns of flowrate and concentration, the capacity should be at

| east 10 liters per mnute at 12% 13% 14% 15% (or hi gher) concentration
by weight. Lower flow rate applications, such 25 as with single wafer

processiwg.ozfBx41ave hi gher, concentrations of e.g., 16pdPQbBspater.
[ 0044] Use of a high capacity ozone generator is especially useful in

connection wth the nethods and apparatus of Figs. 4, 5 and 7 where ozone
is supplied as a gas into the process chanber or the environnment around the
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ozone whi ch ﬁ | ved into the process fluid. Correspondingly,

oyl d be diss
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indirectly heatin he wor kpi ece(s). [0047] The preferred process liquid is
de-i oni zhemhmh@tqr% E@ &jm,dlreci

2oxfordieams e shambeg gn by healing the workmecetiueous or
nhon- aqux@ﬁlpsol Ut feﬁ%ﬁfﬁ(})c}%f ?&i&‘?@f?‘?—io\ﬁ{’zteﬁrvﬁ@rp 69{eF}>?och§°;ﬁhhi'a ous film

on the i ece surface. m or [ayer, excessrve Ick, acts as
a @ ffewshoas dizer raqecous ertrva-agpesve solubienss myaysilswbagsede adfdtarcandbms 2 The

G TR W B T e TN
of one giffusieh bardikr folths 6zdne Ctharieby Sl6wing@edctiomrdtése Theqhickhess of this layer is
controlled by controlling the spin speed of the workpiece, and controlled spraying of the
process liquid, or a combination of one or more of these techniques, to form the liquid
20  layer into a thin boundary layer. This allows the ozone to diffuse through the boundary
layer of liquid, to the surface of the workpiece, where it reacts with the organic materials
or other contaminants that are to be removed. Ozone has a limited solubility in the heated
liquid (preferably water). However, ozone is readily able to diffuse through the liquid
boundary layer and react with the surface of the workpiecé or wafer (whether it is silicon,
25  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.
[0048] Fig. 2 illustrates a process that may be implemented in the system of Fig. 1
when the system 14 is used, for example, to strip photoresist from the surfaces of a
workpiece. At step 100, the workpiece 20 to be stripped is placed in, for example, a
30  holding fixture on the rotor assembly 30. For batch processing, a batch of workpieces may

be placed into a cassette. Alternatively, for batch operations, the workpieces 20 may be



20 layer into a thin boundary layer. This allows the CZKBERRUARYNING use

t hrough the boundary layer of liquid, to the surface of the workpiece,
where it reacts with the organic materials or other contam nants that are
to be renoved. Ozone has a limted solubility in the heated 1liquid
(preferaidysoneisgr) . However, ozone is readily able to digrfuseerishs ough t he
liquid boundary |ayer and react with the surface of the worl cpi ece or wafer
(whether it is silicon, 25 photoresist, etc.) at the liquid/solid interface.
Thus diffusion, rather than dissolution, is the primry nmechanismused to
del i ver ,ozone, tq the rfaces, of the waf ergﬁ. [00411% il%. 2. illustrates a

pr oces<JiiARsed ingghagibes Iy AeAirisgless mapaers ih & afo t@‘fp CeSRINESYPINRYL sy st em 14
i's usedych & de8ERiEy 3 Pathi NP sPIRAL@resi st fromthe surfaces of a

wor kpi ece. At stglp 100, the workpiece 20 to be stripped is placed in, for
exanpl 40049130 hollde hgldingxditinie asncaskriterio placedimsresibied @@iroEaenthaick s

processj at ¢h qf Ik pi S b l.aced .in :

A tor nab F‘%’e‘ih?fng?folﬁ- bfﬁtstcﬁﬁqé’%@?eg‘feﬁodﬁ@%eﬁ ETS r‘{%‘?ae‘/cegs? %otﬁ%a&%§%§§ %ﬁge FEBRUARY
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[0051] At step 106, ozone is injected into the fluid flow path 60 during the water

20  spray, or otherwise provided difectly into the chamber 15. If the apparatus of Fig. 1 is
used, the injection of the ozone preferably continues after the spray of water is shut off. If
the workpiece surface begins to dry, a brief spray is preferably activated to replenish the
liquid film on the workpiece surface. This ensures that the exposed workpiece surfaces
remain wetted at all times and, further, ensures that the workpiece temperature is and

25 remains elevated at the desired reaction temperature. It has been found that a continuous
spray of 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) generate a very thin
boundary layer which minimizes the ozone diffusion barrier and thereby leads to an

30  enhanced photoresist stripping rate. Control of the boundary layer thickness is used to

regulate the diffusion of ozone to the surface of the workpiece.

10




[ 0051] At step 106, ozone is injected into the fluid fISRERRUARYBOO0@uUri ng t he
wat er 20 spray, or otherwi se provided directly into the chanber 15. If the
apparatus of Fig. | is wused, the injection of the ozone preferably
continues after the spray of water is shut off. If +the workpiece surface
begi ns t wvaepismacbrief spray is preferably activated to gapt®peshst he

liquid filmon the workpi ece surface. This ensures that the exposed

wor kpi ece surfaces remain wetted at all times and, further, ensures that

t he wor kpi ece tenperature is and 25 remains el evated at the desired reaction
tenperature. It has been found that a continuous spray of deionized water
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t he hi ghodre MRSFRitieetHAl isttii@pdrhtekés @bmmr%”aﬁélﬁgt&%%t nedeC. HeRftaal |y have
a high concentration of dissolved ozone. [0054L | evat ed or hi gher

t enper attURRESAHESAEBEeSHE 3oat W eBoEbBREErAN i SEnk208 ror Pobld Eethsestdt moge that i s
ranges 5raeapT 0SS, M e @Rty ik Bed ShheraBp AT0GC SR po B T 1 €
pr eflér alsknterdig 40&@ 93°F miyebemsehods descri bed, tenperatures of 90-100C, and
P sy 15, BB RS L TR K b RAP I B ond B e
and/ or  lozetiel aid/ot liguidpihk pictlasiéce]s) ateoptiphallyalsty at'stepsid antl aktdeied hOfe@nd -are
dried at1 18.t lggr example, the workpiece(s) may be sprayed with a flow of deionized water during
the rinse at step 108. They may then be subject to any one 6r more known drying
20  techniques at step 110.
[0056] Elevated temperatures are used to accelerate the reaction rates at the
workpiece or wafer surface. One manner in which the surface temperature of the
workpiece may be maximized is to maintain a constant delivery of heated process liquid,
such as water or steam, during the process. The heated process liquid contacts and heats
25 the workpiece during processing. However, such a constant delivery may result in
significant waste of the water or other processing liquid. To conserve water and achieve
the thinnest possible boundary layer, a "pulsed flow" of liquid or steam may be used. If
the "pulsed flow" fails to maintain the requisite elevated workpiece surface temperature,
an alternative manner of maintaining the surface temperature may be needed. One such
30 alternative is the use of a "hot wall" reactor that maintains the surface and processing
environment temperatures at the desired level. To this end, the process chamber may be
heated by a chamber heater 29 in the form of, for example, one or more embedded heated
11



110. For exanple, the workpiece(s) nmay be sprayed w t h SFEBRYWRY20¢bei oni zed
water during the rinse at step 108. They nmay then be subject to any one or
nore known drying 20 techniques at step 110. [0056] El evated tenperatures
are used to accelerate the reaction rates at the workpiece or wafer

surf ace. ofBpaer in which the surface tenperature of pihfsodsigoi ece may
be maximzed is to maintain a constant delivery of heated process |iquid,
such as water or steam during the process. The heated process liquid
contacts and heats 25 the workpi ece during processing. However, such a
constant delivery may result in significant waste of the water or other
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heater 29 in the formof, for exanple, one or nore enbedded heated 11 8
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wat er heated to, 95 degrees C was used, The pul sed flow . _.included an "on
time" of&?ﬁﬁ?”&%iwe@l tof @erogs%%&gambﬁm byeParpte Wfqlaﬁba ratg ofi‘%

seconds.|jidd§epafifiite WeS EibaitBfioRtorSQ0pdriiit. arthet ReulRMt 388 fatOWaoH28lei Oni zed
wat er was 10 sprayed into the processing chanber through nine nozzles at a

rate of Zngsirem#/Miper mnute. Ozone was injected into the processing chamber
concent MeTn or 3 TR LEbr ol Tl pbitle b in il QbR
Angdsr orgsherator fdr dfeBingAtzore ity theprarzssme dhamber #tagatensfde lges pebménuty usi ng a
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to in excess of 8800 Angstroms/minute.
[0059] There are many benefits resulting from the use of the processes described
above. One of the most significant benefits is that the conventional 4-chem clean process
20 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 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
25  metals such as aluminum, titanium, 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
passivation oxide, such as the oxide that forms on metals like aluminum. As a result, the
oxide can be readily removed.
[0060] A still further benefit is the higher ozone flow rates and concentrations can

30  be used to produce higher strip rates under various processing conditions including lower

wafer rotational speeds and reduced temperatures. Use of lower temperatures (between 25
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and having a concentration of 19 percent, the result ar FERBRYARY 2085 can be
further increased to in excess of 8800 Angstrons/m nute. [0059] There are
many benefits resulting fromthe use of the processes described above. One
of the nost significant benefits is that the conventional 4-chem clean
process wdQsBYsbe reduced to a two-chemical step processrvbuzlesiset ai ni ng
the ability to renpve organics, renove particulates, reduce netals and
renove silicon dioxide. Process tinmes, chem cal consunption, water
consunption and waste generation are all also si gnificantly reduced. A

and | BEBIS oA PTG (O pooes Q0 BABAT S5 ERIGoRIR BAYD Tt t hor o

is no aggagﬁlqﬂlegéhlgﬁgr@éﬁpéms%@hmaggm titanium tungsten, etc. A known
exception is copper, which forns a copper oxide in the presence of ozone.

Thi's oxi®81] s not Ose exmpdle wheng thisiis b¢nﬂﬁ01|@h1§§h@/a&e| afrthe pragess witfc BEQL. t he oxi de

that for tal s a um n esul t, st he OXI de o e.readily
renoved. ”F%%G%?‘% nsrtnI({ & e e‘fcuf ? etn?eet% 11F'}"esr A§2 6t S?cfgowtﬁr es and
concent tedpepdtsre GiaHoniZdd \bﬁeuseméspomﬁgmqﬁodfusgﬁ@ﬁt it ter@persturasdedy vari ous
processi ng conditigns i.ncluding | ower rotational speeds and reduced

t enper aPtifseiered e Hie ghen §té‘PrpréF’ét‘EPrter§a1(ZE§t feanresyt pp 1ot RISEBURIBICD 006 WO
03/ 0151&%&%%@@36@&5@? §RAhs AR smwra&rmeqsqm Holeh@MoBoNORGy (c4dd eyt han at

e.g., 95C as described a bove) may ‘be useful where higher tenperatures are
undesi r agsicentr4tivgs 1 Theqyse obkigher azonmeqneenttation ran ifBakthe &esa bf kigeticenergye of t he

process g t wherein netal corrosion may occur if the netal
filns ar%e%ﬁ%q%eﬁt%hgaﬁresii tenperature de-ionized water, Correspondingly,

prodessitigzht anbWethtrefeesmpe ragainrte Figuay 2hb witldfearecoptized hieat gavasss st ri p rates

ner oast 116 w8y SEREEines el enb S drsSal et RGUPR L e °*' Y

concent fe%bgtﬁflﬁi thhh rotess @tfepbl1913&06om@ﬁ%ecwqa@mhnﬁtmmteﬂaasmg f&fFérehthe | oss of
ki netic energ fromusing |lower tenperatures, 10 [0062] Wth ref erence

agai n taror:?sgwgélqyld% {n wqmmﬁ@%&ag}h?fztéaptqﬁawngrlwe&séh@aéepgse T P06 may be

execut e?pebfﬁcﬂllﬁféﬁéfe@% Fethdv¥ aGe g%@eweegaz om'ﬂfﬁﬁﬁnanﬁdq?r&fe%ﬁj h¥wevdr, iMs! | be
recogni zed that process steps may be sequential I'y repeated using

di fler edQSITablﬁ Hruseas dey diffﬁmrmgroceasmgdmnlds B8 pesaibles Biergdncing themambenefessi ng
L qui dsdﬁﬁ%t ad’rgceléﬁx?g lﬁmﬁs L'?tlhzed the overall cleaning process is simplified and

reducing the number of different processing liquids utilized minimizes chemical

consumption.

[0063] A single processing liquid may be used to remove organic contaminants, -

20  metals, and particles in a single cycle of process steps 102-106. The processing liquid is
comprised of a solution of deionized water and one or more compounds, such as HF or

HC], from chemical reservoirs 260A or 260B, to form an acidic processing liquid solution,

as shown in Fig. 3.

[0064] The use of a hydrofluoric acid solution in the process steps set forth at 102-

25 106 provides numerous advantages, including the following:

[0065] 1. Removal of organic contaminants - The oxidation capability of the
process has been demonstrated repeatedly on photoresist. Strip
rates often exceed 8800A/minute. Considering the fact that in
cleaning applications, organic contamination is generally on the

30 ' molecular level, the disclosed process has ample oxidation capacity.

[0066] 2. Removal of oxide and regeneration of a controlled chemical oxide -

Depending on the temperature of the solution and the concentration
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specifically tailored to renpve a respective set of cGERRUARY 206
Preferably, however, it is 15 desirable to use as few different processing

| i qui ds as possi ble. By reducing the nunber of different processing |iquids
utilized, the overall cleaning process is sinplified and reducing the
nunmber o&uﬁkﬁ%@éent processing liquids utilized m ni m z»ex/wshemEscal
consunppﬁo . 63] A single processing liquid nmay be used to renpove organic
contam nants, 20 netals, and particles in a single cycle of process steps
102-106. The processing liquid is conprised of a solution of deionized

wat er and one or nore conpounds, such_as HF or HCLl, from.chem cal
reservoirs 260A or 260BHF iselation, aspesificoteh gicgnayshy dafined qHpwess: i on, as

shown in Fig. 3. [006 hg: r af ' Cj ut.i L the
process steps set for?%ongt %ilggcﬁffg% %nggr gi/ei gg@@ﬁ%e?%&é%d&k%a%@s,
i ncl udi ng the foll ow mgenedgte| @R6Sxide. tRepmvalt dfe ovafani romobte@mingnts - The

oxi dation capability of. the..procgss 2een de trated re tedly on
photoresist. Strip r ?‘ng%fcgnxe@eleggégg@&xmrﬁg?gg C{‘jgfﬁgﬁ &Wﬁﬁ%cﬁhe f act
thats in cleaning applsiosaiiDise oPrbdti 6-sAPMinatd. NAthieOshnieSsRMA @ by on the

nol ecul ar level, the disclosed process has aH)I e oxidation capacity. [0066]
2. Rermoval of oxide afeereesdealaateiofilafat abewdA/Binde <hérpieal ngRiede -

PEBRUARY 2006 5 10° 16058 Seay EraRikhy hn Bt ot 2 AR N 23515 of
HF in solution, a spegéetferalydhetargettdghickneshfor tdhefaxmdedemidpalever, t he ozone
Wil di [B(géﬁ & thr %ggh h@r%ox(z:a %tf Ii:)gljrltilc eg - R?tHthg%rtMe zllc"i,t 15 'éol%ﬂgns do not have the
10 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.

[0068] 4. Removal of metals - In laboratory experiments, wafers were

15 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
metalsvremoval, although this does not have the same degree of

20 oxide and particle removal capability. The combination of HF and
HCl! 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
the symbiotic interaction of the two acid halides creates an

25 exceptionally favorable environment for metal removal.

[0069] 5. An oxide-free (hydrophobic) surface may be generated, if desired,
by usihg a final HF step in an immersion cell or by use of an HF
vapor step after the metals removal.

[0070] With the use of HF and ozone, the boundary layer is preferably maintained

30 thick enough to achieve good etch uniformity, by selecting flow rates of liquid onto the

workpiece surface, and removal rates of liquid from the workpiece surface. The boundary
layer of the liquid on the workpiece surface is preferably maintained thick enough so that

14



regenerate the oxide to prevent the wafer from beconi SFEBRYARI UL c. A
500: 1 H20: HF m xture at 95 degrees Cw il etch S OQ2 at a rate of about

6- 8A/ m nute. The sanme solution at 25 degrees Cwll etch SiQ2 at about
2A/ mnute. A typical "native" oxide is generally self l[imting at a

t hi ckness of 8 - 12A, which is generally the targetedgdigenesssfor the
oxi de r MOPAMRenpval of particles - Al though the acidic sol utions do not
have the favorable zeta potential present in the SClL clean noted above,
particle renoval in the disclosed process with an HF processing |iquid has
still been shown to be significant, as it uses the sane renoval nechani sm

of et chihagichnaifpmybhie oathergdernd lestithpn Forand peefermblyd sl thasy 3%wr 26~ | n

| abor at |%¥% fers were intentionally contam nated with iron,
ni ckel Sq%a%gg%grb Iéean i scl osed process with an HF containi ng processing

|'i qui d [6btijed a rledhecHF amd ozonegiradess, oliie @2ore¢ cdrtestention deprafecdblyralgut Bude. As an
added enhance t, HO, can be used in place of the HF to acconplish the

met al s -@ﬁ%l@Q"mbmrg@t?IHiogywisﬁih%?zqﬁla@nqeﬂ%at@aﬁ%% Q@e_sgent 8%i de and
par tsi clige EgHPUELf Gi2RGRILE HY soiliibn GRUID I WR RBceding iliad] it i6dsidaBledndtur t her
benefit, as each of these chem stries has 'significant netals renoval

capabi | the yilicensurfase nobbe Alkavendi torgodiydrephobiei dicsiing e ecomplete eishimg@fi on wi t h
the co ' Of . S 40 | e ' . b0t Ge) NL.eraction
of t he FepreRfh dfiEhAiSulduPRLE sk CothiRRa oAU oo LI T
met al r.8hovdl.0%[ @P69¢ight). An genenkk-the dewéhyahicomtuibhe ares prefared, veth be
generated, if .desired ust a final HF.step.in an i rsjon cell or by
o6 of et oek 0) Apiekidiin oy epas SRR TEGE A0 o EROCHE. use of L
and 00z §F8A bhehebalnshadey/pdr aigiteia$ IPCRT ThaBIFysol@iontadyBiéludd hytitdcElerienough to

achi eve good etch uni formé%lx, by sel ecti n‘g flowrates of Iirquid onto the
wor kpi 8 toypnhange metad TERAYA) papdbilitys B usedqie HEY BipicaHy bas akpnge ©fsur f ace.

The bOuda¥atibiehitfho idSaddobltbdhitun dodge wpiepl ece surface is preferably
mai nt ai ned thick enough so that 14 8 FEBRUARY 2006 WO 03/015146

[0072] ~ In the HF and ozone process, a temperature range from 0°C up to 100°C
may be used. Higher temperatures may be used if the process is conducted under pressure.
15  Particle removal capability of this process is enhanced at elevated temperatures. At
ambient temperature, the particle removal efficiency of dried silicon dioxide slurry
particles with starting counts of around 60,000 particles larger than 0.15 microns, was
about 95%. At 65°C, this efficiency increased to 99%. At 95°C, the efficiency increased
to 99.7%. Although this may appear to be a slight improvement, the difference in final
20  particle count went from 3000 to 300 to about 100 particles, which can be very significant
in the manufacture of semiconductor devices.
[0073] The HF and ozone process may be included as part of a cleaning sequence,
for example: 3:00 ( minutes ) of HF/O3 > 3:00 SC1 > 3:00 HF/O3. In this sequence, the
cleaning efficiency increased to over 99.9%. In contrast, the SC1 alone had a cleaning
25  efficiency of only 50% or less. Similar results have been achieved when cleaning silicon
nitride particles as well.
[0074] The steps and parameters described above for the ozone processes apply as
well to the ozone with HF and ozone process. These processes may be carried out on
batches of workpieces in apparatus such as described in U.S. Patent No. 5,544,421, or on
30  individual workpieces in an apparatus such as described in PCT/US99/05676. '
[0075] Typical chemical application times are in the range of 1:00 to 5:00 minutes.
Compared to a 4-chem clean process time of around ZO:QO minutes, the process with. an
15



PCT/ USQ2/ 23515 the etch uniformty is on the order of §ESBRYAMRBY2M6, and
preferably less than 3% or 2% (3- signa divided by the nean). [0071] In the
HF and ozone process, the ozone concentration is preferably about 3 - 35%
or 10-20% by wei ght (in oxygen). The ozone concentration is largely
dependen&oggnw§wthe etch rate of the aqueous HF sol uti opcHess2s¥iaen
processing silicon, it is desirable that the silicon surface not be all owed
to go hydrophobic, indicating the conplete etching of .the passivating
silicon dioxide surface. HF concentration used is typically.001 to 10% or

.01 to 0%.(b ight). In general, .the |ower conceniratjqn r referred,
wih o HEGHOERHCEPBAT BEIRn e Sy SRR CoBeeL T HCT

per f or magEntiatioh Ratfd 488 61 theabiBerldt 500: BA 18150t Def MRih @xd danARHIMaAYEE at 95C).
The HF sol ution may include hydrochloric acid to enhance netal renoval

capabi | iHGl, Higharsencenirhidons@re pgsgibleabitythér aepngmicibensfitsfare dominiehad: alt isons
simlar.to the ra s, descrihed ve, f.aor. HE. 0721 Ln the.HF and, ozone
ot oceqs mEeraafioaBUER SSGHS OGS ¥ 0 el (lert € e af

t enpér atlesrdng tieymibiey us edlli fDid e gifforsacs inprocesshicioafiguinties apd elesitgde. 15
Particle renoval. cagabi i.ty. of this_ process is enhanced .at_el evated

t enper aCliAERe TAPIrERENtE (e fipliop of SPFHI cleapingprpeess parametesy Fil ¥3yivasehey of

dried siohi};égguiﬁg%&ég%glré%[rgmeﬁgrti cles with starting counts of around
60, 000 particles |larger than 0.15 microns, was about 95% At 65C, this

ef fi ci ef@76} ncr eaBleebzone dfiusionmprapsss benefes vrchide iteefellowing: eased to 99. 7%

T o

20 particle count went from to a S, I ch can be
veryO0significant in tdieanmgprbeess.ure of sem conductor devices. [0073] The HF

axamp o003800 (ot destughon B soatitiapy BRI TR G <oquence,

the cleaning efficienagrhediiteanektdps raa@ed.99. 9% I n contrast, the SCL al one
had a cl eaning 25 efficiency of only 50%or less. Simlar results have been
achi eve®¥Rkn ¢l elini nReIUFHIFLIR Professtiie particles as wel | . [0074] The steps

and par mgﬁrs degcri Qﬁglpﬁggéﬁ%nfo@g_mgagh%m'processes apply as well to the
ozone Wi th HF and ozone process. These processes may be carried out on

bat &hes [WBllnor kpi Brserroressepprserabadsaboye ira sounserdnudy. i Affotshayeabesit No.
N L i L
range ofs 3CDend, to 5136erniepreeeSC2. Thesp &ffeds havedarkehhfaited beaansepheckss ti me of
around %c?t:cgr(i) .orﬂ.eg %eegduntc;lgrgl lg;e(r)gigf I?av\é\'in%p inft0duced the ozone in such a manner that
diffusion through the boundary layer is the controlling mechanism instead of dissolution
20  into the boundary layer. While the cleaning efficiency of conventional solutions is greatly
enhanced by increasing temperature, it is 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 C is approximately 100 ppm. At 60 degrees C, this
solubility drops to less than 5 ppm. At elevated temperatures, the ozone concentration is
25  thus 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.
[0082] Tests have demonstrated that with the boundary layer control/ozone
diffusion techniques described above, it is possible to process silicon wafers using a
30 2000:1 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

16



15 8 FEBRUARY 2006 WD 03/015146 PCT/ US02/ 23515 HF and/ ®FEBRVARHA04I ni ng
processing liquid is highly advantageous. Typical H20:HF:. HCI concentration
ratios are on the order of 500: 1:1 to 50: 1: 1, with and w thout HF and/or
HC1. Higher concentrations are possible, but the economi c benefits are

di m ni Sh&ﬁog/bfsdfﬁ i nportant to note that gaseous HF orpHfiys@@db@® be

injected I'nto water to create the desired 5 cleaning chemstry as well. Due
to differences in processor configurations and desired cleaning
requi renents, definition of specific cleaning process paranmeters will vary

based on these differences, and reqU|renents 10 15 0076]The ozone
di f f usi 8K 3ATBIE OECeHBIFEISTRRY INGEasRIebY FOTS d1anodl ﬁ@gstrpmmdl IREBUEIEEN i n t he

amount @*El@agt: YRRAnQE efdiedd f@laﬁ Mgk 'KHdﬁtB}‘ﬁ ﬂ:)L e AoV SHtiB R process s will

[0078] 2. Reduction In water co surrpt i on | m nat 1 on € numer ous
i nt er neditdbesurfas & stobpsdwsrtedenc[e@(ﬁmﬂmfa%dmcadabh byna pigbesgertrigne.

[ 0080] 4. Si.npl i ficat,i roce 0811The prace descri bed
bbove. aPBUEBSAIFS MRt Comrs FEhmADE FisakRa ik dho T PR TRERHSST year s to
r epl fice ohyfifoTDeNoPBE WeFdSumhden 0zone in chem stries such as SCl and, to a

| esser de ree SC2. These efforts have largely failed because they have not

contr ol W83k he bowibasase I°§9é‘FhZH}€cF1ﬁd91§°YiB¥ OFg3tie SQnREINatie. WREHEIONY such a
manner thabus Sioht wce%e; HH96t hgtoeb@ O?c{r% g%gmg}%a;&flggg@mfﬁ&}ﬂdng

mechani sm i nst ead” of di ssol uti o e the
cl eani ng0&f YOQ:aIgawnsnlbercmnvtenﬂm theciousdriryitay erronirglleg syateinyof theHiselossd by

increasin ur.e S i, Z hat the solubility of _ozone in a
gi ven i qU| soel aE“T’ (l)sna‘fce e“lrarllu\alde?se?wﬁor gg drt [ %Stnlonfs peirhnem}ug Mler aflife of the

sol ud i odontrblied beundbiy lajley, oxdﬁgl&l@ﬂ&nlt]ﬁb bainéary ddyet isdggenes aﬁdlcﬁnﬁ@i&deXl mat el y
100 ppm At 60 degrees I S EOl ubility drops to less than 5 ppm At
el evat eHSR&SHER 2t LprRSL: dtW(? 2%concentration is 25 thus insufficient to

passi vajgpggpxi di zgpe %r&dekde@oﬂbsh‘,\ﬂlﬁéﬂr afd!lshiddbie Ol ClskY iE NP UGIRe t AngHISsr €  t hat
pitting of the silicon surface will not occur. Thus the two mechani sns are

in conf migpelegionys SrhEication AEPLSAHERS. at OBAPISTUSy Whicho g8 i of £angsrmydas e

per f or "B @hcture of semiconductor devices is reflective notching. In order to expose a pattern

15 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 pass through the photoresist and reflect
off of a topographic feature. This results in resist exposure in an undesirable region. This

20  phenomenon is known as "reflective notching." As device density increases, reflective
notching becomes more of a problem.

[0085] A similar issue arises as a result of the reflectance normal to the incident
angle of irradiation. Such reflectance can create distortions in the exposure beam through
the phenomenon of standing wave formation, thereby resulting in pattém distortion in the

25  photoresist. To reduce or prevent these phenomena, anti-reflective coating layers are used.
The photoresist films are typically deposited either on top of or below an anti-reflective
coating layer. Since both the photoresist layer and the anti-reflective coating layer are
merely "temporary" layers used in intermediate fabrication steps, they must be removed
after such intermediate fabrication steps are completed.

30 [0086] It has been found that the process of Figure 2 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
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[0082] Tests have denonstrated that with the boundary IBFEBRUs&N20@ / 0zone
di ffusi on techni ques descri bed above, it is possible to process silicon
wafers using a 30 2000:1 water: ammoni um hydr oxi de solution at 95C and
experience an increase surface roughness (RVS) of |ess than 2 angstrons.
When thi g, s lution is applied in an inmersion sys I
conventig’ﬁ)aq%%gsplggy system RMS surface roughness as neaté’gmégfmﬁ%‘% FEBRUARY
2006 WO 03/015146 PCTI US02/ 23515 by atomi c force m croscopy increases hy
nore than 20 angstrons and the nmaxi num surface roughness exceeds 190
angstronms. Additionally, while a conventional process wll pit the surface
t 0 suclilatratedrac@1@215)o Akinoigh thikdas bednademanstrated abtacentratiohs bétvescat t eri ng

parti cl un t he boundary control.l.ed techni gue has, actually shown

o t | cl0D2 Vet E AR dateio8 et e WA G GPRRRES B BT n the case
of Oxi dbadidPed0bhe 48N, | TEe AhBdMuM 1HANSIIY Ma} bORdded I HEND] KRR froAdaleous ozone
processes show a strip rate on photoresist (a hydrocarbon film of around
200 - PomegessriosA0pes shawiuindig.13n t he boundary | ayer controlled system of

t he <di ed p , i t angstrons
por S AOURT (1 o CoF BERER foh Rhchtbly BrfRhE Mol Ay h Lot pbitly 1
boundarytirefigive | Byerene mat atcensatilg orestrioteletb pusiessings tligaids athafl Gnglade and 126

degrees C. [0084] The processes descri are.sui.table for use in a w de
Fange. gmTonEs Buktios oRpB% BB PSR eeebipe i Pls B ol e BB s o
concer Roluflort thet is BBrayédGtel fife whiferSahe) THeeiaBly, HRWI Ruldhd isb@6d ihee not chi ng.
In order to expose a gattern 15 on a sem conductor wafer, the wafer is

a

coat ed st ?Pt‘é(e‘iihé?‘?ilt iapd bbnﬁ%lﬂf?&gbd}afi@dsucbh@t §Rdé‘§Pslly.df°H‘\‘15 pRdPE ance film
i s 16XPQs@LidR hgdljokﬁllatmv\ﬁl%et R6d for 06K Wov%l?ﬁ%?%?ggenﬁéaem e Qs MaSirdpPe Wi Ch the
ed. Howev phi'c

light i's conve er, since t oFogra eat ures maK exi st under the
phot or 8¢ &t coricerns DvpLBWbIE donf epntankipat)q taseINMAS or esi st

dng hilowevepashemtisiriesugie
and refl ect f of raphi ure. « Thi.s i in_resist exposure
' an OsEEtenS) pofioofed APRHAD"E shERI S g R baind £ L in U

not chi Bentimihatictestincemslelvaizey watee thaasech it Bfdrext] iradicalswab e dlsobe tedones nor e of
a probl [0085]), A.sim|lar jssue arises as a result. of the reflectance

nof mal 088 he i nherdlies sigr iy pedFli i RechE foief in BEaRRe st i or oat o

di 9501 hhPAGmber bhenAXBESUFer BaaPI&,hsRmad puldps, BhonRIgResiat chémiRdi Ng wave

formation, thereby resulting in pattern distortion in the
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 stream
with ozone, and can conclude the strip with a brief period during which ammonium
hydroxide is injected into the aqueous stream. This assists in minimizing chemical usage
20  and waste generation. The application apparatus may also be capable of monitoring and
controlling the pH the using the appropriate sensors and actuators, for example, by use of
microprocessor control.
[0089] With reference to Fig. 4, in another ozone diffusion process system 54, one
or more nozzles 74 are disposed within the process chamber 15 to conduct ozone from
25  ozone generator 72 directly into the reaction environment or chamber interior. Injection of
ozone into the fluid path 60 is optional. The system of Fig. 4 is otherwise the same as the
Fig. 1 system described above.
[0090] Referring to Fig. 5, in another ozone diffusion process system 64, a steam
boiler 112 supplies saturated steam under pressure to the process chamber 15. No pump is
30 needed. The reaction chamber 15 is preferably sealed to form a pressurized atmosphere
around the workpiece. As an example, saturated steam at 126 degrees C is generated by
steam boiler 112 and supplied to the chamber 15 to generate a pressure of 240kPa therein
18



25 photoresist. To reduce or prevent these phenonena, 8BEBRU&RYewisi ve
coating |layers are used. The photoresist filnms are typically deposited
either on top of or below an anti-reflective coating |ayer. Since both the
photoresist layer and the anti-reflective coating |layer are nerely

"tenporary” |ayers used in internediate fabrication ste st be
r enmoved Wéﬁ”g ¥%6uch internmedi ate fabrication steps are g r%%@f%%‘guso [ 0086]

It has been found that the process of Figure 2 may be used with a
processing liquid conprised of water and anmoni um hydroxi de to renove both
the photoresist and the anti-reflective coating in a single processing step
(e.g., tdwengthepeorkidiceSprb&BRUARDzSGGaN e 0B¢dlyS1j46teds IBSOagBEIES ad | ust r at ed

0. 0296 it GAYPLIRROAT IIRER BN ERA 0 8 P TR, WP 1 R al<ato At 1 a1 on

are al S@his aéﬁgfm, defgrkck QuitR e \téAptrfured BRead TBNEdgT8E YOI FighticH BcclRYating tidded to
r

hot DI water froma storage reservoir 260C as shown in Fig. 3. 5 [0087] The
pr ocess reagtorn kinetifsr el Figsnd\vand Provt e dbiid andypgonerdelivened eipesnaiatey

antieefl Y [ : [ Gt [ | i qui ds
hat 5 nebas 0,08 By o DSl BREERATE NickEREIGL Bllnd BuPORRERR | Tt ti ve
is to ellédda] e t heUpdHobhitearhdwatsolapor ahtetripatatires speedingl 100C)ocnhhecendlicer

surface. Preferabl t.he. pH shoul d raised so that it..is between about
5. and P 8 PhgitreEToRate FEREE Lo ChTRT SRR AP AP IOEY (SR s  um
hydr oxi @rowithabeptésesd Jsiig ol fatdr easd protliRY addhetdtesiReig atdéf rewsd desirabl e
due to concerns over nobile ion contam nation. However, chem stries such as

TMAH (880G 2 4AR0 AREstramsdsT TS d PesPraune & simday Rrassse using st cit the
sa a bl t. g i (o} i f i jch in
g0 rf§§>c éé‘sultfﬂu a S xiaégod}géé&gige?g{éﬂ f%{()) % éa]aés%h%gf}f Wah&k. HiRfevesS

hydroxyl radicals nay a _ The ute amoni um hydr oxi de
sol ut i omespignt bieipapipli§ o sustaindbde.pr ocess in 15 any nunber of manners. For

exanpl e, i nge r. ot he recisi en. ¢ i r can be
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may al so be capable of nonitoring and controlling the pH the using the

appr opr it eafereyEfaees Bircbosadany dayesarress tehapsprtial ypiggwicoihe oxidationpiocessor

control e organic materials on the wafer surface. The absence of the liquid film results in a

significant drop in the strip rate on photoresist.
[0093] Additionally, once the steam ceases to condense on the wafer surface, the

20  reaction environment experiences the elimination of an energy source to drive the reaction
kinetics. As steam condenses on the wafer surface, it must relinquish the heat of
vaporization, which is approximately 540 calories per gram. This energy then becomes
available to promote other reactions such as the oxidation of carbon compounds in the
presence of ozone or oxygen free radicals.

25  [0094] In view of these experimental observations, a method for maintaining the
temperaturé of a surface such as a semiconductor wafer surface, is provided to ensure that
condensation from a steafn environment continues indefinitely, thereby enabling the use of
steam in applications such as photoresist strip in the presence of ozone. Thus the
formation of the liquid boundary layer is assured, as well as the release of significant

30  amounts of energy as the steam condenses.

[0095] To accomplish this, the wafer surface must be maintained at a temperature
lower than that of the steam delivered to the process chamber. This may be achieved by
19



[0089] Wth reference to Fig. 4, in another ozone diff8¥EBRUARYEYs system
54, one or nore nozzles 74 are disposed within the process chanber 15 to
conduct ozone from 25 ozone generator 72 directly into the reaction

envi ronrrent or chanber interior. Injection of ozone into the fluid path 60
is optiog ﬁs systemof Fig. 4 is otherwi se the sanepagykippssfsi 9- 1
system descrllbe above. [0090] Referring to Fig. 5, in another ozone

di ffusion process system 64, a steam boiler 112 supplies saturated steam
under pressure to the process chanber 15. No punp is 30 needed. The

reaction chanber 15 is preferably seal ed to for m a pressurized_at nbsphere
around tafachipg /s weler tOA&tearepe&tlgﬁﬁpétrolLegtayf g5 Rlaleath, # shown dpfides C i s

gener at 1 { t nerate a
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during ttlwugsbthlcpm@@femphmg:@ab; m@hd@zabﬂheanargchmedlqredter meamq ect ed into the
chanber shown ect into t for .concurrent
suppl y v!/l&?r’%ﬁf | ee Zlf éaﬂﬁaf%W?ﬁm%a%( enEleas C&Pere\(g%f:ﬁﬁ?té%lg%s rre]algc %‘Hﬂe?at ures
excedd Rfvetedredse backf suifabebf acwefes;r while)gedri @andr €6¢ iags dkliveedd s an Wi | e
Figs. 4 and 5 show the fluid and gozone delivered via separatg 5 nozzl es 40,
t hey nayengngeé mecegereeinrand the Hram ppalloypd thsondease ony thenalanpitpsi dhe val ves.

[0091] USfeOhay B@%&t@m& fonyd%@%lfaim hRFRALG Uf 8 150t ll%lgoﬁzu%hances

the strip rate of phot o?e5| st 1n the presence of an ozone ‘environment.
Prelimi rha}pyngtesieﬁngtheﬁmglmss tlcthe hoxpxd@wel@ermmlon@ trntrifingaldoreat m%vgr, oduces a
photoreS| strl rat.e around 3 0 angs mnu

Per f or m'R aﬁ% § 1 I%l abs?lglgzeerse uluesr?%lt alfl ftf?fngfﬂjgggé&)raetse P | B oa stri p
r at agof 1aweruhd1 t'h@(%&am O cvoting sipsHEn peﬁatm B tidneperddonsedfens, ortdse - 96€gsll t ant
strip rate i s not Suﬁ |natbl e. [0092] The %@@ strip rate is achieved only
when t h@TeeRak useh fahs AP B FXCeELP The wafer tenperature

rapi dl y jagypn oaches hfv@iiembedittichi, Ahd bhe which id REtiSERy todhfpledfeneaia | i bri um
is achieved, there is_no Ionger a t hermal gradl ent to pronote the 15

f or mat | GMtcBiPregsss, Pulsed saay of P?cr mg hiyidsisy apphied Berjodiqaly tp gediice they wafer | qui d
boundar Yerh a8 fired Btcabd WeliVErh Ghay S EASEconiifo 0 BRI kashiBier appears o, be
essenti aT 0 pronote the atl on of e organic materials on the wafer
sur flace.[0098¢ abseflbe vx@fertmay bé¢ duianly Prientationsarid sddltmvea sugh gmhtvdmanon@lr op in
the stri rate on resi st 0 C am ceases to
condenseggh nomun?m&h%ﬁﬂr a?:resong%%%%(fﬁ\%giac% 8{3 eeyn\%}‘fldr)(agnﬁ)e{r] é’)%tﬁg}l ences the
elim natprmﬂoteftheaﬂem ofyths surfave drahelranvval blf&speaﬁctdlasses of materials other

than or in addition to organic materials.

[0100] This process enables the use of temperatures greater than 100C to promote reaction
20  Kkinetics in the water/ozone system for the purpose of removing organic or other materials

" from a surface. It helps ensure the continuous formation of a condensate film by

preventing the surface from achieving thermal equilibrium with the steam. It also takes

advantage of the liberated heat of vaporization in order to promote reaction rates and

potentially allow the removal of more difficult materials which may require more energy
25  than can be readily delivered in a hot water process.

[0101] An ultra-violet or infrared lamp 42 is optionally used in any of the designs

described above, to irradiate the surface of the workpiece 20 during processing. Such

irradiation further enhances the reaction kinetics. Although this irradiation technique is

applicable to batch workpiece processing, it is more easily and economically implemented
30 in the illustrated single wafer processing designs, where the workpiece is more easily

completely exposed to the radiation. Megasonic or ultrasonic nozzles 40 may also be

used.
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ki neti cs. As steam condenses on the wafer surface, it HEEBRYARYH¥Ai sh t he
heat of vaporization, which is approximately 540 calories per gram This
energy then becones available to pronote other reactions such as the
oxi dation of carbon conmpounds in the presence of ozone or oxygen free
radi cal syw?poifl994] I'n view of these experinental obser\wiiRpgssis met hod for
nalntalnlng the tenperature of a surface such as a sem conductor wafer
surface, is provided to ensure that condensation froma steam environment
continues indefinitely, thereby enabling the use of steamin applications
such as photoresist strip in the presence of ozone. Thus the formation of
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[0105] Alternatively, the ozone may be injected into the fluid, and then the ozone
containing fluid applied to the workpiece. In this embodiment, if the fluid is heated, the

20 heating preferably is performed before the ozone is injected into the fluid, to reduce the
amount of ozone breakdown in the fluid during the fluid heating. Typically, due to the
larger amounts of ozone desired to be injected into the fluid, and the low solubility of the
ozone gas in the heated fluid, the fluid will contain some dissolved ozone, and may also
contain ozone bubbles.

25 [0106] It is also possible to use aspects of both embodiments, that is to introduce ozone
gas directly into the process chamber, and to also introduce ozone into the fluid before the
fluid is delivered into the process chamber. Thus, various methods may be used for
introducing ozone into the chamber.

[0107] Referring to Fig. 7, another altemative.system 120 is similar to the system 54

30 shown in Fig. 4, except the system 120 does not use the spray nozzles 40. Rather one or
more jet nozzles 56 are used to form a high pressure jet of liquid. The liquid 58 formed
into the high pressure jet 62 penctrates through the boundary layer 73 of liquid on the

21



[ 0100] This process enables the use of tenperatures gr @KEBRUAR¥R00600C t 0
pronote reaction 20 kinetics in the water/ozone systemfor the purpose of
renoving organic or other materials froma surface, It helps ensure the
continuous formation of a condensate filmby preventing the surface from
aChIEVquo%gﬁk | equilibriumwi th the steam It also tgkggseAdyant age of
the |liberated heat of vaporization in order to pronote reactlon rates and
potentially allow the renoval of nore difficult materials which nay require
nore energy 25 than can be readily delivered in a hot water process. [01011
An ultra-violet or infrared lanp 42 is optionally used in any of the designs
descr i botkpigse verfaceanil impigiges en tha avoskpigegseriade witle Mok kppire kiaetkoengigy ng

proces r r CS.
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and cleaning or processing workpieces. Figs. 8-13 show optional further designs and

features which may be used with the liquid jet system of Fig. 7. As one example, referring

20  to Fig. 9, an apparatus 121 including the jet system includes a control panel 124 and a
process bay or space 126 within an enclosure 122. As shown in Fig. 10, a robot arm 132
is positioned in between a load/unload section 128, and the process section 126.
Workpiece containers or carriers 130, typically holding a batch of workpieces 20, are
moved into and out of the load/unload section 128, as workpieces are cycled through the

25  system 121 for cleaning.

[0111] Process chambers 140 are positioned within the process section 126. In the design
shown, two process chambers 140 are used. However, for certain applications, a single
process chamber 140 ma'y be sufficient, whereas in other applications, several process
chambers, e.g., three, four, five, six or more, may be used.

30  [0112] Referring now to Figs. 10 and 11, each process chamber 140 includes a head 142
having a fixture, or fingers 148 for holding a workpiece 20. One or more jet nozzles 56
are provided on a manifold 157 within the process chamber 140. The manifold 157 is
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wor kpi ece. [0105] Alternatively, the ozone may be inj esFEBRUARV2¢d6e f| ui d,
and then the ozone containing fluid applied to the workpiece. In this
enbodiment, if the fluid is heated, the 20 heating preferably is perforned
before the ozone is injected into the fluid, to reduce the anount of ozone

br eakdo [ he fluid during the fluid heatlng Typi cal due to the
| ar ger %L?FQ{P}SS]% ozone desired to be injected into the ?i([H?O&m?i]ﬁd the | ow

solubility of the ozone gas in the heated fluid, the fluid will contain
sonme di ssol ved ozone, and nmay al so contain ozone bubbles. 25 [0106] It is
al so possible to use aspects of both enbodi nents, that is to introduce ozone
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fluid before E fluidis qs ”gered into th dSrocess chanber. Thus, various
met hods 1AGSPPREesfigPrERure g BUE PRGOITEIREFANE0 he chanber. [0107]
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[0109] Test data shows that the process described above can renove both hard
baked ah#p, to load and unload a workpiece into the head 142. The head 142 is attached to the
head elevator 160 by a head pivot shaft 162. A pivot drive motor 164 turns the head pivot
shaft 162 and the head 142, typically by 180°, so that the head is upfacing, for loading and
unloading, and downfacing, for processing. A drain 168 near the bottom of the bowl 166
20  removes spent liquid, as shown in Fig. 11. A seal 152 is optionally provided between the
head 142 and bowl 166.
[0115] In an alternative process chamber 180, as shown in Fig 12, a jet nozzle 56 is
provided on a swing arm assémbly 190. The swing arm assembly 190 is supported on an
axle 212 extending down through a pivot collar 210 passing through the bottom of a bowl
25  166. An arm elevator 214 is connected to the axle 212 through a bearing or bushing 215.
The arm elevator 214 is connected to an arm elevator motor 216. The axle 212 is also
directly or rigidly connected to an arm pivot linkage 218 driven by an arm pivot motor
220. Consequently, the swing arm assembly 190 can be raised or lowered by the arm
elevator motor 216, and can also independently be pivoted by the arm pivot motor 220.
30 [0116] A rinse chamber 230 and a rinse spray nozzle 232 may be provided on one side of

the bowl 166, for rinsing and cleaning off the swing arm assembly 190.
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15 i npl anted photoresist, as well as particul ate and neFeBRUAREQ#IsaM nant s,
at, lower costs than other processes now used, involving plasm, and

chem stries. [0110] The liquid jet systemshown in Fig. 7 nmay be included in
an apparatus for handling and cleaning or processing worlpieces. Figs. 8-13
show opt rther designs and features which may b Lth the
liquid f%§B§@§?§n1of Fig. 7. As one exanple, referring %6”?%35$%% 9, an
apparatus 121 including the jet systemincludes a control panel 124 and a
process bay or space 126 within an enclosure 122. As shown in Fig. 10, a
robot arm 132 is positioned in between a |oad/unload section 128, and the
process [(4C} Asrshd@b in Figsr k padet2, chigh-prreseurs lignidcized line 394 8enetty go dlzd | y
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ozone into the liquid. The ozone generator 72 may also be connected into the process

chamber 180, at an ozone entry port 206 to supply ozone gas directly into the chamber.

20 [0119] The liquid supply line 258 from the heater/chiller 264 connects into a high-
pressure pump 272, which pressurizes the liquid flowing into the feed line 296 extending
up to the nozzle 56. A chemical gas supply 276 connecting into a chemical gas port 278 in
the process chamber 180 may optionally be provided, in addition to the ozone generator
72. A steam generator or boiler 112 connected to the steam line 198 on the swing arm

25  assembly 190, may also be provided. '

[0120] Referring to Fig. 12, a sonic transducer 203 may be pro(zided on the head 142, in
contact with the workpiece 20 held by the holders or fixture 148. The direct contact
transducer 203 may be a megasonic or ultrasonic transducer, and may be used in place of,
or in addition to, the sonic transducers 202 at the nozzle 56.

30 [0121] Similarly, steam nozzles 201 supported on the inside surface of the bowl 166 and
connected to the steam generator 112 may be used instead of, or in addition to, the steam
nozzle 200 on the swing arm assembly 190. In addition, electromagnetic radiation sources
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20. [0114] Referring to Fig. 10, a head el evator 160 atStFEBREARYR00he head
142 is provided to 15 raise and | ower the head 142 onto and away fromthe
bow 166 of the process chanber 140, to |oad and unl oad a workpiece into
the head 142. The head 142 is attached to the head elevator 160 by a head

pi vot ShWPZoﬂ;o§%§%A pivot drive notor 164 turns the headggr)rﬁjgg)z/pg‘gaft 162 and

t he head ically by 180, so that the head is upf | oadi ng
and unl oadi ng, and downfacing, for processing. A drain 168 near the bottom
of the bow 166 20 renoves spent liquid, as shown in Fig. 11. A seal 152 is
optionally provided between the head 142 and bow 166. [0115] In an

al t er nat208esyechas @48V tdmapyinery bE@Dovidal witiivnhe proédsg cHitnbea 1@ to madintecthb6 i S
provi ded otn aoé_svvi ng arm g&senbl y 190. The swing armassenbly 190 is
suppor t S4B rihe Workpies§ U.ext endi ng down through a pivot col lar 210 passing

t hr ough [of2] bofet BrogBing el Mo Bf HEGiesiPA 220 TeRhreY MdWn AlFig 52 eepIRgGsed to the
axl e 212 through a bearing or bushing 215. The armelevator 214 is :
connect aeelk 9 tha embadiaeat shovm indtigrl 12 heving pdingxlempyginozzlp {asteed pbet |y or

ai dl . : > : ) vot h
o8 S BN s AP A TNPLb o W KRES 7 ek LR te! oL
t he ar mappliesvatvwail tomh @embadifientanasinganfiad wozzle depewdrekpidey whéehpbtatdsedd by t he

arm pi vot or 220. 30 [0116] A rinse chamber. 230, a ri nse._.spr nozzl e
S oy i Bl or Beesshe BLUnErtrs Taie iy ean pbepnapanl (et SR cnor ng
of f the sayharg o@[ﬂava&ﬁﬁeggsyo 96kt 623 8 FEBRUARY 2006 WD 03/015146

PCT/ US02/ 23515 [ 01171 As shown in Figs. 8 and 12, a high-pressure liquid
feed |i 812336 hedignidand sapchepucal additives, igdiapprnsquress pnd sAHGOUYIAYASE A% e 212
and @wi 0) |} I imlarly
conniot 1P, EATREIIETN ot e AYESEOULRRS bp Sy TonC 6 BPleAOR, e
assenbl yhedtedchibembpzoner and dieemr whil Drefemed fors mahy rappbedtionsr map gdgohé c 5

t ransducer. be provided around.th zzl e 56 the swing arm.assenbly
100, o ok The SPRENaPE BRBHSY e I 2R vl FPuld B ST B et
f r om t heheyeraee tlebworRpieceeduefate. onmagneti ¢ radi ati on source is also optionally

provi de e swing armassenbly, to direct radiatio .the kpi ece

D0 The 104 TRE BN eL FElePa s G1F hs” B PapPOrear ad Hekurd, VAl o ovave,
ganms, Qnownridytheadbsizhi SMiluidiyste@E tHave decd @nitted By Figl Berfooplatiey 3¢ cabl e,

or wavegui de 208 connects to the el ectromagnetic radiati on source 204,

t hr ough H#&atignc| e 212 and swing arm assenmbly 190.
[0125] Referring to Fig. 10, in use, a workpiece container or carrier 130 is moved into the

load/unload section 128 of the cleaning system 121. The robot 132 removes a single
workpiece from the carrier 130. The head 142 of the process chamber 140 to be loaded is
20 upfacing. The robot 132 places the workpiece 20 into the holders or fixture 148 on the
upfacing head 142. The pivot drive motor 164 is then energized to pivot the head 142
(typically 180°) into a downfacing position. The head elevator 160 then lowers the head
142 and workpiece 20 down until the head 142 engages with the bowl 166.
[0126] Referring to Fig. 11, with the head 142 engaged onto the bowl 166, and optionally
25  sealed via the seal 152, the head spin motor 146 is energized to rotate the workpiece 20.
High pressure fluid is provided to the one or more nozzles 56 by the supply line 258 and
the pump 272. The track motor 172 is energized to move the one or more nozzles 56
linearly within the process chamber 166. The spinning movement of the workpiece 20 and
linear movement of the one or more nozzles 56 ensures that substantially all of the
30  surfaces of the workpiece 20 facing the nozzle 56 are contacted by a jet 62 of the high-

pressure liquid.
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[01181 Referring nowto Fig. 8 the jet fluid 58 is st 8FEBRUARNZDPI6 in a tank
or vessel 256 connected to a heater/chiller 264 by a supply line 258. A

|l iquid chem cal source or tank 260 is optionally connected to the liquid
tank 256 by a chem cal delivery line 262. 15 Alternatively, the chem cal

supply t ¢qray be connected into the |iquid supplyptiigor89@8 at a point
domstre‘gmlﬁ%/ﬁg'?%e heater/chiller 264. An ozone generat or ‘/g |2s optionally

connected into the liquid supply line 258, downstream of the heater/chiller
264, to supply ozone into the liquid. The ozone generator 72 may al so be
connected into the process chanber 180, at an ozone entry port 206 to
supply déBvg Télasmdnahemofjhen emkpdirhent @h@mrber F18202[16)§1119IE11 Thehel qumtldnslappl y line

258 fro ter/chi 2 conn Lnto h- press

ahich prsefed FB0R ipaneFig” 0t SRR RIS e Holetp B PT o RbS B B g o
t he nozzhewdm Fiy. QB;EEdemhhegﬂ&e smpplme%Ye@trsmlgtmblrmgamdﬁ soufceCltAMkedt gas port
278 in the process chanber 180 ray t ] onal BrOVIded in addition to
the ozor@nyserFisnd steom 13&2%,1?@9%5@%@6 whigh “&PrVC%IhI ¢ liquid )¢ ppzrde 228t 0 t he

st eam | ifpeskia8 2R Jskeﬂmawmg mﬁ@ 135 §sa%bﬂ>eypﬂo%f&ed PRt n$MiBR P40k ded.

101201 Referring to 3” Soni ¢ transducer 203 may be provi ded on the
head 142ther rstruetyra around; the IIOIZélCV\iﬁr kpi the edesignhediovnbin e Holtdeprovided f i xt ur e

148. The nt n n trasonic
tr ansduclee?!l‘r&ﬁf%]w?18 dgﬁons ?c g%ﬁ%?e&%?CCMI& A addg}?&% é&w%? Ee soni ¢
t ransduder2s) AQtIioagh tthe Jatomizees566 ae ;ﬁleﬂe?ably Sﬂrrentear by ,thatt g@mjenogzlies 201

supported on_t ide surfa of t w 6. and connected to the steam
gener at (?Frpf‘idzc‘ﬂﬁ'ytob G plF?Fs%@dﬁtséf“ “Ef:’rq'i W jees 8hag gnsle MaYsHERe nozzl e

200 @n tu'@&i SA(‘I't éﬁ&}{@ @ﬁﬁ&%ﬁk)/nli 0-111aadaddkd p¥ionl BGlbWQH@%ﬂ&ﬁ&e rggi ation
sour ces EBRUARY 2006 WO 03/015146 PCT/ US02/ 23515 205, such as a 1N

| anp, rmglmezqi?wddwkweww boerientedowisls the manale vertigallyt above theararkricedne

surface pf; §&; el 0. [0122] The foregoing description of the design
and featour es shown In %ﬁ\( l.e 12 applies as well to the enbodi nent shown in

Fig. 11,0128} Refprang fonkigs. [8y 1hoandrig, nhoiizuid v(illdsttleatdnloﬁfais peferablyl veatevi ng
along a or g‘-son %egwa?an el%oé-lno‘!ﬁe i u1 sma bré e&)rg&m ”IgrP‘%'(%& QAt/a{ eornias)I mlarly

appl i es % avin Fredd o221 and I ece which
r ot atses eﬁiﬁﬂple { srgast abwentesugh scRSEesyl caﬂcohblh ermethel pyrvkdont, Oslﬁﬁ(lﬁe eid,
subst ant j al .al |

(do ward f surfa es of .the workpi ec the jet
5~ 101 PSP Prig P anergied TOHBR RS TGP CoeLim PRPAGE AR ifees ahd
soni ¢t R AWGedrSis pfdferred for the liquid in most apphcations. The advantages of using

water include its low cost, small environmental impact, thermal capacity, and ability to
dissolve many contaminants.

20 [0130] The liquid chemical additives within the chemical tanks 260 may include
hydrofluoric acid, hydrochloric acid, ammonium hydroxide, or hydrogen peroxide.
Hydroflouric acid’ and hydrochloric acid can enhance metal removal capability.
Hydroflouric acid can also perform as oxide etchant. Ammonium hydroxide increases the
pH of the solution, which optimizes the wafer surface zeta potential, thereby decreasing

25  the potential for particle adhesion to the wafer surface. Hydrogen peroxide can be added
to enhance the removal of organic materials, such as hexamethyldisilazane, a photo resist
adhesion promoter. While these and similar liquid chemicals may be added or used alone,
the system and methods described may also just use a single liquid component, such as
water, without any additives.

30  [0131] Referring still to Fig. 8, it is advantageous to heat the liquid 58, to speed up
processing. When the liquid 58 is water, the heater/chiller 264 may be set to heat the
liquid 58 to a temperature of from, e.g., 25°-99°C, and preferably from 40°-97°C, when
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10 not essential to the systemor nethods, but may be PFEBRUARH 2006 sone
applications. The heater/chiller ozone, and steamwhile preferred for many
applications, nay also be omtted. The essential features conprise the jet
of high pressure liquid, and novenent of the jet over the workpiece

sur face. 4dhe valves, neters, filters and other shapfRpFhsgPONENtS
and tech‘rYib%ééJI\"\?ell 15 known in the design of fluid systens ﬂave been
omtted fromFig. 8, for clarity of illustration. [0125] Referring to Fig.
10, in use, a workpiece container or carrier 130 is noved into the

| oad/ unl oad section 128 of the cleaning system 121. The robot 132 renoves a
singl e weorgkpatercas the bauid loe puneipal diquid 30mpPhent.h Eerimany applicatinms gheo bewid chanber
140 to bg, | oaded .i 0, upfaci ng.. The.robot 132 places the workpiece 20 into
the hol d&¥&PH erd?lﬁlﬁ?%%d%dgsatg)ﬁnﬁ‘hléSbo By head 142. The pivot drive notor
164 is tese]ener Bipdedet 62 phvdhanichlyy b pdysleblly feinoves abhtymirfiQ)s fréovhotha

downf aci ng_positiaon. The head el evator 160 tﬁen | owers the head 142 and
wor kpi ecWorpieerovia kinticienerey- hBhedinss e dShaigthealwenninead 66.c2p b26]
Referyq i “@cﬂe&eE' - indrbasitié Wik bORiYeAdnd fiquignEadad ABtRnLiPPMY ifPssand
optionally 25 Sealed via the seal 152, the head spin rnotor 146 1 s energized
t 0 r ot at iscresses, Wor kpsserfdh@ biquid pensecendestisiting thie| warlipieee pirfagé ihstbases. {The one or
nore nozgz 5 Y- I Lhe 25 t .. The track notor
15%1 o chudiE S kol R ¥ aleRE £ nR0ig S BoRHiRs AT andPie WK "The
process pleaningqidiion: The spi nni ng novenent of the worlcpiece 20 and |inear
nmovenent he one or myre nozzles 56 ensures that substantially all of the
30 surfa@&lgﬁln?}?ﬁw&gﬁgééém?ﬁ? 9f @F’ﬁbxf ‘ﬁ‘ltéfi’fﬁlg‘“%z are contacted by a jet

62 ofg t hﬁlﬂg@bhs&fugﬁﬁij "tRe kin@té @nerdy a&ilﬁﬁ@@%@%e@%@mmﬁ/ tRel adidfy of ]
PCT/ US02/ 23515 %0127] _The operation of the enbodi nent” shown in Fig. 12 is
simlar heligHe dpedensityef e lighed ean hsarcradsed by ceelingiba diqridgo subambisaéept t hat

t he noz VES [adiiklsdd as shown in Fig. 13, about the axle 212.
The el eﬁ?@gﬁgtélfn%‘t‘?cﬂ%}g?taet ?lgn so6lt?'rce 204, sonic transducer 194 and steam
nozzl e 2[0035]iGzons supplied by hhenaepae gerteratorti thay bé deljwstedniotozthe ligéidsnpBy t he swi ng
arm assenbly,190. in Fig.,12 |.s0 ovided o h ifald .154, or
other sUrBAtPa B hepins R Folul? 15 RVl ol o T BRSSO

pr ovisdedheated &gtthe tegiaddhilterr2od] dici wlubilitpbf ozomenghssihahenligoidrwitisdeskdasd) nove

\(,)Mr It Qnt QEC gctectugo vZ {sﬁxggj%g?n%%h%gl]ed 'iAflltg t%"igqu]licf sr{g)plyelgnenESZSZrlrlg}ls diggolx%r i(laltoptlixg ferably

liquid, while excess ozone may form bubbles traveling with the liquid. Both the dissolved

ozone and the bubbles of ozone in the liquid, if any, are helpful in the cleaning process.
[0136] The chemical gas supply 276 may be included to provide a reducing agent, such as
20  hydrogen gas, into the chamber 180. The hydrogen gas or other reducing agent promotes
the removal of contaminant materials, by reacting with them, and increasing their
solubility in water.
[0137] Referring to Figs. 8§ and 12, the steam generator 112 (if used) provides steam to the
steamn nozzles 200 and/or 201. Preferably the nozzles spray steam directly onto or across
25  the workpiece. The simultaneous introduction of steam to the workpiece surface during
the high pressure liquid cleaning process adds- additional striping and cleaning capability.
The steam temperature can vary from 100°-500°C. Although the increased molecular
velocity of the steam striking the workpiece surface can function to physically remove
contaminants, in a manner similar to the high pressure liquid jet, there is also another
30 mechanism of removal that steam provides. As steam condenses on the workpiece
surface, it releases about 2300 joules of energy per gram, due to the heat of condensation.
This additional energy is then available to promote the removal contaminant materials on
27



perpendi cul ar to the workpi ece 20, jets striking the WOFHEREEY 06 an angl e
may al so be 10 used. Although the jet nozzles in Figs. 11 and 12 are
positioned bel ow the workpi ece, the jet nozzles and workpi ece may be
oriented with the nozzle vertically above the workpiece, or at one side of
t he wor kRb®6615140129] Referring to Figs. 8, 11, and 12, pehgsdzigsisd W t hin
the tank 256 is preferably water, or de-ionized water. However, other

li quids may be used, alone, or mixed with water. For 15 exanple, organic
sol vents such as isopropyl alcohol, n-nethyl pyrolidone, sulfuric acid,
phosphoric acid, or. hal ogenated hydrocarbons may, be used in place of, or

m xed wi they workpiges surfyes: eFatle 1 fhekgve shaws the timenisapiresifodremeverg 0 arpcr;pv cati ons.
The adv nt aI
mpact TEEphpRtist RURR sk Srart el @GS et AF e ML RARFT

[ 0130] TH&fdrinqui d chemical additives within the chem cal tanks 260 may

i ncl ude hydrofluoric acid, hydroc?k&&h; aci d, ammoni um hydr oxi de, or

hydr ogen peroxide. Hydroflouric a ,—and hydrochloric acid can enhance
nmetal renoval capabieséty. Hydroflouric acid|qadcadlI@meerfgrm as oxide

et chant. AmmONI | hydroxi de increases the pH of the solutijon, which

optim zes the Mweriﬁﬁﬁﬁr%éﬁzw ential, t|Bd%by decreaging 25 the
potential for p ; tothe—wafer face—Hydrggen peroxi de can
be added to enhgfneglgeh(‘ti%wrﬁn% (g‘l of organic rrat'edri al s, such as

hexamet hyl di si | axedaer, (95°@hohighpessat + Gdhesi orl-:m omoter. Wjile these and
simlar liquid \“JﬂmrU‘ﬁLcim\' he—added—or—used one—the—gyst em and net hods

described may al SEam[@10°¢9e” Water (y° Q)?tlhéﬁh d cé)m;ponent suchH as water,

W t hout any addlﬁfegﬁﬁe+@o[1913l] Referring still to Fig. 8, it is

advant ageous to the liquid 58 to speedlup processing. Wen the liquid
58 i 9 water, the heater/chiller 264 may be set to heat the quuid 58 to a

R A SR T U T e MG o
D1 cf or Al yobeAt o0 10 s uet. bel pwil s borl i o noint . 01321 The | aui d | et 62
echan: da15) KsFering Sl Fig: S.hp vaudddiemrhaficat isstaven @ essip meisr e ) o

ki neti c agrigyontdihakts 284 bfhef Dt &iingits HBR th@worlgMceMThe @bnib @agkdbcerean be 5
i ncreased by increasing the density of the |Ig]PId 58. As the_ density of the

i quild F82iaad/PeddbEf ugaqy Inparase e ecﬂﬁ@‘: impgried tpdhe WaBminses FrOiding satie
wor kpi echiegihd BESJrRGERARE TaustReater impact energy when the liquid jet 62 strikes the

workpiece. As the liquid jet 62 forms a substantially incompressible column of liquid,

sonic energy from the transducers 202 at the nozzle 56 are imparted to the workpiece
through the jet 62.

15 [0140] The electromagnetic radiation sources 204 and/or 205 (if used) are preferably
aimed and focused on the surface of the workpiece being cleaned. The entire surface of
the workpiece may be simultaneously irradiated. Alternatively, the source 204 may be
aimed and focused at the point of impact of the jet 62 on the workpiece 20, via lenses or a
fiberoptic delivery device.

20  [0141] In the embodiment shown in Fig.12, the swing arm assembly 190 pivots on the
axle 212 through angle 6, e.g., 40°-70° so that, with rotational movement of the
workpiece 20, the jet 62 from the nozzle contacts substantially all surfaces on the
(downwardly facing) workpiece surface. The motor 146 spins the workpiece 20 at from 1-
5,000 rpm, depending on the contaminant that is being removed. For phot-oresist removal,

25  preferred spin rates range from 100-2,000 rpm.
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ki netic energy inparted and avail able for renoving con® ERPREARY 2006| |
increase by the follow ng equation: 101331 Kinetic Energy = 0.5x (nass of
liquid) x (velocity of liquid)2 10 [0134] Consequently, the kinetic energy
avai l abl e increases linearly with the density of the liquid. The density of
the I'iqy,d.56i3:fe i ncreased by cooling the liquid to sulefFps®Rbsis
tenperatures via the heater/chiller 264. [0135] Ozone supplied by the ozone
generator 72 may be delivered into the liquid supply line 258 or directly
into the process chanber 166 at the ozone port 206. If the liquid 58 is 15
heated by the heater/chiller 264, the SO|UbI|I£y of ozone gas . in the liquid
will oledi{%ér he 56 9 dhe highy presvre ligyid et fecan gHiminate, op 8FQ?QYIFF@H§Fdh§uppI y

line 25 uQPc}ﬁeﬁbPﬂ{%l-q\f@alé 8%&11%{7%%& otk fhin sg‘(’)"lf’ﬂle s%?ﬁé%%f-@%t ulf %%g_[ ¢fn bubbl es

travelin I qul the dis ozone es of
ozone i rfot feéeahinguiasl, déséritedy ,caar elshaleplacd somet dry plasmai ntghlpgop@sgises 10136]

cuch as YR dy RoBLLr BN RS B0 CoRRB iy ByBReE Dot Ot ner

r edusi nged@educr 08B €similah emic@dadsciloniel dewibdsarindantorkFibek) alag, rdiacé eact i ng
with them and increasing their solubility in water. 10137] Referring to
Figs. 8 mgsyfaswiring neosty @At lgesear theoenvizppmentel (jEWagt of othede B128v 28RS t he

st eam Nogzl63s, g@@og{qqé&rtlogq};clcg{l ]%rrﬁ,pf;]yncghe nozzl es spray steamdirectly
onto or "across 25 the workpiece.” The sinultaneous introduction of steamto
t he wor I»{QMél; é‘ he woinbinatidurdf rigriche ehérgh Spm@sasm @etho U |snrf@|eemmtamgn41romc ess adds

addi tion nd ea e. gLure can vary
from 106&% %@% g%a:f e Bf‘igrclrglecasgg cé é%{:du gfrgﬁ"s 1nc%eoa(s: :ytthgnﬁ cttlh%neg eam
st rilki n@ftth@remxrvlappﬁmesss uSﬁﬂmxe ﬂeamufgumcpnepairaﬁm pmcsssealchly beepepfoemed

contamn ner .sim.|l to.the high pressuge.liquid there is

s, in a
al so and‘f ar§0mﬂ’§cf2§.‘?ﬁ°§hﬁi9fn e ‘Fal AR RYPRIO0T YW %déléfﬂ condenses

on the \WaVkinReR irfpHcta6fuiced lodtCARIGIRN TR AtnuZ3RPink T8} SsniCdndABLE §Yd Per gram
due to the heat of condensation. This additional energy is then available
to pr ondtlated Hevigesnpval contaninant materials on 27 8 FEBRUARY 2006 WD

03/ 01513@14&9{1&&%%/812%5 8& E)Qﬁn}y}@ lf%@&ﬁarm J.g latgebe ;I_e?lkl) \%dl %t&%l&hﬂv\? the tine
required to renove a mcron 't hotoresi st froma silicon wafer

usi A§ vaydrocabemtEnpamdng apeljmmdswith aahygnongben warhpositigyl. aPliatonesist may

be removed by chemically combining the polymer compound with a solvent. That solvent

can be a wet chemical such as sulfuric ac_id, or a mixture of water and an oxidizer, such as
ozone. Alternatively, the photoresist can be removed through combination with oxidizer
such as oxygen suitably energized, such as electrically excited organic plasma. In any
20  case, removing the contaminant, e.g., photorcsist requires the bond and/or mechanical
energy which holds the hydrocarbon together to be overcome so that separate constituents
can be combined with oxidizing agents or other solvents.
[0145] The use of water serves to hydrolyze carbon-carbon bonds of organic molecules, or
combine with the H-C polymer, and serves to remove some degree of bonding energy with
25  and between the hydrocarbons. Water also accelerates the oxidation of silicon surfaces by
hydrolyzing silicon-hydrogen or silicon-hydroxyl bonds. The use of an oxidizer in
addition to water increases the effectiveness of the oxidizing agent. In cases where the
resist treatment includes exposure too highly charged media used for implanting into
silicon, such as boron or arsenic, the resist becomes cross-linked, or more tightly bound.
30 Inthis case, the use of less aggressive media-such as ozone and water may not be enough
to remove the photoresist. However, some degree of attack or oxidation does take place,
although to a lesser extent due to the cross-linking phenomenon. Consequently,
29 '



TABLE 1 ProcessProcess Tinme Water (95C) spray + Ozone53FEBBUARM200610C) +
Ozone3: 00 Water (95C) at high pressure + Ozonel: 30 Steam (210C) + Water
(95C) at high 0:20 pressure + Ozone 5 [0138] As shown in Table 1, the
steam high pressure liquid (water) process with ozone works synergistically
to rermvevﬁgg%lgiﬁsi st. 101391 Referring still to Fig. 8,1,&% Jz}z%{gd jet 62
nmechani calTy renbves organic materials, netallic contam nan%s and ot her
contam nants fromthe workpiece. The sonic transducers 10 202 and/or 203
(if used) increase the energy inpgrted to the workpiece.. Providing sonic
energy to the workpi ece can cause greater inpact energy when the liquid jet
62 stri kesmbheng vwaiditionalc dorms dfhendrgyjufacbystd, 6Rctranagnetic,s dlrstahtandloky

i nconpressi ble colum, of.liquid, sonic ener fromthe transgucers _202 at
e oo s TSR PR BT e eTgr R ES At B OH R 168 54 8101401
The el eCthQABRGH@LIr G1tFR6hiad dreRx&AIES 8Bacdldicanele! whbead UV id 98 &kadple of
preferablreie ai med and focused on the surface of the workpi ece being cleaned.
The ent i reéecyompgretic ofmergyhe Nighibpisewe spedy Isean | xamplen o6 unedhaniczlaencagyed.

Al ternati : [ : L0t of
irrpac{3 ofﬂ]t% h%aljeégg%gﬁg%&ﬁ%éqﬁ%r plﬁée@om%egqﬁgﬁ é?gglegﬁm%ﬂgg)ef?%%? %c '

del i very thetemperan@®oflibé Adbtkpievet he enbodi nent shown in Fig.12, the swing arm
assenbl y pvots. on.the. axle 212.through angle 8, .e.qQ. 0-.70. so that,
it o A0TAARY ReBeRant GhovBies B Pl brE ey S mravSediqel frineRo, e
cont act s feipsicitg &idtami@hﬂiorﬁuﬂ%ﬁ‘éﬁﬁnge, tdishining AWEMAT @hirgl e the )fo®Iokpi ece
surface. The notor 146 spins the workpiece 20 at from1- 5,000 rp

dependi ndifFaied BREIgY Mithn9z9am And rister raiseoths Jerrpstatiesdat the rwoskpiees esVakr r enoval |

25 prigf er, L & - p 3 WO
03 0191 35 B D S BB AIAErMAER g DR PThe 65 G INERRHATE SARP. 10 62
can el i mimaembinatiqy with logonecahdca chemgcal such as ammonia, provides a combination of

complimentary energy sources to make contamination or photoresist.
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quantities of chemicals currently used for cleaning. The&FEBRUARY 2dee hi gh
pressure liquid jet for cleaning, as described, can also replace sone dry
pl asma etching processes, elimnating the need for dry etch plasm
generators. Consequently, manufacturers of 5 sem conductor and simlar

m croel ectroni c devi ces and wor kpi eces, can reduce manufacturing costs and
| essen the environnental inpact of their manufacturing processes, wthout
reduction in cleaning performance. [01431 The conbi nati on of various energy
sources to renove surface contam nation, including photoresist, particles,
organi ¢ substances, and netals, increases the effectiveness 10 of the
removal procesg. SukfagGRoLfofeRhite 9WoRGERR! dhtLRiPEPEESSes can be performed
which are nore efficient froma c%em'c | “consunption point of view, with
reduced environnenﬁak i mpact,,. reduced cost, and inproved manufacturing for
sem conductor and T#éI'R¢a qHQVices. [ 0144] Photoresist is one exanple of a
contam nant to be renoved. Photoresist is a_ 15 hydrocarbon conpound, or a
pol ymer with a hydrgeudsgthe Beatesshiquidento psifeneoftha workpiecke renpved by
chem cally conbining the polynmer conpound with a solvent. That solvent can
be a wet chenical sf%uhilasth@hﬂamirliqui@mqu layer;a mi xture of water and an

oxi di zer, such as ozone. Alternatively, the photoresist can be renoved

t hrough conbi nat i onmevihh adigipressire Baiddjedscrossye urbate of eywerkplege, Heth, thsjec h
as electrically excited organic plasnma. In any 20 case, renoving the
contani nant,  eyGerafROhRANERIBE laybCsHdl ibBhotinpCachRRla ROHARMAEEH A Gihce GNEE IY

whi ch hol ds the hydrocarbon togéther to be overcone so that separate

constituents g pfv%\;g ,%8%&5‘8&11 'te@'aﬁé;gfre%&ia%aﬁgﬁ&%ﬁhﬂ ﬁ%@ggﬁ&%‘g@?&%- and

[ 0145] The use 0 er ‘serve ol'yze carbon-carbon organic
nol ecul es, or conmbine with the H G pol r, and.serves to [renpve_so

degree of bondi ng SHERGPEpIdRe s e Xorkaisnt.; iR Heogens SURSaRIAER e o
accel erates the oxidation of silicon surfaces by hydrolyzing .

si | i con- hydr odétvidlaysy ppd sherpgalboreprtingovwiil therppntammany atzthe gyarkgpigesr supface, to
addition to water increases the effectiveness of the oxidizing agent. In
cases wher e t hehemiadly s¢emovegthe netaminant frahe thesxfocsaofahe owrkpiged. y char ged nedi a
used for inplanting into silicon, such as boron or arsenic, the resist
becomes cross-linked, or nore tightly bound. 30 In this case, the use of

| ess aggressive nedi a, such as ozone and water nmay not be enough to renove

the photoresisi. HoxgyRHod RPERaMEYE SRriQiecdldhaakieAreddy:dation does take
pl ace, although to.a | esser extent due to the cross-1inking phenonenon.

Consequently, 29 8 t’éﬁ%‘ﬁﬁ%@@e@g%’ Sheated liquid on a surface of the workpiece;

moving a high pressure jet of steam across the surface of the workpiece, with the
jet of stean penetrating through the layer and impacting against a contaminant on the
surface of the workpiece, to physically remove the contaminant from the surface of the
Workpiece; and

providing ozone around the workpiece, with the ozone diffusing through the
liquid layer and chemically reacting with the contaminant at the workpiece surface, to

chemically remove the contaminant from the surface of the workpiece.
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WO 03/ 015146 PCT/US02/ 23515 } conbi ni ng additional forHEERRUARNEY
(acoustic, electromagnetic, thermal and/or nechanical energy) to increase
the renoval effectiveness is advantageous. The use of negasonics or
ultrasonics are exanples of acoustic energy, whereas Wis an exanpl e of

el ectromagneti c energy. High-pressure spray is an exanple of nechani cal
energy. 5 Thermal energy can cone in the formof steam infrared heating, or
ot her means of raising the tenperature of the workpiece. [0146] The

conbi nati on of3.t wo The nethedoéf tlhmsd em?rhers ther czme ps Gepatatslynpoeided éghrthques
for renoving contam nation. For exanple, conbining thermal energy in the
formof infrared edlanbyr W4 dry@gagne and water raises the tenperature at the
wor kpi ece or wafer 10 surface while sinmultaneously providing oxidizing
agents. The use of high-pressure water in conbination with ozone and a
chemical such as anQNingmolR c?\ASS] 8 & ehdthdiaized byUupp! dofiB Whialkie IR 6
sources to nake contam nation or photoresist. 3078 E% RUARY 2006 1. met hod
for cleaning a workpiec characterized by: heating a liquid ; providing

t he heated qum(jcéﬁ%Pgﬂgﬂﬁﬁéggabf t he workpi ece; formng the heated
liquid into a layer; noving a high pressure liquid jet across the surface of
t he workpiece,_with_ the je penetrating. throu the l.ayer and .inpactin

hgai net b cont S nate et af BRF AcBra ChiEc e Eetny i et R rove
the contam nant fromthe surface of the workpiece; and providing ozone
around the wor kpi ece ligiidnjet.ne oz beatingithe chanther.: o iugradigtiag the gnorkpigegyeith and
chemcally reacting with the contam nant at the workpiece surface, to
chenmical ly renove tihfaednadiatiomndr Hy ornotiineng stebmcentofthe herkywedepioe bg .usihg A
met hod for cleaning a workpiece, characterized by: formng a | ayer of a
heated |iquid on a gwbthidtienof tisehatinkpegece; nmoving a high pressure jet of
steam across the surface of the workpiece, with the jet of stean
penetrating through the |ayer and inpacting against a contam nant on the
surface of thes wor kiiegf&hod Of ABYS1 682 LhardcRIRYELY H@atﬁng SRR atohP15-39°€.
surface of the workpiece; and providing ozone around the workpiece, wth

t he ozone diffusing through the

7. The method of claim1 or 2 characterized by the jet having a diameter, and with

the diameter ranging from about 0.5 mm to 10 mm.

8. The method of claim 1 characterized by the liquid jet is pressurized to about

2800-5600 kPa.

9. The method of claim 1 characterized by heating the liquid jet to 65-99 degrees C.

10.  The method of claim 1 or 2 characterized by spinning the workpiece to help form
the boundary layer
11.  The method of claim 1 or 2 where the liquid includes one or more of water,

hydrofluoric acid, hydrochloric acid, ammonium hydroxide, and hydrogen

peroxide, sulfuric acid, phosphoric acid, and halogenated hydrocarbons.
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liquid layer and chemi cally reacting with the contam nag{ g# rkpi ece
surface, to chemcally renove the contam nant fronlthe surtace o t he
wor kpi ece. [54008-81001P01-0015SCCl ai ns] 31 7/ 20/ 04 8 FEBRUARY 2006 3. The
method of claiml or 2 where the ozone is separately provided into the
chanber as a dry gas. 4. The nethod of claiml or 2 characterized by
supplying ozone into the liquid or steamformng the jet. 5. The nethod of
claiml further characterized by heating the workpi ece by heating t he

liquid jet, y heatin 0 a atln rk
infrared radi adj JP %hﬁ’??fﬁ‘ gb &@F@ﬁ“?‘%ﬁﬁ{%"g‘ﬁée% faélﬁ’ B&pfﬁ\;‘
a conbination of these heating steps. 6. The nethod of cI aim 1 or
characterized by hetgtthegotkpéecei qui d t o about 25-99C. 7. The net hod of claim
or 2 characterized by the jet having a diameter, and with the dianeter
rangi ng fromabout 0.5 nmto 10 nm 8. The net hod of claim 1 characterized
by the liquid J®t i|iFhpmetwdrafadant b chivecteriZe8 13- ib&0Quckizasoric effdigy med howzzié
claim| characterized by heating the liquid jet to 65-99 degrees C. 10. The
nmet hod of claim| ofordinghRé Bgidi@hdtzed by spinning the workpiece to help form
t he boundary | ayer 11. The net hod of claiml or 2 where the liquid includes
one or nore of water, hydrofluoric acid, hydrochloric acid, amonium

hydr oxi de, andy Ay dr pgemhemRar Spxiise 150! Bdrkotbed: /PROSOREYd ﬁloa&h&noanﬂe jet
hal ogenat ed hydrocarbons. (540084 100/ P01-0015SGC)al ns) 7/20/04 32

FEBRUARY 2006 12. acgt er t 'S
subst anti al | y- per pegnldo mgg‘?gﬁkgietc ?ies%\g]%éplg{efé%n%ﬁégt gI:' %Ob%ﬁgarg%gfpggf%:gﬁnq'l
characterized by i ntroduci ng sonic energy into a nozzle formng the Ii qui d

jet. 14. The d’ﬁléef cl,ai,m cterize Be relative nove

of the jet acrbss thE WSS, %%81%% aPr ‘f aé’te@fze%bé%’l”g e WaElieqe; W
nm per second. 15. The nethod of claim| or 2 characteri zed by irradiati ng
t he wor kpi ece wi t h electromagnetice energy including at least one of ultraviolet, infrared, microwave,

gamma or X-ray radiation.

16. The method of claim 2 characterized by forming the layer of heated liquid on the

surface of the workpiece via condensation of steam.

17.  An apparatus for removing contaminants from a workpiece, with the apparatus
having a process chamber (15, 180, 166); an ozone source (72) for introducing
ozone into the chamber; a fixture (30, 144) in the chamber for holding one or
more workpieces, characterized by:

at least one jet nozzle (56) in the chamber directed towards the workpiece ; a
nozzle or workpiece driver (220) for moving the nozzle relative to the workpiece;
and a high pressure source of heated liquid or steam (272, 264, 256) connected to

the nozzle.

18.  The apparatus of claim 17 where the high pressure source provides liquid to the
nozzle at a pressure of from 3500-14,000 kPa.
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el ectromagnetice energy including at |east one of ultrayppg@bary pfokar ed.

m crowave, gamma or Xx-ray radiation. 16. The nethod of claim?2
characterized by formng the | ayer of heated |liquid on the surface of the
wor kpi ece via condensation of steam 17. An apparatus for renoving

contam nants froma workpiece, with the apparatus having a process chanber
(15, 180, 166); an ozone source (72) for introducing ozone into the
chanber; a fixture (30, 144) in the chanber for holding one or nore

wor kpi eces, chagact et , | e ne. J . [ chanber
directed towar g 't hgﬁ]\?\éﬁﬁaﬁ%ﬁ 89%13%1 ?f\%lzléz)rf ghéot?}mv\%?étélleg(‘?(é&@r t|h\e7 gp;‘?geft)) for
nmovi ng the nozzle relative to the workpiece; and a high pressure source of
heated |iquid Q0. st @heappRans 2bsain?BByheae tiramizeld dtiver it brarsneaiied by k8winghe
apparatus of claim17 where the,high pressure source provkggi liquid to the
nozzl e at a pressur &B{15) sprresing the negslr andan areaion §229) atrcped tOHe 50E T s |
33 7/20104 8 FEBRUARY 2006 19. The apparatus of claim 17 where the fixture
rotates wi thinsghe ghaabhohatudf c1die1 PRPBEAYSREz& ) e %170c\é§1=€‘c'h§mbgﬁ1a0ﬁ§7ah e
driver is characterized by a swng arm (190) supporting the nozzle and an
actuat or (220) att acheupasitianyérdedding ami unloading aTerkpicpaend asloséd pdsitiom b7

further characterized by.t racess ch havi n 0oSi ti f or

| oadi ng an unl oadi ngro&e%;%r.}gﬁﬁf, g’(?afpl%fﬁda ré’?(gﬁgé@dn éﬁscgfr?"gﬂ,fg?@#]dgﬁ%‘iéog&%@ t he
wor kpi ece, a rotor (yhfidhiedeNatlibdt 6hAEDRIZzI¥56)1R kitH dhamBEifRtcaltb WS the

wor kpi ece, at |east one jet nozzle (56) in the chanber directed towards the
wor kpi ece, and a noXworkpienei srsta faz2l3)driver @2Meattackad, htdeast indirdéthetotthgmazalet foe
nozzle, for noving_the zzle.relative,to the workpi ece; d. a, robot (132)
for “loadi ng and. unFistetge Bodid Rl 5k B hier SRR F 0 30 ol e E R ey
22. The apparat us ofmbhdingaworkpieddiffo danl@utist thgpdce0zBarabdr40) in the process
chanber (15) for directing a separate spray of ozone onto the surface of

the workpi ece &%.0) ' 'ljhg g}?}%?étgsl (()) clla:llir>n0117- gu%igrsuggu&ingg]nogz‘}e ZJO%% 81% process chamber

(15) for directing a separate spray of ozone onto the surface of the workpiece (20).
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