TI TLE OF THE | NVENTI ON: METHOD AND PROCESS FOR
REACTI VE GAS CLEANI NG OF TOOL PARTS BACKGROUND OF THE
I NVENTI ON [ 0001] In the electronics industry, various
deposi tion techni ques have been devel oped wherein
select materials are deposited on a target substrate
to produce electronic 5 conponents such as

sem conductors. One type of deposition process is

chem cal vapor deposition (CVD), wherein gaseous
reactants are introduced into a heated processing

chanber resulting in Efa-l HRY QEN?R?Ned on the

desi red substrate. nera Iy, nmet hods of

depRfFHEH. N BRO@% réhEhEEé‘HVEaé‘ﬁ?s REEXNING OF tTPdLgl?]ARTS

t he ‘accunul at1on 0 and particulate materia

all surfaces and equi pnent in 10 the sem conduct or
deposi ti on chanber other than the target substrate.
Any material, film and the like that builds up on the
reactor walls, tool parts such as tool surfaces,

shower heads, SUSHRIKGROUNIIORTH INVETIORN! | S

consi dered a contam nant and nay lead to defects in

[0ve1e! ffthe @MctroRics M&trﬁ Q/ﬁﬁé\ﬁedgposfn@r@ Qe%}mlhheé ﬁa\)@ﬁééen developed

accepted that sem conduct or osition chanmbers and

wherephalect matedals are depogitad oy getSUBSIEAR IRProRUGEABGtEOnIc

& ﬁkﬁta%meﬁﬂémw@ﬁdo QShd typs of‘@é;ﬁ%ltuéh %roc@@é tsadﬁem.cau vapor
Ofixtures, i ol parts, insid deposi t.i

danositiop (QVQ)’MH%W" @?§%‘?H§d eaftants ,amamtr Wﬁ@d R"‘tﬁ & hquted processmg

SHdmBdr PEsURINBAR il bing 8EPRbY oh Bierddsited EGbstate.par t s”
cleaning. Parts.cleaning is particularly effective

[obes cesmm%onfmétimseatdeb&uﬁ&ﬁ@gercw /(Lcrj Ff\nysanal FEEGWD result

hecessary ventional | arts wthin

ig & acqunitiation alfilss @?@@1@&@{@ datenals omall w‘awgs anggquipment in
A8 %emoﬁabctapaéﬁa@moﬁ %Qmsér Ah@shad e t%eﬁsdﬁ%iraﬂé‘?tﬁhﬁ%atenal film
such t@ﬁgwfdg n an acid or causti c sol uti on.

ansiihe hla@ t STHPCOMHIRE Feacterwaligatookrarts syeh aatpal §Ur¢é,¢@§ shower
Hedds rﬁ&@éﬁo&% diRéreqd ﬂﬁn?}ﬁ' %’Bdh@idbbédrae&rﬁéMﬁﬁnt and may lead to

materials. Both nmechanical and wet nethods are | abor
defRcin s the eleskania eradust corapenept-r onnent al 1y fri endl y
references are jillustrative

00Q4] The foll ow ng
[b?@seéfs'ég”qﬂ(ﬁcc?ﬂéd &gy §emicopducier depegition oliambers and equupment must
bggﬁéiga?lg%jﬁélﬁngggg ;ﬂé:ﬂ@&élﬁﬁuﬂﬂé’d EbRarkingfiy Aépdaftion materials. Certain
fixtures, i.e., tool parts, inside a deposition chamber are often cleaned off-line. This kind
of off-line cleaning is commonly referred to as “parts” cleaning.- Parts cleaning is
particularly effective when cleaning of the entire chamber is not feasible or necessary.
Conventionally, parts within the deposition chamber are cleaned off-line using a
mechénical method, such as blasting, or a wet method, such as dipping in an acid or
caustic solution. The combination of mechanical and wet methods can be used to
remove some hard and chemically resistive materials. Both mechanical and wet methods

are labor intensive, and neither is environmentally friendly.

[0004] The following references are illustrative of processes for the deposition of films
in semiconductor manufacture and the cleaning of deposition chambers:
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-1 [0005] US 2003/0109138 Al discloses a process for
etching a layer of tantalumw thin a sem conductor
structure using a plasma source gas such as NF3 or SF6
in conbination wth a carbon containing fluorine gas,
e.g., CXHyFZ. The use of a renote plasma to renove

0L B SRl B8 AT PaesE & rtblgb o gl £y Y i within
H&eﬁ:ié}iﬁrglgﬁsﬂ%ﬁge %si;glag?wna:modme iga suqﬁrasdﬂ!%@rf&& irt tmmbination
(R GBS o B2A5L M BUERLF e psme
remow depositseomprisirey Taforraed on thedinfedior suriaae ohitie processing chamber

d:ﬁosi ti og groducts wi thin the chanber i nclude
RARYSCHaeEs e g., NF3, F2, CF4, SF6, C2F6, CCl 4,

6 7. US 5, 421, 957 di scl oses r .
Flioef - Dse 274 s BT disgosomian Zaiprofe S Ipag IpoBia cleaning o
pio_ae@mgscr;aﬂiﬁemrpagt@_farlyithosegmwed%n t][xé de?dﬂitmnfoi taralum.

Isture fTree cqndlitlons. eani ng of .1l .
Bep e Bt Siedi1e Qéanint donosioh probfio@ wihin B cRamber include
Palbyer §aseee.g5 INFs FRBNCH], ISFs0€,Fs, GCL,i HC,ki de, and
refractory netals, titanium tungsten and their
[000TL | USS,421,857 disdiesbsisprogessdor tae ivwatempeeaturesciganing of cold-wall

Gb PR Rp s e teeees e Saremote i S sy ety oz onpiigns:
Olbanihg wbfiimsvit vh fioust materple isathias spitaikiaf Siflcdp) Pelysilicon, silicon nitride,
SRR SR SR B R R e 58t g usn
a?f etehat,ﬂt rgaﬁ,rfgtt nitr‘oyeu?:l_&iﬂﬁbmé, oblerimmiriﬂubr:ﬁes saifut themﬂmo'ride,sand

e s 0] apl i shi.ng a, proces enper at ur.e: o
R B R<og s KB Bihinortt e Bp SR ) eripatatafs Y doo-sog°e s
shogn, helium argon, nitrous oxide and m xtures at a

flow rate of nore than 55 sccm (standard cubic
[0e08]i r#S$ 6j067@99istidses a two istepl dledmingpracqssds santeol @ahd midimize the

to 9.5 Torr in_th PECVD pr.ogessi nhg te [atur
elesion o stvirgRenialy deleepoud kAR 208 chipPr S P steRs S’ &
esmbaﬂiirh@g :p_ftg:ﬁ_Es tempa@?te@ tpr@idimgha he-lzﬁf/omm'e of NEp mndoreinert gas,
an st abl i shi a as i.n the oW pressur
o e Bty hiBus oRiad 318 miduies B a8 sBEE S thangs soom
(dtanddrd eulsie centimater perminute),stabflishing g pressureofd .5 to 9.5 Torr in the
PECVD processing temperature, establishing a plasma in the processing temperature,
establishing a low pressure in the processing chamber and establishing a plasma in the

low pressure chamber.

[0009] US 5,043,299 discloses a process for the selective deposition of tungsten on a
masked semiconductor, cleaning the surface of the wafer in an air-tight cleaning
chamber and then, transferred to a clean vacuum deposition chamber for selective
deposition. In the selective tungsten CVD process, the wafer, and base or susceptor is
maintained at a temperature from 350 to 500°C when using H; as the reducing gas and
from 200 to 400°C when using SiH, as the reducing gas. Halogen containing gases,
e.g., BCl; are used for cleaning aluminum oxide surfaces on the wafer and NF; or SFs
are used for cleaning silicon oxides. Also disclosed is a process for cleaning the CVD
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masked sem conductor, cleaning the surface of the
wafer in an air-tight cleaning chanber and then,
transferred to a clean vacuum deposition chanber for
sel ective deposition. In the selective tungsten CVD

process, the wafer, and base or susceptor is
from 350, to 500C wh

t d at te t
e Tootive dun el R oMo Jer0REon oCasapsAEing NFs

anw&jlla\ge&bwﬂzmsme reduci ng gas. Hal ogen
contai ni ng gases, e.g., BCI3 are used for cleaning

q00T0IN UGB deaeq@ow tieclosestfie UBE o/ RIF Sfor thadn Bifidcleanisg-6f CVD

or c sili,con oxi des. o discl
UeBosiioiE hasdivare, BORt oS FnH RO WA 5 WhlLAReAMIBoLor wafers.
INFY0Y Ritrotieef 1612 HeRtddreBetbF i‘h'@x@é@%f@@é%ﬂfﬂ?‘é&irﬁé Qﬂflcnent to remove
processes using NF3 plasma follo by

Fﬁ'é‘i‘@)j’"t@? EO'I%St.@Me A"'@ﬁ’rh é'taew@, sn{m@e G'e‘HQSEﬁ" ?{IF’S’% gfracipsy metals
laRd Silitdes!| eani ng of CVD deposition hardware, boats,

tubes, and quartz ware as well as sem conductor

wafers. 5 NF3 is introduced to a heated reactor in

excess of 350C for a tine sufficient to renpove silicon

ni tride, polycrySRIEF SOMMARYCORTHE INVENTION | i ci de,
tungsten silicide, refractory netals and silicides.

BN ShikiNRBKtiH reldibs td\MDrevemdht iffé %]eaﬁfhb%f contamlnafted tool

I nvention relates to an i nmpr ovenent in the cleani ng

Py RavingR efating At unyyapted r W%@"&%@ﬁfﬁoﬁgﬂuﬂf‘g dersifiosdn a
é@ﬁlb&h&cf&fdéﬁgslﬁ&?ﬁ@@é’ssd YA IS pRBESS tHd &htdrilindted tool paﬁs to be

sem conduct or deposition process. In this process,

cleRnedArR seraavacisom the semicendystor éP@%ﬁ#&ﬂ' chagibeeapd Rlaced in an off-
lfnfecgﬁstrbﬁcﬂbﬁ rahafmewwmen iSRRI oM thE §€f’ﬁ%néu%rﬂie@6§1ﬁon

s reaction chanber which is separate

in an of i ne
shagber- h@h% 69#*5\943 (Reide Qrethe sobtaptinated parisis gemovgefrom the tool
mtby%nﬁa‘chﬁ@ﬂie%& Mts%&te@%adﬁ Jiﬁ\l‘a?l@ed%ﬁdﬁe 'vsﬁth al reactlve gas

renmoved fromthe tool parts by contactin

ynder condifions doriPEming A voIoHiR 4Peaioh &peales iadon wila 8 gapBase

chefmical Bgéﬁt wWHIB GH §4i@ Bﬁ-hﬁ@ gaé Péd&l&gcl"r’arf'{l%r%tnti'tﬁerﬁl%ﬁ@v% the volatile
througr reaction with a gas-phase chem cal agent
SRRFIPR PW%G"B’FQ ga§ f?@CB%bCIIa@&?I!l on chanber and then

he volatile species fromsaid off-Iine gas
[é@%g ti lmhﬁg\fantages can be achieved by the process and someof these

include:

an ability to dry clean parts, which provides higher throughput, less labor, higher
selectivity, and decreased environmental impact;

an ability to clean parts from different reaction chambers which chambers may
have employed a different deposition or etching step, or a different treatment time in the
same reactor chamber;

an ability to optimize cleaning parameters for tool parts having an undesired
amount of residue (thick layer), such as shower heads, shields and the like which
parameters are different than the cleaning parameters for fixed location, in-situ,
deposition chamber cleaning;
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20 [0012] Significant advantages can be achi eved by
the process and sone of these include: an ability to
dry clean parts, which provides higher throughput,

| ess | abor, higher selectivity, and decreased

envi ronnmental inpact; an ability to clean parts from

nave  HOERT BT ARG SabSli0 iatRGR SoprBl v tongyat and
- ommeeddité f@mmert efadpleemc taol parts, therélyy ccma'matmgamonm'eased
l ar
FRROLRTEp. £ PR PepeRo Ep LA B BEFL E0 ope e
(rvehdsto begleaned, meoéhtlae;cIQmuhug :h?? %iaktem Zﬁ-lh?eﬁ aMﬂZaétb? nWnth tool
At oY ofety Tadmneued iipeess g cphiamim ol pi Bt eanc
chmbbeemomﬁfmm the redction dﬁmolsntnbry réa@tdrranat:aan paaamumecmately

Fafelin ik FoBE R epPRCS tasglor Al e dspostiOn Feac Berittea

tooperateyt i ng to i ncreased production. For exanple, in
in-situ reaction chanber cleaning, even if only one

fi Xt uae abliigetd eniployoevaryiag gas activation ndansg tacinerehse clearsing
ne. ang,(%i reated. Wth tool 5 parts

biftcificy. (58 ArBidenin B R deRRGs By oreso ¢ he
¢ ha! 2Bk BB o AENBYs thsiber SleRRRE Mexhify Biof fETEECVe -

clearenlg allayinyg foraphoveasffectivet diean, aadidreasede thosughpahdue to a decrease
; ‘ he reaction de 03|t|onreactor permtted
'[‘El%g{s'ﬁ'ﬁ‘g 8”" qpl%lapﬁla}po%sae Oy a varying gas

activation nmeans to increase cleaning 10 efficiency

than afforded in an in situ cleaning; and, an ability

to achi eve chanber cleaning flexibility by off-line

reactive gas [RETAILEDRIDESCRIGTION OF FIdENYENTION e

effective clean, an increase in throughput due to a

[@@t3]e aBhds inventibovis direated to arcimgaovemgent émal meethod for cleaning tool parts

ORBIIRALH W univanfZa depbor fesidie 1o dd tbrebhufin) EHdsitdh in a
semiconductor deposition chamber. During some semiconductor manufacturing
processes, such as PVD (physical vapor deposition), sputter deposition, MOCVD (metal
organic chemical vapor deposition), ALD (atomic vapor deposition), CVD (chemical
vapor deposition), or PECVD (plasma-enhanced chemical vapor deposition), the internal
chamber and tool parts become coated with process residue. Tool parts such as
showerheads and shields, etc., can also be coated with unwanted material in reactors for
flat panel displays and in applications in the coatings industry. The improvement in the
tool paris cleaning process resides in removing the contaminated parts from the
semiconductor deposition chamber and placing the contaminated parts in an off-line gas
reaction chamber. The residue is cleaned from the contaminated tool parts by
contacting the tool parts with a reactive gas under conditions for forming a volatile
species through reactions with a gas-phase chemical agent and then removing the
volatile species from the off-line gas reaction chamber. One of the essential
requirements for reactive gas cleaning then is to convert the solid, non-volatile unwanted
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[0013] This invention is directed to an inprovenent in
a nethod for cleaning tool parts contamnated with
unwant ed deposition residue forned thereon during
deposition in a sem conductor deposition chanber.
Duri ng sone sem conductor manufacturing processes,

JE50uf B e conBanin e tec] PRgR s B 56ipte SRbsips B g removed by a
dapashisystan, ALD (atoni ¢ vapor deposition), CVD
(chem cal vapor deposition), or PECVD

(o0 B meFhenbactive @asémmted forvapts icledning Yeherally aret Imogen containing
internal ¢ ool. parts becope coated w th

sPoe Sh s 3Rt ET r - aPah g mpoinds, thigunds are
S)Mt eICIll,SB|CI§tGF4, SE@EI—E@@&NF& QR tiesinivallyactivertiudrieg species, such as
nateria

isiendTasibAls G esnered B e ol Aigh otk Ak A0 hE rlogen-

canthmmg%@rﬁpwhd@amd meq?r%ahm?i@amm v\rtﬁsmeimm orthe chamber walls
am nat e rts from
S BB Hioh BAPBPRIdGSASPON? 1RAHR endh WS e GYP reactor.

t ed t ff
(D o e sercefi aasion Serbrd it Fo s vk SSBsi i ordbe doposited
te%!ﬁueﬂﬁ\hfaﬁwéﬂ}bn the BbAaiinited 108! par! reREVE B tié st@metal of the tool
bt bakeget weusdBF BlvaniGuTos ey stBhizgs Skl of ety Sther metal
mﬂrwmmaﬁﬂw asweauldl5eHaaeS(Thwhgﬁsdletnﬁwbﬁae§ t6mplete

ff h
AR pithe Breg Wibaany samase ?&E@tqnsierng%mefaéaw@tq nen

t h lid t
oRa$ 0 B sehel Sardsq e B8 SrogNe slernio g it Ing dhs, rection
csuggiffeeart bélbrcﬁ/&itédb@ni madwéa?n% rematétmatrﬁa/éétwmnon or in-situ
rea |ve a e s cl ean
4 bptvation, & by soaibaiRn of fhertel heat St & Rlefmas Higiter
téihperalnirgs bamgcddieratehemidal rdagtiony amundee reEGt&mIbmc)ducts more
C S ar
R ey dnerd esibe biactioal iafions oo i ase & febgliie alone as
th@eﬁergyl gotired Iirﬂglaﬁ s@ﬂi&oh@mrmécﬂlcﬁt on bypdsttbn@nambmt i Rémote
asna n e a e nt al ni S a
i CRrCemeeAle ACYR SSaRID Tagilthte Teabtpns thoLkeRgaga 16 the

sabstravey causel By iGtsorpbdr@mentui prent . The gaseous
resi due then |s swept fromthe CVD reactor. [0015] The

[coaagtt |T‘Oelll$ﬁﬁt69§ rolfs ® th erdaning Wf tbonpares i ani @Hine gas reaction

c am er {hveI fgwovfar?gr |stpprgvn e&) Xf'ter dgeposmon of unwanted residue has built up to
an unacceptable fevel on tool parts inside a semiconductor deposition chamber, the tool
parts to be cleaned are removed from the semiconductor deposition chamber and loaded
into an off-line gas reaction chamber. It is necessary that the off-line gas reaction
chamber is separate from the semiconductor deposition chamber.

[0018] After loading the tool parts into the off-line gas reaction chamber, the chamber
is evacuated, to a pressuré, typically of 10 Torr or lower. If thermal heat is to be used,
the off-line gas reaction chamber can be provided by a resistive heater.

[0019] Reactive gases are delivered to the off-line gas reaction chamber from a variety
of sources, such as conventional cylinders, safe delivery systems, vacuum delivery
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10 residue contained on the contam nated tool parts
relative to the base netal of the tool parts. This
base netal could be alum num titanium stainless

steel, or any other netal from which chanber parts

could be made. The high selectivity provides conplete
SHETEy i o T RE bl YenaPitbrn T SATEE'S 1 Be il g 2 evtorna
soengysotiwe, hbfpewer tothe lolding ggs reactiorechsniber isternpawon, the reactive
RS suBBic: e 3E e AR BirRicea o oI FoiRion chamboer.
. . . . ; |
B2 2 Thessfing Heshst BEBh ARl 51l ot ABIER rodtiBh chEp4:.
5 Cenftaminated tootipantkia theaffdine dryigasreablion shamber are treated|vdth the
; i : .
KRR s AneE SR B T35 i Sl e o 085 o o
valatile spehies. oAftqyaquiassdtitionne, theplasna powerlos thecheat isRernedeoff and the
| " . , t Ao | i
RgN I B D BB Eheop s oBEHalor i ventea.
Thanpértanthan dar be retfiedtiAtonT the febctinrchambar anglitegsedfor the
' f | [ ff-1i ti
10 SRehd g ebtorbliaibere orovided. Affer deposi tion
O oot BlopAlReebaqitaiuetlh Wbl At MR EHTERR s of e
inventibe and arenotiatenddd foaestsicttbe beopel theneetl are renoved
fromthe sem conductor deposition chanber and | oaded
into an off-line gas reaction chanber. It is necessary

that the off-line gas reaction chanber is separate
fromthe sem conduct or dep&xamplent chanber. [0018]

15 foneti Lﬁagihgﬁb%%?ﬁaﬁ% TR sy @e@@%c'ﬁ'g{%'é%f? O:ZS |
[ 1004 T o
Qrieyal 6 eJu e Eged?/_ o30 t he o?“! io:ye g\gﬁrreactitoﬁr ™ :
[@6%1? &n MRS Aol rrgr%é%lerﬁaé??{a etﬁeg'éitoﬁ }es' ’ﬁ@f'{?ﬁﬂ’]’g faé)aésf W0 Hactor

i've gases ar Vere _
chambet. crhecdistahes bétween thevexiti af the Astfonggameteder, ansitbé sample coupon

20 EARCERIAES, SHOARMEGSHor Y e K S B et
The heater isruseditd obtaj differant subistratedemperiturgs.an ext er nal

energy source, the power to the off-line gas reaction
[a0238hb & ali of the runsd therremoteeplaema wagdurned on using a mixture of 400 sccm

NF; and 400 sccm Ar as the process gas and keeping chamber pressure at 4 Torr.

[0024] Experimental samples employed for cleaning of Ta/TaN deposition residue

25  using reactive gas cleaning were cut as 1.5” X 3” rectangles from a 19” shield from a
PVD chamber. In each experimental run, to estimate the selectivity between Ta/TaN
and the base material, a control sample with only base material (without the
contaminating Ta/TaN coating) is put side by side with another sample with the Ta/TaN
coating. The original thickness for the Ta/TaN coating is in the range of a tenth of a

30 millimeter. The etch rate is determined by the sample’s weight change before and after

the reactive gas treatment.
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gas is supplied. The resulting plasma is introduced to
the off-line reaction chanber. [0020] The resulting
plasma is conveyed to the off-line gas reaction
chanmber. 5 Contaminated tool parts in the off-line dry
gas reaction chanber are treated with the reactive
q@gtﬁgﬁ the residue on the tool parts is converted by
thie teactive gas to a volatile species. After a -

BERT, o et b BRI e SRR, S B was usc
trasbtaindbe TafTabhetdbmte asd atoot part eampledaviegtoaly. the Dage material
Al eSa B 45 ues LobEitert AR SReRIE th JaRORT B e
Corstaimarant, [r@tsmﬂ :Eg eréé Mde?natﬁgasleAfte?L aémirimtevseéxppetmded (tjheoremote
blesR . S e vt S TACN Eplife e b iont RS &1 b 780 7Y
%Mﬁﬁgﬁféfxmwﬂ? o] aféakhh{m? Vst ME&rl'nzgtrﬁsTraiTaN etch
G0 8 enbleREP By ol it B Bioref Bap Bt PESTOrSIBH AR the same
Sipericientah ooreditivet. VR Temote NRJ plasrha tifectidsly remogsithe JadraN deposit

n he,sanpl e coupon 20 is about six inches. The
?‘ggtéa%g'ns are placed on the surface of a pedestal

1953RE T bR a I T T 85016 Sp Pl ) isre FRE D elant apg for the
basarmlwnipumssatdnpdlrmagfsg.g granm,?rl wl:galtseiﬁglir:aéigg gg thlegﬁg sgrrrlngwevealed no
i’@éﬁ% ﬁgﬁéﬂéﬂber p:r essure at 4 ;ror P [09291] f

1t TEGh G e SFuARRIoRRY onost LSRR Sz legma
peoMidassfod the 'high S8lectivity mmgiva!soff‘lfaﬁallMcdeﬁéd tah'rrmhuin bast;nd taol parts. In
P : r 0.esti

25 e RE vt WESEALeES S8 ke e hse b PRt her hana,
o a0 T TaN CORt  ne Lo P 1 46 by Sde L
oA R s RBC P et Baimag 96 yiRtbee othl geh resutt
t hi ckness for the Ta/ TaN coating is in the range of a
tenth of a 30 mlIlinmeter. The etch rate is determ ned

by the sanple's wei ght chaggaemagfzore and after

Removal of Ta/TaN Using Remote NF; Plasma From
Stainless Steel (SS) And The Titanium (Ti) Base Materials

[0028] The procedure of Example 1 was followed except the base metals of the tool
part were stainless steel (SS) and titanium (Ti) instead of aluminum. Similarly, high
selectivity was achieved in that there was effective removal of Ta/TaN contaminant film

from the tool parts and no damage was found for the SS and Ti materials.

[0029] Table 1 sets forth results a summary for the removal of Ta/TaN films from tool
parts tested in Examples 1 and 2.



the reactive gas treatnment. -6 Test Run [0025] A tool
part sanple contam nated with a Ta/ TaN coating, Sanple
#2, was used to obtain the Ta/TaN etch rate and a
tool part sanple having only the base material 5
(Alum num, Sanple #3, was used to check the
selectivity for the rermval f the cont ani nant

Tal TaN, et Oy R éals
A T T

and T'\IT'\ Il coatd A oh WS

TR s SR TS e, o Weightlock.o | Bl rate© "ESlectivity
@gﬁ i n)l. (' i ch vve?ﬂ,gheﬁ Ct H&h t hat g %%'Bf

1
ll

nél ae
JTﬁdNr the [sBre 10 ex3eri ment 415, zg9ndi ti opo.1The renote

3 plasma effectjivgly renpved the Ta/ TaN deposijt
fAbm Sanpl|&.8. [ 0026]73I n cont (&00080 t he| Fa/ TaN codt=i®00

el e—(#2) there Jyas no me|&hf loss fofF the basd
PR num 5 careful [Pisual exap®nation of{ >1000

gn’pl e (#3
He—evealed—ro—suirace—darag 510624 50
I n conclusiton, this|off-1ine Peani ng prioress usi ng >a?|9

NF3—activated ptrasma —provides—for—tte—hrgh
selectivity renoval of Ta/ TaN coated al um num based

fO@@b] p%hﬁaﬁkﬂg 1Rd %{dt égfraw tbgteo@ﬁ'{e rgﬁitcﬁ% WQQ@H@ fims from

damage ase e
taomﬂtrlsaaé &9i aagrigst ot drs an pf-linerpasieadtivecgas. qhamber \separaterfrom the
ééﬂmorﬁiu&ﬁbp bEBOsitfanGHahibgr d@?{ﬁﬂg cé;géblé pf fé[rﬁl'nabas atile species and

chem cal deposition prod
capableof mmoval by vmawpfr@nzhmﬂcMr Blasma entianced agivation can also

R g P T B

|tan| um
SESE ﬁﬁ%sﬁmﬂ flol | ovved except the base netals of the
part were stainless steel %S) and titanium

t ool
[eegy |Tr'ils€t ShlinestooLparts dleaningproacessiaan berAdyantageous for a PVD

process. Any in-situ cleaning of the deposition chamber by remote plasma may cause
damage to the target. Conventionally, to avoid damage to the target the tool parts from
the PVD processes are cleaned off-line by dipping into a strong acid or caustic solution
or by mechanical means such as scrubbing or sand blasting. Neither the wet cleaning
nor the mechanical means provide the high selectivity for removal of the unwanted
residue from the tool parts with respect to the base materials as with the process
described here and in Example 1.

Example 3
Removal of TiN from the Surface of a Pedestal Heater

[0032] In a typical titanium nitride (TiN) low temperature CVD process, the operating
temperature is about 150 °C. Conventionally, because of the design of commercial
semiconductor deposition chambers (typically such chambers have an upper design
operating temperature of about 200 °C) employed in this kind of low temperature
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selectivity was achieved in that there was effective

renoval of Ta/TaN contam nant film fromthe tool
parts and no damage was found for the SS and Ti
materials. [0029] Table 1 sets forth results a sunmary
for the renoval of Ta/TaNfiIrrs fromtool parts
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trong acid or caustic solu
cleaning using an alternative reactant to the toxnc CIFs.

Example 4
Removal of HfO, Material

[0035] An atomic layer deposition (ALD) process is commonly used to produce HfO,
film, which can be used as a high dielectric material. The operating temperature for such
process is normally less than 150 °C and the deposition chambers are designed for low
temperature deposition.

[0036] HfO, is highly chemical resistive, the in-situ cleaning of this material in the
semiconductor deposition chamber is difficult. To obtain a reasonable removal rate of
HfO, from the tool part, a temperature of much higher than 150 °C is required. Under
thermal conditions, a temperature of at least 500 °C may be required.

[0037] In this example, a HfO, coated wafer sample was taken from a ALD deposition

chamber and etched in an off-line gas reaction chamber using an elevated temperature.
The procedure of Example 1 was followed except for the following changes: the sample

was an HfO, coated wafer; the process gas was BCls; the temperature of the off-line gas
reaction chamber was kept at 600 °C and the chamber pressure was kept at 100 Torr.
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or by nechani cal nmeans such as scrubbing or sand

bl asting. Neither the wet cleaning nor the nechanica
nmeans provide the high selectivity for renoval of the
unwanted residue fromthe tool parts with respect to
the base materials as with the process described here

08 A oty AR o IBRIR b ok bidton,

tetdherateuoh 11 bmirdia waBl diitaihedy t enper at ur e CVD process,
the operating tenperature is about 150 C
(00383 nThisnexaimpie showesithat thé offfive dieanigg obdifficalttrerecicake residues can

1.GO ctor sk Li.on. r t V.pi , S
B <hEERE NALEHE e DR BRSBTS, L WBp fstifigpnauctor
dbpaditichhafbee oainoy bel perforteds ki nd of | ow tenperature
-8 deposition, the chanber is cleaned at | ow
tenperatures using a very toxic and corrosive process
gas such as CIF3. [0033] In this exanple, a pedestal
heater was taken froma Ti N sem conductor deposition
chanber; it had a Ti N deposit |ayer of about 20 pm on
its surface. The 5 renote plasna cleaning by the
procedure of Exanple 1 in an off-line gas reaction
chanber using NF3 as the reactive gas was foll owed,
except for the foll ow ng changes: a snmall part cut
fromthe pedestal heater was used as the sanple and
the resistive heater inside the cleaning chanber was
turned on and the tenperature kept at 150 C. Wthin
45 mnutes, the titaniumnitride residue | ayer was
conpl etely renoved fromthe pedestal 10 heater part.
No damage was observed on the pedestal heater's
surface. [0034] This exanple illustrates the off-Iine
cl eaning of a pedestal tool part, which nay be the:
only itemthat required cleaning in the sem conductor
deposition chanber, in a dedicated tool parts
cl eaning reactor. Costly, nodifications need not be
made to the sem conductor deposition chanber to
permt high tenperature or renote plasnma
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15 cl eaning.using an alternative reactant to the toxic
CIF3. Exanple 4 Renoval of Hf02 Material [0035] An
atom c | ayer deposition (ALD) process is comonly used
to produce H02 20 film which can be used as a high
dielectric material. The operating tenperature for
such process is normally less than 150 C and the
deposition chanbers are designed for low Q
tenperature deposition. [003@LAHME2 is highly chem cal
resistive, the in-situ cleaning of this material in
the sem conductor deposition chanber is difficult. To
obtain a reasonable renoval rate of 25 Hf02 fromthe
t ool 1part A motessfiwcianing agbolpagicohlaginated witina degsijon sesidue
%s?@rrg%%&ggalé H)% %@'{rlg%géléﬁ{el dinﬂP%tg&%pBﬁW%@n‘rﬁe? vifich
ogmnmse a Hf 02 coat ed wafer sanple was taken froma
ALD deposition chanber and etched in an off-line gas

r eactrepaviedsaiehtaol et epptaminated with the depppitiontesidue ffOWTF@'d

RARGADUES oSt EHambbr;was fol | oned except for the
fol |l owi ng changes the sanpl e 30 was an Hf 02 coat ed

waf elintrdd0€ing 6416 @soh pra o APGH-idfel glis rédution enamtierf ur e of
the off-line gas reaction chanber was kept at 600 C

and tcbetactirggas toplrpastswithea reastivieggat uadertofditiarsrfor conVerting said

enot e pl.as enerat or. was, t ur
Bl BRI VOIS e Fpossin e o, &b ¥ fAlgeh-containing
gas] anidwhesein tiet rebctive . gaf B088Yatddh by theraahpr plasimeins t hat
the off-line cleaning of difficult to renove residues
can reygowng said welatile epeciasifeom moﬁrﬂmemae‘or@p@mntqhember
residues, in-situ, within the sem conductor
depogesaveringseichisel paskassentials rer o dapagition @Sld%fr@mar@ff-"ne

ghs ré‘ho%r%l?a?ﬁbefroénd%&ﬁm ng a tool part contam nated
Wi th a deposition residue

employing said tool part in a semiconductor deposition chamber.

2. The process of Claim 1 wherein the tool part is comprised of a base metal
selected from the group consisting of aluminum, stainless steel and titanium.

3. The process of Claim 1 wherein the halogen-containing gas is selected
from the group consisting of Cl,, HCI, BCl;, CF4, SFs, CHF 3, NF3, C.Fg, and CsFs.

4, The process of Claim 1 wherein the tool part is contaminated with a TaN,
HfO, or TiN film.

5. The process of Claim 1 wherein the reactant gas is NF3.
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whi ch was fornmed on said tool part in a sem conductor
deposition chanber, which conprises: renoving said
tool part contaminated with the deposition residue
fromsaid sem conductor deposition chanber
introducing said tool part to an off-line gas reaction
chanber; contacting said tool part with a reactive gas
under conditions for converting said deposition

resi gue t @ prooesk &dricleaning esol parts sdmeansinated ivith restduei ondts surface,

sPRet iy B arpoai Bpod it apta e Jefigtidd on

substrate inga semnicondattat depesitipr chagsbelr havmgs an dppsrfdebign eperating

react o verin , .
BRGS0 s LR bREN P PR ofsgia ool part
antifprddudieg agteanrtes partwhichitamipeses: and then enpl oyi ng
said tool part in a sem conductor dep03|t| on chanber.
2. Themeringthe doab parCirainithel sethisersiuntor Hepastiion cpambper; s
conpri sed of a base netal selected fromthe group
cons mclng@a@ftodmamlmmﬁ@meagaﬁ reaefiogchamberyhieh is gaparate from
itiBh RsRfs: of Claim 1 wherein the
?ogen containing gas is selected fromthe group

cons 'céﬁtb&m Osfaldeé’l pabWith ﬁ@b&we@ﬁélwrﬁaﬁn smlné\"jﬁs reaction
The gﬁocess

b, ier Condine YNGIeB AT secion BR{veeFeg Sap ond Rpid Fesicue

ohidaf@d to8l- paﬁhﬁatl&bm‘éﬂ&%aﬂfreﬁﬂ@ @ alvoldiey spebies hesultiag it aolean tool
cl eani_n

ool parts..
B whsreRape paerap A f hlasghoqrianiGy, 534 oBd whfhin A8 hdtve gas
is activated by &saninti orpldsramn exposure to deposition nateri al
bei ng deposited on a substrate in a sem conduct or
deposérnomg sdidndiatile bradesdyapplyingervadewn dmsaip off-ine gas reaction
HEWBES ghdr € of about 200 C, the inprovenent for
sel ectivé cleaning of said tool part and producing a

cl ea'??r?\g\ﬁ]ﬁq %?(5 ElediMtoslp K58 SFf-ihE ﬁ?é’fe‘%%&ﬁ'@‘nahﬂb@l’

part sem conduct or deposition chanber;
7. The process of Claim 6 wherein the reactive gas is at a temperature of at
least 500 °C.
8. The process of Claim 7 wherein the residue on said tool part is HfO.
9. The process of Claim 6 wherein a remote plasma is employed to remove

the unwanted residue from said tool part.

10.  The process of Claim 6 wherein the residue is formed by low temperature
chemical vapor deposition.

11.  The process of Claim 10 wherein the reactive gas is NFs.
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placing said tool part in an off-line gas reaction
chanber which is separate from the deposition
reactor; contacting said tool part with a reactive
gas, while in said off-line gas reaction chanber,
under conditions which result in a reaction between
said gas and said residue on said tool part that
converts said residue to a volatile species resulting
i n a 1d. earmmHeqwbcesp af Clainvint waereirt the resttieton\saidytas! gast i TiN or
f | ogen-contai ning gas, and wherein the reactive gas
‘activated by thermal or plasma; renoving said
vol ati |l e species by applying a vacuumto said off-1line
gas reaction chanber; and, renoving said clean too

part {4om ﬁ%‘ pﬁio&fs% ot\%lgﬁn 8 Wﬁe hifthk hdlog Rt %ﬁﬁﬁmg Z;gts -ig;%Iected

rocess of ern t e reactrve gas
i aroun eonsieting of Gl disl, BRD G+, e, GHEs. piFaces, K CoFe

O aim7 wherein the residue on said tool part is H 02.
9. The process of Caim6 wherein a renote plasma is
enpl oyed to renove the unwanted residue fromsaid
tool part. 10. The process of Claim6 wherein the
residue is fornmed by | ow tenperature chem cal vapor
deposition. 11. The process of Caim 10 wherein the
reactive gas is NF3. 12 12. The process of Caim1ll
wherein the residue on said tool part is TiNor TaN
13. The process of Claim6 wherein the

hal ogen-containing gas is selected fromthe group
consisting of Cl2i HO, BC 3, CF4, SF6, CHF3, NF3,
C2F6, and C3F8. 13
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