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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 i anBE@FJpﬁEr}gV RpRSL ed on the

desired substrate. Gener al al'l nmethods of

de

PRI AN DGP%RCES%%QB%@S&?R%&T NG TROL RARTS
all surfaces and equi pnent in 10 the sem conductor
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,

shover heads, SusQARERLUNEIBFOHIEINENTIOREN! | S

consi dered a contamnant and nay lead to defects in

[00B¢] elrfhb re‘%‘tr%nié!s RSty %H@@“@‘éﬁo&ﬂbﬁ@&%hqhbs hévé/\ﬁéén developed

accepted that sem conductor deposition chanbers and

whefGipalent maietals 8 dRPoSEd R EHDPYSUBFIENA R POSUSR AlSglonic
COMEHEN RS P H s BISS i BtoRE PORE tyne f B@;Sc%’itloﬁ' pocds8id @dmical vapor

fixtures, i.e., tool parts, inside deposi tion
depesitiee r(Cig{Pé. ‘%‘?Q"é‘ﬁ Q@ﬁé@iﬁe@a@ﬁﬁmlqr ® é‘th‘T’H?%’ iRtorfyheaied processmg

cr&fnﬁbdrlr@ﬁmmgqarmrﬁ@bé.ﬁg SeHEIRBY Yon el eésnr%a suBstfe.” parts”

cl eani ng arts cleaning is particularly effective

[oobsn Gleﬁéﬂaw%u%ethb& St 6§it|6m%'@eCVDSADI9tP‘V@aéﬁcbﬂ’ECVD result

necessary Convent i onal I arts wt

md%a@wm%ﬂmm apg ea@p@awéaat@ﬂals ep ﬁé sué@w@ apdgguipment in
thH%HﬁéBn@%btoFﬁéﬁ&%on%ﬁﬁﬁb@ﬁothbﬁfhbh B6b tafjet @uwatéreAqsomatenau film

in an acid or causti c sol ution

sSuc |
anchiB K133 BUUS wReM i reartosmalls\iaol Ret sl asdpolisuriagasy shower
hdds, §L§§E€M®r§9ﬁ@othéf ﬂq@ﬂﬂeﬁh@%ﬁﬁdéré’d A @éhtﬁhildéfht and may lead to

material s. Both ani cal wet nethods are | abor
dqfﬂ@tgp{gth@éelecar@alcr@'p@wépomgom, ronmental |y friendly.
0004] . The foll ow ng references are_jllustrative

[0BPRL: ¥ isowelt agcepiad thelswatisqnshicler derasition champrs and Savipment must
bé eRdeRAY eleBhed B MahrRfvh WinfafiRe coRRinfihfmbidadosifion materials. Certain
deposition chanpers: -1
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
mechanical 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 1o
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 depasition of films
in semiconductor manufacture and the cleaning of deposition chambers:
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[ 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., CXHyF=. The use of a renote plasma to renove

de sits conprising Ta fornmed on the interior surface -
OR8] LS 2Rl gotaf & Afbsloses's braobss & el 4 e She e within
a Ls)&nﬁ;oﬁ@éct@ﬁﬁrubﬁﬂfe uding & MNesBa 86urté gad éwcwsmm gR3fin tbMbination
renote plasna cl ganl ng of proc

WS PSSR ST gaSy ) (orhiend NBUBB o £ FCigplasma to

reénfdVied spBbits CRARSHSINGET DRAASA BH itHeielteliBF sifrtaR8I0F i@ processing chamber
deposi tion products within the chanber include

'S@é?r%%%ﬁﬁ”'a%es e.g., NF3, F2, CF4, SF6, C2F6, CCl4,

cCl 6. 10 0007] US 5, 421 957 di scI ses a roces
(90851  HS 62740 By Hscipses Aty grogesier td pigga cleaning of

proBESHARS Shanldtes Rfa@tﬁ:&?ly'tﬁos@aﬁnﬁmé\ﬁbdﬁfbﬁ the'dépésxﬁd}h oftta@tarum
moi sture free conditions. C eani

F*e%ﬁtwe @asemp\dieddpicleaning depasiiion mdéq%tssw'rhwﬁ chamber nclude

hioherPhddeso8 g, NR.| FOUFNISH! O, CBll ampo,myi de, and
refractory metals, titanium tungsten and their

[0BbT] CU99§42159§f &Sélbﬁéi‘. éiﬁr'oegss BRtHRUGR EHhpdtagire @Ieﬂnmg of cold-wall
nitrogen trifluorid lorine trifluoride, sul

CHexchpmbsrs: gehe %rﬁae%as EaFIBE QUL ¢ Filtk PORR', rafastumﬂseee@m'twgs

C@Bniﬁﬁ%ﬁ'ﬂlﬂ{s dWahéusaﬁ'taie? EE%VU@F\ 213 %’fnt@? al%m@or@%@sm&on silicon nitride,
shown, [0008] US 6 999 di scl oses

siliqon Aidey am’ sieagtory B“%ﬁttﬂ%?'urﬁn‘éfngﬁtw ﬁm @efrﬁé'c'dgﬁf%%ﬁ%ﬁed using

aroétcﬁawga@n Ninitdgen d&lekes, ldhlb‘imﬁﬁﬂ%xbh@é Sufixcthexanisrideeand
he steﬁ establlshlﬁhg P ess te eratu &O
cashaiaphgorge; AFaTeAG R ETIR WALS RbiemRe AP OHLD-60RSC is
sHowsh., helium argon, nitrous oxi de and m xtures at a
flow rate of nore than 55 sccm (standard cubic

[ooes]t i Ustaamsmg MEdIoEeR)a twosdi@bticatihg gro%eﬁé @Skl 2fd rinfmize the
.5.Torr in the ﬁ'—EECVD proceai%@g(g rature ¢
9‘8’§§'SB |°f eRyisogmentlly Srigtgrious mates F Fr%é? siebs af

esmti@mhg %mra@e@ témbétféhﬁé‘smbﬂdlhﬁ at fsezwo @mﬂ@se deg\lP%hﬂﬁhﬁ’iert gas,
ow

establlsm | asma jn the re
e Snnbin. aroen nigns ods SnniUsetsts Loy HUeor Bt Barss scom
sfa@daﬁdtﬁzbﬁﬁémmeve& pRe AMstS), Qﬁa'ﬁshtﬂgfwﬁr(egéurg Bf & 5 tﬁ@&k‘B@h in the
conduct or cl eani t e Ssur he waf er {n
PR D oS g LM T B ARISNIR0.8 HasEr In oL s lemperature,
estAiFiaRinY AGEW PreHRDASHIth® ProeBssMEthdniier 8AH @fablighing a plasma in the
tow 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 depaosition 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 SF;
are used for cleaning silicon oxides. Also disclosed is a process for cleaning the CVD

-2-
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deposition. In the selective tungsten CVD process, the
waf er, and base or susceptor is nmaintained at a
tenperature from 350 to 500C when using H2 as the
reduci ng gas and 30 from 200 to 400C when using Si H4
as the reduci ng gas. Hal ogen containi ng gases, e.dg.,
Eﬂ@g are used for cleanlng al um num oxi de surfaces omn

RPEMANE 1UQESteH resipiee o Predus qeppsitiprRineRgpes using NF;

pRishiadiemowed sies, plaksa, di scl osed is a process for
cl eani ng the C\}E) 2 chanber to renove tungsten residue

[6010;[” BB l193 20@ m&rée&%@ (96 8ERESfotfleNg sMF@earﬂh@éﬁ@VD
follo asng. OOlO%GGB 2,183,204 A discl oses

?%"W%@‘Xwﬁsbgﬁﬁ tphes. jand GUBLZ WReAs ‘N@' 3§ sesyppnductor wafers.
W?@ﬁ!rbdl%dhé‘bq’%fe@l reR&BE exEé&eo? 350! ‘éﬁfrﬁezsﬁ‘l‘ﬁéi&rt% remove

as seni conductor wafers. NF3 is introduced
S'BC%%IF@G pPeueryalling siligqne Htanim 31!3@@ flgngséen silipide, refractory metals

ardEfitigégnt to renove silicon nitride, polycrystalline
silicon, titaniumsilicide, tungsten silicide,
refractory nmetals and silicides. BRI EF SUWARY OF THE

I NVENTI ON 10 [0011] This invention relates to an
i mprovenent in thmee SRNMARYOOFAME NUENFION t 0ol

parts having a coating of unwanted residue forned

[doh ¢] ©PRisIWnhsh FRRBS td é@ﬁnﬁrBVé}nerﬁWh@%ﬁWf contamrna ed tool

GDOSI tion process. Inth process, the contam nat e

PboPaving a soqtingd unwa@t&ﬁéasraweeforreﬁw@deqw @Hingrsieposition in a
Séﬁ”ﬁbﬁkﬁﬂ:@d’r%ﬁbsrﬂé‘fpﬁﬁcééso Mn Qrﬁl@pﬁﬁbsﬁﬂe %rﬁ&ﬁﬁra{éa t86l défrtE to be

l'ine gas reaction IS separate fromt

cleartIRdaBPwRd U@pdé«r Wrer@on@%qraimemommmtanﬁ @13§ﬁd in an off-
lileegd s B ctith dh'%?ntié? %%ﬂ‘ri‘@é@at@@hﬁ?th’e%eﬁﬁé&\ﬂ@&of BéﬁBsFtrBﬁ

t ool Ws_arts contactin he tool parts coated wth
ChAMAAF e £626M5s7 deedyg om the Gasiasmingied §ags isyraeved from the tool

pRl édr@aﬂﬁrn% ¥e fobl ﬁﬁrfbgso%té&brﬁ{ ki ﬁmﬁé’rﬁ&ﬂ ?e%lddérvﬂﬂ'ﬂi‘re%ctrve gas

reacti on w a gas- phase hem cal agent while in
unger gogditians; fﬁ@foga@grae\@ﬁtrl%ww%@ugaﬁdeaﬁ@n wilBripasehase
crrermcar %béﬁt' M‘ﬁle i l@sralm.rrergg@ r8&tdn QhimbbNgh BN r»érﬁ&mgame volatile

nher . 0012] Si ant advantages can

SpﬁéﬁﬁéRPé'HS%‘}‘ ﬂ'@e,saée%oaﬁaa@a% of these |ncI ude an
whi ch provi des hi gher

ry clean parts,
[Of)l Io u%lgauganqagg%nt{ag%gan bg @m@qved by the process and some of 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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selectivity, and decreased environnental inpact; an
ability to clean parts fromdifferent reaction
chanbers whi ch chanbers may 25 have enpl oyed a

di fferent deposition or etching step, or a different
treatnment tine in the sanme reactor chanber; an

o L el SRS FS] SO b s

, wﬁ’d@dﬂa@&e{éh@@ﬁénﬁtﬂ%ﬁ&uﬂ@i@o%% grfetymdntridgengvo mheased

s are difrerent than t he cl eani ng ,
PRGHENT. dipreaE ol 11U S5U0N SOPTERAIGAN B OB B On fixure
n@é@&ﬁlb@gslean%dame@wg dhanier RS R 16 f&kéz@aﬁihh@ Bnd treated. Wlth tool

de 05|t| on chanber operatjon by renoval and

parts flaaning Ri-lige bgggﬂc rquddgpceﬁgrmg copﬁgw@;?d prlzlrts todbe cleaned
céiﬂblé FrlUiedTebnt thel r’éﬁétﬁﬁ&%ﬁmmﬂé@ fHetor aRd clé@h pﬁ?télimﬂn@dlateny

in-situ reaction chanber cl eaning, even

repiaced ithereactiondeppgitien E%’t’ﬁ@d ang fe f@ﬁ?‘iqnéj%ﬁ'%% Fe%t% permitied
totdpeet aken of f-1ine and treated. Wth tool 5 parts
cleaning off-line by the inproved process, the

cont akpifyad eRdidiea VayRg gak eafefion ARiank f inersagedickniog

he reacti gn deposition reactor and clean parts
'ﬁﬁ%@i faﬁe@%mdﬁ@m ﬁ’ééﬂs’ﬂ‘r@?q{%ﬂq’ éﬁ@ tion deposition

react or ction epo reac
[ o e rallBro st Frarye SERma xRk e, BEEVe 6ok parts
crea‘ﬁmg anmmng fR ANBolleefieBifeedIash, Ghaddibadd in ioeftiuw deaeya decrease
an affor ed . in ag in situ cleanlng, and, an ability

i W&&ﬁ‘ieé% R A" é‘\‘é’éﬁ??\‘ﬁngﬁ exibility by off-1ine
reactive gas parts cleaning allowing for a nore
effective clean, an increase in throughput due to a
decrease in downtine for cleaning, and a

cost - savi ngs.DEBAIDEDAESCRIPERORIGH TEN IRVERFEONNVENTI ON
[0013] This invention is directed to an inprovenent in

[oa1 et Nioid ler@htl@'l saietigdtto ah imgrotementdn tanaihad fod clsahing tool parts
residue reon [

AR H iragn LaBhat Sevfidiognes FebittipadRposiion in 2
sdauf;d)rrtﬂjcﬁﬁ mépmm@mkmﬁrooum%m@sumimdm@oﬁsmﬁmunng
prgrg%gg?«f’%n asﬁ%ﬁph@%{g@l\/% or de eo%%oh)t, Isgﬂl)tér d%BosnP ion, MOCVD (metal
organic chemical vapor deposition), ALD (atomic vapor deposition), CVD {chemical
vapor depasition), 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 parfs 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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20 organic chem cal vapor deposition), ALD (atom c

vapor deposition), CVD (chem cal vapor deposition),

or PECVD (pl asna-enhanced chem cal vapor deposition),

the internal chanber and tool parts becone coated

‘W th process residue. Tool parts such as showerheads

and shields, etc., can also be coated with unwanted

repidug pruihejceniamiRated odf pars infa,a vplatieispasiepinal carbrirqmeved by a
vARRIM 6@té@NS in the coatings industry. The inprovenent

in the 25 tool parts cleaning process resides in

[00AQPV TRE réAtive ga&mm@ae& ﬁéﬂ%tc%aﬁfr@ggetna%lly are halogen containing
sem conduct or deposi ti hanber an | aci n

GRSR S AR GAPOPIRT D P ARG SoTOURdE. EeaBRIRGiTompounds are
Cﬁhﬂ@%Cis,BF% SFGSUI’-IF% ard N#ae@ﬂ‘ﬁﬁerﬁkﬂm 4ch0e ﬂ@éﬂl’fb@p‘é@fegdsuch as

tool parts contactlng he t ool parts wt
¥

iong é’@tjl r@@C@&scmmer@éﬁia@ Wmnﬁt@ﬂ i ﬁgﬂ)ia&mﬁo@aﬂﬁ thpdalogen-
c&ﬁﬁﬁlr@%&ﬁﬂo‘%\gg aﬁ@ﬁ’%tlbﬁéqénd"fa%iiba% A WIRARE it 8RR hamber walls

agent "and 'then renoving t vol atile species from
anghethef pavipmentyaker gasepudiesiElyantrst is seqpt fmmtthﬁeCVD reactor.
essenti al requi rements for reactive gas cleaning then

[90351 o Thereastive grwas Bpsativedshowd hava a Bidhsaiastivty forthe deposited
resRitleHoRtatibd &?th%%h%?ﬂlﬁ‘ﬁé@ fi)o‘i Bé’r'ts RS 16 MeDaBe RATIF 1% tool

Specl es t hat can renoved %/ a vacuum syst em
PRt 11)is fppge mbaépobu@ bg adsrindi; ttagiupo stafueassieg! QL @ny gther metal

fr&’ﬁW:é* EarfBeé pt&ﬁg QSQB b‘é%‘éd’é ”Trfé%grg %@&lﬁ%&%vﬂﬁs complete

Cl - contai ning or F-contal ni hg conpounds
C'@@Wﬁ@) ghihe narte vgth@tzanm@ma%@p :ahe 'GIFE”V'SQGT\etGiH{ﬂ@StF%Iﬂd
chem cally active fluorine species, such as

IQOAﬁL- m exigenat anergy sawes &orgiigeiive eaniRg inRke ethlipe Aas remgtion
crgm@er%ﬁ%%ré\ﬂ@ed 16m Wﬁérﬁﬁ?ﬂeatﬁ? :Teﬂid‘ﬂé Pﬁsﬁmﬁfﬂ@ﬁm@ﬁ SNB-situ

he ions and radicals react w I mon
p'eﬁaﬁ@evvemm @ byhePrapinaionsa Gh%ﬁ@hi‘eaf?ﬁé aglassesHigher
tehripiatRstdas tickSle e BlerhicQTeAARNENRY HRASE tré’dotloﬁ BPrebudib ehore

reactive gas as described should have a hig

valaljlecHpweyss, there MRy badirdicaldinitations %th@u@e@é HRapsialyrealone as
th %ewmmﬁ%ﬁs@%cmu&t@r b:%a&ﬂowetp@sahaecmgergen@knote

of the tool arts., This base netal could be alum nu

PIRSTARRTAPNLTAL epelive speeier to igrilitaly reschens Withost damagﬁﬁo the
subirafes CRashehy Bﬁ@o&ﬂéﬂ!&h&ltbe made. The hi gh

selectivity prow des conplete cleaning of the parts

[004 FO¥S il@BYatd ATTBOR th hd MBaninglef toyi ﬁwtsﬂﬁbﬁbfffhﬁb%;bﬁ; Pbation
[ 0016] The ext ernal _ener source for effectivy

chambeni the follewingds §ravigedn s depesition; of ynwanted reS|due has built up to

an unacceptable level 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 pressure, 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

-5-
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15 chanber can be provided fromthermal heating,

renote plasma activation, or in-situ plasna

activation, or by a conbination of thermal heat and a

pl asma. Hi gher tenperatures can accel erate cheni cal

reacti ons and nmake reaction byproducts nore volatile.

However, there nma e practical limtations on.the us
swsferneRssplid af lauig- %af@da&enefqﬁ%rse H&RIFSTed [frie deiuseran i external
eﬁé?g]/ §@uﬁéé Gh8 hoWbPBURE bfNing @E@&édctl@ﬂ clidhatserag ﬁundae@m&m reactive

| asma can generate reactlv%—l ge0|es {o faci| b

gq%la@ypa'i@ viiner alﬂ""wapﬂaaaaﬁ%m%rﬂ ced ip e oftling fsa@g’@oﬁ 9‘ er.

i_on. bonbar dnent . 017L To ill fe a route t% %
[00R8h ni Hg resiting 2 NYPY&A ‘%F CP -He gpssepdionangmveT.

CeMamtfited tddopdred ihaMé Bﬂ-lih§ dBf gl ré@amn/éhhmbed@@watadomm the
of unwanted residue has built up an unacce

repgiMg gasANdIBe residyeson H@. toel PR éﬁﬁ%ﬁ@% %F"%@ﬁ%&’?tﬁa@) foa

vcsmérbséoueé h&stdreQiresd tm tife B18srRE p6iveesaHe AEA i amwe@tf and the
fromthe sem conductor deposition chanber and

repRlive gas Tlov stppprd. gHe ofkling gweeﬂmréﬂ@mbpf Isi egfaﬁl@é%@ aag yented.

Tﬁé‘ﬁérté hen hh phirdieGRbirER A IeaBtiorCERIMIRT ahd ragRa G Be
fromthe sem conductor deposition chanber. [0018]

SW'F@?dHCHH&eH@S'F%CHWGTparts into the off-1ine gas
reaction chanber, the chanber is evacuated, to
[09?1315sm%foll@wg@&awie@farqmtendﬁértsa illystratg yarious, %mfew@mﬁ%ﬁ of the

mﬁ%ﬂbn'a‘hdta@e B6t iHeRded to3@stridethefstopd hardbs reaction
chanber can be provided by a resistive heater. [0019]

Reactive gases are delivered to the off-1line gas
reacti on chanber froma variety of sources, such as
conventional cylinders, szﬁ,@nqﬁéhvery systens, vacuum

delivery -5 s stens, or solid or |iquid-based
generators. emoyalef ha/Tad PB‘“E@%‘K@ Sg%?"@(t er nal

._éﬁgéﬂépiéiige the power to the off-line gas reaction
c urned on, the reactive gas is supplied. ,
resultin lasma is introducedq to th -1 i ne
[0peSlc Ao K At forare piBsa HsBe A0S s MoHp'Sg o a0l B8 reactor
cr%oaméet Y EHe F@’éa*rbﬁ blefvfednlt the eglataf the agtrb® geﬁérgma @nd tHe sample coupon
nt ani nat e 00 arts in r as
s AU AT Aok I (ot LpPES Hie P etk he Surehef sedsgtal hoater.

THRIKedtéras U86d RUSHEIN diffteerit@0bstRA tenpetatamdver ted by the
reactive gas to a volatile species. After a preset

[00231e, Intdlief fHeartiB, the vehoterpldshea Wasiturned érninsingla ofiktuesnof 400 sccm
Nﬁ%}&% acctgﬂbl V&D%a, t%p;rgqv%’agfggg ggg gﬁ%p%%ﬁl?a@allaér%?e%ure at 4 Torr.
[0024] Experimental samples employed for cleaning of Ta/TaN deposition residue
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
millimeter. The etch rate is determined by the sample’s weight change before and after
the reactive gas treatment.
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The parts then can be retrieved fromthe reaction
chanber and reused for the 10 sem conduct or deposition
chanber. [0021] The follow ng exanples are intended to
illustrate various enbodi nents of the invention and
are not intended to restrict the scope thereof.

TExlglﬁl e 1 15 Renoval of Ta/TaN Usi ng Renote NF3 Pl asna
Procedure [0022] An MKS Astron renote plasnma

d t It t
(BT L AL Bh ekt SRR Sermutegi P 8 aRAGiE g, SRR Foypas used
taditstainitve S'amaNleetch) gm@ and @ t<bc§! palfa@atnp&af Pavingodiiysthe Bage hegtérial
oupon re ce on Su ace o0
SIRPRm. S5maREs Ras Ul Rocick b s RRr eehoval of the
c@rubm:ﬁa@t,ﬁ'mqmtt?lé Bsse hBRA3] Afterab |m|mfte§ bﬁpdf’sU@to thldeemote
eno S on u3|n ure
plaS e, SaPatA Revitre da Aty oo ad srumuRtcseal &, %‘53'9
Cbﬁﬁﬂem tﬁtb %:S(’p@é‘edpr £ b@atr’ﬂg age?' Qr{"l‘l'chI whOBH 4.5 in?, the Ta/TaN etch
eri n a or cl eani
o PGS RO UL o4 B A Highes thandh %@%Péglﬁzﬁ@dﬁa@ same
eﬁp&:mteﬂ c5nd|%on’3 THeERhRAENES plas M) sHedfolysiahRIvEd teoTa/faN deposit

chanmber. In each experinental run, to estimate the
fr%’@ F?'?r?ty between Ta/ TaN and the base material, a

BB RS 1 SRRk arerl B o bl or e

bmmmrnumh@e\o#s)h Gdﬁ@‘ul'r\ﬂéu'éabkarﬁmaﬁdm thd AEsamplgirévadaled no
trg?crgness for the Ta/ TaN coating is in the range of a
SUTEAGE Hfaﬁ 30 mllimeter. The etch rate is determ ned

bef .and t
1oB%zE. TRty i orlite SetEpoRe vaing) Rk Edpleliasma
prsa:npi; earammgms@@t:ﬁ\dtywembva of #4/TaN svakid a‘ﬁ@mnﬁﬁft&ls@d#@ol parts. In
ir}ﬁﬁﬁtagatﬁaﬁr-a&ggéﬁr%?n{ nan 2t ﬁfgpé%t rﬁg ! ao:% ﬁw%l other hand,
wlﬁeﬁd ajmemulﬁhnln§®l’ﬁﬁe§s %mﬁl@ﬁed}%ﬁgﬂ dre viriegeil Hdiga typical cleaning

agkRt TS i of Rhe e LAepaetion RoduR] Samaga Nk GAge metal can resutt

exposure to the renot e

Example 2
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 surmmary for the removal of Ta/TaN films from tool
parts tested in Examples 1 and 2.
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pl asma, Sanple 2 having the Ta/ TaN coating had a

wei ght 1 oss of 5.7591 g. Considering the exposed

Ta/ TaN coating area, which was about 4.5 in2, the

Ta/ TaN etch rate was about 0.1 g/ (mnin2), which was
hi gher than that of Si or Si Q2 under the sanme 10
experinental condition The rennte NF3 pl asma

[0026) 159 %rgw:@lf N °§'fl'éta@r°m S eis

t her ebﬁﬁ%’ A BF; e F@§§‘af T ofrh 400 hilR S

- éﬁ%m_y;sgaL_gxanLnatlnn of thp AI sanple _
é-%W;EEI ed | RAMAE FIPg G eEt%WﬁQe Heightlosy | FEURLS usi ﬁ?lecnwty
QPO of £ {1Ne ¢l eaniMiMpr oceddlisi ng an | KEENAARD vat ed
PaRsma Praoyi des Tarisi he hi gh ssp@PctTvi |y  enoval Dj
Ta/ TaN cgat ed al umi{num based [tool parts] In addit]on,
Alhe acti vat®d NF3 gadses no dane@® to the base >1000

terial ! (On the otfher hand, | when a we{ cl eaning
PPocess {9 enployedb e.g., ond wherein HA, a typial000
n

q!eaning agnnt fon this kind of chemcal depositi
Broduct , |Bamage to|Bhe base rr@c al can reSult. 20 [>1000
. e | D Do uvaearcal £ Tal TabhL 1 DRDonnt NIED2 nl PaWalat af
E)\Clllpl T 4 T\CTToval U1 TAarrary uol "‘d I\CIIUL C— INT I | ST

From Stainless Steel (SS) And The Titanium (Ti) Base
10H3bT ST lh, e e e et T e et R o o S By fims from
tonkpartsstani rd @ssedoweh ag 8B)linaigds redctive gas ¢HEMbearnsdpasate dlom the
SR SRRt R e svieile o 1 g Bl gl anc
cdpable offrernvalliby vaowlm [frant the zhdmber. dRiasmge enlaanced astivation can also

o 8o P H R o oo e it P iy 14 e g et

sucbcasAlpaﬁtmd'ést ed in Exanples 1 and 2. 30 -7 Table 1:
Selectivity O Tal/ TaN Renoval Over A Variety O Base
[0R81 e r This off-line tool parts cleaning process can be advantageous 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

-8-
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Under A NF3 Renote Plasma (4 Torr, 400 Sccm NF3, And
400 Sccm Ar) Sanple Sanple size Etch tinme Wight |oss

Etch rate Selectivity coupon(in2)(mn)(g)(g/(mn.in2)
TaN4. 5135. 75910. 11 Al 4. 5130. 00090>1000 SS9500>1000

Ti 5500>1000 5 [0030] Sunmari zi ng, the data showthat
off-line renoval _of Ta/TaN residue filns from

deResition, Mif gamber iy deanssatilow WRﬂ‘@tufﬁsd’é‘r@%V%E&q W corrosive

pERBsS Bagbedh asewarate fromthe sem conduct or
deposition chanber, which is capable of formng a

[00F33t il m@%;ﬂé @Bébes@a’#ﬁé@t'eﬁw@é takeA RV a PN seRsibowductor
fromthe chambe | asma enhanced activation can als Q‘he

dgposiiian ¢hamhes 1t 'é%% IN depqsfidavish Rbahasti20 epu s gKfacs.
rérﬁ@tb%n\{ﬂ ae@mh% b?lﬂéf Drot&durd et BasfoleBtRbR offSiHE Gadseadlion

and Ti is off-line tool parts cle

cmriata\%rstss'ragaﬂ b%s @evsa&ta@@aagvaﬁé?"%eﬁwcea?faw@sfm%mﬁ changes: a

sman pht Gutlr&AMhdBedtistdl heatldeRas ubéPss mbaﬁ‘ﬁ@le i theredigtive heater
| asma may cause damage to the targ

lr@&waﬁpleéﬁ@mcyamper Wos fuinerhamaed the ternaer@&rrg keptatd5 oGt Within

g%ﬁ@mé MR Yifmid RitrféeBiH0E %@éﬁ@a@&&nﬁkwﬁﬂw&a foh e pedestal
|p|ng|ntoastrong aci'd or caustic solution or
hweﬁe@rgaﬂp@amasem obsefved ondes pesisia) heatesa pgrface.

bl asting. Neither the wet cleaning nor the nechanijcal
[0034hs Tblﬁcﬁ)‘l“aﬂ@'ft Hestrgtemths effdipeiclaapipgrad a nedasiabioolgrart mich may
bé‘ﬂ%ﬁl?ﬁemr’cﬁ&'rg refdrcq’éﬁrﬁ@nttﬁ’éjéerﬁ%r‘i&cl%rgiﬂpéﬁﬁd?ﬁﬂ{arﬁﬁbr ina
base materl S as Wt rocess escrib her e
d@m@at,eﬂ Qo RS @Iegmng reactor. Costly, modlfrcatlons need not be made to the
semiconductor deposition chamber to permit high temperature or remote plasma

cleaning using an alternative reactant to the toxic ClF,.

Example 4
Removal of HfO, Material

[0035] An atomic layer deposition (ALD) process is commonly used to produce HfG»
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 difficuit. 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 HfQ, coated wafer; the process gas was BCla; the temperature of the off-line gas
reaction chamber was kept at 600 °C and the chamber pressure was kept at 100 Torr.

-9-



20 Exanple 3 Renpval of TiN fromthe Surface of a
Pedestal Heater [0032] Ina typical titaniumnitride
(TiN) I ow tenperature CVD process, the operating
tenperature is about 150 C. Conventionally, because of
t he design of commercial 25 sem conductor deposition

T mee Atk B8 R SBETP 8o S et S, o
etchngieddt 1l OMMIBIRRREatHI®ed, 8 deposition, the chanber is

cl eaned at | ow tenperatures using a very toxic and

[0D38] OThiéexamphCstiivsahst the'eh-lins clehhidg of QifiRal td remdvieesidues can
a pedest al %f ter was taken fr
[

exanpl e, \ ) oma .Ti N .
be efipetes Hherbihe ARG DY FeRpSiiRaBRisUSS, in-fiiwilninithe semiconductor
dlsfRfintchaARF cainchbeybrigthgdm on its surface. The 5

renote plasma 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 small part cut fromthe pedestal heater
was used as the sanple and the resistive heater

i nside the cleaning chanber was turned on and the

tenperature kept at 150 C Wthin 45 mnutes, the

titaniumnitride residue |ayer was conpletely renoved
fromthe pedestal 10 heater part. No damage was
observed on the pedestal heater's surface. [0034] This

exanple illustrates the off-line cleaning of a

pedestal tool part, which may be the only itemthat

required cleaning in the sem conductor deposition
chanber, in a dedicated tool parts cleaning reactor

Costly, nodifications need not be nmade to the

sem conduct or deposition chanber to permt high

tenperature or renote plasma 15 cl eani ng usi ng an

alternative reactant to the toxic ClF3. Exanple 4

Renoval of Hf Q2 Material [0035] An atomc |ayer

deposition (ALD) process is comonly used to produce

HHO2 20 film which can be used as a high dielectric

material. The operating tenperature for such
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process is normally | ess than 150 C and the deposition
chanbers are designed for |ow tenperature deposition.
[0036] HF02 is highly chem cal resistive, the in-situ
cleaning of this material in the sem conductor
~deposition chanber is difficult. To obtain a
reasonabl e renoval rate of éE% 2 fromthe tool part,
a tenperature of nuch hi ghe 150 C i s required.
Under thermal conditions, a tenperature of at |east
500 C may be required. [0037] In this exanple, a H Q2

oot 3o, S BIHF kRind 8160 phh 8ot AR oy escue
whsjhrvgasafnrraé@wasad tb@ maeria b semicondbetopdeposition eharhber, which

c elvvasfollovved except for the follow ng
‘BrHBH the sanple 30 was an Hf 02 coated wafer; the

822"‘??@ o5 S4B o B cohAE BT S B el M Sai

sehizoheuctpr dxposition vhsmbept at 100 Torr. -9 The renote

pl asma generator was turned off. At such an

expeintioelotiag saidnooltpaetno aa offflid2 gae redetivatiearnberi. 1

nm mn was obtai ned. [0038] This exanpl e shows that

t he ot:rﬁtabtngesaaﬂ wahparywitth adeddtive ghs uhderrcenditiens fes cohuesting said
can.. be ef ted?}v\ﬂere t.he renoval of dep03|t| on

d?%osﬁ't@ﬂégs’di’% 102 YelAUGSPRYASt he seni conduct or
S?ﬁ?i@g@é\f‘?fﬂq SIR BRI SPANEE 6B B SEIF s %ﬁ@@ TRy
d .
OB G AT o B TR S b i 886

gasomgaciigeshammandihesai d t ool part contam nated with
t he deposition residue fromsaid sem conductor
deposimployingctaihioel part intar ssaiticdntlycoa depaesitsin ghambet.o an
of f-1ine gas reaction chanber; contacting said tool
part with a reactive gas under conditions for
converti n% said 10 deposition residue to a volatile
speckes; dhepuacags eblainy d ivaereie thepleel rast is compgsgdiof a base metal

séibdrad HBR B8BTS RENG B um, stainless steel and titanium.

3. The process of Claim 1 wherein the reactive gas is a halogen-containing

gas.

4. The process of Claim 3 wherein the halogen-containing gas is selected
from the group consisting of Cl,, HCI, BCls, CFy4, SFs, CHF3, NF3, CoF5, and CsFe.

5. The process of Claim 3 wherein the reactive gas is activated by thermal or
plasma.

6. The process of Claim 3 wherein the tool part is contaminated with a TaN,

HtO, or TiN film.
-11 -
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recovering said tool part essentially free of
deposition residue fromsaid off-line gas reaction
chanber; and then, enploying said tool part in a

sem conduct or deposition chanber. 15 2. The process of
Caim1l wherein the tool part is conprised of a base
nmetal selected fromthe group consisting of alum num
stainless steel and titanium 3. The process of Caim

gas. Ta. TRRS presees el SRRl BRI g o RF O %0

hal ogen-containing gas is sel ected fromthe gr oup
consisting of C12, HCl, BCl 3, CF4, SF6, CHF3, NF3,

C2F6 d, C3F6. Th
t he ?eggt ﬁ\péocgegg%q)rsc rfgﬁtg ocef}:%p%g} %t[% g\)tﬁ %gjtgd’e n%ﬁ'its surface,
sdid reﬁwmgmﬁ@@frorh e@bas;urefﬁo mérmsﬂion nhateridl @elng@pbsnes! ona

t ed h Ti.N fi -11. 7. )
sufbe 0t rerealidiP's” aiksion rRERERR Yt ikericbligh gpdifing
tefpFRORSS abdit 200e4) ltﬁlﬂmtp?@&enﬁ’émfcﬁ‘ seRpiiartleatisglobdaiditool part and
residue on its surf ace, said residue resulting from

pr@%‘ﬂ%?é"q@ﬂ tﬂ@ﬁ@glwn'@hc%?@eﬁal bei ng deposited on a

bstr at duct d It
S e G RLTET SRt R OB 5
th t f Li I
oo B SSSoan 5° o 9o <3 B Pl Bbaee o
the @)@pYsitieh fdagtor;,00l part from the sem conduct or
deposi tion chanber 10 placing said tool part in an

of f - édm@ctig%ard&aﬁttpaam&h@gb@rwrwbnmbald@ﬁsm@aar@cmomuhamber
r ea {or

epositiq
e SRS P FSSH i B 3ch P BSyeeH sER R s RT et o saic
tobNsiet thePeshve o Bsid\wbdidle toesvdlstie @p@cnéser@smtnmguntzetimmol part;
said gas and said residue on said tool part that

convl@fﬁ@urﬁ;asaah veistilgl gpedics oy ssplying b easnes teesaid efdihé igag reaction

a cl ean tool art;
chamber anda P

removing said clean tool part from said off-line gas reaction chamber.

9. The process of Claim 8 wherein said deposition reside is removed in said

off-line gas reaction chamber using a reactive gas at a temperature of at least 500 °C.
10. The process of Claim 9 wherein the residue on said tool part is HtOx.

11. The process of Claim 8 wherein a remote plasma is employed to remove

the unwanted residue from said tool part.

12.  The process of Claim 8 wherein the residue is formed by low temperature

chemical vapor deposition.

-12-
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15

15 renoving said volatile species by applying a vacuum

to said off-line gas reaction chanber; and, renoving
said clean tool part fromsaid off-line gas reaction
chanber. 9. The process of Claim38 wherein said
deposition reside is renoved in said 20 off-line gas
reaction chanber using a reactive gas at a tenperature

of at!3 easkhegyacess of Glaimyi2 wheseiadhe practye9ah 19 Niker ei n

the residue on said tool part is H Q2. 11. The process

of Claim8 wherein a renpte plasma is enployed to

remove 25 the unwanted residue fromsaid tool part.

12. The prided¥acess ctCain 13 wrselpithe rasiiup &y S@uiempboart is TiN or
ThRr ned by | ow tenperature chemi cal vapor deposition.

-12 13. The process of Caim 12 wherein the reactive

gas is NF3. 14. The process of Claim 13 wherein the
residue on said tool part is TiN or TaN 5 15. The
procags OfrhelbdBsy om%"lﬁ'g‘”\cvﬁé?grnrtﬁ@@abﬂ\% GHRSis 'ashaﬂ)gen -containing
hal ogen-cont ai ning gas. . The process” of Claim 15

9%ker ei n t he hal ogen- cont a| n| ng gas is selected 10
fromthe group consisting of Cl2, HC, BCl 3, CF4 ,

SF6, CHF3, NF3, C2F6, and C3F8. 15 06717 USA. DCC

186. The process of Claim 15 wherein the halogen-containing gas is selected
from the group consisting of Cl,, HCI, BCls, CF4, SFs, CHF3, NF3, CoFg, and CaFs.

06717 USA.DOC
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